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ABSTRACT

This MPhil upgrading report presents the methodology ptied in resarch. The
researchevaluatedand comparedhe 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 ib@8bft Project software

are not well guided in the choice of start date constraints applied in scheduling project
tasks. It showed from literature thenost practitioners who use this softwagply only

as soon as possible constramption which may not produce the best jgct outcome in
every project s @ dubstioning technldein a quasiéxpdrimant
research design two hypotheses @®eveloped and tested using ANOwrevalateand
comparethe effectiveness of choice between ALAP and ASAP constraidiedapp
scheduletasks in developing the baselim@nstructionschedules 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. AnNal®f hypothesis 2
states that: There is no significant relationship between the stae catstraintand
activity finish varianceActivity start variances were measuriad quasiexperimentor
different scheduling options of ALAP and ASAP constraintstlagid differences tested
using ANOVA ifobserved differences were due to mere chandbairthey are due to
different constraint types of ALAP and ASAP applied. ReBolts the case studghow

that FcaL = 81.05 and Fag = 30.80 at 1% level of significae and Fag=9.55at 5 %

level of significance. Sinceck is significantly large and~caL > Frag at both 1 % and 5

% levels of significance, we reject End accept H: That there isndeeda significant
relationship between start date constraint andiaty start variance at both 1 % and 5

% levels of significancelhe probability of project completion £P wasdeductively
estimated asP, = 1007 65= 3%6; R = 1007 59 = 4B6; and R, =10071 57 = 43%.
Where R, P, and Ry, are the schedules deve&gpusing different constrainAnd 65, 59

and 57 are observed activity start variances correspondinghi® constraints applied in
developing the schedul&%, P, and Ry This data reduction of the case study project
shows very clearly that the probatyl of project completion on the due datez P
improves withappropriateintroductionof ALAP constraints to some selected taskise
paper concludes that the new schedule alert feature which shows warnings and or
suggestions when MS Project identifiesgilile scheduling conflict as well as the new
task inspector tool which provideontextsensitive guidance for analyzing issues and
taking corrective action, offering helpful and intuitive information about the task, such as
factors that might affect theask 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 projesttheduling software developers
can apply these new featuresassist the users chose appropriately betweemsh&on

as possible constraint or as late as possible constraint.



CHAPTER ONE

INTRODUCTION
1.1 BACKGROUND TO TH E STUDY
The construction industrnyof any countryis an importantdevelopmental engineThe
construction industry ewists of firms that are mainkgngaged inconstructionof new
buids renovationand repairof enginering works These frmswork asmain contractors
and as subcontractort is observedthat the construction industgccounts for more than
12% of Canada 6 sodug (GDB)sand cropioys sabhoitz milign workers,
representing 6% of Canadian employiné¢Statistics Canada, 2012Yhrough numerous
projects, the emplgees of the construction industry buid, maintain and renovate
infrastructures for a worth of more than $220 bilion each yddnoéavi, 2012 The
success of these projects largely depends on the qualty of their schedules, which
can be usedb identify possiblepotential problems (GAO, 2009).

Research conducted in 2005 (Griffith, 2006) demonstrated a clear correlation
between doedule development and the eventsatcess othe project That research
revealed thatprojects which bneft from early applicabn of best scheduling practice
and start theimplementation phase with weldeveloped schedules outperform other
projects in terms of cost and time performance. Grifith concluded that the success of
such projects is more pretéible, as they consistently have less cost and time overruns.
In addition, meeting thescheduledue dateis considered an importamdicator of the
project 66Sasnuwci ades set al, 1992) . Thus, it
goodness (i.e. fitres for purpose) by properly evaluating it during its intial
development. The Project Management Institute (PMI), (2007), defines a schedule as a
set of actwvities with st and finish dates. The schedukefines te work to be
accomplished, the sequena# work, and the required resourcds perform works

Therefore, the purpose of scheduing is to provide a roaap for project



accomplishmentfrom inception to completign(PMI, 2007). The Association for the
Advancement of Cost Engineef(®ACE), (2011a) defines a schedule as an operating
timetable that specifies the start and finish time of each actvity and the related
occurrence time for each miestone. A bar chart is the simplest form of depicting a
schedule, which contains the start and finish datesctivities, as well as their respective
duration But it doesnot show actvity dependencieMore advanced schedules include
job logic, the critcal path and floateoncepts, (AACE, 2011a). Te purpose of
scheduling is outined as defining activitieseit duration,and the dependencies among
the various project activities (Moosavi, 2012

There are various techniques for schedulng. These include, the critical path method
(CPM), the program evaluation and review technique (PERT), the libalafce (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 recommendel, avhieterministic
method such as CPM is used for projects in which duration is estimated with reasonable
confidence. LOB andther LSM are used for projects that include a considerable number
of repetitive tasks lke highway and higke construction (Rgbaran, 2007). It is
noteworthy to indicate that the CPM method is by far the most popular technique used
for construction schedulingAccording to a surwe conducted by Keleher (20Q4}he
applicaton of CPMincreased from 90%n 1973 to 98% in 2003 amg top 400
contractors ranked by Engineering NeRscord in Canada. This type of information for
Nigeria was not cited during preliminary reading, perhaps it may exist, ,if tnobuld
form the subject of further researchMoosavi, (2012), notes thduiders are frequently
required to develop and submit detailed schedules either at tendering or upon the award
of contracts. Owners and/or their representatves are to evaluate and subsequently

approve these schedules. Nonetheless, owners may reject schédbley find them



inappropriate.The approved schedules axes ed t o generate projec:
to manage the projects, including tracking and progress reportng as wel as the
administration of construction gigtes and claims. Avel-develped schedule irucial

for the effective application of eawhevalue technique. Alsockedules areused to

forecast ativity and project completiordates.

Considering the numerous applications of schedules, it is important to ensure their
goodnes. Sdedules are typicaly complex becaudbey incorporate inpst 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 tat they are technically sound and
before a recommendation for award is made. It is essential for partiagrée on the
schedules, and ensure that tlaeg 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. Colins Dictionary aef a plan as a scheme; a way to
procee¢l a drawing; a mapping; or an arranging beforehand. Maleg et al. (1997), in
Kassim (2004) defnes a plan as a detaled scheme or a method for attaining an
objective. A detailed scheme which includes the method, ths tasbe carried out, the
timescaleof the activities, the resources to be used andfirthaces required. Schwartz
(1961), in Kassim (2004) suggests the term planning appeals to considered, orderly and
rational action. It imples discipline, regularty and a measure of exactness of what to get
done. It gives the impression that someonenischarge ad has a hand on the wheel
gving a sense of direction and distinction. It represents cooperation and coordination,
and contrasts with the inevitable disorder which generaly results when people in
organizations act independently in their ownenasts with no overall framework into

which they are constrained to fiThis is why Jerry (2011) posgé that the project



schedule is a document that, once created #nplemeted, must contihue to be
monitored and updated t@flect the true condition ahe project at all times. Without the
master schedule, effective project control would be virtualy impossible. Turner et al
(1964) said, that planning, etther strategic or production planning, is a necessity in any
business setting. Without it, getting specific result by a definite date is a matter of
chance. Planning reduces this undesirable element of wanting to achieve results only by
chance. Picher (1992) sees planning as an administrative process which is capable of
yielding specific instructionsto 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 eficient usecohstructionresources.

Construction scheduling is comnipndone 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 inbuitt guide or hdily fabich
assists the user teffectively usethe software to achieve enhanced result. For instance in
setting the project start date and adjusting the project calendar, the project guide wil give
such instructions as OProjects can be sct

end date. Theproject start or end date can Bet in the project informationape. To

access this dialog box, the project gui de
main menu bar and select OProject I nf or me
user that the default start is scheduling

that project guide givesNo further assistance is rendeirdhe form of a footnote on the
relative importance of taking either option. For settistart da¢ constraints and
assigning calendar dates, only this kind of assistascgiven in the project guide.
Though the project guide gives instructions afisplays useful specific information in
relaion to the selected option, the MS Project guide as it ikeamomentacks ability to

indicate scenarios wher e selected -idptio



implications of selected options so that users can make informed choice of avaiable
afternatives.

Different types of decisions are a#y made during the construction schiedu
process. Carl and Timothy (2010)posits thatoptions taken in these decisions have
different effects on the schedule performar8ehmid, (2009)also notes thatbefore now
it is believedthat the best practicés to enter duratiorestimates for tasks and alloMS
Project to schedule the task start and finish dates. In this case the schedulng engine has
no discretion of options other than the default start and finish dHbesis why the focus
of this study ison the initial schedule development and the effects of options of decisions
taken which are rewded by schedule evaluation. -fge-aspossible date is a restriction
that consumes positive float, mainly the free float to delay an activity as long asleposs
without delaying its successor. Though th&search scope covers Microsoft Project
Planner it is observed that Primavera Projeckrifer (p3) scheduling software has
simiar constraint features with those Microsoft Project Rnner. P3 provids 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 Earler Than (FNET); Finish No Later Than (FNLT);

Must Start On (MSO); Must Finish On (MFO)
Carl and Timothy,(201Q 2013, and Carr, (1993) posits thatcontractors often prefer to
work to an early start schedule (zero sumption 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 staschedulescould have superior performance to late start

schedules and viegersa.



The MS P oj ect gui de, the help facilities an
information to assist young and inexperienced scheduling engineers to schedule
effedively. These inexperienced scheduing engineese only the default options
becausethey lack the abiity to choose with reason options other than the default. This
implies an inadequacyf the Microsoft FPoject help faciity. This assertion is simiap t

the posit of Galoway, (2006) that because schedule development topics taught in 200
universities in the USA and Europe did not adequately coveesissi constraints
(imposed dates on activity start and or activity finish), most scheduling enginedys app
only the default options since the training has notqedtely addressed this aspebhis

is becausepieces ofscheduling softwardack the abilty to indicate case scenarios where
selected options ar-f ®ebs inp lsiuctetteptionaalhis asf h oswe
why this study is being conductdd evaluate the performance of the listediomis when

selectedin the schedulgorocess

1.2 STATEMENT OF THE PROBLEM

Schatteman, Herroelen, Van de Vonder and Bod@€08) contends that fiective
construction scheduling can significantly reduce the cost of actwvity start time disruptions
and produce a stable proactive baselne schedule that is sufficiently protected against
anticipated and unanticipated disruptions that may occur durigcpimple mentation.
Menches and Awad, (2006)lso 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 whiotvss 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 requirementngai and productivity variance

may show a defined trend that the more the actvity start variance, the more wil be the



cost variance, etcThe lower the actiitystart time variance, the better the cost and
schedule performance, (Menches and Awad, 200A&gtivity start time variabilty indeed
results in increased direct aosn owentol v ean®e n i
crews and possible idle crew time. Indeed high variabiity in activity start dates wil
increase the uncertainty of project quetion on the due date. Therefore it needs to be
avoided proactively before it occur€an theMS Projectscheduling software be used to
reduce activity start variability so as to optimize project time and projec cost

All versiors of nost piece of advanced scheduling software, such as the Primavera
Project Planner and the Microsoft Projddinneretc, have facilties for specifying star
date for all project task (MS Project Help 2010, Primavera y8tems.2007, Carl and
Timothy, 201Q 2013 2016 and Carr, 1993) The problem with these pieces of software
is that they do not adequately support the decision making praCassand Timothy,
(201Q 2013 and 2018 and Carr, (993) point out thatwhen to apply early or late start
schedules what wakweek for which tasks and when shouldesources be fully
commtted or only st are dedisiors svhictd gre stil paing readle based
on intuition because their effects are not well known. And often young and inexperienced
scheduling enginesruse only the default options because they lack the abiity to choose
with reason other optionspr go beyond the default optionThis problem of right
application or the effect of start date for project tasks is the corasakgiearchFrom
Galloway, (2006, 2006 h, GAO, (2009,20093, Carl and Timothy Z010, 2013 and
2016, Jerry (2011)and Boston University (2010) a deficiency in the construction
scheduling process identified This deficiency is in the wawand mannerdecisions of
early / late std schedue( 6 As soon as possibled or. 6As
At the moment such deciserare based onmere intuttion, rule of thumband company
idiosyncrasies This is perhapsso becauseeffects of alternative choicesare not well

known. This study wil systematically showhat such decisions should be knowledge



based and shotdlfd dowdiidcarn i @ wh arlp ér late stdrte c t e

scheduls.

1.3 THE AIM AND OBJECTIVES OF THE STUDY
The purpse of this research is ttevelopa framework for evaluating the effectiveness of
construction project schedules basedh@mASAP and ALAP constraints.

To achieve this aimhe following objectives ar@ursued

() To make astate of the astreview of contextual literature to identify and justify

the research problem

() To catalogue théASAP or ALAP constrairg applied in developing the
construction schedulgielding early orlate start schedules.

(i) To measte project performance metrics in terms of activity start variamide
respect to thelifferent schedulingoptions are applied.

(v) To develop andest hypothesized causal correlation or reasons for multivariate
relationshig of start date constramtand key performance indicators using
ANOVA.

(v) Touse theresults of the hypotheses testitdevelopand validatead w hiafto
proceduralframework for evaluating the effectiveness of camsibn project

schedules.

1.4 THE RESEARCH QUESTION

Though t he Microsoft project planner 6s
specific information in relation to the selected option, as stated in the problem definition,
they however lack the abiity to indicate case scenarios wherectsd options are best
suited. They also lack the abilty how 6 whiaftdé 1 mpl i cations of S
noted fromthe conceptual framework for ffective construction shedulingdeveloped in

Efole, (2009) and shown inAppendix A9 that category A, B and C construction tasks



gualify for application of early start
tasks gualify for applicat e édheduest Somme kep
research questionesmerging from this knowledge are:
(1) How wil the schedule perform if all tasks are schedulusing early start
schedules?
(2) How wil the schedule perform ifal tasks are scheduled using late start
schedules?
(3) Yet, nore grounded, how wil the schedule perform should early start schedules
be applied on tasks that ought to be scheduled with late atatt?
(4) What are the implications of choice beyond the default option?
These focused research questions informed the hHegqstformated and tested in this

thesis

1.5 THE STUDY HYPOTHESES

Three hypothesesrea developd which attemptto answer the research questioiifiese
hypothesesaretested using theimple ANOVA statistical tool The hypothesesare:

(@) Hypothesis 1 This tests the relationship betweetars time constraint and activity
start variance This hypothesis seeks to answhbe frst two esearch questions, i.e., (1)
How wil the schedule perform if all tasks are schedulsing early att schedules? (2)
How wil the schedule perform if all tasks are scheduled using late start schediiess?
hypothesis investigates arly start schedude or late star scheduling options ke
significant impact on schedulperforrance measured in tesmof activity start variance.
The Nul hypothesis states that There is no significant relationship between stane
constraint and actvity start variance(b) Hypothesis Il: This tests the relationship
between the tart time constraint and activity nigh variance This hypothesis also

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

&

st
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impact on schedulperfornrance measured in terms of activity finish variance. Nud
hypothesis states that There is no significat relationship between thestart tme
constraint optionsand activity finish variance (c) Hypothes Ill: This tests the
relationship between thentéraction between start time constraint athd different
project type The Nul hypothesisstates thatThere is no significant interaction between
the start time constraintreaments and project performance dahe different project types

in creating the observed activity start and activity finish varg&nce

1.6 SIGNIFICANCE OF THE STUDY

Construction contracts frequently require owners to evaluate thd e r 6 s sche
before or after contract awartUsualy a set of general clauses indicate that the schedule
shall be in complance with the scope of the project and shall be developed with an
approprate level of detal. Nevertheless, there are rarely adequate specifications
guidelines indicating how the evaluation should be conductddosehi & Moosavi,

2012. There are several publications describing the process of a detailed analysis of a
cost etimates. However, rarely can one find comparable resources for the evaluation of
the quality of a detailed schedule.afcularly, explict descriptions othe procedure and
content of sue evaluationare lacking in the lterature(Douglas 2009b The rason this

noted lack of evaluations so is becausethe scheduling process involves so many
alternative decision options to meet different objectives. It is practicaly impossible to
develop a set of points for which schedglealty evaluation should beooducted.But,

the fact remains that there is a need to evaluate aspects of the schedule to preempt or
envisage how the schedule may behave durpgpject implementation The need for
evaluating scheduling decision optionsshich produces the best projectutoome is an
important motivation for this research. The results of a survey by Galoway (2006)

revealed the immediate need for standards and best practice guidelines in CPM
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schedulng which could be checked in a schedule evaluaton assessment. That differe
impacts that different criteria have on the goodness of schedules should be examined.
Which scheduling options of early or late start schedyields optimum resource
utiization and hence lower project cost are results that may be gleaned from alesched
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 (@lasand Strauss, 1967). The frst and
general significance of this research therefore is that the premature use of umtelsted
unevaluated proposed idea of early/late start date schedule is avoided. More specifically,
results of this research may developustry specificus er 0 s gui de for
Project Planner and the Primavera Projetaner pieces ofsoftware. This industry
specific user 0s gui de i s important becau
currently is very, very generic, amalble to a wide range of industries with numerous
very different processeslts design could not possibly consider and provide for the
uni gueness of t he building and civ-iftdo eni
implications of scheduling optionef early/late start schedules wil be shown in different
case scenarios. In this respect effort is beingemed send this researdb both the
Microsoft Roject Planner and the Primavera ProjedanRer software developers for

consideration of a possibjgostresearch placement.

1.7 THEORETICAL AND CONCEPTUAL FRAMEWORK

Buiding a conceptual and theoretical framework that informs research is key in the
making of knowledge. Researchers should develop theories that arertsdpby
justifiable evidence. In doing so, researchers should seek conceptual and c#ieoreti

understanding. They shoulpose empirically testable and refutable hypotheses. They
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should design studies that test and can rule out competing cdypetheses they

should use observational methods linked to theory that enable othetistscito verify

their accuracy and recognize the importance of independent replicaton and
generalzaton (NRC, 2002). The very act of colecting 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 skil one can use to better understand
dificut problems through scienceDe we y (1938) 0 bceree ¥ end t h
competent inquiry thatpr oduces war r athene tbseareherss engetl i 0 n ¢
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 thealesea
the lens to view the reseayctie underlying theories which explain the phenomena being
studied. The logical chain of reasoning used to support the argument of a research study
is ilustrated in the identificaton of the problem, assertions, and kngavlezkims.
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 studke tresearch 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 frame&orks makes research a demandamgl onerous procesBewey (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, (916) positst ha't néwe tend nthet pracesd bfy t o
testing. We are satisfied with superficial and immediate shorts i oned d&ppl i c e
caled for science to serve as the medium through which special applicatidns a
methods are used to creaiecurate 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 knowrstatewhat is not knownstatewhat 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 whatve say or clam 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 welkstablished concepts defined by long standing and tested
theories. The concepts and theories in constructon management are borrowed mainly
from the social sciences and the management sciences with a few gotten from the pure
sciences and the engineeringesce. 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 cfgrithe conceptual thinking of this research as presented in
the preceding broad introducton to theoretical and conceptual framework. It is
emphasized herdghat the concept © constraints and theconcept of choice as here
considered may vary in meaning aintent 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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constuction scheduling press are considerehportant in this research which seeks to
evaluate the effects of decisions on schedule performalRoe. instance, late start
schedules in some project scenarios may be more effective in that theyer
accommodate instructions andoimfation coming late and also makeom for longlead
supply items. This ensurgblat resources have not been called to site prematuréi wh
may become idle, and that seeding activities have not been scheduled to start when all
important constraints ave not been adequately resolved. Tasks which require further
information, approval or instructionsieeds to be scheduled cautiously, anticipating and
attempting to remove or resolve all these constraints before fixing a timescale so that
things happen aslanned(Ming and Heng2003)

Section 2.7 lists three distinct but related stages in construction scheduling for
which varying decisions are made gg) Initial schedule developmenib) Schedule
implementation andc) Schedule review, scheduupdate 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 constmicchedulng process wil inherently
beneft in onrtime and orcost qualty project delivery. Such an approach must recognize
case scenarios of projects being planned and adopt options suited to varying unigque
instances. Project specific attributes, tasgecific attribbutes, 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 arahpany idiosyncrasies.

The views of several authors (Process Protocol level 2, 1999 & Kassim, 2004),
geaned from literature support the fact that implementation of a standard scheduling
procedure wil contribute to capturing needed knowledge exukrience and introduce

consistency and reliabiity in practice, and thus produce innovation and value in
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construction schedules with more reliable predictions of construction project time and
cost as presented in the theoretical framework in Figurehig. i§ the phiosophy 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 censigtand reliabiity; and the
theory of predictabilty are important concepts of a knowledge based Microsoft project

userso guide this study seeks to develop

1.71  Theories of Consistency

The general notio of consistency underlies all stience. It is the notion that research
results or phenaonena are ordered or consisteAnd that this ordered resultgllows
predictabiity. Predictabilty, in turn, allows the scientist to formulate and test
hypotheses, ake generalizations from them, buid theory, and predictefututcomes.

The purpose of theesearcher and theorist is, dogreat extenpredict theeffed of future
outcomes of the proces$he notions of consistency assume that inconsistency generates
At e n sri discotfort or dissonancavhich results in internal pressure to eliminate or
reduce the inconsistency and,pibssible, achieve consistencyA number of consistency
theories are of interest to belmwal scientists and researshabound in t literature

(Heider, 1946., Festinger, 1957., Zajonc, 1960.,edcomb,et al, 1968)
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However for the purposes of this raseh only four major ones ai scussed: (
balence theory of consistency, (lNe wc o mb 6 s s y rofcersistegcy, t heor y

(i) Osgoodos c 0 no§ comdistency, dndh €éMFreys t i nger 0s t heo
dissonance

Most wriers creditHeider (1946) vih the earliest articulation cd consistency theory,
although somenformal concept carbe traced back to earlieworks (Kiesler, et al., 1969
Heider postulated that unbalanced states produce teraiwh generate forces to stere
balance. Hei der 6 s paradigm fs a persm (P)othe objestotie i nd
analysis, some other person (0), and a palysibject, idea, or event (XHHei der 6 s ¢
was with how relationshipsamong these three units aomrganized whetter they can be
described as consistent or inconsistent

Osgoodos C O nigsr uiat ys pteltaaly case of Hei d
theory has several advantages over balance theory, including the abilty toprealictions
about both He direction ad the degree of consistency, (Zajonc, 1)96@ essence, the
definitions of balance and congruity are identiddle wc o mb 6 s s y mseethertgrm t h
symmetry to distinguish it from balance theory and contendswibaattempt to influencene
another to bring about symmetry (or balanceequiibrium).

Festinger s t heor yis thef most gemaral ofi all ¢he adnsistenay n
theories. It is also a theonthat has generated considerab&ntroversy in the field of sai
psychology. Dissonance theory holds that two elements obwkedge are in dissonant
relation if, considering these two alone, the abseof one element would follow from the
other, (Festinger,1957. As with other consistency theories, it holds thatsdnancebeing
psychologically uncomfortable, wil motivate thperson to try to reduce dissonance and
achiere consonance and in addiida trying to reduce it the person wil activelwvosd
situations and informationwhich would likely ncrease the diesance. In cognitive

dissonance the elements inegton may be
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(1) Irrelevant to one another, (2) @hsistent with one another (IFesti nger 6s
consonant), or (3) Inconsistent with one another (dissonantn Festinger
Relatiorships need riobe logically related for consistencyr danconsistency. A relationship
may be logically inconsistent to an observer eviisychologically consistent tan individual

who holds these obverse beliefSeveral rather interesting consequences follow from
disonance thaory, especially in the areas of decision making aott playing. The insight
provided in these theories of consistency are relevant to understanding the consistency
project performance outcome in relation to the different scheduling appsoard@pted
which vyielded the different project outcomeBut 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 doot follow any rules abound in statistical, scientific,
experimental and researchrocesses. Ofcourse, t h e influence of |
occurrencesis dramatically undesirable. This is why Erdi, et al. (2013) posits that it wil be
best if we canundestand, assess, predict and maybe control these events. Such statistics
random processes lke Binomial, Gaussian, Poissomorenti4 Log-normal, Bayesian
theoremand Power lawdistributions are used to assedise easoning under uncertaingnd
predct such occurrences which do not follow a trend or any rules, (Erdi, et al, 2013).

Diebold & Kilian, (2001 & 1999) postt thasome processes are inherently easy to
forecast, and otherare difficult. In addition tdoeing of interest to forecasserpredictability
measures arepotentially useful in empirical processe®redictabiity provides a succinct
measure of a key aspeof time seriesdynamics and is therefore useful for summarizing
generalising and canparing the behavior oferies of process outcomesas well as for
assssing agreement betweemodels and datagenerated from experimental research
Remarkably little attention has been paid to methods forsumneg predictability, Diebold

and Mariano,1995) Existing methods include those based canonical correlations between
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past and future, and those based comparing the innovation variance and uncondiional
variance of stationary series. Thos®thods, however, are inadequatethia light of recent
work stressing the possible presence uoft roots, rich and higldimensional information
sets, norguadratic and possibly even asymmelniss of functions, and variations in fecast
accuracy.In measuring predictability it is important to keep three tpom mind. First, the
question of wheher a series is predictable or not should be replaced by one of how
predictable it is.Predictabiity alvays is a matter of degre&econd, the question of how
predictable a series sannot be answered in general. We have to be clear aboutetventel
forecast horizonFor example, a series may be quite predictable at short horizansptou
very predictable at long horizons. Third, to compare the predictability of several series we
need acommon numeracy. It may be tempting to simply compare the expé&dses of
forecasts fortwo series to assedbeir relative predictabilty, but that ignores tpessibilty
that the two seriemay be measured on different scales.

Granger and Newbold (198@herefore popose a natural measure of theecastailty
of covariance stationary series under squamedr los, patterned after the famiiar? Rof
inear regressionThe essence of the Grande¢ewbold siggestion is that it is naturéd base
a measure of predictabiity on the difference between thelitomaly expected loss of an
optimal shorrun forecast, and thadf an optimal longun forecast. ThisGrangerNewbold
idea of predictabiity can be appled to explain the predictabiity of project performance

outcome when different scheduling optione adopted.

1.7.3 Theories of Experience Capturing

Fekete andEdelman (2011) argues that generidleory of experience capturingosits that
experience is realizecbr capturedby dynamical activiyspace trajectories dther than at
points) and thathe richnessof the experience capturasl measured by the representational
capacity of the trajectory space in which ubfolds. Roth and Jornet (2014) posits that

experience isnot something that belongs to or is had by individuals buteratienotes
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transactions in andicross space and time within irreducible petisesetting units; andt iis
perfused with affect thas not (only) the result of mental construction$hus, experience is
not something concealed wihindividuals, but extends ispa@ and time across individuals
and setting in thecourse of time temporaly unfolding societal relations, (RothJé&net
2014). Experience capturingis about the discering of simiariies and difference or
discrimination capacty A syst embs cammg ba amattecc @ attributon by an
external observerAny naturalistic theory of experience musflain how discernment, as a
necessanattribute of qualia, can be intrinsic to the experiencer.

Theory of experience capturingcorstrues expd@gnce as dynamicabnd diachronic
(extended in time), rather thanatt and synchronic (momentaryExperience is enabled by
physical realization, and therefore its nature is constrained by the nature of the realizin
processes. If a process is to readzgven experience, it must have the necessary struoture t
support its content. Thus, #ccording to a theory of experience a certain physical state or
process realzes phenomkeantent, the theory should bexplicit as to (i) which properties
and feaures of such physical processes express experiential content, and (i
complementarily, how systematic change in these properties and features affects the realiz
experience. We note that such a theory would necessarily include criteria for demarcatir
information thatis represented unconsciously from information that constitutes the content of
experience. The general theory of experienaapturing discussed in Fekete Edelman
(2011) andRoth & Jornet 20149 provides agood theoreticabases to undeestding the
nature of experience capturing in construction. It is however noted Gbaistruction

scheduling experience capturing does netessariy include information th# represented

unconsciously All experience captured in construction ammsciasly represented.

1.74 Theories of Knowledge
The theory of knowledg®r epistemologyis comrerned with how we know what we duw

and do what justifies us in beleving what wiink we know, ard what standards of evidence
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we should use in seekinguths about the world and human experier@adi, 2003) Belief

that is justified constitutes knowledge( 6 Epi st emi c 6 comweg df roem i &
which means, O0r dkuinghvl e Jgjfiegkmwienige i ismasuallg explored in
three mgr territories namely the scientific knowledge, the ethical knowledge, and the
religious knowledge.

The following epistemology concepts are important d@efining knowledge: belief,
causation, certainty, coherence, explanation, fallbiity, idlus inference, intellectual virtue,
introspection, intuition, meaning, memory, seaing, relativity, reliabiity and truth, (Audi,
2003). Every kowledgemust be justified before it can be accepted as knowledge. That is
there must be sufficient reason teelieve what we know is indeed trutiVel-developed
concepts of knowledge antbs justification are very important because we can refifeam
forming beliefs where we think we lackistification, and we can avoidlaiming knowledge
where we think we thie is no sufficient justification to believe what we think is true. Thus
we can better avoid thedangerous pitfals that come from confusing mere impressions with
justification or mere opinion with knowledgend the temptation ttake an imitation to be ¢h
real thing The conceppf a knowledge based Microsoft
to develop from theschedule evaluation assessment is strongly embedded in this theory o

knowledge that no knowledge is true knowledge except if justifiabligviedl

1.8 THE SCOPE AND LIMITATION OF THE STUDY

The scope of this research concerns the effects of choice of start time constraints appli
during the initial development of the construction schedules. Issues of schedule manageme
and schedule pdate are not considered. Also only large construction projects planned using
Microsoft Project Planner are included in the case projects studied in the research (large
defned as projects with duration over two years or with cost over a Bilion NBrajects
planned with other scheduling techniques are also not considered in this research. The m

imitation of this study which may inhibit results is the avaiabiity of large numbers of
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projects scheduled with Microsoft Project Planner. To circumtias, experimental research
design is considered to replicate schedules obtained from a few projects by manipulating tt
variable options other than the default to increase study data to investigate the effect

options on key performance indicators pooject performance metrics.

1.9 OPERATIONAL DEFINITION OF TERMS

Schedule qualy: Whether the schedule is complex or simple, complete,
technically sound or correct and that it is likely to
produce consistenand expected results.

Schedule evaluation: This is an examination of the schedulerageal errors in
its formulation its qualty to reveal lkely problems or
bottleneck in its implementation

Schedule conformance scoring Whether the schedule is in compliance with project
scope, has appropriate level of detail and prepared in
accordance to best practice standards

Quantity Surveyors: The construction professional responsible for the cost
management of buiding and civil engineering
construction projects.

Construction Project Schedules Methods to forecast when activities wil be performed
and When the entire project wil be completed.

Construction Scheduling Different alternative desbns, default and other

Decisions:

Options depending on task, resource and project
attributes e.g, As soon As possible or As Late As
possible options

MS Project: A computer software used to schedule and control

construction Projects
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1.9 OPERATIONAL DEFINITION OF TERMS CONTD.
Project Calendars: The time a resource is specified working on a task

Optimism: The tendency for people to be oyedonfident thaproject
events wil occur as planned

Pessimism: A view in which nothing is taken for granted. This view
assumes that projeetvents may not occur as planned

Most likely: This is the duration estimates that is almost 10@éain

As-planned schedules: These ardhe initial baseline schedules

As-buitt schedules: These areniprogress schedules generatedkiegpingrecords
of deviations from the aglanned

As soon as possible:  This is a scheduling option which fixes the start of floated
activity to occur without consuming amy the availablefloat

As late as possible: This is a scheduling optionhkeh fixes the sirt of floated
activity to occur after consuming all or some of the
available float

ANOVA: A statistical technique usedudy the extent to which groups
differ from or are similar d one another in terms of some

dependent variables by analyzing their variances



25

CHAPTER TWO
REVIEW OF RELATED LITERATURE

2.1 SCHEDULING: A FOUNDATION FOR SUCCESSFUL PROJECT
In order to develop a structured darffective schedule assessment and schedule evaluation
methodology, a aoprehensive lterature review iconducted taextract relatedfactors which
wil affect the assessment and eedibn of constructiorschedulesfrom three major sources:
(1) Text boolk and accepted dissertations; (2) Recommended best practice guidelines and (
Journal arties and conference proceedingr the second lterature source, recommended
practice guideling information is obtained from available publications from two main
sources: government agencies and professional organizations.

In the course of the lterature review for this reseamore than thredundred
and fity puldcations from the above sa#s were studied. Thughout the literature seah,
two recurring themes were observed: (i) That there is no struatoedttbd for evaluating and
assessing cotnsction schedules and (ifhat as there arenumerousprovisions pointing to a
wide variety of important issues to be considered in schedwal®iadion, it is practically
impossible to develop a generic framework that could capal related issues in a single
evaluationframework (Booth, 1993 Booth, et al, 1989. In fact Moselhi & Moosavi,(2012)
showed from varioudterature sources inable 13that thereare more than 48 such typical
evaluation and assessment issatt®f which cannot be possibly considered in a single study.
Therefore to focus the study within a manageable bit only two eé thealuation issues are
considered: (a) Thewmber of constraints on actvities start and firgdgties shown in serial
number 40 and (b) Activity Float consumptiarmich defines early start or late start schedule
shown in serial number 4% Table 13.
A foundation for successful project manageméntto start with the rightand realistic
schedule (Ahuja, 1976 in Bowers, 199and MOSAIC, 2009a. It should be aschedule in

which the number of constints on activitystart andactivity finish datesis minimized and
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the actvity float consumption showin Table 13is also minimized.Planning isthe heart of
construction project managemeiithe successful execution of a construction project in terms
of meeting time and cost objectives has always been dependent on effective planning a
scheduling and a wel-coordinated implementation of the planThe increasing complexity
and cost of today's construction projects highlight the importance of a careful management
the entire construction proces®rfi inception to completianin order to accomplish praje
objectivesof meeting time and caqst is paramount that the parties have an appreciation and
understanding of the importance of a detaieel evaluatedproject schedule and how it is
effectively developed and implemented.

Creating accate construction schedules is a complex task requiringplanaing,
estimating, and effectivearticulation of information in the schedule By focusing efforts in
developing appropriate schedlet is possible to eliminate bottlenecks time construction
production process Such effors should faciitate timely procurement of necessary materials,
and ensuresthat completion of the project falls close to set due date. Poor schedulng
particularly one which is not well evaluatedbmmonly results in wastef time and additional
costs in manpower, materials, amdachinehour. For example, faulty schedulingarc force
workers to wait foravaiabiity of needed resourcewait for required informatioror wait for
the completion of preceding tasks. Among othengfy placing emphasis on activites,
resources, objectives, and constraints is required for effective project scheduling. Somn
aspects resultng in scheduling problems are: Poor logic, lack of questioning and missin
descriptions. Wel-trained and expemeed project schedulers can prevent numerous logic
problems,as they know what to expect based pavious work experience. When decisions
are made based on incorrect assumptions or failure to ask necessary questions, errors car
buried deeply in a prog¢ schedule.Schedule evaluation should reveal such errdise

superintendent on the project should etther create the schedule, or be deeply involved in
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development. Since the superintendent is the one who wil actually perform the work, he o
shewill know howbestto accomplishthe tasks

Early use of a CPM program results in shorter (up to 10%) and more cealist
construction periods which is evidenh: maximized or optimized resource utiization,
decreased costs and improved commatioig (Ahuja, 1976 in Bowers, 1995)The CPM
developed in the 1950s, generates useful information about the project, such as:

() The longest sequence of activities

(i) The shortest project duration and

(i) The total andree floats of each activity
These pieces of information are crucial to project successasndubstantially important for
the project manager to control the work®re effectively. @tical activities having zero
floats should receive suaianagement tntion that might be unnecessary on other-z@n
float activities. This management by exception is an important advantage of the CPM
especialy on large, complex projects (Ahuja, 1976 in Bowers, 19%®ugh it is recognised
that the concept offoat is an artificial construct of the CPM algorithm, evhit is well
understood and maged with the understanding of project specific attributes, resource
specific attributes and activity specific attributes, it can be a useful means of scheduling t
reduce the problem of promising the impossible, Wea (2010. Effective construction
scheduling saves time and cost and it is analogous to the old adage, "an ounce of proact
preventve measure is worth a pound of reactive curatve measure.” Put anothan way;,
order to save money, one must act before money is already spent. This means appropriate
of float before the boat start to simkay help to keep the project afloand ensurameeting

the due dateWeaver, (2009a), shown in Figure 3.
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Effective construction scheduling needs tonsider how some of the advanced features of
Primavera Project Planner or the MSrdject can help managée construction process more
effectively. Effective constructionscheduling has the folowing benefits

(0 It gives workers and subcontractors a goalbrk toward.

(ii) It provides more accurate, concise, and clear communications which result in
fewer misunderstandings and disputes.

(i) It ensures anore accurate and timely method to forecast cash flow.

(iv) It is an effective way to coordinate site activitief the buider ensuring that
eventsoccur as planned.

(V) It provides a means to anitor the progress dhe entirework as well as how it
relates to the progress of interdependent construction activities.

(vi) It is a tool needed to dowhatif' scheduling scemis which wil enable the
process to make more effective decisions in order to maximize produatity
optimze work flow.

(viii  Enables accurate determinations of materials, manpower, money & equipment
requirements and their actual usage.

(viii) Gives better cdrol of materials, labour, equipment and subcontractors resources
Without, adequate planning and scheduliigre wil likely be lost time and increased
expenditurefor the contractor, poor eordination of construction resources, e.g., not enough
people materials or equipment when needed and materials may be delivered too late or tc
early causing problesnof double handling and site space congestion, increased site storage
cost and hampering work flow. It is both unecmimal and timeconsuming foruses of the
MS Project to follow a triatanderror procedure in developing the construction schedule
What is the cowrlation that exists betweeaffective construction scheduling and project
outcomes? Since lterature evidence oitd a relationship betwa effective construction

scheduling and project performandg®lomolaiye et aJ 1997 & 1998., Olusegun.teal, 1997,
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1998 & 1999., Odehet al.,2002., Cole, 1991 and Cohened,al., 1989) attempt is made in

this research to investigate and quantifig tfelationship. This is done whie recogmsthat

such other factors lke good project management and good schedule implementation can a
play a part in successfyroject outcomes. It should be notetiat any occurrencéhat is
disruptive which causeevents not to occur as plannéd detrimental to labour prodindty

and schedule performanceTable 1 catalogued sixteercauses thatmay impact project
performance.Late change is more disruptive of project productivity than early change, all
other thing being equal(lbbs, 2005). This is because when a disruptive event occurs early
on, when all arrangement are not concluded to move men and machines to site, alernat
plan B could be developed with only minimal downtime cost. However when a disruptive
event occurs late into the programme, perhaps when al men and machines have be
arranged and probably moved to site, a colossal downtime cost may be experienced. This
obvious because even before developing plan B, the men and machinestonsitedwaild

have incurred huge downtime coshnd materials now prematurely moved to site could
increase storage cost. This argument is simiar to the postulate of lbbs et al, (1994) that
change implemented late in a project wil have more unsetting impadtbonr productivity

than the same change intiated and implemented earlier on in the pAdgectianna., Taylor

& Sulivan (2005) show that extended calendar dates impacts adversely on labol
productivity. They contended that when project calendar i rtitan the normal 40 hour per

week productivity is likely to be low.
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Table 1

A Catalogue of SixteerCauses that may Impact Projear®rmance.

SN Causs

Literature Source

1.l mpact of
2. Schedule and Project Complexity

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

4. Impact of Extended calendar esion labour

5. Weather effects

6. Material availability or shortagef materials

7. Differing geotechnical conditions of the site

8. Labou strikes, labour injuries,
unskilled labour and poor wages

10. Slow decision making
11.Inexperienced management anddequate
Supervision

12. Incomplete drawings, inaccteadesig, and
incomplete specifications

13. Frequent changes in scome &pecifications

14. Restricted or tight site conditiorestricting
working area on the jobite

15. Political risks and governme nhstability

16. Construction errors and rework

@© hoa Iagoerr Psodudiivityr Ibbs (2005) &lbbs et al., (1994)

Nassar and Hegab (2006)

P e nMoe and Park. (2003)

Hanna., Taylor & Sulivan (2005)

AbouRizk and Wales 1997 and
Ruff et al. 1996

Thomas and Napolitan 1995;
Okpala and Aniekwu 1988

Russel, (993); 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, @99)

Songer and Molenaar 1997;
Wong and Logcher 1986)

Bell and Stukhart (1986); Krizek et
al. (1996); Anson and Wang (199¢€

Okpala and Aniekwu (1988)

Abdelhamid and Everett (1999a)

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

The science of 6schedulingd as d¥farnvesaty b
in 2007, (Weaver, 2006). In 1956/57 Kely and Walker started developing the algorithms tha
became the activitpnarrow 6 (al so called acti vADMy for di a
DuPont. The program they developed was trialled on plant shutdowns in 1957 and their firs
paper on critical path schedulng was publshed in March 1959. The PERT system wa
developed at around treame time but lagged CPM by 6 to 12 monttaer the Precedence
(PDM) methodolog was developed by John Fondahis Fseminar paper was published in
1961 describingomdPMm easd al beonative to CI
modern project managient 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 | e
computersé of the 1970s and 80s but rfe ma
manual scheduling techniques, with only the larger organisations being able to afford -
central scheduing office and eth supporting computer systemsthe advent of the
Omicrocomputerd (i . e, personal computer,
significantly. From the skils perspective, project management organisations support the
development of scheduling standards in applicaton to their organisational operations. Th
way development in scheduing andvaving technology changed methods of projec
scheduling and managemelmis been tracked irtne literature, (Weaver, 2006The history
of scheduling tools predates 1956 and sh
(Weaver, 2006). The pyramids of Egypt are over 3000 years old; Sun Tzhinaf wrote

about scheduling and
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the strategy used 2500 years ago from a miitary perspective and transcontiiiesaigs ra
buit some 200 yearsagg (Weaver, 2006) None of these projects could have been
accomplised without some form of schedulnge, the understanding of activity listing,
sequencing and determination of start date and end date for defogett activities.
However, whist the managers, priests and miitary leaders controling the productior
operation for a c c o inpavel adh amappretidtion stiieduling these 6 |
is little evidence of formal processes of scheduling until th8 C&ntury, (Weaver, 2006).
The most likely planning tool used for schedulng construction works before the 18th
Century appears to be modeEie model lteraly showed what the finished structure would
look lke and allowed the project manager to explain how his workforce would go about
accomplishing the woeg stage by stageModelsthencould be used to infer sequence but not
necessarily timecale.

Weaver, (2006) observes that Fippo used models extensively in the design ant
construction of the famous brick dome on top of the Duomo di Firenzein Florence during the
15th Century and Sir Chr i st o pof 8trPaud/ICathedrad |
after the great fire of London in 166Gil survives, (Weaver, 2006)The concept of using
diagrams in preference to words or tabulations to depict ideas was the subject of muc
scientific debate at the end of thel7th Century. RoHeok published Micrographia, in 1665
that used diagrams to descriggesimens viewed through raicroscope,(Weaver, 2006). He
was greatly concerned about the possibiity of misinterpretation and many other eminer
scientist of that era were involved ihet debate over the value of charts and diagrams to
inluence the understanding of process dat&Veaver, (2006) opines that the origin of
graphical schedule control tools can be twwatceo 17 65 . The originat
appears to be Joseph Prigstiean English who Ilved during the period 1733304, (not
Henry Gantt as commonly cited in contemporary lteratehat the modern world calls a

‘Gantt Chart' pralatesHenry Gantt by more than a centuyVeaver, 2006)Pr i est | ey C
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of biography shown in Appendix Alplotted some 2000 famous lifetimes on a time scaled
chart nféa longer or a shorter space of t
represented by a |Riestgyeao dew A Hew had oftHstonn | i n
1769 s ing similar concepts plotting thendr ul
time, (Weaver, 2006) The Chart of historyshown in Appendix A2lists events in 106
separate locations. Priestley wrdteh a t 0 The c bhagsiwas as a urbexcellentf  t
mechanical help to the knowledge of history, impressing the imagination indelbly with a just
image of the rise, progression, extent, duration, and conterypaiate of all the
considerableempires that have ever existed in the waddthat ime. 6 The hor i :
conveys an idea of the duration of fame, influence, power and domination. A vertical readin
conveys an i mpression of t he contemporar
background, and shiting thinking to modern day lsharts of Henry Gantt, the horizontal
ine conveys the duration of an activity and the vertical reading shows actvities in progress ¢
any point in tme.Pr i estl eyods ideas were pitlé82)eidhis up
6Commerci al asd B {Wedvsri820a6) At |

Playfair is credited with developing a range of statistical charts including the line bar,
histogram, and pie charts. The Atlas contained 43-diemes plots. Folowing on from
Playfair; another European, Karol Adecki, a Polish economist, engineer and management
researcher, developed a methodology for
analysis (Weaver, 2006) The charts he proposed became known as Harmonograms, (or
Har monygraph). Acinanpgraphshéwin @ Bigurel48h@s6a déte scale on the
vertical axis (left hand side) and lists Activities across the top. Each activity was represente
by a scaled paper strip, and the current schedule and duration of the activities were depict
by the paition and length of the strips. In the header of the strips, the name and the duratio
of the activity and the list of preceding actvies were showhhe strips representing the

preceding activites were always to the left of the strip of the succeBsertabulation of
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each activityds predecessors and successc
the distinct precursor knowledge from which the CPM and PERT systems developed son
60 years later. This is because the predecessor tasks ntEft sartain harmonious
condttions before the successor tasks can oq@ueaver,2006). This harmonious condition

is the precedence relationshipdamiecki emphasised the importance of creating harmonious
teams, practical scheduling, and compatible, meage means of production. It is claimed
that companies implementing his method saw productivity increases of up to 400%. By 191:
the modern bar chart seems to have been fully developed and in use in Germany, (Weav
2006). In its pure form, the bar chacorrelates actiites and time in a graphical display
allowing the timing of work to be determined but not interdependencisch is the
satisfaction of certain harmonious conditionsSequencing isonly inferred rather than
explicity shown. And as @and drawn diagram, the early charts were a static representation
of the schedule, not dynamic to display effects of changes in the schedule. The concer
embedded in bar chart continued to develop through to the 1970s and 80s when sophistica
mechanicabind magnetictsr i p &6 b ar c h a r(Weader, 2006). Somd alseslich p
as Planalog included elements efsOCRPRMabDr céa
the tmesthab bar 6 coul d be mo vied the edrip and teatbsointhe t r a
schedule. In parallel with the development of bar charts, fowline planning was developed i
the 1930s or earler and miestone charts were also in regular use by the 1950s. Maj
contracts were divided into sections with target dates setctmnaplishing the work required

t o achieve e Alcthe datewiande dutatibmeee @etermined not based on

sciettific analysis, butheyarebased on heuristics (rules of thumb) and/or experience.



36

tie To | A2 80,60 0 |3
i-2(4)

oy | e 90|

activityf-1 @B @)

From Tl L ¥ 9“1«,,,,,,

e cmy [ ok

e —

et

1
)
1 £

Al
)
!
:
;
7
;
9

10

11

12

13

14

Figure 4 Adam ec ki 06 s Har monygraph.
Source Weaver,(2006).



37

It was possible to identify slippage but any assessment of the impact of a delay was based
a personal, subjectiveiew of the data rather than stientific analysis. Consequentlyhen
schedule slppage bate apparent on major contracts, the tendency was to flood the work
wi t h l abour and Obuyti med frequently at
development of schedule control processes based on bar charts and miestones charts, w
on linear programimg 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 involv
in this work then was James Kelley, (Weaver, 2006).

The origin of CPM is traced tonid-1956. E.l. du Pont de Numours (Du Pont) was
l ooking for useful t hinhgs o mputdea witthh si twsa :
computers installed in any commercial business and the third UNIVAC machine buit). Du
Pont 6s ma n a gte tme mdamputdr ecodld haveh agyood application in planning,
estimating and scheduling. Morgan Walker was given the job of discovering if a computel
could be programmed to help in these regards. Others had started studying the proble
including other researct®e within Du Pont but no one had achieved a commercialy 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 theosimeonundrum.
They could demonstrate that in preference to flooding a project with labour to recover lost
ti me, focusing effort on the 6rightdé tas
cost, (Weaver, 200 . The problem then was identifyi

The production of a construction plan starts when a construction planner receives th
drawings, specifications and the bils of quantties for a project. These three importan
documents must provide al such necessary information as architecturaturakriand
services drawings, needed to appreciate the project scope and to propose an ini
construction schedule for achieving the works. The planning of constructon work is a

continuous iterative process with different miestones or stageidado, 2004) At each



38

milestone, certain planning deliverables are produced, as ilustratd@bie 2. The plan
should show most or some dhe components listed under such major headings as:
programming and scheduling, method statements, organisational aethssys#t up, site set
up and layoutllustrated inTable 2 From the main contractor's point of view, the miestones
are normally: predender, tender, preontract, contract, preonstruction, construction,
commissioning, and poesbnstruction stages. ThBrocess Protocol Map (1998), @Gidado
(2004) refned these stages andonsidered them in four phases: -preject, pre
construction, construction and pasinstruction, as ilustrated Iigure 5

The scope of sddulng discussed in this thesss concerned with phases five, six and
seven, shown in Figure 5 ie., the scheduling done during the -pmnstruction and
construction phases. If the traditonalocurementmethod of desigiid-buid is adopted, it
is assumed that the contractor is citell when detailed design andb-site production
information are complete. During phases five and six at tendering, the contractor is expecte
to produce some, b u tction&chedtle at leagts gdide foa dssessidgd
the project orcost and to determine the lkely completion date. Afteontract award the
schedule produced in phases five and six should now form the basis of developing a mo
detailed schedule for constructing and completing the works in phase seven. This phase
important because significant financial and contractual commitments are made. This is th
postcontract stage. The planning that is carried out at this stage gfrtfect is supposedly

intensive.
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Table 2
Construction Planning Deliverables.

Programming Organisational Site Set Up
& Scheduling Method Statements & Systems Set P & Layout
la. Master b gramme 1.Work breakdown 1.Managerial &iff required 1.Access & Taffic
Structure

b. Detaied PRogramme
2. Work Packages
c. ShortTerm Rogramme
3. Interface Minagement

2. Scaffold Schedule
4. Methods oPrincipal Operations

3. Plant Required Setiule
5. Formwork @neral
4. Labour Histograms Arrangement
5. CostsCurves 6.TemporaryWorks
6. Information ReqdSchedule 7. Construction dints
7.Subcontr act or <8.Vertical & Horizontal Transportation
8. ReportingFreq. Schedule 9. Mix Designs
9. Completion [tes 10. Resource Kcation

10. Lead Tmes

11 Earred Value Analysis

2.ProjectStaff andOt her
Roles & Responsibilities

3.CommunicationSystem
4.Qualty System
5.Safety $stem

6. Monitoring S§stem

7. Controling §stems
8. Site Meetings

9. Daily Dary

10. Environmentallmpact

P 2.Material Sore &
Handling

3.Administrative
Buidings & Facilties

4.Hant & Workshops
5.Temporary 8rvices
6. Safety $ns
7. Site Security

8. Maintenance

Source: Gidado, (2004)
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The content and detal of plans produced ndymdepend upon the experience and
knowledge of the planners as well as the contractual requirements to be fulfled. The pos
contract plan forms the basis upon which cost estimates of major items of work are derive
The actual integration of design andnstruction intensifies to its maximum during this
phaseshown asphase fivein Figure 5 It is also at this phase that the monitoring, controling
and feedback systems necessary for the production process are SHieuponstruction
planner should idefyi 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 typ
in a list and their work breakdown structure, as well as provide information on theldgghno
required to construct the various work tasks. Alshawi and Hassan (1999), illustrates in Figur
6 the broad form of activities involved in construction planning and scheduling at the pre
construction phase.

Figure 6 shows information requiredo generate construction schedules. The
relationship between construction planning and other aspects of construction such &
estimating, interim valuation, site layout planning, plant selections, constructabiity analysis
is llustrated in Alshawi and Haan, (1997). This preonstruction planning process is similar
to that shown in Menches and Awad, (2006), in which sixty nine significantgngtruction
planning activities were identfied. Table 3 ilustrates these 69 activities which are further
subdivided into ten categories: (1) team selection and turnover, (2) scope and contrac
review, (3) administrative setup, (4) buyout process, (5) material handling plan, (6) budge
preparation, (7) layout and sequencing plan, (8) schedule development, (¥)gtracé

control, and (10) construction execution ko meeting.
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Construction Postconstruction
Phases

Precorstruction
Phases

Phase Title Prproject

Phases

Demonstrating
the Need

Phase zero

Incepion
and Brief

Phase one

Feasibility Phase two

Outline

Proposals Phase three

Detall
Design

Coordinated
Design & Procurement

Production
Information

Construction

Operation
and
Maintenance

Phase four

Phase five

Phase Six

Phase Seven

Phase Eiaht

Figure 5
Construction Process Protocol

Source:Adopted fromProcess Protocol Map (1998) Gidado (2004)
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In Figure 6 the roundcornered boxes represent processes, while -thneensioal boxes
represent real life objects which flow between processes. The arrows pointing out of
process box show the output of the process while arrows pointing into a process box show t
input to the process. The shadowed rectangular boxes representlextents (external to

the field of interest) which are required by the domain. The different shades in the proces
boxes show the other construction domains with which the construction planning domai
interacts.

Figure 6 shows an object flowiadram which represents an overal picture of
integration between construction planning and the other domains (estimating, interin
valuation, site layout planning, plant selections and constructability analysis etc). It bring:
together the processes of iwas disciplnes along with their relationships. The unshaded
processes at the centre and the bottom left of Figure 6 show the planning processes.
relation with materials and plant management is ilustrated at the top right corner of the
figure. The ned for the analysis of availabilty of site space is shown at the bottom right. The
strong link between estimating and planning is demonstrated at the top left corner of th
figure.

To communicate the initial outine plan to other disogdi be planner(a) Produces
actvty and resource plan (b) Proposes plant for various construction actvities and (c
Proposes a detail construction plan. In order to examine the efficiency of the outlined plar
and to remain consistent with other aspedtthe construction process, the outputs of these
three planning processes are sent to other applications to check for suitability and to obte
other information such as costs, resources and the construction methods to be Fpplied.
example, the output fothe proposed construction planning process, ie. the construction
schedule is sent to the material manager who determines the availabiity of the selecte
materials and produces material orders, delvery times and schedules. This information

then fedback to the construction planner.
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Meanwhile, the outpubf the activity and resource plan is sent to the estimatgproduce
resource data andalcuates the bill rates as shown Rigure 6. On the other hand, thist of

plant for construction activities is sent together with the construsiteduleto the plant
manager who proposes plant spaeguirement The output of this processe. the plan
space evaluation is sent to the site manager who approves the availabiity of space for su
plant at the required time. Once the suitable plantsite is received by thelant manager, he
informs the construction planner thfe plant to be usednce he final plan has been agreed
by all relevant parties, the construction planner then produces the construction schedule
ine with constructability analysis and specific contract requirements.

The construction scheduling process as discussedisimawi and Hassan (1997 &
1999) and shown in Figure 6 is accomplished using different schedulng techniques an
different pieces of schedulng software. Galloway, (2006) observes that very few person
know how to use these techniques and pieces of diogedoftware properly. She contends
that schedulng practice is done on a hit or miss basis without regards to best practic
standards mposed in Galoway, (2006b).The question every project manager needs to
answer is that why are more than 90% of gty run using 18th century reactive bar charts
and the vast majority of the remainder run using 60 year old deterministc CPM baset
approaches, none of which offer any form of proactive predictive assessment that may shc

and or improve the probability @foject completion on the due date.
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A Conceptual Preconstruction Planning Process

Stage

Activity
Category

Activity
No Activity Desciption

Bid preparation

Management
team selection

Cost estimating

Preconstruction
Planning

Scope review

Schedule review

Bid submission

Team selection
ard 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 needé&resolved
before submitting bid

4 Review customer 6s sche

5.Think about and tentatively select project
manager andleld supervisor

6. Prepare quantity takeff
7. Develop bil of materials

8.Solicit pricing fromsubcontractors supplies
andvendors

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
projectManager

15. Hold separate turnover meeting betwgmaoject
Manager teamand field supervisor

16. Hold prejob (planning) kickoff medtg with
internal members to assign responsibilities

17. Review contract for unfavorable or high risk
clauses

18. Project manager reviews plans, speatifons, and
Schedule

20. Create a list of issues that need to be resolved a
begin the request for information (RFI) process
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A Conceptual Preconstruction Planning Process

Activity Activity
Stage Category No Activity Description
Scope and 21.Conduct stte visit

cortract review

Administrative setup

Buyout process

Preconstruction Material

Planning handling plan
Budget
Preparation

22 Compare estiated work activities to
planned performance

23.ldentify value engineering and
prefabri@tion opportunities and how to
simplify the work

24.Prepare construction taiadf
25.Set up project fles and create contact list

26. Set up computerized tracking and control
System(forms, database, scheduteacking

27.Initiate a chage management system

28. Inttiate a request for information (RFI)
tracking andprocessing system

29.Inttiate a submittal tracking and processing
system

300.Develop a dlabor req
expectationso6bo0

31.Review subcontractor/suppligendor pricing
and qualifications

32.Negotiate pricing and contract conditions anc
selectSubcontractors / suppliers /vendors

33.Develop and issue purchase orders and
contracts formaterials and equipment

34.Order longlead 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 stagingnpl
39. Develop, review, or expand cost code scherr

40.Develop budget by breaking down labor,
material, overhead, and profit costs
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A Conceptual Preconstruction PlanniiRgocess

Activity Activity
Stage Category No Activity Description
Budget 41. Develop schedule of uas
Layout and Preparation 42 Develop installation sequence daglout drawings
sequencing plan 43.Develop field instructions, includinganel, pull,
or conduit schedules
44.Develop prefabrication drawings for field use
Schedule 45 Review customerds sch
Development
46.dentify work that impacts electrical activities
47.Review the work sequence and ldegd supply
materialequipment delivery dates
48 Coordinate electrical
schelule
49. Create a bar chart schedule
Traking and 50. Customize the computerized tracking and contr
Control system (database/schedule/etc.) for the current pre
51.Develop labor and materials tracking report
Construction 52.Review meeting schedule
Execution : . :
kickoff meeting 53.Review request for informatioRFI) process
54. Review change order process and field change
management process
55.Review submittal processing procedure
56.Review biling and invoicing procedures
57. Review prgect and field reporting and tracking
procedures
58.Review electrical and customer schedules
Jobsite Mobilization 59. Mobilize and set up the jobsite (site huts,
Management telephones, watdrst aid, etc.)
Planning

Administrative
Setup

60. Set up field fles, document control system, anc
asbuitt record keeping

61.Customize the computerized tracking and contr
system(database/schedule/etc.) for the current pro

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

Activity Activity
Stage Category No Activity Description

Scheduling Administrative  63.Review or establish loekhead schedulingrrocess
andReporting  Setup 64.Review daily reporting requirements
65. Establish/ review subcontractor start and finidbates

66. Identify tools/ special tools and equipment

Requirements
Labour 67. Evaluate and plan crew size or crew mix
l;/llggagement 68. Forecast weekly crew requirements

69.Develop labor hours reporting process

Source: Meches andAwad, (2006)
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Since the invention ofhe classial CPM in the 1950s it has been widely used for project
planning in diverse industrieand it has been further developed to ensure more relability
(Lee and Ardit, 2006) One of such developmens the poject evaluation and review
technique (PERT) which uses probabilstic time estimates to aid in determining the
probability that a project atd be completed by alefined due date.The other isthe
stochastic discrete event simulatiepproach. Both techniques identify a project critical path
which shows actiitiesthe start of whichcannot be delayed, andther slack or floated
activities the start of whichcan be delayed within limit without lengthening the project
completion time. Deterministi CPM is easy to use for the purpose of project control.
However, lack of flexibiity and uncertainty considerations limit its effectiveness, (Lu and
AbouRizk, 2000). Most industry professionals view such an analytical method as potentialy
hemming them io a fixed definiton or performancd Hal pi n, 1998) . Th
based on theoretical assumptions such as the estimated normal activity duration and proje
completion time is not attractive to practtioners who are used to incorporating glerson
experience and the evehanging actual site conditions intbe schedulingdecision making
process This reflects the early (1970s) reaction to CPM scheduling. Most professionals werse
against ts use as CPM was viewed as enforcing arbitrary or uwsmdltairgoals in
construction scheduling,without consideraton of activity specific attributes, reseurc
specific attributes, and project specific attribut@4alpin, 1998).In most cases it was viewed
as promising the impossiblbecause practicatonsideréions of start dates haveot been
made

PERT is thought of as an improvement to the CPM. Though it incorporates uncertaint
and risk analysis, it is stil not fuly accepted by practitioners because of its underlying
theoretical assumptas, (Lu and AbouRizk, 2000).Lu and AbouRizk further opirge that
based on the central mit theorem of statistics, the classic CPP¥RT analysis takes into

account the uncertainty of activity duratiohlowever, the PERT calculated mean project
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time is always anunderestimate of the true project mean, (Ahefaal. 1995 in Lu and
AbouRizk,2 0 0 0 ) . This bias in the mean estimat
(1995), in Lu and AbouRizk. (2000), gves a thorough analysis and theoretical explahation ¢
t he PERT drawbacks and argue t hat t he S
conduct the network analysis through a formal stochastic simulation study. In such a stud
the true properties of the actvity duration distributions (including all itef statistical
descriptors such as mean and variance) are used, and the concept of activity criticality ratf
than path criticalty is used to overcome most of the PERT shortfalls, (Ahuja et al. 1995). Tc
perform PERT analysis through simulation, twoevaht issues need to b&udied carefuly.
They are (1) ldw to deternme the critical path; and (2) d& to model actvity duration
stochasically. In classic CPM analysis, earliest start time (ES), latest start time (LS), earliest
finish time (EF), latestinish time (LF), and total float (TF) must be documented for every
activty. The criticalty of an actvity is decided based on TF. The classic CPM analysis is
straightforward and effectivenly for simple andsmalscale CPM networks. However, with
conplex largescale CPM networks one witgreat number of nodes and actiities, the
classic CPM algorthm becomes cumbersome and ineficient for two reasons, (Lu an
AbouRizk, 2000). First, the duration for all the activites must be tracked and stored durin
the forward pass calculation to conduct the ensuing backward pass calculations. Second, f
time attributes (ES, EF, LS, LF, and TF) must be calculated prior to determining the
criticalty of an activity, this is becausthe most critical parameter afféeng 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 1is
same time duration for backward amohward passes for each actiity of the network, a
separate random stream number is used to generate the duration for each activity. Pritsker

al. 6s approach still falls into the catec(
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determined bsed on the TF of an actvity. Pritsker et al. (1989) pointed out that after a
sufficient number of simulation runs, a ranking of the actvites by high value of average
slack (TF) time becomes a possible method for ordering the actiities that can yeel.dAla
more appropriate ranking is based on the ratio of the average slack time to the standa
deviation of activig duration. A higher ratio would indicatihat there is less likelihood that
the average slack time wil be exceeded due to the value diaie variabiity inherent in

the performance ahe activity. A low ratioindicates there is little leeway in the start time for
the activity. This understanding is important in applying early start or late start schedule
options differentialy on the figrent project tasks. This is whfritsker et al. (1989)
conclude that there is a large positive correlation between the ranking of critical activities
based on the ratio of average slack (TF) to actvity duration standard deviation and th
criticalty index. They define criticalty index (Cl) 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 Mnstruction Planning Versus Comstruction Scheduling

Project planning and scheduling, atthough are alied disciplines, @heynot the same,
(MOSAIC, 2002 ) . Project planning is a teamsod
estimating team, the cost control team, the design te@imnthe project planner in developing
the project implementation strategy. Whereas scheduling involves the interpretation of th
results of project planning by usirgppropriate software tools artéchniques to ascertain,
amongst other things, the startdafinish dates of activites and their sequenSeheduling
means applying a timescale to the plan. Whereas a project plan shows the sequence
inter dependencies of actvities, their duraton and their possible eaalebt latest
completion dates,the schedule must nowhow the agreed staaihd end dates of each project

task. Schedulng is said to be the process which completes the planning process. And
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continues during production operation. It is not good practice to plan the work whie
attempting at the same time to schedule it. Project planning involves the scheduler workir
with the project team to make decisions concerning:
1. The overal strategy of how the work process is to be broken down for control
known & the wak-breakdown structure
2. How the control is to be managed
3. What methods are to be used procurement and construction
4. The strategy for subcontracting
5. The interface between the varp participants or stakeholders
6. The zones doperation and their interfacand
7. Risk and opportunity management
After planing, according to MOSAIC, (20@9, the scheduler should work withl al
stakeholders particularly éhforemen responsible for field operasidon determine:
a) The duration of the activities
b) The partywho wil perform the activities
c) The resource$o be applied to the activities
d) Sequencing of the actvities and
d) Start and end dates of all activities, coesidg imposed dates or applied

constraints

2.2.2Purpose of the Project Schedule

Research shows that scheduling makes little difference to successful time outcomes of simy
or small projects. But it is critical to successful time outc®ro@ complex projects, (Weaver,
2005). A good construction schedule may not guarantee project success becau
implementation strategies may mal project success. But a bad schedule is a sure precursot

project failure particularly on compleandlarge prgects.
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Tradttionally, construction scheduling should ensure that-moan requirements, machine
hour requirements, duration of key actities, and the duration of sitosia are optimized.

A key concern of construction schedulng is to develop arewadsle programme for the
works within a minimum time on the jobsitdeteby minimizing administrativecosts and
other site ofcosts. As much as possible, the schedule should proactively mitigath
envisionedand unenvisioneddisruptiors. This is done ¥ the differential application of early

or late start scheduleaddressed in this thesidhe competitive nature of the construction
indudry has motivated many buide to search for ways to improve efficiency so as to
decrease their costs. As a resulntcactors are turning to better planning and scheduling as
means for improving efficiency and consequently, increase their proftability. In fact, there is
a consensus in the construction industry that more formalized construction scheduling
necessanto remain successful in an increasingly competitive industry. Menches and Awad,
(2006) observes that effective scheduling correlates well with project outddwes. provide
evidence that better schedulng is, indeed, related to successful project pedorban
developing an index kich shows how closely actiitgtart variance matched better cost and
schedule pesfmance. This is simiar to the posit of Carr, (1993), that comparing activity
start variance with cost variance, schedule variance, resouecéimel, resource requirement
variance and productvity variance may show a defined tthatl the more the activity start
variance, the more wil be the cost variance, @toe lower the activitystart time variance,

the better the cost and schedule pemforice, (Menches and Awad, 2006)\ctivity start time
variability indeed results in increasedirect as wel as indirect cost because of dbitond
movement of crews and possitdle crew time.

Indeed high variabiity in activity start dates llwncrease the uncertainty of project

completion on the due dat@herefore it needs to be avoidgdoactively before it occurs

Effective construction scheduling is thus shown to considerably reduce project cost. It ca

improve labour productivty, minize the effect of numerous unavoidable changes and
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maximize esource utiisation on the jobsite.There is no gainsaying that effective
construction scheduling i mproves t he coni
time requirement and ensure fisigt capacity to meet contractual obligation(Hoyle,
1998). Schatteman, Herroelen, Van de Vonder and Bod@8608) also conterd that
effective construction scheduling can significantly reduce the cost of actvity start time
disruptions and produce atable proactive baselne schedule that is sufficiently protected
against anticipated and unanticipated disruptions thh may occur during project
implementéion. A sound schedule ikey to a successful project. The purpose of the project
schedule stoorvi de a wuseful 6road mapdé that cart
project team to assist in completing the project successfulytime and within budget,
(MOSAIC, 2009a) The schedule is a dynantool developed by thecheduler, with input
from ather project stakeholders that reflects their vision of how theegtrayil be performed

and reactappropriately to changes in progress and scope, etc. Adewelloped project
schedule is a dynamic tool that can be used to predict when the projectamorasonably

be expected to be accomplished. Simultaneously, it alows the project team to look at tr
performance of the project to date, and use that data to make accurate projections abt
remaining work andtake actions in the future to progress theorts to a scheduled
completion.

MOSAIC, (2009a) observes thitis important to remember that because time is fixed,
it cannot be o6écontrolledo. There wildl al
sequentially! What the schedule can @ help the project team manage the use of available
time in a coordinatednanner thatevents occur as planned with minimal start and fidiste
variance. A useful project schedule should therefore describe:

) What work is to be done,

i) 'Who wil dothe work, and

i) When it should be done, the timescale.
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O60Howé to do the work is defined by other
the PMBOK Guide. When developing the project schedule, it is impadaremember that
the schedule <cannot 6controld the work o
t eam), t he people who O6controld the work
the workers and the schedule should be the guide manatgelses to determine what
inluence to bring to bear on the workflovgstablishing a realistic and achievable project
schedule therefore is one of the important requirements for project success.

Buiding and ciil engineering construction prdgcinvolve elaborate logistics. Trying
to satisfy the requirements for -time completion, withikbudget, ad to-specification, poses
enormous challenge. To meet that chalenge, construction projects require a sound an
achievable schedule; and a consitdenaof inprocess project performance as well as on
completion project performancéds noted earlier inGalloway, (2006), current construction
scheduling pretice is done on a hit or midsasis, often without a predetermined desired
project outcome in we. The schedule should serve as an accurate prediction of the future
that is capable of controling future performandée imprecise nature of predictability of the
schedule about wha't may happen in the fu
minimized. This means that the extent of errors in the schedule, that event may not occur
planned; the systems proposed to manage these inevitable inaccuracies; and the resul
information to be used to proactively infuence the future direction ok veor the project,
must be well thought out earin the scheduling processMIOSAIC (2009b) noted that
different scheduling software tools options may produce different project performance
outcomes For some actiities, the forward pass and backward pdes dal be the same,
l.e., actvites with zero float. If these actiites are delayed, the entire project wil finish late
pro rata Other actiiteshave various degrees of flexbiity (caled float) owshich their

start or finsh maybe delayed withat delaying the completion of the projedhis means
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certain of the constructoa ct i vities may be scheduled to
|l ate as possihlmed within the float

External time constraints uch as fistadt omo fifeiarilsirer not |
also be appledon certain actvities, subprojects, or thentire project. For instance, an
activity that requires a special type of machinery or buiding compamembaterialscamot
start until the machinery or buidingomponent is avaiable othe jobsite. Such project
characteristcs and constraints are important consideration for a realistic simulation
construction projects schedylegChassiakos and Sakellaropoulo2005) This is why
Kaelble, (2014) posits thatnderstanding constrainia CPM scheduling is kebecause they
are used to artificialy drivehe schedule date§his opportunity to delay the start or finish
timing of an atvity without impactingt he pr o] econiplétien datevie a ley toabrf
the project team to resolve resource problems, information request and information relea:
problems and other such project issues. Posttive float values are an indication of the degree
scheduling flexibiity in the scheduldr use in subsequent anadysissociated with resource
smoothing and leveling and/or to absorb performance delays associated with floate
activities. It should be noted that float is mt6 spare timed it s a
schedule development proceddis is why Weaver (2(), posk that simple changes in the
way schedules are developed, implemented and managed can yield important improvement
the project performance. The various options available to develop the construction schedt
have different effects on how the sdbe wil eventualy perform. Foinstance Carl and
Timothy (2013 and Jerry (2011) show that different options; of early start time, or late start
time constraints of project actvities have different effects on the schedule perforitaisce.
important © consider the effects of these both on the resource idle time and the total projec
duration. Carl and Timothy (2013) and Jerry (2011) furtrewntend that an appropriate
choice might improve the effectiveness of the schedules developed ensuring meezyaccu

of the forecast datethat events occur as planndévery schedule loses relevance over time if
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tasks are completed earler or later than planned. Or tasks are performed out of plann
sequence making planned dates inaccurate and not serving theeptopavhich they are so
defined, (Weaver, 2002). This shows that assumptions made when establishing the initi
schedule are wrong due to the amoant reliabilty of information avaiable at the time. If
nothing is done, the relevance of the schedulex aranagement tool is eroded, asdnot

good for the purpose. MOSAIC (2009b) concludes that there are four important
contributions of the construction schedule: (joject and process faciltatingi) Time

budgeting (i) Risk minimising and(iv) Costsaving

2.2.3Project and Process Facilitating

The schedule is said to be a key o6facil
because its development involves talking to and questioning all key stakeholders and drawit
all the different eeas of specialist knowledge into a one cohesive, integrated whole.
Essentially securing and integrating their approval into the schedulng prodéssentially
the schedule develops an effective O6ti me
architectur al design is a Ophysical envel
and constraints of the projectata and other key stakeholdeifhe project schedule should
meld the ideas and aspirations of key stakeholders into a cohergiogl land feasible
project schedule.Phiosopher Friedrich von HayeKMOSAIC, 200%) argues that all
knowledge is partial and the closest one can get to the complete knowledge comes from t
aggregation of as many partial understandings as possible. Gheduie faciitates the
exchange, sharing and aggregation of knowledge from all of the various aspects of the proje
to develop and disseminate the most complete understanding of the time planning and tin
management aspects of the projethis is demortsated by the fact that the schedule
highlights different areas and shevinow their work plans fit in with each other, enabling

work to flow smoothly across the project. Also, the Schedule enables the project manager a



58

other stakeholders avoid potengiattostly conficts between different areas, faciltating the

allocation and sharing of resgas across the entire project.

2.2.4Time Budgeting

Financial budgeting is a method by which cash inflows and cash outflows of amisatign

are tracked and managed. A key responsibiity of the schedule is to develop and mana
O0time budget so. This involves estimating
components. The project schedule identifies the critical path foroject and helpto ensure

that work flows in the most efficient and cost effective manner and is accomplished in time tc

meet the due date release the buider from incurringiore unnecessary e0ost

2.2.5Risk Minimising

Many projects have 4buit penalty clause that provides for the payment of liquidated
damages if the project is not completed on the due date. And even without liquidate
damages, it is noted that the cost of time oues are substantial to the contractdhe
schedule can ast, at the start of a project, to ensure that realistic, achievable end dates al
established, and that feasible target dates are set and met throughout the duration of the wc
This way the due date remains attainafilee schedule can provide early miag if areas of
work are lkely to slip behind schedule and can assist project managers on the optimu
reallocation of resources to enable late work to be caught up. Adequate and effectiv
planning therefore is of prime importance in patj risk minimistion processthat events

may occur as planned

2.2.6Cost Saving
The Schedule is a key means of optimising the project costs. Many projects remai

proftable, or viable, only if they are completed on time. Any number of factors can mear
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that a late prect 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
avoid or minimise them proactively ahead of time. The role of the Scheduler is ofsenmen

value to any project as an 'ideas person' at the time the project is being conceived, develop:
planned and set up, through monitoring and controling the execution of the project tc
optimse performance. In short, thehedule should become an intégoart d the Project

Management tool.

2.3 DEVELOPING THE CONSTRUCTION SCHEDULE

Based on the decisions made during project planning, the project schedule requires spec

planning and design in the same wsadgsigneis/er

planned and designed. To create a useful tool for controling the time progress of the proje

and communicateinformation regarding the planned work and progress, the project team

needs to consider a number of factors and seek to optimiseutbeme. Some of the key

guestions to consider in developing the construction project schedule are:

(&) What are the scheduling standards and best practice td&?adopt

(b)Det er mi ne i f 6one schedul e® iag eacheguatde
facilitate the schedule development and management processes. Then for each
schedule determine:

() What is an appropriate level of detail to use for the aet@tiToo much detgiroduces

confusing and overly large project schedule thatifieui to understand and too expensive

to manage; too lttle detadn the other handneans there isinsuficient information for on

going management of the projec(i) What is the preferred scheduling approach to use;

deterministic, probabilistic or stochast? (i) What is an appropriate cycle for statusing and

updating the Project Schedule? The period between updates needs to be long enough for

information from the last update to have been issued to the project team and for the team
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have hd a chance to act on the new information prior to the next status. Also the updatin
period should be long enough for work to have progressed sufficiently to generate enoug
process or progress data warranting action. The choice of cycle time is infiuBndlee rate

of change in the project. For relatively stable, low risk projects a monthly or fortnightly status
or review cycle may be appropriate. For volatie, high risk projegfslates may be reiged

at every change of shiffiv) Wh at sda&tail oated be sused for durations: days, weeks or
even months?

The optimum answer depends on the frequency of the control processes and the level
detail needed in scheduling the activities. There is no right or wrong answer tofainese
questions, oly the answer for the particular project scenarios should be sought. And the bes
answer wil be influenced by the current phase of thejepro(feasibilty, planning, or
productionphasg, the culture ad business norms of the compaayd most importalgt the
stakeholdersthe schedule needs to inform amdluence. The dfferent scheduling practice
different level of details, preferred scheduling approaabpropriate cycle of statusing or
updating andscheduling timscale may vary based on companye,sitype of construction,
and annual construction budget/revenue. Such information may reveal a wide representati
of the construction industry surveyed and help to determine the best scheduling alternative
for a specific project before it starts. And édson the different scheduling alternatives
considered, it may be possible to track manpower and equipment costs for the entire proje
per activity or per work section. Reduced delays, reduced actvity start variance, reduce
activity finish variance ah 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 standa
because the is a diversity of users: buiding owners, contractors, subcontractors and
consultants etc.The need for best practice guidelines developed for these stakeholders i

imperative. This is because CPM scheduling, and indeed scheduling generaly usiegt differ
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pieces of scheduling software lke the MS Project, Primavera project planner etc, do appe
to be mostly taught and learned by on-jttie method. And often this type of training is
without consideration of wedllefned and well established best praaic standards. This
resuts in norstandard development, usage, and interpretation of results from CPM
scheduling processGalloway (2006), concludes thgtrofessional organizations such as
AACEI, ASCE, CMAA, AGC, PMICOS, NDIA geelist of abbreviations in ppendix A3
need to come together in coalition to address what is required to evolve beste practi
standards for CPM schedulirgp as to provide a more trusting atmosphere and basis from
which all stakeholders in the construction project can rely withedsmw CPM scheduling.
The key steps in designing the project schedule are:
a).Intelligence gathering, know what information is avadatand what is needed
answerthe questions posed above
b). A design summit where managerheard the scheduler agree the major
compromisesand parameters needed to form the schedule ttitdsei effective
management of the project.
c). Creation and adoption of a specification for the schedule that wil guide its
development and egoing maintenance (including change control processes).
PMI (2000) in Galoway (2006 b) defines project time management to include the processe
required to accomplish timely completion of the project. These are listed a
Activity definition: Identifying the specific activities that must be performed to
construct and complete the project;
(2). Activity sequencing: ldentifying and documenting interdependencies;
(3). Activity resource estimating: Estimatingsources required for each activity;,
(4). Activity duration estimating: Estimating the number of work periods that
wil be needed to complete individual activities;

(5). Schedule development: Analyzing sequencesyitgctiurations, andresource
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requirements to create the project schedule; and
(6). Schedule control: Controlling changes to the project schetluleg field
operation.

The ime management processes reported in Galoway, (2006b) listed ibeeleasents of
Schedule devepment as defined by the PMBOKIgure 7showsthese as

a) Project network diagrams

b) Activity duration estimates

c) Resource req@ments

d) Calendars

e) Constraints inposed dates on activitgtartand/oractivity finish)

f) Assumptions

g) Leads and lagand

h) Risk management plan
Galloway, (2006b) further points out that schedule development topics taught in 20C
universiies in the USA and Europe did not adequately coveresissaf constraints
considerations (imposed dates on activity start and or actiity finish). This finding explains
why most scheduling engineers apply only the default options in constraint scheduling, sinc

the training has not adequately addressed thiscasp

2.3.1 Methods and Techniques for Construction Scheduling

Whie CPM has been used extensively due to its simplicity, PERT has seldom been use
(Lee, 2005). A network is comprised of activities that make use of resources and require tin
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 res@lmested to an

activity, the shorter the time needed to accomplish it. Though each actiity requires divers
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resources, it can be said that time is the most important factor in scheduling. Three importa
elements of scheduling which are time related are:

() Activity duration time (i) Activity start date and (ii)Activity finish date.

CPM is deterministc whie PERT is probabilistic or stochastic in that variabiity and
uncertainty are considered in the duration of each actitityneans PERT assws that the
duration of each actvity is represented by a random variable with a known probability
density function (PDF). PERT extends CPM concept by introducing the idea of uncertainty ir
estimating activity durations. PERT uses expected mean timesstaifard deviation or
variance. The expected mean timeg (f an individual activity is an estimate having an
approximate chance of 50% succeBsee time estimates used in PERT are:

(@) Most likely (m), (b) Optimistic (a), an@) Pessimistic (b) dations

These are required for each actiity to improve the accuracy of the schedulng proces
(Khisty and Mohammadi, 2001). But PERT has also been criticized for systematicaly
overestimating the total project duration. That is why a new methodologgqigred to
increase the accuracy of scheduling project activities. As stated by Crandall (1977), the mo
reliable method of predicting the total behavior of a network comprising of probabilistic
activity durations is simulation. To complement the PERTesys simulation can be applied

to run a network a certain number of times. Complementing the existihng approaches wit
simulation can reduce the errors that might be introduced by the PERT assumptions report

by MacCrimmon and Ryave(1962) and Van Slyke1063).
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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 reeds to be selected depending on the type of project. In general, the variability of th
time estimates of an adlyw can be assumed to folow 8&eta distribution (Hilier and
Lieberman 1986; AbouRizk and Halpin 1992; Fente et al. 1999; Fataneh 2002Reithe
distribution behaves as a normal distributon when the expected time is mostly centere
between the optimistic time and pessimistic times. The Beta distribution is positively skewe
when the expected time is closer to the optimistic time than t@ekesimistic time. When the
expected time is closer to the pessimistic time than to the optimistic time, the Bete
distribution is negatively skewed (Ang and Tatg§75).

Whie construction project scheduling has to deal with uncertainty involveatctmty
durations, existihg CPM models fail to address the stochastic nature of construction activitie
To better represent reabrid activity data, a more flexible approach that allows modeling

the time estimates in an appropriate PDF should be used.

2.3.2Best Practice Guidelinesfor Construction Scheduling

Best practice guidelines for construction scheduling would bring the construction world
closer together in adopting common procedures and practices in construction schedulin
Galloway (2006b), notes that thoughProject management institute strives to provide
consistency in all areas of project management, the aspects of project controls, and CP
scheduling in particular, have gone unchanged in standards before 2005 and only very lit
progressis noted for a common understanding and common recognition of what is requirec
as best practice procedure for schedule development, schedule implementation, and schec
control. Whie CPM scheduling has been around since the 1950s, its application in th
construction industry has not received 100% acceptance and use, or consistency in how it
used. However, the understanding and appropriate use of CPM scheduling is critical t

improving how construction projects are scheduled and managed, (Galowag). 200
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Experience over the years has shown that a-deekloped, properly updated, and
consistenty used CPM schedule during a project can improve the probabiity of projec
completion on the due date and assist in agreeing extension of time. This i 2U®5 the
colege of schedulng of the Project Management Institute was mandated to develop a set
standards specifically for CPM schiiog and its use, (Weaver, 2010The colege of
scheduling and the scheduling excellence initiative (SEI) has beekingvasn scheduling
enhancement series to develop rwudiume reference for schedulng in the aspects @©f
Concepts (i) Methodologies and (i) Best Practice, to address the issues of better proje
control and improve the possibiity of project cortiple by the due date. This is an effort to
move toward global best practice standards in the ak&PM scheduling, (Weaver, 2010
By not ensuring that basic schedulng elements are covered in training, the lack of suc
elements gves rise to problensmcountered in the actual application of CPM scheduling in
the industry. This is especialy apparent in the lack of instruction in variance analysis
corrective action, change control, and constraints decisions, etc, showigume 7. As
discissed earlieiin Galloway, (2006) which is in agreement with Galloway, (2003), the lack
of adequate coverage of issues of constraints scheduling considerations (i.e., imposed da
on activity start and/or finish) in a survey of 200 universities in the USA and Eesqpens
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 impongicator of a project
that may fal. Nassar and Hegab (2006) observes that several factors contribute to ftf
complexity of the project schedule. These include the number of activities, the level of detai
and the shape of the project network. To redbeesthedule complexity, Weaver, (2005),
proposes the following three generic rules to guide the deveidpof effective schedules as:
Maximum length of Critical Path should be around 25 activitieBercentage of critical

adivities should be less 20% cirMaximum number of tasks irhé schedule should be less
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600. This means a construction schedule with more than 600 tasks should be reconsidered
two separate schedules (linked together) so as to reduce the complexity. A schedule w
more than 25 aciites on the critical path or the percentage of critical activites more than
20% indicates a less than best practice standard. Complex project schedules often cau
problems in coordinating the ork of different team memberdedmonds (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 an
one which does not satisfy the general rules proposed in W¢aoés). Ednonds (1998)
defnes complexty & Ot hat p r o p e rcdngtruct wHich raakesl i diffigult dog e
formulate its overal behaviour, even when given almost complete information about its
atomic components and their intere | at i ons 0. C fomyrdjeet xschedyles tam a s
be used as one indicator in determining planning, coordination, and coricaltiekf of the
project. It is important to note that different people wil produce different schedules for the
same job, in different levels of ddtawhich wil influence the complexity of the schedule.
The schedule development inconsistency can be addressed by developing consiste
scheduling specifications. With increasing frequency, construction contracts contain detaie
specification sections dl prescribe the form and detail of the project schedule. Most of these
schedulng specifications require a network showing a minimum number of activities as
proposed in Weaver, (2005). Whie some specifications implement such a requiremer
simply by defiing the number of activities according to the job cost, others lmit the duration
or cost of individual activities to no more than a stated number of days or a certain amount
money, (NIBS, 2002).

The 2002 Unified Faciites Guide Specificat for Network Analysis Systems
(UFGS), for example, has been adopted byl Corps of Engineerss shown in Table,4
(NIBS, 2002) The appropriate number of actvities is largely dependent upon the nature,

size, and complexity of the project. If tamany activities are included, the resulting diagram
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may not be an effective management tool for field construction operation. However, if toc
few actities are specified, the resulting activities maytdie scantyas to preide a diagram

that properly relects the intricacies or interdependencies of various activites required to
construct and complete the project. Due to unexpected delaysvaaiodis other project
change scenarios, a less complex schedule is usualy less prone to time and cost incre
resulting from delays or changes. Given the choice, for example, of a suboptimal schedul
with a low degree of complexity and an optimal schedule aittigh degree of complexity, a

tradeoff wil have to be made.
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Table 4
Recommended Number of Activities included in the Schedule for DiffelPeofect Sizes
Project st Recommended dinber of
(Milion $) Construction Activities
O 1
1-2 1500
2-5 20000
57 10 10062000
10 2500 +

Source: NIB$(2002)
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24 SUMMAR Y OF THE PREVIEW OF SCHEDULING

Scheduling is a relatively new management disciplisé tlses computer systems to combine
O tand O6scienced i n atimesadvante mgytoccuihe togisraerdd i c
processesused are mathematical models of the intended work needed to complete th
construction project. However, the compatseof the scheduling model are subjective and at
best, i mprecise estimates of wha't mi ght
make this data as useful as possible to help the project team navigate their project through
a useful and timgl conclusion within budget and to specification. The skil of the scheduler
l ays in being able to make effective wuse
team develop a shared view of the preog ec
reality whist recognising the inherent uncertainty implct in any attempt to accurately
predict the future. Thisrecognition of the inherent uncertainty and attempt to accurately

predict the future is the summary and focus of this preview.

2.5THE GUIDE AND HELP FACILITIES IN THE MS PROJECT

Microsoft projectos i ncr e daslbéenp a popuargsoluion sot o
companies throughout the past two decades, (MS Project Help, 2010). It is the first softwal
introduced that addssed project management and grew to include many of the basic
necessary features required in any proje
version of Project was released on 8®S. And in 1990, a version which ran on Windows
2.0 was release The idea was to provide an easy way for project managers to track anc
manage their projects. Between 1990 and 1995, Microsoft Project introduced enhancemer
which include some of the popular features in the latest version, such as calendar viey
recuring tasks, and individual cell formatting, among otheffie 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 multic



71

project management, presentation features like web publishing, and workgroup support lik
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 18§87 dur
which only four more versions were released: Project 2003 (which is no longer supported
2007, 2010 2013 and the rost recent release, Project 20(xhich is at trial stage, not fuly
released to the publicThis thesis is based on the most curremsion 2013 which has the
same scheduling engine as 2007 and 2010.

Throughout its evolution there are many things that Microsoft Project does wel, which
is why it is so popular. For example, the program has supported multiple languages, Gar
chats, multiple formats and does a great job handing project miestones. Al are importan
tools for any project manager. However, there are a few instances where the product falls
bit short. One of these is that the project guide and help faciity doefitle to assist users
make choice of appropriate alternatives other than the defaealt.Project Guide is a wizard
that appears on the left hand side of the Gantt View. The wizard displays such menu optiol
as: Tasks, Resources, Track and Report. diogect guide wizard is useful as it covers the
complete project schedulng and tracking using MS Project (Boston University, 2010). Mos
pieces of scheduling software such as Primavera Project Planner (P3), Microsoft Proje
Planner, and Sure Track algaynclude irbuitt guide faciity. This project guide toolbar in
MS Project carbe activated by clicking ViewToolbars and then Project Guiderigure 8
llustrates the project guide toolbars. The project guide toolbar when clicked or activatec
displays he following broad areas of help it offers:

() Define the project

(i) Define general working times
(i) List tasks in the project

(v) Organise tasks into phases

(v) Schedule tasksnd
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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 proje

guide gives such instructions as OProject
fom the end dateod. Further the project gu
dat ed not the o6end dat ed. Thi s i s al l t

assistance on the rel-at & v aonspdddveransacd @alsng o r
either optionof scheduling from the start date or backwards from the end Hatesetting

date constraints and assigning calendar dates, the project guide and help faciity does tc
litte to assist planners make appropriatcision ofoptions discussed in section72 This is

why Boston University (2010), concludes that though the project guide gives instructions an
displays useful specific information in relation to the selected option, they lack the abilty to
indicate cas s cenarios where selected -iofpGi omplia

of selected options. Therefore, a need exists to expand the features of the help facilties in v

project to include some extra contsensitive features

It is howvever noted that there are some recent improvement in the guidance fron
tooltips in MS Project 2010 and 2013 which provide some cestnditive help making it
possible to preview results of schedulng options before committing changes in some aspec
of the schedule. Unfortunately yet, no contsshsitve help is available for the aspects of
choice of start date, which could gwvé w hiaft6 i mp | eaclya dtart oon fate siaft

schedules.
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2.6 CUSTOMIZING THE HELP FACILITIES IN MS PROJECT

MS projectds many tools are designed and
users, Gwen and Stover, 2001Different users may have different special requirements and
unique methods of working that cals for a different organisational schem@rapéct
scheduling tools. EFBibany, (1997) identified the underlying reason for this that since all
computerbased pieces of schedulng software are buit on the basis of rcangailitational
processes, they inherited the same underlying weaknessesatfatvariation of the planning
problem however simple ought to have a separate procedhich these pieces of scheduling
software are not customized to provideFor example, putiy constraints on some time
parameters, like miestone to be met or actiity start date or activity end date, needs a spec
computational procedure which should be customized to address these particular scenari
Also using the MS Project to scheduleuiding and ciil enginering projects poses
fundamentally different issuesom when it is used to schedule pharmaceutical or chemical
production processeshus early or late start date csiderations wil be greatly affected by
the nature of the procesiuiding and civil engineering opharmaceutical and chemical
production) being scheduledlhis is the ore reason why Microsoft corporatiocannot
possibly design aguide and help faciity that is both generic and capable of addressing
specific needs ofdifferent industries that use the softwarhis explanation confrms the
needfor each industry that use the product to attempt teldeva customizeduide and help
faciiity that meed the specié needs of the industry based the unique nature of te process

being scheduled.

2.7 THE CONSTRAINT S DECISIONS IN SCHEDULING
A constraint is defined as an emtally imposed factor which would affeethen an activity
can start and or finishbAs soon as possible is the best constraint wseheduling from the

project start date because one basically want to get all of the project tasks accomplished
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soon as possible. Whie as late as possible is the best constraint when scheduling from |
project end dateThe idea that an effective amtynamic project schedule model can only be
achieved if it meets the requirement that the number of hard dates (constrained dates) ¢
mi ni m sed to represent only 6real o const
suggests thabnly the default opdhs of constraist should be useds much as possibl@his

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
early star schedule and late start schedule #mamount of float consumption buit into the
schedule will significantly impact project performanddow can the planner make better
scheduling decisions and explore relative benefits of alternatwestraint options? Project
performance evaluation resutmay provide evidence that sorokoices inflence schedule
variability which in turn, is strongly and positively correlated to productivity. It is imperative
therefore for contractors to continually monitor the eskling pratce adopted, the choice
made when the schedule is being developed and relate thesejeot performance in order

to identify particularly effective scheduling practices for use in scheduling future prajécts.

If network schedimg methods fail to address the issuestdrt da¢ constraints for the
various tasks, it is lkely that the schedules generated wil be inaccurate. This is becaus
changes inthe schedule are inevitable occurrences in construction projects. The causes
sichchanges ar e numer ous and we | | catalog
(2000): weather, ownetirected changes, information request and information release
problems, length of period for approval of submittalegexpected soil conditions, lothead
supply ttems, delays, accelerations, rework that affettte schedule and coordination
dificuties, etc. Such changes are chalenging to proactively accommodate in the initial
schedule development because they affect muliple activities, often leadidgsruption of
activity start datesetc. It is therefore important to satisfy practical scheduling requirements,

such as scheduling an actvity to start when al information requests needed and
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prerequisite  works and materials required for its comoewment are available.A good
understanding of the tasks affected by these various causes is important so that a right cha
of start time constraint is made to proactively nip the delay situation at the Bad.non
repetitive projects, the acceleratioof critical activites often leads to a shorter overall
duration for the project. On the other hand if disruption of activity start is reduced to zerc
particularly for the critical activities, then the project may finish on the due date, with
optimum oveall projectcost

Mawdeslg, Askew and O'Reily, (1997) shows thatthe construction scheduling
process involves three distinct but related stageqa) Intial schedule developmentb)
Schedule implementation anft) Sdedule update, schedule iesv and schedule control.
Different types of decisions are made during each of these stages in the constructic
scheduling process. As pointed out by Carl and Timd2§13, options taken in these
decisions have very different effects on the scheduleonpeafice. The focus of interest in
this study is the initial schedule development and the effects of options of decision®riaken
project performance During this stage five important decision aspects are identifizoh f
Mawdesley et al (1997) as:(1) Activity dependency consideratio(®2) Constraint dates
consideration detmined due to jobsite uniquene¢3) Duratons assessmerfd) Resource
assignment and (5) Event time analysis.In support of the need for best practice and
standardised rmpcedures inconstructionscheduling, many researchers, Cohenca et al (1989),
Olusegun et a(1997 and 1998), Laufer and Turki@987 & Laufer, (1991), have called that
much research has been done in planning techniques and that it was shi tesearch
paradigmand emphasis from investigating the techniques to now focus on investigating the
process of planning itseliThese reported studies whichvastigated how planning idone,
focused on measuring the quantum of effort invested in planning, frequency of majol
revisions and the lkely project outte. Since this call, Efole (201Geports study attempts

whi ch mapped t he planning process in inc
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and procedures, and how schedubecisions arenade. It is further l®own that regardless of
the planning technige adopted; whether Gantthart, Network based techniques lane of
Balance a common procedure is followed. The process involves viewing general work in
more speciic work scope as in work breakdown structisequencing and logic
development; task start and finish dates as in project calendar; and activity duration ar
resource allocationOlusegun et al, 1997 and 199&)avis and Kanet(1997) notes that to
create a schedule requires accounting for taskbutds. The schedulng process has long
been regarded as an intutive art not a precise s¢iencgort of hit and miss approach,
Galloway (2006). For instance, sequencing and timetabling which determines when tasks w
start has options such as:

(@) As soon as possibleYielding early start schedule

(b) As late as possibl Yielding late start schedule
Or other options in between these two extremes: Start no earlier than; Finish no earlier tha
Start no later than; Finish no lat¢han, Mus$ start on; Must finish on etcThe basis of
choosing any of these options is often not scientifically structured. Decision is stil mainly
intuitive. This research is arattempt to replace intuition with scientific reasonidg. survey
of the poduction ganning practice in the Ukby Dawood andNeale, (1990) revealed that
planning practice employed were stibnly basic and depended greatly on experience and
subjective approaches. They reported that ineficient resource utiizaton and owvegstocki
were commonplace.lndustry practitioners areunfamiiar with formal scheduling models
based on mathematical programming. These models tended to simplify the details of practic
scheduling (lke conflicting objectives and production scheduling cortsjraims these
complicated the soluton procedure. Their solution procedures did not incorporate the
experience of human schedulers, and the technical sophistication required to use them
have contributed to theslow adoption in the industnAlso anoler surveyof 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, feasit
production schedules(Wong, 2000 in Chan and HW002) Wong concludes thathé
processes used bglanners were largely manual and gdidey subjective experience and
intution. It is important @ make informed decisions the scheduling processe., those
decisions which are d@sed on information a@nknowledge of the attributes of taskeing
scheduled,the attributes of resoursebeing scheduled and the attributes of prejdmting
scheduled. Mawdesley et al (1997nhotes four commordecisions made during the initial
schedulingdevelopmentprocess as

1. A choice of startdae constraintsfor tasks:ealy or late start consideration

2. A choice of the project calendaas workdate consideration

3. The allotment of different types of buffers and

4. A choice of activity relationships
These are dcussed below in section 2.7-12.7.2. Carl and Timothy (2013further poins
out thatoptions taken in these decisions have significant effects on the schedule performanc
Primavera systems (2007) stressed thlaéther one is an experienced planner or is new to
the scheduling software, the useros guid:¢
the schedulng process successfully. Furthes ihoted that the reason fehoice of some
alternatives in thescheduling process are very clearly fixed by the nature and uniqueness o
what is considered. While for others this reason is not that ¢kearinstance in the case of
choice of activity relationships, beams are constructed after the columns to shppodrée
built, and not vice versa. Thi s fixes th
Ostart to startdé or Ostart to finishd as
for choice in the case of start time constraints and cladidbe project calendar are not that
clear and simple. A study by Efol2010s) showed clearly that only two in every ten use
options other tharthe default options of start @at Scheduling everjioated activity to start

as soon as possible. The studgnadudes that both experienced and young scheduling
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engineers lack the ability to go beyond the default option with reason. More importantly ff
different choice would have different effects on the project schedule, then the appropriat

choice in the scenar should be sought.

2.7.1 Choice of Start Date Constraints for Tasks: Early or Late Start
The schedule is not realistic if the startabiity of certain activites is not well determined.
There is need to make an appropriate start date choice, aallyte start sclikle as
discussed in section 2.7and ilustrated in Figures 9 and 1This choice is actualy the
amount offloat consumption in floated activitiegWeaver, 2006). If some or all available
float is consumed in fixng a start date fan activity, a late start schedule resul®n the
other hand if none of the avaiable float is consumed then an early start schedule resut
Hegazy and Petzold, (2003), infers that if all floated tasks are scheduetd @s possible
there can be ony®% pr obability of meeting the pro
tasks are scheduled-aarlyas possible there can also be only 50% probabilty of meeting the
projectdos due date. The Dbasis of trrhatoly  a ¢
research. Traditional scheduling techniques normaly generate single fixed early start
schedule. However, there could lad#ernative start and finish det for floatedactivities in
the same schedule without alghg the project completion daat(Bowers, 2000). If these
alternative schedules are comprehended initially, the schedule wil be flexdse and thus
better ableaccommodate unanticipated events, such as equipment faiure, delays in materi
delivery, and late receipt of information reqets Folowing from this and theposit of
Bowers, (2000)t is clear thatdeviations between dwmiit and asplanned schedules are not
always the faultof project implementatiome., lack of conformity to plans, but mostly due to
inappropriate schedulesather than inadequate performan¢@bdultRahman, et al. 2006)

Al activities ould have a start arah end date Unless a date is specified, M3oject
wil schedule all floated activities tostart or finish using the default start date oradkfend

date (Carl and Timothy,2013) The type of constraint applied to tasks in the project depends
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on what is neeetl They further observed thatflexible constraints are used only if the start
or finish dates of a task is fixed by factors beyond dbetrol of the project team. Examples

of such tasks include handing over to clients on a fixed or mandatory date and the end of
funding period from donor agency after which funds cannot be accessed. For tasks witho
such limitations, it is advisable tose fiexible constraintsFlexible constraints provide the
most discretion in adjusting start and finish dates, and they allow Project to adjust dates fif tF
plan changes. The only problem with use of flexible constraint is that by their nature a date
not actualy fixed so prior arrangement cannotnisede forresources of labour, materials and
equipment. For example, if ASAP constraints are used and the duration of a predecessor te
changes from four days to two days, Project adjusts, or pulls istaheand finish dates of

all successor tasktsvo days earler 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 finitial scheduled date of July 15. Al tasks that
depend on it are also rescheduled, this is the multiplier effect of the choice of start time. Th
is the phiosophy behind the assertion tbétserved labour utiization divided by Schedule
variability index = total factor productivity. That is, if it is observed that 150 Manhours was
recorded utlised on a site with 5 value Schedule variability index defined in terms of activity
start time variabilty, then its true total factor productivity wil b&05 = 30. Whereas
another site with the same 150 Manhours recorded utilised and a 10 value Schedt
variability index wil have a total factor productivity 150/10 = 15 because of the multiplier
effect of the start time discussed abov@ne key elementin earned schedule is the
recognitidamcbobr &Factormiiedsurdd how wel the project is following its
planned schedule i.e., its schedule adherence to planned sequence as well as planned start
finish dates for all activities(Weaver, 2008)Adhering to the planned sequence of tasks and
ensuring minimal  start dae variebiity are frequently earlywarning indicators of other

problems. For different case projectst is possible to develop their-Pactors by comparing
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their As-buitt dates (starand finish) with their As-planned dags As float is consumedin

fixng actual star and finish dates for tasks on sciitical paths, the probability gbroject
conpletion on the due date reduces because the likelihood of theri#l pathbecoming

the keydelay tocompletion increasegWeaver, 2008) Most duration estimates are based on

a Omdxktel ydéd dur at ionyralows 8ne estmats, ahismGsPIlikély duration is

itseff optimistic therebyignoring any pessimism. However wittmost ppject activities, the
numbers of thingghat may go wrong significantiputweigh the number of things that may
go betterthan estimated, (Weaver, 200&)Iso there is a considerable knowledge about the
things that may go wrong and the consequences oédtiedf decision making, but there is
imited published information about what procedures and steps to follow to avoid cosl
overruns and time delays, (Thomas., Riley and Messner, 20@&mism is the tendency for
people to be overly optimistic abt the atcome of planned emts. It is overestimating the
likelihood of postive events and underestimating the likelhood of negative evEfistive
construction scheduling which has its objective of making the construction process efficier
should yield a pcess model which is realistic, fiexible, reliable and predictable; ensuring
that events occur the way they are planned. Though the best results come tightly
programmed, speedily completed jobs, the durations and dates should be practical al
realstic. As much as possible, the programmer should avoid optimism. Optimism abou
information coming in as required, optimism about material availabiity and optimism about
finishing early These optimismgeduce programme practicalty and they result ineaistic
process model, (Clark, 1988). To put it bluntly a pessimistic view is encouraged in whict
nothing is taken for granted. Ther e is no O6right~6é or &6wron
start date of actvity. The optimum choice should be dwe wil inherently beneft in ©

time and orcost, quality project delivery. Such a choice must recognise case scenarios 0
projects being planned and adopt options or choice suitable to various unique instance

Project specific attributes, task speciittributes, and resource specific attributes must be
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important guides in making choice of alternative start date in the constructiedulsch
(Efole, 2009. Care in appropriate choice of alternative start date is important because the re.
objective of sheduling in addition to estimating the pietermined duraton and sequencing
of actvities is to keep the resources working efficiently with minimal disruption of start and
finish daes for all project activitieslt is important to note that in operatiral pieces of
scheduling software the human factors @amtbments which are required as an essential part
of the analysisprocess cannot be neglected. Pieces of scheduling software do not mak
decisions by themselves. They merekesent information andhe environment required by
managers to make more effective decisions. The best scheduling software or any projec
management tool can never replace good personal judgment in decision making.

The construction scheduling process involves seveetision options which are
applied to control how different aspects of the schedule behave. Often these options state |
default as well as the several other alternatives. Atchison and Kennemer (2011) posits that
is probably best to use the defaulitisgs untl one has a better idea of specific project
management mels. When one begins to observeh a t t hings arenott
would lke, then a need to change some of the default choice options becomes necesse
Constraints are artificial dag not based on explicitly stated logic (Jerry, 2011). They are
placed on activities or miestones and these dates can be start dates or end dates. Constr
override activitieso interdepencies or I
distat the project float and critical path. Using hard constraints wil prevent tasks from being
moved by their dependencies and, therefore, prevent the schedule from being logic drive
(Jerry, 2011). This is why Allan (201 1positsthat an déctive and dyamic CPMmodel can
be achieved only if it meets the regument that the number of hard constraint datethe
schedule are minimised and asegontrated completionn |
dates. Carl & Timothy (2013 and Jerry (2011) divideconstraints into d&rd and soft

constraints.Christian (2008) divides constraints into three categories as:
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(i) Flexible constraints(i)y Semiflexible constraints and {i) Infiexible constraints.
A hard constraint overrides the network logic and igestriction that sets the early and late
dates to the imposed date. Examples of hard constraints are: Mandatory start date whi
prevents the start of an activity before or after the specified due date, even if the predecess
are complete; Mandatory it 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 starte
Figures 9 and 10 ilustrate the different types of project constraints dialog box in
Microsoft Project. A soft constraint protects the schedule logic. Examples of soft constraints
ar e: O0Start ond or ofinish ond date whict
and or accelerate the late start or finish to satisinthesed date. As late as possible date is
a restriction that uses posttive float to delay an activity as long as possible without delayin
its successor. Its purpose is to improve financing and resolve resource conficts like lat

release of information dndelayed submittal approval, (Hegazy and PetZ@D3).

As late as possible dats pointed out bgsAO, (2009),should be used with caution

because using as late as possible schedules introduces a false level of criticalty due to tr
effects on float consumption. When much of the avaiable float in an actiity has been
consumed in fixng a start date as das late as possidleit implies a false criticalty is
created for that activity and therefore not representing the likely true situafibough this
research scope covers Microsoft project, it is observed that primavera project planner (p:
scheduling software, have simiar constraints features with those in Microsoft project
planner, (Primavera systems, 2007). P3 provide eight cohdypes:

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 (MFQ)
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Contractors often prefer to work to an early start schedule. But the extent to which this is
practical and effective schelthg 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 probabilty distributio
that events may in realty occur as late as possible, (Weaver, 2008). As soon as possit
scheduling assumes erroneously that the number of things that may go better than estima
significantly outweigh the number of things that may go wrong. Early sthedsles adopts

the earliest dates floated activities may start or as s@ompossible.These constraints are

llustrated in Figures 9 and 10
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And resources of men and machines are called to site based on this arrangement and tim
In realty numerous factors such as ldegd supply items, information requirement needs
and submittal approval may cal for deferring somerk until the late start dates in the
schedule to effectively resolve some or all of these constraints, (Diekman et al, 1992). A lea
commitment approach for some tasks which aims to delay decisions and actions until t
system has enough useful inforimat and right conditions for making them is important for
scheduling construction projects, (Levitt and Kartam, 1989 idea of leastommitment
planning for some tasks is fundamentaly different from the thinking of Andersen (1996),
who warned that deti | ed activity planning is hazard
Ander sen proposed establishing mil estor
not ful commitment. This may enhance efficient operations as resources wil be caled to sit
only when condttions are right. But work progress is likely to be slow since no frm direction
is previously laid out, and the scheduling process would seem to be starting all the time frol
the beginning. This is why Cori (1985) opines that detailed plansing emeans of preventive
proactive action anticipates potential difficulties and proposes how to cut the corners, makin
field operations fast and efficient. Herman (2001), however, maintains a simiar view as
Andersen. Herman posits that due to the urabity of accurate data on activity durations,
resources and ot her information, t he dev
input data into the schedule model to simulate and optimise it are mere estimates and are
no means accurate. This meathat there might be more than one scheduling solution that is
feasible and is fAgood enougho for the pur
identifying a project due date, lohger m s chedules should indi:
commitment. While shoiterm schedules should be viewed as statement of intent, of full

commitment of resources and of a guide for making them avaiable.
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Most advanced pieces of scheduling software, such as the Primavera Project Planner and
Microsoft Project et c, have facilities fo
a target schedule called for by Andersen (1996) and Herman (2001)aBbelave options
which specify the use of resource as fuly commited, yielding a firm, clearly defined time
scaled schedule. The only problem with these pieces of software is that they do not suppc
the decision making process. When to apply earlyat $tart or as soon as possible, what
workweek for which tasks and when should resources be fully committed or only stated a
Aproposeod etc, ar e decilmsedon ;tutiomhThe NS @ajeet s
guide, the help faciity and numerouss s er s manuals do not hav
and inexperienced scheduling engineers wise only the default options becaubey lack

the abilty to choose with reasaptions other than the default.

The schedule alert system is avnieature of MS Project 2010 and 2013, (Atchison and
Kennemer, 2011). This feature shows warnings and or suggestions when MS Proje
identifies possible scheduling confict and is helpful pnoducing effective and realistic
schedules The schedule alertsystem should be extended beyond resoling scheduling
confict to include displaying warning messagand or suggestions when faced with
decisions lke, when to apply early or late start schedule, what workweek for which tasks an
when should resources belfl' y committed or 0 nThey sarseteasdne d
discussed in sectisr.3 and2.5 applies here,hat because of the diversity mfimerous users
scheduling fundamentally different processbicrosoft corporation cannot possibly design a
gude and help faciity or aralert 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 ¥pes in MS project

Constrait Category Constraint Vpes

Means of Scheduling

Flexible As Soon As Possible (ASAP)

As Late As Possible (ALAP)

Project wil schedule a
task tooccur as soon as
it can occur. This is the
default constraint when
scheduling from the
project start date. There
IS no constraint date for
anASAP constraint.

Project wil scheduletask
to occur as late ascan
occur. This is thelefault
constraih type applied to
all new tasksvhen
schedulingfrom the
project finish dateThere
IS no constraint datfer
an ALAP constraint.

Source: Carl and Timothy (261
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2.7.2 Choice of the Project Calendar: The Workdate Consideration

Project calendar, schedule flexibiity and schedule elasticty are key concepts the scheduli
engineer should consider when intially developing the schedule.piitject calendar is the
time a resource is specified being active on a téSkyen and Stover2001). This could be
the number of hours in a workday or the number of days in a workweek. Al pieces of
scheduling software upport the manipulation of botivorkday and the workweekalendar
llustrated in Figure 13. Generaly both workdates and calendar dates are considered anc
applications of these could be in defining(l) A resource calendar

(2) Atask calendar and

(3) A project calendar
The default calendar date is the Project calendar. This means both resources and tasks
scheduled to be active during this calendar date. Mastlg better to prepare a schedule
intialy on a workday and a workweek less than the company normal or regular workdate
regime for some tasks and fasome resources, and increase sehaluring schedule
implementation if conditions allow.The use of muple calendars introduces significant
complexity to the calculation of float and the critical path. However, whie schedulng is
simplfied by the use of a single calendar, one calendar may be inadequate for managing t
entire project successfully(De laGarza, and Kim, 2008. 2006., Lu, 2006., and Francis and
Miresco, 2008 Generally accepted practice is to use a project calendar which is adequat
and reasonable to perform the work, based on normal working times. The project calend
then may be used ake 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 differ
working times. Figures 11- 14 ilustrate three different representation of projeletultiple
Calendars. Case 1 IfAgure 12shows a 5day workweek fortwo different resources or tasks
Case 2 also iFigure 12shows where some resources and tasks are scheduled fdaya 3

workweek, a 2day workweek and so on.Figure 13showsa 5day workweek ca&ndar with
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indicated holidag. And Figure 14shows a coputer window where wortime andnonwork

time are editedlf the upper limit of a workweek is used in the initial schedule development,
the elastic limt has been reached and no further upwards mmop®ssible to optimise
operations. And often the large amount of +hanors and machirbBours moved to site may

be rendered idle due to several reasons. Therefore specifying a workweek less than t
regular for some resources buids in programme fiexibiinough to accommodate
unanticipated project delays and change. This also serves as a reasonable safety factor ag:

downtime of resources for some tasks.
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Figure 11 Example of an&our Workday and &-day Workweek Calendar
Source: Jerry (2031
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Hanna., Taylor and Sulivan, (2005), show that different calendar options of:

(@) 4 dayweek & 10 hourday

(b) 5 dayweek & 8 hourday

(c) 5 dayweek & 10 hourday

(d) 6 dayweek & 8 hourday

(e) 6 dayweek & 10 hoday
have different effects on the schedule performance. Using statistical medians and averac
they developed productivity indices for different calendar dates and contend that al
appropriate choice might improve effectiveness of the schedules dmelapd improve
schedule performance dlsstrated 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 applie
But a maximum productivity index was observed when a 5 ddywaed an 8 hourday was
applied. This finding is consistent and reliable as indicated by the very low reported standar
deviation which is as low as 0.089 and 0.14. A visual inspection of Table 6 suggests a proje
performance of different calendar date <idering median productivity index, average
productivity index, maximum productivty index and minimum productivity index. Calendar
dates that work 40 hours a week lke the 4 dayweek & 10 hourday and the 5 dayweek &
hourday tend to have better schedudgfgrmance than those that work 50 or 60 hours a week
ke the 5 dayweek & 10 hourday;, 6 dayweek & 8 hourday and 6 dayweek & 10 hourday
calendar dates, (Hanna, Taylor and Sulivan, 2005). Table 7 presents the results
hypothesis testing for different leadar options by Hanna, et al. (2005). This confrms the
visual inspection of Table 6. It reveals very clearly that calendar dates of 4 dayweek & 1(
hourday and the 5 dayweek &t®urday have the same productvity. The hypothesis testing
also shows tha#t dayweek & 10 hourday has a higher schedule performance than the &

dayweek & 10 hourday and 6
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(alendarCase 1 Calendar Case 2

Figure 2. Example of Project Workdays Multiple Calendars
Source: Jerry (2011)
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dayweek & 10 hourday calenda dates. Therefore this findingf Hanna,et al. (2005) shows

very convincingly that the MS project guide and help faciity need to be customized to
capture this knowledge to help users make informed choice of project calendar date knowir
fuly well that one calendar date has better greshnce than the other wifferent project
scenarios.

Table 8,presents partialesults ofeffects of calendar dates on schedudgfqggmance It
shows that there is a high rate fogressive declinen productivity as theaverage hours
worked each week increases due to project calendar. If for instance a schedule is based o
5-day workweek and an -Bour workday, gving an averagdO0 hour workweek and
employing actual manhours of 200,000 during the week, productivitk isdé.02, which is
a lot more than when the project is scheduled usidgy6workweek and X@our workday
gving an average of 60 hours workweek which results in as low productivity index ofitD.88.
is clear from visual inspection of table 8 that thoubbre is some decline in productivity
index as the actual manhours expended &#dk increases, the rate of decline is lower than
that occasioned by the effect of the calendar date regin&2085, 40, 45, 50, 55, 60 and65
llustrated in table 8. For instance when @ual marhours expended each week was varied
from 240,000 to 280,000, productivitgdiex for a 5day workweek and an-Bour workday
(.e, 40 hour workweek) remained average of 1.00. This visual inspection of table 8 gives
reasonable condion that actual manhours expended on the site each week has les
significant effects on productivity index than that experiencedh wiriation of workdate

regime, Hanna et al.,2005)
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Table 6
Schedule Productivity Characteristics of Calendar $ate

Project cdendar Days (h)

Schedule productvity 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 Sulivan, (2005)
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Hypothesis Testin Results for Project Calendamp@ns
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Test
Days(h) Days(h)

Null hypothesis

Alternative hypothesis
Days(h) PValue

Result

5(8)sversus 4(10)s

5(8)sversus5(10)s

5(8)sversus6(10)s

4(10)s versus5(10)s

4(10)sversus6(10)s

5(10)sversus6(10)s

Same productivity

Same productivity

Same productivity

Same productivity

Same productivity

Same productivity

4(10)s more productivity 0.28

5(8)s more productivity 0.00

5(8)s more productivity 0.00

4(10)s more productivity 0.00

4(16)sre productivity 0.00

5(10)s more productivity 0.00

Same poductivity

5(8)s more productivity

5(8)smore productivity

4(10)smore productivity

4(10)smore productivity

5(10)smore productivity

Source: Hanna., Taylor and Sulivan, (2005)
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Table 8
Partial Results offfects of Calendar Dates on Scheduleefbrmance

Average hours per week

32 35 40 45 50 55 60 6t
Actual work hours Productivity Index
200000 1.09 1.06 1.02 0.97 0.92 0.88).83 0.78
210,000 1.09 1.06 1.02 0.97 0.92 0.87 0.83 0.7
220,000 1.09 1.06 1.01 0.97 0.92 0.87 0.82 0.7
230,000 1.09 1.06 1.01 0.96 0.92 0.87 0.82 0.7
240,000 1.08 1.06 1.01 0.96 0.91 0.87 0.82 0.7
250,000 1.08 1.05 1.01 0.96 0.91 0.86 0.82 0.7
260,000 1.08 1.05 1.00 0.96 0.91 0.86 0.81 0.7
270,000 1.08 1.05 1.00 095091 0.86 0.81 0.77
280,000 1.08 1.05 1.00 0.95 0.90 0.86 0.81 0.7
290,000 1.07 1.04 1.00 0.95 0.90 0.86).81 0.76
300000 1.07 1.04 1.00 0.95 0.90 0.85 0.81 0.7
310,000 1.07 1.04 0.99 0.95 0.90 0.85 0.80 0.7
320000 1.07 1.04 0.99 0.94 0.90 0.85 0.80 0.7
330000 1.06 1.04 0.99 094 0.89 0.85 0.80 0.7
340000 1.06 1.03 0.99 0.94 0.89 0.84 0.80 0.7
350,000 1.06 1.03 0.98 0.94 0.89 0.84 0.79 0.7
360,000 1.06 1.03 0.98 93 0.89 0.84 0.79 0.75
370000 1.06 1.03 0.98 0.93 0.89 0.84 0.79 0.7
380,000 1.05 1.02 0.98 0.93 0.88 0.840.79 0.74
390000 1.05 1.02 0.98 0.93 0.88 0.83 0.79 0.7
400,000 1.05 1.02 0.97 0.93 0.88 0.83 0.78 0.7

Saurce: Hama, 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 or
dit or mis® basis without predetermined expected resul& successful project requires
effective usage ofchedulingpractice to meet the expectations forgpect objectives. To
provide effective practice usage plan for project managers and field engineers, the impacts ¢
implementing such practices need to be quaatfi (Lee, Thomas and Tucker2004).
Improved methods for practice usage and control are required (Padila and 1@2ir
Rasdorf and Abudayyeri991; McKim et al. 2000. in Lee, et al2004). Many studies have
focused on identifying the impacts of theagtices on different project objectives (Albanese
1993; CIlI 1986, 19931994; Gibson and Hamiton, 1994. in Lee, et 2004). Further,
Morrow (1998), provided extensive information on the effectsscfieduling practices on
project cost performance.

The Construction Industry Institute (CIl, 1999) also examined the infuence of a
number of scheduling practices on project cost and schedule performance usimgltiple
regression method. Lee (2001) in Lee, et al. (2004), further identified cptiaatices and
explored the relative importance of such practices, and posits that despite the apparent effo
for quantifying the impact of practice usage, lite progress has been achieved in developir
the tools and techniques for improved implemematid schedulingpractice use. Therefore
it is very important thatconstruction scheduling decisions options, e.g., of calendar date,
early start schedules and late start schedules should proactively consider predetermined c
and schedule performance imgtions. Such scheduling decision options should not be done
on a hit or miss basis, without knowithe impacts of implementing such practicéss
discussed earlier in sectidh7.1 t is worthy to note that in operating all pieces of schedu
software the humanfactor, understanding and judgment which are requascdessential part
of the analysisprocess cannot be neglected. As noted eaiigrep of scheduling software do

not make decisions by themselves. They merely present information and trenneemi
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required by managers to make more effective decisions. The best scheduling software or a
projectmanagement tool can never replace good personal judgment in the aspects of maki
decision of choice of afternative options other than the defél construction scheduling
process involves several decision options which are applied to control how different aspec
of the schedule should behave. Often these options state the default as well as several ot
alternatives.As noted earlier Atchison aad Kennemer (2011) posits that it is probably best to
use the default settings unti one has a better idea of specific project management needs. 1
is why Schmid, (2009) posits that it is believed the best practice is to enter duration estimats
for taslks, allowing MS project to schedule the task start and finish dates, in which case th
scheduling engine has no discretion of choice of options other than the default start and fini
dates. 6 Whriaft 6 scheduling scenari os nore oeffactiee
decisions in order to maximize productivty and make more accurate or more realistic
forecast of manpower, materials, equipment anash flow requirementsThese arguments
which areexpoundedin section 2.71 are repeated here to show thatimnship betweemight

choice of scheduling optionand projeciperformance indices

2.81 Better Plans, Better Results

The importance of planning is unmistakable given the chalenges faced by a very competitiv
construction market, (Menches and @iy 2006). These challenges inclutt® need to
reduce costs, improving labor productivity, minimizing changesinimizing the impats of
changes and maximizing resource UtlizatorThese challenges are intensified by
increasingly tight timelines and momomplex projects that test the management capabilties
of even the best companies. As a result of these trying times, project planning is experienci
renewed attenton. Among the many questions that are arising from -thegeed interest

in planningare: (1) What is planningd2) What steps I®uld be folowed when we plan(3)

What actites should be performed when we plam@ (4) How wil planning improve
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project performance? Project planning involves determining a course of action by
establishig miestones, selecting alternatives, and making decisions. Kerzner (1989) ir
Menches and Awad, (2006), states that planning must be systeflebee and iterative (i.e
it must be performed as the project progréssBpecifically, preconstruction plang, which
is the focus of this thesiis defined by Oglesby et al. (1988)Menches and Awad, (2006),
a ssettilg down procedures in detail about who, what, why, how, when, and where; and i i
done well in advance of the time when paldiciasks ar¢ 0 be undertaken. (
Preconstruction planning, from a <contr
tracking system, developing a site layout sketch, and preparing numerous written procedur
that prepare the project team to run an efficigti-ste Menches and Awad, (2006),
provides evidence to support the notion that better planning contributes to better projec
performance. They contend that effective planning correlates well to successful projec
outcomes byevaluating how closely the ctal planning process matched the modeled
process, where the model or tec hedul e repr sa ohacwiest The ¢
relationship b et we e n t h-ofd i abdc projecte pedosnmnce was developed by
recording the p mangeeon asdcso r@ctairvdi t iys i pnegumben. r 6 n
The model match number was an ordinal numbet)(@ indicate whether an activity was
performed at the optimal time using the following scale: activity performance: (1.00) activity
was performed at the gper model stage; (0.75) activity was performed earler 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 performec
Using this sale, a higher number assigned for each activity in the model represented a clost
fit to the model. This process of scoring projects based on whether the actities wer
performed at the proper stags planned- or not at all- provided a way to assesket

Aout standing planning efforto of t he pr oj
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higher overall scores (to indicated better planning) from those with lower overall scores (ic
indicate poor planning and scheduling).

Individual corrdations between planning effectiveness and various performance factors
were also examined. Specifically, the correlaton between the summed model match sco
and percent profit was calculated using ¢
of 044, which was significant aP ’ 0.001 l evel, indicating
might contribute to greater proftabiity. Lkewise, a correlaton between the match score anc
percent change in work hours yielded a value-@60, which was signifart at P ° 0.00
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 grov
yielded a value of-0.25, which was significant atP ° 0 le®lp indicating that more
effective planning might contribute to smaller schedule growth or creep. These correlation
provide evidence that projects that used a planning process simiar to the model plannir
process tended to outperform those projectesehplanning process was pgamatched to
the model. For effective construction schedulng therefore, it is important to distinguish
current practice which is not necessarily best practice. The construction industry cannc
continue doing what it has am&ylone and expect better results. It has to find new process
oriented approaches to improve operations. The development of an accurate timetable for
construction project is one of the most important functions that a construction manage
faciitates. Thisis a function that cannot be overemphasized. Poor scheduling wil invariably
result in interruptions and delays, extending delvery dates and causing cost overruns. Bett
planning as shown by Menches and Awad, (2006), can assure continuity in th®rutdita
key construction resources and reduce downtime of labour. A good schedule leads to bet
project outcomes. Over the years there have been many surveys that link the lack of effecti
planning to poor project outcomes. CIOB, (2009), commissioness@arch on managing the

risk of delayed completion in the 21st century. The research showed that projects tend to f
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i f t hey donodt us e ef fmethddologye Thispderaonstrates g clean d
ink between good schedules (defned as tealyn competent schedules) and good project
outcomes. A consensus exists in the construction industry that more formalizec
preconstruction planning is necessary to remain successful in an increasingly competitiv
industry, (Menches and Awad, 2006).

Contractors should therefore adopt planning process to improve or formalize thei
planning practices and structure their schedules after successful practices used by their pec
Contractors should also use the planning effectiveness scorecard dévbippMenches and
Awad, (2006) to evaluate how closely their planning processes match the modelled fiel
process in order to pinpoint specific activities or practices that should be impupeeadn
the scheduling process. Furthermore, in the future, amaons should use computerized
planning evaluation process based on more sophisticated assessment techniques, whick
expected to monitor the planning and performance of their projects in order to identify
particularly effective planning practices usein scheduling future projectsfhe CIOB report
indicates that most projects dibt have viable project plans based upon network, la@gicit
is hard to see what criterion success WO
because it wadadly managed or because the projected completion date was not realisticall
achievable in the first place? Even when a project plan is based upon a good network it c
stil be hopelessly unrealistic if it is analyzed by traditional deterministc CPM i§hiwhy
CIOB (2009) posits that may be it is not the project which is late but the expectations whicl
are unrealistic. To paraphrase Murphy, if there are many things which could go wrong then :
least one probably wil. The only way to get a realistinpdato reflect the uncertainty in the
estimated durations using schedule risk analysis. Inexpensive tools exist to do this. In tt
Microsoft Project environment for example one can use Risk+ or Ful Moat® to get a

realistic plan.
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The new task ingxtor tool in Project 201@nd 2013provides contexsensttive guidance for
analyzing issues and taking corrective action to make the schedule realistic and adfective
reduce the possibiity of promising the impossibiteis simiar to the schedule akeisystem of

the MS Project 2010, discussed in Atchison and Kennemer, (20Task inspector is a
multifaceted pane that offers helpful and intutive information about a task, such as resource
assigned, factors that might affect the task schedule, andtateedars in use(Carl and
Timothy, 2013) Task Inspectonis usedin conjunction with Project 2010 visual indicators to
research potential problems. Task inspector offers options for resoling scheduling confiict
derived from a t gnekréssurces.Task Inspeator elisplays thed optiaad s
solution, taking into account task characteristics (for example, fixed duration), task drivers
and resource calendars. For regée, on the main menuclick Inspect after highlighting a
task. A pul downmenu bar wil appear showing(i) Inspect Task(i) Show Warning(ii)

Show Suggestionsaand (v) Show Ignored ProblemsWhen Inspect Task is clcked the
particulars of the task are displayed whether it is Manual or schheduledhe task start and
finish dates, the predecessor tasks and calendar adjustment wild@vnew task inspector
and the new schedule alert systems are features which ought to make the scheduling proc
effective capable of producing wel evaluated schedules that wil make s#eatiops
eficent. Unfortunately these are not able to show warrstggw suggestionsand show

ignored problems if any in thease of choice between early and late start schedules.

2.82 Accuracy of Duration Estimates and Schedule Effectiveness

The duration of a construction task is an estimate of how long it wil take to accomplish the
work involved in the task. In many cases it is detemhiby considering the anticipated
number of resources that are used to accomplish it and the quantiy lofinwalived. An
increase or decrease to a driving resource allocated to the task wil have a direct effect on t

duration (but t his i S not a simple Ostr.
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duration of a task are the type or skil leetlthe resources available to undertake the work,
the resource calendars and the intrinsic nature of the work. Some actiities (e.g. a 24 ho
concrete stress test) wil take a {oletermined amount of time to accomplish regardless of
the resource allocatn. While it is feasible to determine a duration for an activity at any time,
generaly accepted good practice reconteedefining the activity first, thekey it logically

into the overall schedule sequence and then focus on how long it wil take topésttdhe
work. At this time the relationship between the activity and other work in the schedule wil
be more easiy appreciated and resource flows, team size andkeheah begin to be
determined.According to Kaelble (2014), even if the correct tymésngredients for baking a
cake are chosen, and the right quantities are not mixed, the resulting cake wil not be fin
Developing a project schedule poses the same challenge. It is possible to establish a perf
plan with regard to sequence of work dadic, correct duration estimates and correct critical
paths, but if wrong actvity start dates are not appled in schediling and end datefor
different tasks, it is lkely that the schedule wil not be effectve and may edorm
optimally in many ways. Every construction project schedule has inherent risks or what may
likely make a plan not to works conceived(Nasir, McCabe and Hartono, 2003). These are
caled the antp | a n. | f the plan doesnoét I nc hsksd e
and uncertainties, then such a plan is naturaly aggressive and overly optimistic, which me
dramatically increase the chances that it may fail. Construction projects are complex in natu
and have many inherent uncertainties. These uncertaintiesnatr only from the unique
nature of the project but also from the diversity of resources used to construct the activitie
(Cll, 1989 in Nasir, et al., 2003). In addition, external factors have significant effect on the
outcome of a project. Broadigheserisks can affect the threleasic factors against which the
success foa project is usualy measured: the tintike budgetand the qualty Schedules are
used to control engineering projects (CIl, 1986). Most schedules are developed in

deterministic marer, i.e., activity durations are given as a single value, usualy 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, especialy for nonroutine or
risky projects. To address this issue, the program evaluation and review technique (PER
was developed by the U.S. Navy arout®b8 (Kerzner 2001). For PERT, the scheduier
required to define a statistical distribution for each activity that representpossible
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 availal
for analysis to define a distribution with compleparameters. The beta and triangular
distributions require the definition of three values for each aetivty lower or optimistic
duration limit (L), the pessimistic or upper lmit (U), and the middle or most lkely value
(ML). The values are usualy bad on experts opinion taking into consideration the
perceived risks associated with the expected project condiions. The mean and varian
shown in equations (1) and (2), respectively are calculated for each actvity from the thre

duration estimates.

Mean=L; +4 ML, + U; equaton 1
6
Variance = { U; + L }? equaton 2
6

These advances in construction projects duration estimates are good as they ensi
effectiveness of the schedule model generated. However as observed by Kaelble, (201
developing a project schedulghich is a perfet plan with regard to sequence of work and
logic, correct duration estimatesdaworrect critical paths, is good.uBif wrong activity start

and end datesre applied,the schedule wil notikely be effective and mayerform sub

optimally in many ways.
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2.8.3 Advances and Shortcomings of Duration Estimating Technigues

Based on the central limit theorem (CLT), the mean duratiorach @ath is the sum of the
duration for each actiity along the path, (Nasir, et al., 2003). The critical pathaseheith

the maximum duration. The variance of the project duration is the sum of the variance fo
each actvity along the critical path. The distribution of the critical path duration can be
assumed to be normaly distributed due to the CLT and is ddimeitt mean and variance,
(Nasir, et al, 2003). fese values can then be used etealuate at various levels of
confidence. For example, the mean value provides a 50% confidence that the project wil k
completed by that date or earler. PERT has thrgerniaitations. First, it is based upon the
central limit theorem that assumes al activiies are independent. This may not be
reasonable assumption in construction scheduling. For example, all activities that require
specific trade may be simiarlyffected if there is a market shortage of that trade. Second,
significantly more effort is required to estimate three duration values than just the most likeh
value generally used in deterministic schedulng. Third, there is no recognition that the
critical path may change. Although the critical path is defined as the path with the maximun
mean duration, another path with a slightly lower mean duration but greater variance ma
sgnificantly affect the projectMonte Carlo (MC) simulation uses probabilty stributions,
primarily beta distributions, to represent the variable, in this case, activity duration. Bete
distributions can be defined with three values for each inputasital those considered in
PERT: (1) The mostlkely value; (2) The pessimistic;nd (3) The optimistic. Random
numbers are used to extract one duration estimate from each actvity duration distributio
resulting in one completed project run. The critical path calculations are performed for tha
run to determine the project duration. fydle runs are made, and the project duration from
each run is combined to define a probabiity distribution function (PDF) for the project
outcome. Output from the MC analysis can be summarized as probabiity statements abc

the outcome of the eventsg® 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
similar to that achieved through PERT. Methods have been developex/aluate joint
distribution tables in the case of correlated durations (Touran, 1992 in Nasir, et al., 2003
Even if independence of the actiities is assumed, MC has two major advantages over PER
First, the criticalty index (CI) can be calculatedr feach actvity. The Cl shows the
possibiity 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 possibl
events and the relationship betwebese two performance measures,, the schedule and

the budget. Whether PERT or M&imulationsare used, there is stil the problem of defining
the duration distribution for each activity. And it should be noted that risks are not always
independent oradditive. 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. Fol
example, heavy rain and a labour strike wil individualy and in combination Hevesame
resultno work is done that day, but weighted score models sum the assigned scores as thot
they were additivethis is a major shortcomingn duration estimatedNasir, et al, (2003)
identified from various lterature sources of construction sdeedincertainties shown in
Table 9. These variables reflect the scope of the problem. They identified two types c
construction schedule uncertainty variables: () The schedule risk variables; and (i) The

activity variables.
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Sources of Consiction Schedule btertainties
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State of Wicertainty

Risk Variables Definition

(1) Environmental
Earthquake Area History of earthquake causing damage High/Low
Seasons Seasons thanay affect the schedule Dry/Rain season
Precipitation History of precipitation Generally Light/heavy
Humdity Effect of humidity on the progress of work High/Low

(2) Geotechnical

Nol/yes

Archeological survey
Local geotechnical history
Geotechnical condalnt
Subsurface conditions
(3) Labour
Labour union
Labour dispute/strike
Labour availability
Labour wage scales
Labour skil level
Adverse activities
Labourinjuries
Labour productivity
(4) Owner
Owner type
Owrer financial stability
Decision making
Progress payment

Was archeological surveyode?
Geotechnical history of the area
Experience of consulttants

Unknown conditions that may result ielay

Favourable/unfavourable
Experienced/inexperienced
High/Low

The labour to be entirely union or a mix Open/closed shop

The risk of labour disputes High/Low

Is labour abundantly avaiable in the area? Yes/no

Prevalent wages of skiled/unskilled labour High/moderate/low

Competency lesf of labour High/moderate/low

Risk that labour may actively delay progress High/Low

Risk to injury, local activity, and regard to site safety High/Low
High/moderate/low

General output of labour

Type of owner Private/public/nofProfit
Financial stabiity with respect to project Sound/risky
Efficiency of decision making by the owne Efficient/inefficient
Progress payments attime specified in contract On Time/delayed

Source:Nasir, et al.(2003)
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Risk Variables Definition State of Wicertainty
(5) Design
Fast track schedule Is design and construction running concurrently? Yes/no
Design team Experience n type and size of project Experienced/inexperienced

Project definition
Design specifications
Design quality
Design changes
(6) Area condition
Construction area
Reconstruction project
Off-site production
Site congestion
Working hour restriction
(7) Poliical
Community attitude
Strong dissenting group
Potential of delay by others

The degree to which the project scope is defined
Degree of design specification completeness

Quality in terms of frequency of design reviews/rework
Risk that design changes wil affect work progress

Stte location

Significant demolition

Other site activity outside of construction
Movement of equipment, people, materialected
Are work time restrictions in place

Viewpoint of local residents toward the project
Is a stong influential group against the project?
Chance of delay by parties outside the contract

Complete/incomplete
Complete/incomplete
High/low quality
High/Low

Ouside/inside metro
Nolyes
Yes/no

Open/congested
Nolyes

Friendly/hostile
Nolyes
High/Low

Source: Nasir, et al. (2003)
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Table 9. Contd.

Risk Variables Definition
(8) Contractor

State of Wicertainty

Contractor experience Contractorbés experience i ncl Hdhiavergge/lsw a f -
New technology Wil new construction methods be used? Yes/no
Defective work Risk of defects that necessitate rework High/Low
Rework The chance of frequeneworks High/Low
Disruption Risk of disruption affecting productivity High/Low

(9) Contractor noitabour resources
Vendor bondability Is vendor bonded to sulgptems for a specified time? Yes/no
Critical items import Critical equipment or materials being imported? On time/delayed
Equipment qualit Condiion of contractords equi pment Good/poor
Theft of equipment Chances of theft of equipment and tools affectingkwo 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 eponent 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 procement On schedule/delayed
Material shortage The dance of nonavailability of material High/Low

Source: Nasir, et al.(2003)



114

Nasir, et al., (2003) further describesw each risk grougs an indirect anda direct link to
project delay factor. flese 10 categories of uncertainty specific to buiding caasivn
schedulesare environment, geotechnical, labour, owner, design, area conditons, poliical
contractor, contractor neabour resources, and material.pgesentedas follows Nasir, et al.,
(2003):

(1). Environment.

Weather effects are one of the major sources of schedule risks (Mulholland and Christie
1999; AbouRizk and Wales 1997; Ruff et al. 1996; Laufer and Cohenca 1990; Bennett 1985
The construction work is affected by weather evenishsas 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; Thomad Blapolitan 1995).

(2). Geotechnical.

One of the sources of construction schedule risks is differing site condifduaolland and
Christan 1999; Ruff et al. 1996; Russell 1993). Wgal. (1998) reviewed a buiding
construction project in Singaporand observed that soil type affects the time required for
excavationdue to very wide variation from inttially assumed condiion

(3). Labour.

Labour productivity has a major effect on construction progress (Thomas et al. 1999
Mulholland and Christian 999; Finke 1998; Thomas 1992). There are several factors that
affect labour productivity such as labour strikes, idle workers (Burleson et al. 1998; Smitt
and Bohn 1999; Yates 1993), and labour injuries (Everett 1999; Abdelhamid and Evere
1999a; Hinze etl. 1998; Hinze and Russell 1995). Unskiled 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 pmoviding skilled labour

ard maintaining better labour wages (Fisk 1997; Rowings et al. 1996; Wong and Logche
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1986; Maloney and McFilen 1986a). Laufer and Cohenca (1990) discussed the effects
labour scarcity and surplus on schedules. Labour disputes are another reason faf delay
projects (Maloney and McFilen 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 managient, inadequate supervision (Sanvido et al 1992; Mulholland and
Christian 1999; Arditi and Gunaydin 1998), financial problems, and late payments (Songe
and Molenaar 1997; Bell and Stukhart 1986; Okpala and Aniekwu 1988) are schedule risk
that come i@ play directly or indirectly through the owner.

(5). Design.

Design changes are a major risk to construction projects (Thomas et al. 1999; Finke 1998; N
et al. 1998; Yates 1993; Hester and Kuprenas 1987). Experience of the design team w
similar projets can also affect the project (Daoud 1997; Kartam 1996; Wiliams 1995;
Sanvido et al 1992; Kagan et al. 1986). Incomplete drawings, inaccurate design, an
incomplete specifications are other sources of risks (Smith and Bohn 1999; Mulholland an
Christin 1999; Arditi and Gunaydin 1998; Yates 1993; Laufer and Cohenca 1990; Viatas
1986). Innovative design (Nam and Tatum 1992), undefs@mpe, and frequent changes in
scope affect some projects (Songer and Molenaar 1997; Wong and Logcher 1986). Diekma
et al. (1987) identified work grouping and preplanning as important factors affecting a
project. Fastrack projects have their own set of inherent risks that may affect materials
management or design qualty (Thomas and Raynar 1997; Bell and Stukhart 1886; V

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 Napoltan 1995; Thoma
et al. 1992; Hester and Kuprenas 1987). Otmportant risks are traffic conditions near and
around the site and the requirement for road permits and approvals to move equipment a
materials around (Fisk 1997; Fisher and Rajan 1996). Sometimes access to the site
restricted, security is tight, rothere is a restriction of workingours at the site (Bell and
Stukhart 1986; Krizek et al. 1996; Anson and Wang 1998). Constructing at an operatin
faciity has substantial risk, because complaint from users of the faciity may cause worl
stoppages or qmire shits for convenient hoursto reduce disturbances created by the
construction (Riey and Sanvidd,997; Daoud 1997; Mulholland and Christian 1999).

(7). Poltical Risk.

Poltical risks can be an outcome of government instabiity (Okpala and Anidlaga),
changes in requirements of permits or approvals (Yates 1993; Mulholland and Christia
1999; Smith and Bohn 1999), and other institutions that can have an influence on a proje
(Jaselskis and Talukhaba 1998). Community attitude toward a constrymtigect and
related public inquiries may have a significant effect on the schedule (Randolph, 1993).

(8). ContractorRisk

The contractor risks start with the prequalffication process of the actotr and the
subcontractors (Mulholland and Christian 999; Arditi and Gunaydin 1998; Daoud 1997;
Krizek et al. 1996; Bssel and Jaselskis 1992a).sAub c ont r act o r thesabiitg x p e
to meet project demands is the major risk fac@mirkhanian and Baker 1992; Diekmann
and Kim 1992; Russell and J&ses 1992b; Sanvido et al. 1992; Laufer and Cohenca 1990;
Okpala and Aniekwu 1988; Maloney and McFilen 1986a). New technology or new methods
of construction deployed by the contractor have the potential to affect the constructiol

schedule (Abdelhamid andtverett 1999b). Construction errors are also sources of risks
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(Mulholland and Christian 1999; Abdelhamid and Everett 1999a) and may necessitate rewot
(Yates 1993; Friedrich et al. 1987; Thomas et al. 1992; Burati et al. 1992; Stacey 1991
Kartam 1996), ad create unnecessary interruptions to wdBennett 1985; Thomas and
Napolitan 1995; Christan and Hachey 1995; Hester and Kuprenas 1987; Finke 199¢
Thomas et al. 1999).

(9). Contractor Notlabour Resources.

These risks include basic issues liewailabiity of equipment (Mulholland and Christian
1999; Thomas and Napolitan 1995; Yates 1993; Smith and Bohn 1999; Thomas et al. 199
Lemna et al. 1986) and qualty of the equipment (Amirkhanian and Baker 1992; Koehn an
Kothari 1995). Disruption of wrk due to malfunctioning equipment affects the schedule
(Yates 1993). Evaluation and bonding of subcontractors and vendors are some of the methc
to avoid risks (Bell and Stukhart 1986; Diekmann et al. 1987).

(10) Material.

Material risks include avalidity or shortage of materials (Mulholland and Christian 1999;
Thomas and Napoltan 1995; Okpala and Aniekwu 1988; Teicholz 1987) and late delivery o
procuement of materials (Smith anBohn 1999; Thomas et al. 1999; Anson and Wang
1998; Ruff et al. 1996Yates 1993; Thomas et al. 1992; Diekmann et al. 1987; Lemna et al.
1986).

Accuracy of duration estimates wil lkely be affected by the following classification of
construction actvites (@) Mobiizaton and demobilization divites (b Conmissioning
activities (0 Foundation and piing activities (d Labou intensive ativites (8 Demoliion
activiies (§ Equipment intensive aivities (9 Roof, and external works ctvities  (h)

Mechanical and electricalctwvities etc.
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2.9 ASSESSING THEACTIVITY START VARIANCE

When the variabily in actvity start is examined, results mawggestthat good and poorly
performing projects can be differentiated by this variabiitgasure The less variable the
activity startdate the better the projegterformance andn the other handhe more variable
the worse the project performancéarious schedule measurese analyzed to identify and
better understand the effect of schedule varianGés). (2009) Examples ofsuchmeasures
for comparing the cuent schedule to the baselipdan include the number of activities that:

(1) Have started early, on time, alade

(2) Have fmished early, on time, and late

(3) Should, but have not started

(4) Should, but have not finishe

(5) Should, not but have started

(6) Should, not but have finished
Trend analysis inMees collecting jobsite processdata during each status period and plotting
them over time. Sustained variances in one direction should be docurt@rdssess whether
the project is heading toward a problem and to determine whether action is necessary. Tre
analysis provides valuable infoaton about how a program erforming. Knowing what
has caused problems in the past can help determine whtalgewil coninue or occur in the
future Further, GAO. (2009) posits that typical trendf schedule dataan help managers
know what is happening in theiprojects and provide basis focomparisons of the
cumulative number of completed activities tce teumulative number of baselined activities
planned to be completeduring the data date day; comparisoihthe cumulative number of
activities forecasted to be completed to the number of activites planned to be complete
available resources over time,ighiighting over allocations; total float and schedule
contingency tracked by status peri@it data date comparisonof actual, forecasted, and

baseline completed activities. This lasplot is useful for identifyingpotential number of
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activities that willhave to be completed at a higher rate than the rate at which activities have
been previously completed. For example, if on average 15 actatieaccomplishedevery
two-week period yet forecasts imply that 30 activities need to be completed eveneRsvie
finish on time, the schetk is most lkely unrealstcA measure known as the baseline
execution index (BEI) is commonly used in baseline anal§s0O, 2009) It is the ratio of
the number of activities that were completed to the nuraberctities that should havbeen
completed by the status date. A BEI of 1 indicates that the project is performing according t
plan. A BEI less than 1 indicates that, in general, fewer activities are being completed tha
planned; a BEI greater than 1 indicatkat, in general, more actiitieseabeing completed
than planned, which is desirable. Therefore in this thesis, effort shal be made to measure t
baseline execution index where differential early/late start schedule approach is adopte
compared to thedefault approach ofpplying early start schedule$his research therefore is
an incremental contribution of the solutom GAO. (2009) that BEIl is only a summary
measure which does not provide insight into why actvites are not being completec
accordhg to plan. This is because the BElI measured in this thesis wil be related to the
underlying factor thatlikely generated themi.e, their generation in differerécenarios of
early and late start scheduling options

The BEI is an objectiveneasure of overaproject performance because it compares
actual completion to planned completion. However, it is only a summary meatat s, it
does not provide insight into why activities are not being completed according to plan or tak
into accant the importance of their not being completed according to pldne s c hed
status determinantif tasks start and finish on timelthough essentidb nearly all projects, is
only one indicator of overall project performance, (Carl and Timothy, R0AS projects that
include cet information, another importatey performance indicator is cost variance: Are
tasks running over or under budgei®hough schelule (time) variance andcost (budget)

variance may be significantly related is important to consider each individually because
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the effects of schedule variance may not always bear significant relationships with the effec
on cost variance, (Carl and Timothy, 2013). This assertion by Carl and Timothy, (2013
justifies the treatment given heref discussing only the aspects of schedule variance: activity
start and activity finish variance. Appendixes A4 and ASlustrate schedule variance and
cost variance Carl and Tothy, (20B) posits that when Appendixes A4 and Afe plotted
with real pocess data they show that scheduleiance bears a close relationship with
schedule cost vance It should however be noted that it may be possible to show that the
reason for wide schedulerianceis the scheduling options adopted whie reason forcost
variance may be due in additon to some other factors like approvitiomaand increased
market pricesof buiding materials and labour. What caused the vadet variamce in the
project? It is noted that projedosts are almost entirely derivéedbm work performed by
resources, it can be concluded that more work than was initially scheduled has been requir
to complete the tasks to date therefore examining schedule variance is not the same thing
examining the cost variance.

It is important that thorough causal reasons for the cost variance should be establishe
This is becausehe dollar amount of cost variance, whie important, does not tell the whole
story. What would be useful to know is what tasks had the highest percentagarade and
why? A task with a $1,000 baseline and $1,200 actual cost has a lowentggceariance
than does a taskwith a $100 baselne and $200 actual cost. In d@mprojects,
understanding whichtasks and during which periodare prone to greaterepcentages of
variance can help avoid similar problems in the futbu-Hileh and Ibbs (1993) opines
that there are three distinct stagdsproject progress: (I)he early stage (say, 020%); (2)
The steadistate production stage (e.g., 20%0%); ad (3) The late stagée.g., 80%
100%). These pointsare only approximat points of delimitaton and are not the same for
every project. The last stadevinding-up) marks the point beyond which management cannot

meaningfuly affect performance. By then mat budgeted resources amxpended and
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overruns are notcorrectable. Early detden of problems within the 0980% project
completion window improves chances for tlseicces of correctiveaction Activity start
variance which occursluring the steadystate production stage is likely to have significant
cost effect on the project because at this stage significant cost contnfiimenbeen made
on both laboyr material and plant items andre evenprobably moved to siteThis wil
significantly increase dowinte cost as well as storage cost of materials.

If project performance differs from the baseline plan, a variance has occurred in gener
terms. Variance is usually measured as time, such as days behind schedule, or as cost, suc
dolars over bdget. After intial 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 frst be identified
Discussing the basic project management question: Is variance a gooel Rhojgct
management, generaly looks for variances that can have adverse effects on a project, suct
variance that pushes out the start or finish date of project tasks ors@xrtéee cost of a
project. However, the term variance refers to any difference between planned and actu
schedule events. Even differences that have a helpful effect, such as an earlier start or e:
finish date or a lowethanrexpected cost should beted and reported to project stakeholders
as variance Should one have the good fortune of managing a project that experiences suc
helpful variance, the techniques described here wil help identify the beneficial variance a
well as adverse variance. Thecfis of project management is basicaly the same regardless
of the nature of the variance, whether beneficial or adverse. When it does occur, it should |
communicated and its effects well made known to project sponsors and other stakeholdel
Further if t is an adverse variance, effort is made to mitigate it according to the nature of the
project. Whie processes and procedures that produced positve variances should b
documered for use in future projectdn order to bring more reliabiity to the consttion

scheduling process, a workflow leveling strategy known as even flow productiobekais
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advocated forthe constructionindustry in recent years. Even flow production is a strategy
intended to reduce the variabiity in the workflow for trade cotdrac thereby gaining
production efficiencies in terms of schedule, qualty and budget, (Bashford., Sawhney.
Walsh and Kot, 2003). Two such common strategies are abiadtgd even flow production
and starbased even flow production, (Bashford, et @&02). When most project tasks start

as at when scheduled with nimial variabiity, there wil lkely be gain in production
efficiency.

Buiding and civil engineering contractors searching for greater efficiency and speed o
construction have #empted to create a production line process at thetrootien site
modelled afterproduction lines used in the manufacturing industry. However, buiders have
found that tehniques to optimzed b ui | di ng production l' i ned
Numeous obstacles have been encountered, the most difficut of which center around issus
related to coordination of the numerous independent trades utilized in buiding constructior
The inherent and unique nature of buiding construction makes it almostsime to start
even 25 % of planned actiites as schedulRgcent efforts to implement argauction
control mechanismmesulted in asystemt er med o&éeven flow produc!
results of implementation indicate that even fow prodaoctholds promise as a tool for
addressing many of the production cohpooblems faced by buiders.Given the fact that
variability cannot be completely eliminated, buffers of various types are advocated to reduc
variabilty. Park, and Pe#A®&lora, (2004)posits that eliabiity buffer aims to systematicaly
protect the whole project schedule performance from being disrigptefdiures in individual
activities Goldratt (1997) inPark, and PeRAMora, (2004), suggestions placingonstraint
buffers in front of critical actvites to minimize resource and information constraifts.
should be noted that very large time and materials inventory buffers appled to manag
variabiity may increase lead times and further deteriorate system flexiEithedule

variabilty, uncertaintes in the construction process, task duration uncertainties, resourc
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requirement and reso@rc availabiity uncertaintieshave called for improvement both in
schedule formulation and its implementation, (Tommedew Markus 1999., Lavrence and
Sridharan 1989., Gupta, 1989., Samson, et al. 1989., boar Choong2001., Rene, 1999.,
Hillman and Richargd 1989., Oliver, 1989 andSingh and Kwok, 1989). Methods lke
contingency allocation and buffers; the lean production phiosophy anthsthelanner; just
in-time  and the kanban; and knowledggsed systems are commonly used by planners to
reduce schedule variabilty, process uncertainties and increase process efficiency. The ext
to which these can improve the process however is mtairceln particularthere is much
doubt and debate if methods lke justime, the last planner and the lean phiosophy which
may work wel in manufacturing industry, adequately satisfy the peculiar nature and
requirement of the construction industrfeow and Choong2001)

There is tendency to waste time as a result of reserves that are liberdlisAadruism
that work time normally expands to fil allotted time and so project buffers, feeding buffers,
actvity buffers and other forms dbuffers particularly regarding time should be used very
cautiouslyin scheduingThi s i s because the system will
into these reserves. More importantly, no method existsmonitoring and reporting on
consumption ofallotted reserves in the project reporting systéinerefore a reduction in
buffers needed to accommodate work flow uncertainty could result in reduced projec
duration. Can workforce management strategies reduce this variabiity? To what extent cal
the steduling process be used to address and reduce activity start time variabiity? These &
questions the scHelng process should addresBuiding, verifying, and communicating a
sound plan might take most time of a project manager. However, plannimly ishe 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 planneédthibuis seldom the case. In
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general, the more complex the plan and the longer its duration, the more opptwtuaitis
for variance to occur

Variance is the difference between what is intended to happen (as recorded in the pla
and what atually happened (as recorded by project tracking). Properly tracking actual work
and comparing it against the original plan enables one to identffy variance early and adju
the incomplete portion of the plan when necessary. Tracking actuals in a plich istlade
recording the percentage tafsk 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 Proje
2013 also supports more detailed ways of trackidge d such is ativity start and finish
variance which wil indicate significant effect onidle time of construction resources as well

as the project duration.

29.1 The Schedule Variability and Schedule Reliability

The schedule assessment guidad aghe cost assessment guide of a construction project
together offer a consistent methodology for developing, managing, and evaluating the cost
capital projectsSchedule and cost variance are closely related. If a plan has one, t likely ha
the other Schedule variance is caused by tasks that have slipped from their planned start
finish dates as recorded in a baselSehedule variance isisually followed by cosvariance

This is because some of the project costs such as labour, supervisbreduement, and
faciittes cost more if the project takes longétor a reliable construction schedule three
flows are considered important to improve schedule reliabiity. These are materials/resourc
flow__reliabiity, equipment fliow reliabiity, and iofmation flow reliabiity. The means to
make sure that adequate resources are available at the right time must be considered. W
needed if resources are not in place, construction is delayed tiaisdwil affect start of
subsequent tasks by varying tlavailabiity of prerequisite work. Correct, complete, and

timely information is always a concern ioonstruction. Thedisruptive consequences of
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inadequate and inaccurate drawings are wel documdamt€domas, Haman, De Souza and
Zavr (200KA reliable schedule therefore can contribute to an understanding of the cos
impact if the projectdoes not finish on the due datManagement tends to respond to
schedule delays by adding more resources or authoozegime (Thomas, et al, 2002
The extent to which thim beneficial method is destable. Early initial schedule risk analysis
alows for a proactiveprogram management to redutt®e cost effectof schedule slippage
when developing the project cost estiml A cost estimate cannot be considered credible if it
does not account for the cost effects of schedule slippage.

The pathcorrectfloat use andcorrectfloat consumption in the network is an effective
method to cope with vawus uncertainte existing inconstruction and may help in reduction
of schedule variabilty, (Zhong and Zhang, 200B8hd this may make project delivery date
certain, realistc and improve the chance that events occur as pldnnednstruction, the
objective of plannig is to complete a prescribed amount of work withiprefixed time, at a
previously estimated cost, and to specified standards of qualty. However, comstruct
projects are normaly perfoed in an environment characterized by varying degrees of
uncertanties. These uncertainties are the core reason for variabilty in the schéaatars
(Faniran et al. 1998) such as weather, labour skils, site conditons, and management st
and qualty can infuence the duration of construction activiies and causk variabilty in
activity start and actiity finishdates inthe project. Variability is common on construction
projects and must be managed effectively, (Thomas, et al. 200&)ch manageemt
thinking, like the lean productiontechnique has suggestedhat improved labor and cost
performance can be achieved by reducing variabilty in activity start and activity dintss
of the project (Thomas, et al. 2002). Conceptualy, it is often more cost effective to manage
variability than to eliminate .it

Many researches (Cpx1995; BerHaim and Laufer 1998; Ayman 2000) have

investigated the completion time distribution under uncertzomdiions. Research studies
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indicate that construction planning efforts usualy fail to achieve their obgctNReasons for
uncertainties in duration of the construction actites (Wiliart890) were summarized as
resource requirements of activities, resource avaiability, and the precedence relations. The
types of uncertainties are difficut to model withnventional prgct schedilg tools. Risks
associated with project delays (Shen, 1997) were identified. These risks were described
insufficient or incorrect design information, shortage of materials/plant resources, inaccurac
of project schedules, Bwc ont ractorsd manpower shortage
conditions, abortive works and rework due to poor workmarshippecification shortage of
skills/techniques, and poor coordination of subcontractors. Sources of risks affectin
schedules Nlulholland and Christian, 1999) are categorized as four classes: engineerin
design, procurement, site construction, and project management. The detaied informatic
about these items can be found in Mulholland and Christian, (1999).

Since the diical path methd was invented to plan and schedule large projects, many
models of its variants have been developed to cope with the uncertainties in project plannir
and scheduling. These are the program evaluation and review technique (PERT) and t
discrete event simulatonLee and Ardit, (2006) posits thabet orientation of CPM is
60deterministic; 66 the orientation of PEF
event simulation i s 66stochast i cERD ladsCto mp
optimistically biased project duration, since PERT inherently ignores all subcritical paths
(Halpin and Riggs 1992; Ahuja et al. 1994) cited in Lee and Ardit, (2006). The most
promising approach to eliminate this problem is simulat{@®oughs 1978; Martinez and
loannou 1997). Discrete event simulation can be used to complement PERT and to enhar
the scheduling of project activites (Crandall 1977; Douglas 1978). Discrete event simulatiol
appears to be the most reliable method of preditiiagtotal behaviour of a network which

displays probabiistic and stochastic features. Complementing PERT with discrete ever
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simulation can reduce the errors that are introduced by the PERT assumptions discussed
MacCrimmon and Ryavec (1962) and Vayk8l (1963).

Diaz and Hadipriono, (1991) analyzed the theoretical background by comparing the
PERT, PNET (probabilistic network evaluation technique), NRBrrow reliabiity bounds),
MCS (Monte Carlo simulation) andMCS (simplfied Monte Carlo imulation). Gong and
Hugsted (1993) developed a mement timeestimation technique to combine the
uncertainties of both critical and noncritical path activities into a-mishe analysis of a
project network. Gong and James (1995) also presented diosafeise range concept on
activity to solve the joint infuence of float use and the uncertainty of noncritical activites on
the projecttime. Wang and Demset2000a, & b) presented the simulatidbased model
NETCOR (NETworks under CORrelated uncengintwhich incorporates the effect of
correlation in network schedules and provides factor sensitivity information to support
schedule risk management. All the above methods, deteonimsobabiistc and stochastic
are based oassumptionsthat
(@) The number of activities in a project network is defined as a constathtmay nothange
(b) The logical relations among activities datwvary during project performance
c)The activitiesd dur at iasimdepedem fromecackadhei mat e
(d) The total time distribution of activities in tigoject is approximately normal
Concerning the path float, only very little lterature is available which analyze the risks
caused by float use or float consumption. All the models of the netwerlbased onhe
assumption that alloated activities in the network should be started as early as possile,
(Zzhong and Zhang, 2003ut the extent to which this ia beneficial option is doubtful.

In construction projects, floats on the norcaki path e used to cope wih the
uncertainties describedbove. However, when totdbat on any path iisbcompletely used,
expected finish time g wil include more uncertainty. In othewords, the duration which

includes muchrisk is inducedwhen he path float is used completely on the noncritical paths



128

with a variance larger than that on the critical p&fthong and Zhang, 2003). The noncrtical
path may become critical when all float is consumiéds important to note thapath float

use mustbe limited to the safe rangeMost construction managers usualy look at the total
path floats as the safe range, and so tend to use them completely in fixing dates in t
schedule. But this is misleading. The use of noncritical path float to cope wihtainties

on site should ensure that the critical path remains unchanged or the noncritical path does 1
become critical. Managers in construction shahirefore avoid thismisleading use of path
float consumption Current concept of path float is lmas on the traditional CPM, where the
activity duration is assumed as deterministic, and the expected duration for any path is ak
constant. Using the noncritical path float completely can only change the expected time o
the noncritical path within the ibcal path duration. However, with PERT, both the activity
duration and path expected time wil become random or nondeterministic, and errors will b
impossible to avoid. So using the noncritical path float completely can both change the
expected time oithe noncritical path as well as change the critical p@hong. et al, 2003).
They conclude that the delay risk and variability risk wil be greatly reduced by using the
path float only within a safe float use rangeThis, it is hoped may improve scheld

reliability.

2.9.2 Hfects of Schedule Variability oncost ofMaterials Inventory

Buffers operate to provide a cushion or shield against the negative impact of disruptions ar
variabiity (Howell et al, 1993; Ballard and Howel, 1995). Regerflark and PeRllora
(2004) empirically studied how buffers could add reliabiity to project operatidosman

and Thomas, (2005)itng Horman (2000)n his analysis of different types of buffers listed

in Figure 15 suggested that when buffers areduserrectly they not only provide shielding,
but they provide the abiity to efficiently respond pyoject variallity condiions thereby

enhancing overal project performance. Figure 15 shows that different mechanisms can
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operate as a buffer. The figuralso 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 th
project team thecapability to respond to unforeseen chalenges. Importantly, some buffers
can be converted more readily to a useful form than others. The readiness of this conversi
defnes the responsiveness of the mechanism. Thus in the scheme of avaiable buff
meclanisms, contingency tends to be one of the more unresponsive. However, the mol
responsive mechanisms tend also to be difficult to revert to a valuable form (ke money). A:
contingency is made avaiable in monetary terms, if it is not spent, it is cktiarritbe project

team or owner (as defined by the contractual agreement). Consequently, meeded when

using buffers because they can be unhelpful if made available in the wrong form.
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Contingencies Inventories Time Workflow Operating &pacity
Relatively Highly

Unresponsive. Responsie.
(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 Typesifief8
Source: Horman(2000)
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Needless to say, many construction projects are uncertain and complex, and since it
unlikely that all construction variabiity can be elminated, construction managers must learr
to manage the work under conditons of alility (Howell and Ballard 1996). Rather than
being an alternae to better planning, researchers are studying how buffers can work
effectively with planning strategies to help manage these difficut conditons (Balard and
Howell 1995, Thomas et al. 2P8; Park and Pefldlora 2004). Thus as the functions of
buffers evolve there is a need for detailed study af tmpact how best to locate and size
them to achieve begperformance and how construction planning and scheduling strategies
may affet different types of buffers. There are many types of buffers ilustratedFigure

15. Ballard and Howel, (1995) positthat at the task level, the more common ones are
inventories (e.g., material stockpiles); time buffers; and capacity buffers (additional
equpment andcraftsmen).There has beemuch researchwork in the use of thesbuffers in
construction, but thisegion of this thesis focuses on the effect of construction scheduling on
the management of materials inventory or materials buffers. The us&tefial stockpies as

a buffer occurs when mep material is made avaiabléhan immediately needed This
stockpile feeds theonstruction processhich can proceed with its tasKhe abilty to have
continuty of work independent of the conditons is thetical capabiity provided by
material stockpile buffersSetting the optimum size of material stockpiles in construction is
often done intuitively. Material stockpiles help manage the variable condtions of
construction bycushioning activities fromvanability, (Horman and Thomas, 2005When
material stockpiles, or inventory, are used in this way, they act as a bBiféers are used

to cushion the effects of unexpected increase in production rates withong w@itmake
available construction resaces.In using material stockpies as buffers, management is faced
with the diemma that large buffers can lead to congestion which impedes performance, b
they can stop, slow, or disrupt production when material stocks are too low. These concert

are sbstantial. In a separate study based on observations of more than 12bctimmstr
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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. Throaghal and errorprocess smart managers

get better at setting the size of stockpies. However, many managers stil set them incorrect
Either too large or insuficient. But the issue being addressed here ishanosize of
stockpiles,too large or insufficient buffersbut the d#fect of activity start time variabiity on
material stockpiesmaterial inventory, ormaterial buffer.

In  manufacturing, improved productivity systems ensure that material stockpies
(inventories) during any period are reduced or eliminatechusec they do not directly add
value and are wasteful (Ohno, 1988; Goldratt and Cox, 1992; Wid, 1995; Womack anc
Jones, 1996 & Hopp and Spearman, 2001Fxcess raterial stockpies can hamper
performance by slowing the detection of problems and incurrdvgget costsThis reduction
in inventory could be enhanced if the schedule is formulated to reduce variabilty in activity
start time to a minimum, ensuring that the stockpie materialsmaseed in and out othe
works as scheduledThe reduction of invearies is one of the reasons for justime (JIT)
material deliveries. The focus in these improved production systems is on minimizing
inventory Though minimisation of inventory is importantutbwhat is more important is
enhanced material flow reducige difference betweethe quantity that came intstock and
the quantity taken out during a production period with likely minimal inventory costs
llustrated in the cumulative materials flow report during a montfiahle10

The importance of materials management and control in constructon has long bee
established, (CJI1987 in Navon and Berkovich, 2005; Formoso et 2002; Poon et al.
2004). Further, Chai and Yitzchakov, (1995) in Navon and Berkovich, (2005) emphdsze t
importance of monitoring the flow of materials and the data associated with them, such &
their quantties and inventory levels. There is an incredsedency to reduce inventory
levels which is beleved may reduce holding coBhis reduction in inveory levels wil

likely be affected by the tempo amfectiveness of the construction schedule. For instance,
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when construction materials and components are moved to thgtgobased on the schedule
and events occur as planned, minimal stock holding aes incurred becse as materials are
delivered, they are buit into the works almost immediately. But if tasks experience much
variabiity in start time the fow ofmateria¢ in and from the stockis likely hampered and

will increase stock holding cosfThe benefts from eifient materials management and
control ystem 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. 200
Poon, et al. 2004):

(1). Increased productivity and avoidance of delays. Estimates of increased productivity var
from 8% (Akintoye 1995) up to 12% (Bell and Stukhart 1987). This is mainly due to the
availabiity of the right materials prior to work commencement and the abiity to thia
work activities according to the availabiity of materials (Akintoye 1995). Choo, et al., 1998)
assed that the biggest problem field workers face is coping with discrepancies betweer
anticipated, actualy needed, and avdiiablevels. There is aneed to reduce these
discrepancies, particularly those between the anticipated levelodie schedule and those
actually needed due to the variability in activity start time.

(2). Reduction in man hours needed for materials managefbet purpose 9 that the
dificuies and manhours required stockpile retrieval should beesadily reduced, (Thomas,

et al, 2005)Bell and Stukhart, 1987howed that on projects lacking materials management
systems, craft foremen spend up to 20% of their time ngumtiaterials and another 10%
tracking purchase orders (time that they cailoberwise devote to supervising workers).

(3). Reduction in the cost of materials. This is due to reduction in waste caused by manu
and inefficient materials management and mdntBell and Stukhart 1987; Formoso et al.
2002; Poon et al. 2004), which causes errors in purchase orders and reduced shipping cc

(Li etal. 2003).
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Navon and Berkovich, (2005) posits that the major problems identfied at this stage were
Materials ariving 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 materia
Unavailability of information regarding the status of the orders; Lack of compieteumto-

date information regarding arrival of materials to the site and, or, regardisge ostocks;
Surplus of, or missing, materials; Lack of storage space for materials on site; and Waste
man hours searching for and tracking materidiég., Shi ad Fang, (2009) posits that project
planners and construction managers prefer to maintain more stock than required ¢
construction materials on the jdiie to avoid valuable labour and plant resources staying
idle waiting for needed materials and compdseMhough the jush-time (JIT) system is
reputed not to receive quantity discount or price discount because it does not consid
optimal order quantity, Qax, as in the case of economic order quantity (EOQ), it is stil
believed by many to hold potengiafor improved productivity, (Wu and Low, 2005). This is
why many construction companies are stil using the EOQ based inventory ordering systel
to purchase their required materials. Despite the fact that minimising the buffer stock woul
improve the prodctivty 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
different amounts of buffer stock on site needs to be evaluated. This problem is tadgrava
when viewed in relaton to the variabiity in actvity staine and actvity finish time.
Ordering and delvering materials at the right time to thesj@bis crucial to the success of a
construction project (Sobotka, 2000). This wil not only roye overal construction
productivity by lowering the input side of the equation of productivity, (P = O/I, where: O =
output and | = input) but could also lead to savings in praectosts (Agapiou, et al., 1998).

In order to minimise the frequency afaterials handling while focusing on the critical issues
in the construction process (Christopher, 1998 in Ng, et al. 28a#),thatthere have been

attempts to apply the justtime (JIT) management phiosophy to control the fiow of
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construction mateaals The justin-time phiosophy can minimise the amount of stock held on
site and reduce the overal operation time. However, much variability in actiity start and
actvity finish time wil inhibit the application of the JIT management phiosophy and the
realisation of its benefts which are a reduction in inventory levels, a reduction in site storag
space, a reduction in site and head office overheads and a reduateerati production
costs (Akintoye, 1995; Low and Chan, 1997 in Ng, et al. 2009t is, the JIT systefeads

to improvements in producty (Low and Choong, 2001). Thisavings should offset the
additional costs induced by a more frequent delivery schedule and lower discounts. A surve
in Denmark pointed to a 10 per cent increaseprinductivity should the JIT approach be
adopted (Bertelsen and Nielsen, 1995). As distinguished from the tradE@®@I or the
Apusho concept, the JIT philosophy requi |
when they are needed for installation.

Confronted with unpredictable and uncontrollable production environment, erratic
activity start variabiity, and events not occurring as planned, the JIT approach in
construction projects is far less popular than in manufacturing indudtriskould be noted
that any shortage in construction materials may result in valuable plant and labour resourc
on the job-site being idle thereby increasing project cost, (Low and Mok, 1999). A study
conducted in Singapore (Low and Choong, 2001) indic#tat only one of the 40 surveyed
constructionsites applied JIT delivery whie immediate hoisting was adopted by 30 per cent
of the surveyed sitesThis is whyLow and Chan(1997) positshat certain adjustmenteeds
to be made to JIT principles to nekthem more practicable for use in the construction
industry. What seems more sensible is restricting stock to a bare minimurmdgeat!i of
relying entirely onconcurrent delivery programme. The stocks on site (i.e. buffer stocks)
should @ just sufficent to cope with Judh-Case needs (JIC) if there is any unexpected
advancement in schedule and/or an occuerenic nonschedule complyingDrummond et al.,

1994). However, how to streamine the flow of construction materials and determine the
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optimal bufer stocks remains an artather than a science to decisionakers because so
many uncontrollable ariables can affect thelecision. It is dificut if not impossible to
foresee the outcome because of uncontrollable actvity start variabilty. Thisiligarilmen
O0pendi ng (thase toibe idone & ghé near future, whose predecessors are complete
and whose early start falls i the specified time durationyary in start or finish, wil
greatly affect the potentials of streamining the logistmf major construction materiaisnd
minimising the time between arrival of materials at the-gtd and its dispatch for use. The
point is that quantities of materials needied each pending activities constitutezailability

on the jobsite And if not used due to the discussed variabiitif representan increase in
inventory cost. This is the problem revealed in Navon and Berkovich, (2005) model whict
compares the planned and actual consumption of materials for each athetymaterial

flow sumnary in Table 10can be plotted for different activities in different construction sites
when different scheduling options of early and late start schedules are adopted. And this m
reveal a trend that flows in early start schedules amee rar less deside than flowsin late

start schedulesor vicevisa Table 10 reports details for each materiidw, the incoming
quantity, the outgoing (dispatched for use) quantity, the existing stock left in inventory, the
planned quantity to date, and the deviatieiveen the planned andctual quantities. The
report can be given for specific datéable 10suggests that most materials supplied were
used as soon as they came during the report period oframgh. Only binding wires and
wood, (4.73 % and 0.68 % respeely) were observed to be left in stodkiring this report
period This shows a schedule progress which enhanced good material fow with likely
minimal inventory cost. Tdrefore as hinted earlighis type oftrend analysis andplot for
different actMies in different construction sites when differesstheduling options of early or
late start sabdules are

adopted is a useful performance indicator that cqudgtfy reason for choice of early or late

start schedulesis investigated in this thesis
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210 REASSESSING THE CRITICALITY CRITERIA

The importance of network based scheduling techniques for construction projects cannot |
overemphasized. The JCT (1998) and ICE (1999) conditions of contract specificaly deman
the buider to submit a pgoamme of work showing how he intends to construct and
complete the works at tendering. Booth, (1993) observes that in the UK, constructior
contracts demand the provision of a network based schedules to accompany tenders. Th
network techniques were déweed in the USA and almost simultaneously in the UK and
France around 1950, intially to plan and control project time, (BS 6042: Part 2, 1992).
Birrel, (1980) notes that the CPM and PERT being developed for miltary use in-lixevar
situation, the timeelement of the project being planned was of greater importance and
urgency than the Oefficient used of reso
resources, uncertainty of outcome etc, and are shown to have such bene@{eaas:
definition of project scope and the identification of interrelationships between tasks; A mean:
of coordination of different organisations within the project; Both a project planning and
scheduling method; A ready means of reviewing progress and exercising contraleof i
resources and cost; Clear identification of critical and priority areas, and an excelent modk

for -bBfwhattnalysis and decision making.
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Table 10

Cumulative Material Flow ReportDuring 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 Cum 13585 13585 O 1400 -3 0

Nails (5kg) Packet 63 63 0 60 5 0
Rebar Ton 1221 12218 O 140 -13 0
Spacers Piece 1300 1300 0 1300 0 0
Twisted wires Kg 738 738 0 550 34 0
Wood Cum 80.58 80.00 0.55 70 -14.3 0.68

Source: Navon and Berkovich, (2005)
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Generaly, networks are informatve and they providienple means of assessing the
combined effects of activity logic constraints and limited resources in meeting the project du
date. The essentials ofetwork based techniques atle identfication of the critical path
obtained from backward pass, forwamhss and float calculations. The path defned as
critical enables office and work faceanagers to place appropriageiority in order to
progress the works to a scheduled completion. Fundamentally, what determines criticality
actvity duration and lag dependency. When activity duration is reduced by applying more
resources, criticalty tends to shift. But it is recognised also that there are some other tas|
whose durations cannot be reduced by applying more resources e.geatbngomponent
supply task,information requirement task and test and approval tasks etc.

Though these techniques capture the construction process fairly well, there are st
areas in which the ethod is deficient. Levitt and Kunz1985) notes thahetwork based
techniques present only the end results of the inttial schedule analysis and schedule creatic
They only capture explicity the actwvities, their duration, logical dependencies, schedulec
start and finish dates and resource requirements. Howevere & Xnowledde @boutask
attrbutes domain that was employed during schedule creation is unavaiable either |
interpreting the schedule or in its performance assessamehtevaluation Richard, (1990),
cting David (1987), who investigated the use of tHerination provided by the critical path
to effectively meetthe project due date concludes that the full story is not told by these
techniques and that in realty in order for the project to be completed on time, both activitie
on the critical path and geral other actMes not on the critical pativhich may have even
higher priority deserve important consideration. But for large scope project with wel over
5000 activities, priority areas need to be identified in some way. The research questio
whetherthe time elemet alone is sufficient to declareriticality should be carefully assessed.
Efole, (2009) developed from lterature strong argument that the temeemt alone though

necessaryis usually nota sufficient conditonto define task criticajt Analyses of objective
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data fom lterature source reference strongly support this emerging view. And that if
criticalty would mean those things that should be addressed in a timely manner in order t
progress the works to a scheduled completion, thenndtion of criticalty as it is currently
viewed should be rassessed. This is because objective data from Efole, (2009), show tha
most of the time, tasks assessed as-amtical are often behind schedule causing project
prolongation. While other taskdeclared critical are often achieved even ahead of schedule,

as ilustrated in @bles 11 and 12
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Table 11.
Tasks Consistently Ahead in tSehedule

Planned Actual
Work operation % completion % Completion Remarks
Lower Roof Beams 100 - 12 weeks behind
Lower Rod Steel frames 100 - 11 weeks behind
Capping Beams and Solid Blockwork 100 - 10 weeks behind
Fix Roof Installation 90 - 9 weeks behind
1% Fix Services 60 60 on Programme
CLUB HOUSE (substructure)
Basement Tank Wa& Floor Tiing 100 100 Completed
Blockwalling 100 100 Completed
Basement Wall Beams 100 100 Completed
Staircases (straightnd curved fight) 100 70 8 Weeks behind
1% Fix Services 100 65 8 Weeks behind
BasementSurrounds filing andcompaction 100 80 3 Weeks behind
FRC Ground Floor Slab 100 80 3 Weeks behind
SWIMMING POOL
Base Slab 100 100 Completel
Wall and Perimeter Chaal 100 100 Completel
1% Fix Services 100 90 Awatting Pool Light fittings

Filing to Surrounds of Pool and Pool Deck 100 50 Awaitting Pool Light fittings
4 - BEDROOM TOWN HOUSES

Substructure: Setting out 100 100 Completed

Excavation and Blinding 100 40 {Awatting instruction t¢
Wal foundation 100 40 {proceed on trial holgs
Hardcore filing 100 40 "

Retaining Wall 100 50 "

31 BEDROOM TOWN HOUSES

Substructure 100 100 Completed
Superstructurg:

Ground floor Solidblockwork 100 50 8 Weeks behind
1*'Floor Beam and Slab 100 - 7 Weeks behind
Staicases 100 - 6 Weeks behind
STEWARDS QUARTERS

Substructure Setting out - 100 1 week ahead
Excavation ad 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

1P'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: £ SEPTEMBER, 2003; Completion: P8EBRUARY, 2005
BASED ON MASTER PROGRAMME REF NO. P38/MP2
REPORT TO: PROJECT MEETING NO. 10
Planned Actual
Work operation % completion % Completon Remarks
MAINTENANCE BUILDING
Substructure works 100 100 Completed
Superstructurg
Modification and Alteration works - 35 2 weeks ahead
Blockwork Ground to ¥ Floor 100 85 3 weeks behind
FRC ' Floor beams / Slab 100 100 Completed
1°' Floor Columns to Rdo 100 100 Completed
Roof Beam and Slab 100 100 Completed
Roof Felting 100 - 8 weeks behind
Staircases 100 100 Completed
Blockwork 1°' Floor to Roof 100 80 2 weeks behind
M & E 15" Fix 100 85 2 weeks behind
Finishes: Plastering / Rendering 100 10 9 weeks behind
Precast Screen Blockwor 100 - 7 weeks behind
Aluminium Doas / Windows Frames 100 - 8 weeks behind
Metal works 100 - 9 weeks bind
Timber Door Frames 100 - 9 weeks behind
Wall and Floor Tiing 100 - 9 weeks behind
Glazing to Doors and Winas 100 - 7 weeks behind
M & E 2"° Fix 100 - 11 weeks behind
TERRACE HOUSES
Superstructure:
Grownd to ' Floor Columns 100 100 Completed
15" Floor Beams and Slab 100 90 3 weeks behind
15" Floor Columns 100 70 3 weeks behind
Roof Beams and &b 100 65 5 weeks behind
Roof Trusses 100 35 4 weeks behind
Blockwork 65 55 4 weeks behind
Installation of Aluminium Roofing 60 - 8 weeks behind
sheets
Roof Felt and Pavers 40 - 4 weeks behind
Staircases 35 35 On Programme
M & E 2P Fix 55 55 On Programme

Source: Efole, (2009)
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These tasks are usualy declared critical in the frstamcte because of their linking and
duration due to their quantity. If these two parameters are varied themititad path may

ikely to shit. This to a schedulng sense is erroneous. And this is why Efole, (2009),
concludes that effectivescheduling must go beyond time analysiglone to now include
considerations oftask and resource attribigein determining task criticalty. This is an
incremental contribution to the cited works of Ming and Heng, (2003) and Chua and Li
(2002), who developed the mscecritical path method. The implication for schedulng
practice is therefore that task attributes may require differential application of scheduling
options of start time and choice of multple calendars for different tasks and different
resources insd of using the default start time and the default calendar options for all tasks
and al resources.

As argued in the preceding paragraph, if time analysis is a necessary busufiieat
condition then what other parameters should beduso declare a task critical? Empirical
work of Efole, (2009) suggestsome such parameters may include task information needs,
the nature of resources needed, tagiroval requirements, and lelegd supply items etc.

In response to the research quesipposed by Richard (1990) and David (1987) whether the
time element alone is sufficient to define criticalty, Ming and Heng (2003) proposed a
scheduling methodology called resouesivity criticaltpath method (RACPM) in which:

() The aspect of resows is added to activity time analysis in project scheduling to
seamlessly synchronize activity planning and resource planning

(i) The start and finish times, and the floats acev defined & resourceactivity attributes.
Therefore start and finishnies of floated activiies can be applied discretionary based
resource and activities attributes.

(i) The 6o6resource <critical 66 issue (not or

construction industry is clarified in Ming and Heng (200&) &fole (2009).
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The resource critcal CPM is a significant breakthrough in construction schedulng because
provides schedulers with a convenient vehicle for seamlessly integrating the technology ar
process perspective with the resource use perspeitvconstruction planning. Also, this
proposed scheduling methodology, with further studies and improvement may provide th
enabling environment for differential application of schedulng options of start time,
workdate calendar and contingency buffersconstruction scheduling to make the schedule
more realistic and feasible, that events may occur with ninragability in tasks start dat

Due to the resouredriven nature of construction, construction managers develop plans
of action for diecting and ontroling resources of machinesnaterials and menin a
coordinated and timely manner in order to delver a project within the limited funding and
available time (Halpin and Woodheadl1998). Hence, aside from a technology and process
focus (ie., what is to be done and how), a rescusz focus (i.e., who is to do it with what
and when) must be adequately considered in describing a construction method or operation
a project plan (Halpin and idgs, 1992). Nevertheless, the most popular gcbjplanning
methods- the criticalpath method and the related network diagramming techniques (PERT,
Node Diagramming, and Precedence Diagramminglail to synchronize activity planning
with resource planning, the two integral functons of project plignniCPM assumes
mitless availability of resources (Waugh and Froek@90). This assumption is not vald in
most practical situations, in which there exist definite limits on the amount of resources an
when they can be avaiable. This question of whenvery crucial in making a choice
between early start schedule optionsd date start schedule option.To overcome this
recognized drawback of basing criticalty only on time analysis, which yields unrealistic or
impossible CPM schedules, analytical owurigtic techniques for resource allocation on CPM
network plans have been developed since the early 1960s. These techniques generally cor
of two stages. First, the project is broken down into distinct activities that are logicaly or

technologically riated to one another according to the construction process/method withou
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imposing resource constraints (e.g., the superstructure follows the substructure; the concre
pouring succeeds the formwork and reinforcement). Second, total and free float &ses, b
on which:
() The project can be rescheduled so that a limited numbessadfirces can be efficiently

utilized whie minimizing the unavoidable extension of project duration
(i) The start times of certain floated actvities are adjustédinvthe float limits for a

levelled resource profie.
Thus it is concluded from the clarification works of Ming and Heng (2003) and Efole (2009)
that the time element alone though necessary is usualy not suficient to define task criticaliy
in scheduling the construction process. This is why Efole, (2009) suggests that suc
parameters as task information needs, the nature of resources needed, sajoniizdl
requirements, and lorlgad supply items are important consideration in declatagk
criticalty. This assertion if proven in this thesis using objective data wil be an important
response to the research question posed by Richard (1990) and David (1987) whether f

time element alone is sufficient to define criticality.

2.11 SCHEDULE QUALITY AND CONFORMANCE SCORING

Moselhi & Moosavi, (201p posits that ontractors frequently developletaked schedules
after or before contract awardhey submit these schedules to the buiding owmeris

representativesor assessment andpproval. The approved schedules wilthen form the

projec t daseline schedulesubsequently usedo manage the projectManagemat here
encompasses trackingyrogress reporting asvell as administration of constructiogisputes
and claims. Sccess ofa prgect dependsamong otherfactors, on the quality of itschedule,
which canbe used todentify probablepotentialproblems, (GAQ 2009). Theimportance of
assessing thegoodnessof schedules, poses thguestion: how cant be assessed ithe

subnitted sdedule is complete and technicalyound or correct? What should be the



146

procedure and content of the evaluatiofRussel and Udaipurwala, 2000 When
construction contractsequire evaluaton and assessmehtthe submittedinitial schelules by
owners, ffequently there arenly vague andgeneral clauses indicatirthe schedule to be in
compliance with project scope and to have the appropriate levkdtail. Rarely is there any
specification indicating how thevaluation processshould be conductedts pocedure and
content There are numerous publications describing the process of detal analysis of
construction project cost wsate (Douglas, 2009). Howeverry few comparable literature
for evaluation of constructioschedulesis currently available De La Garza, (1988) elicited
thirty four conceptual provisions tariticize nitial and iRprogress schedules of migde
buiding construction. Hisresearch introduced a knowledge engineering methodology to
transform scheduling knowledgm a specific formt for an operational Knowledge &=
System (KBS). However his workas not fully atomated in a software system.

In another study (De La Garza and Iph890)ac o mput eri zed swgsst e
introduced for critiquing construction schedules f o medrise commercial buildings.
Subsequently, Dzeng and Lee (200d@eloped i Sc h eGlaud eh 0 g yntedrading,
casebased andule-based reasoning, for the same purpose. Application of that system was
restricted to schedules developed using agleinset of standard activities. In simiar attempts
by the US government, the Defense Contraktanagement AgencyDCMA) developed a
method for inttial and irprogressscheduleassesmentand evaluation DCMA introduced a
14-point schedule assessment to berfggened for a thorough and objective analysis of
integrated master setules (Berg et al, 2009). ThddCMA-14 point assessment focuses
mainly on schdule components such as leadss, constraints and floatby posing some
metric threshold. However thee thresholds havieeenin debate by expert@/Vinter, 2011).
Simiar to the DCMA14 point assessmenthe GAO in the US developed guide named
AGAO Schedule Assessment Guide: Best Practices for preghedules(GAO, 2009). That

guide contains ninescheduling bestpractice mainly generic and conceptual. The guide did
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not provide adequate details for schedule assessmentadbiition to that, the process of
schedule deslopment haseen ignored irboth the guidelines of DCMA and GAO despite its
significant impact on schedule goodnesgoselhi & Moosavi, (2012) presentsa framework
for effectve schedule assessment asslaluation of initial deiled construction schedules.
Their framework isdeveloped based on applicatiof critcal path methodThe franework
includes asoftwae called Schedule Assessmeatd Evaluation (SAE) softwareeveloped to
assist owners inevaluation and assessmeof construction project schedulesA typical
assessmenteport is presented in Figure 28d Appendix A8 The SAE pebrms schedule
assessment inthree tiers; (&) assessment of the schedule againgustry recommended
practice using ruleof thumb and benchmarks, )(bjob logic assessmenbf seleted
construction trades ant) assessment of productivity and crew smmsidering a number of
commotty used trades in buiding construction.

A case example is analyzewd demonstrate the use difie developedsoftwae for
evaluation of goodness adchedules.Initial devebpment work on the proposethethod
began by conducting acomprehensivditerature reviewto extract the characteristiasf good
schedules. Thiseffort included input and review fronthree sources; (1) journal articles,
conference papers and dissertations, (Bxtbooks, (3)recommeded practicesand
guidelines prepared by governme agencies and professionafganizéions. In essence a
check list was developed based on integration of scatteredvigdge on the domain area of
schedule qualtyMo s el hi a 8 desedvth dosses \prindarily on st practice, which
is usually overlooled. Based on the schedulevaluatedand several sessioref structured
interviews with experienced professionalloselhi and Moosayi (2012) extracted criteria
for a good qualty schedulelThey had a initial draft of more than sixty best practicegich
was refined to a final draft of forty sevemiteria including conceptual provisions as wel as
guantitative criteria. The concepfal provisions focus mainly on the process schedule

development while quantiative criteria impose some thresholds on numeric schedule
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componentssuch asdurdions, lags and totdloats. The developed rieria were divided into
three major cakegories concerning different aspects aufnstrution schedules and schedule
devdopment proces; contractual compliarte, and schedie components. The criteria
classificaion is ilustrated in Figure 16 Construction schedules are usdzy many
stakeholders in the project during al phases of the construction process, from inception f
completion, (Mattla and Bowman, 2004). Consequently, a construction schedule serves
different purpose for each organization involved in the construction process. The building
owner needs an accurate scheduleadlwise when a project wil be completed and also to
idently different miestones in the project. If the schedule is properly followed, the project
may have an increased chance of being completed on time and within budget. Contractc
and subcontractors involved in the job need a schedule to determine respunEments,

the time resource wil be neededio perform the work. Additionally, schedules can assist
material vendors to know when and how much material to delver to theitdotMuch of

the prior research done on schedule qualty and schedule actasmdyeen in the area of
delay analysis (Kraiem and Diekmann 1987; Yates 1993; Knoke and Jentzen 1994; and Kal
1996). The majority of these research works imply that thbudisschedule of a project may

be different from its aplanned schedule (Kraieand Diekmann 1987; Trauner 1990; Shi et
al. 2001). Thisdifference 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 qi@ratt 1997).



149

PROVISIONS
CLASSIFICATION

Contractual
Compliance

Schedule
Development

Schedule
Components

Figure 16 Construction Schedulingriteria Classification

Scope

Overview and

Process

Job Logic

Source: Adapted fronMoselhi and Moosavi, (2032

Critical Path

Trades

Special

Considerations

Activities




150

However prior to this analysis of the differencetween the abuit schedule of a project and
tsaspl anned schedul e, at the stage before
evaluated to assess if during implementation the difference between-Ithdt ashedule and

the asplanned schedrs (which is an important schedule qualty indicator) wil likely be
minimal. There are many pieces of scheduling software commercially avaiable. Their role
has focused mainly on developing usable plans before start of construction but most do n
evaluat developed plans to optimize them in response to actual progress challenges, (Hege
and Petzold, 2003).

Due to the fact that construction schedules are affected by uncertainties in weathe
production logistic, design scope changes, site comglit soil properties, material delvery
time, information request and information release prokle equipment efficiency, etc,
(Edwards,1995; Flanagan and Norman, 19931 ¥ k me n , @008) sckedules need to
be evaluated to ensure a reduced efdcthese risks, uncertainties, unexpected situations,
deviations, and surprises. Al actiites, even those that are not critical according to the
deterministc CPM are potentially critical due to the ommce of these uncertaintiedl-
tabtabai and Alex(1999), opines that the purpose thiE evaluation is to find sulptimum
and optimum solution(s) to the problem domain. It should explore the solution space in a
inteligent manner to evolve better solutions in the domain optimization process.
Constrution project managers often make optimization decisions (which should be
evaluated) relatihng to different aspects of construction operations: () Optimization of
resource utiisation to achieve project objective of cost reducfi) Reduction of startlae
variability which could otherwise result in increased direct as well as indirect cost because ¢
the offon movement of crews and possible idle crew time and (i) Reduction of start time
variabilty in order to reduce the uncertainty in levels of emal stockpies, inventory, or
material buffer. Decisions involving optimization in constructon mainly involve a

maximization or minimizaton problem subject to various influences and constraints tha
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affect the decision, (Aabtabai and Alex, 1999). Mang and evaluating all feasible
combinations of solutons based on the problem constraints and dependencies should
considered. The schedule should be evaluated for time, cost, and resource use effectivene
(Hegazy and Ersahin, 2001). Time and ca@se the evaluation factors to assess the
effectiveness of a construction schedule. These factors indicate the effectiveness of ti
overal construction plan and should highlight particular areas of ineffectiveness where
improvements could be made. Degesimakers in construction industry should search for
optimal or near optimal resource utiization schedules that minimize construction cost an
time whie maximizing its quality, Gristobal, 2009) Evaluation results may indicate that
there is a differencéetween project performance of early start schedules and those of late
start schedules in terms of activity start variabilty. It has been shown previously in sectiot
2.9 that activiy start da@ variabiity results in increased direct as wel as indireast
because of the ein movement of crews arle possibility of idle crew time.

The technicalsoundness orcorrectness of construction schedules should be assessec
because there is a proven correlation between technically correct scheatblegrogect
outcomes (Cristobal, 2009) The tools to run schedule correctness cheeke listed in
Weaver, (2005)as: Acumen Fuse; Schedule Analyzer and Schedule Inspector. Weaver
(2005), further points out that useful information for assessingtdbbncal correctness of
construction schedules can be obtained from the BCM-point schedule assessment guide
and the GAO schedule assessment guidehe Defense ContracManagement Agency
(DCMA) is a division of theUS departmentof defense (DOD) that intergs directly wih
defense suppliers tongure that DOD supplies and services are delivered on time and at the
planned cost. DCMA has duties before and after contract award. After contract awarc
DCMA monitors ©ntractors' deliverables tonsure that expentlre, project progressand
schedulesare in compliance with theontract. Hegab, (2010a), posits that DCMA propsse

number of metrics that examines the health of the schedule andeadstsessbustness. These
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standard metrics are caled the -fdint sdedule assessment metrickhese 14-Point
assesment metrics lists 14 individual checks to assett®e quality and structural integritgf a
project scheduleA number of base statisticare calculated before startingethcheck. These
statistics are:
(@) Total Tasks They are all the tasks excejpsks tharepresent summary, subprojezéro
duration, or miestonegasks.
(b) Completel Tasks- They aret as ks among the fATot al Tasks
andwith an actual finish datbefore the status date.
(©) Incomplete TasksTheyaret as ks among the ATot al Tasks
completion and with an actual fish date before the status date.
(d) Baselinetasks- Theyaret as ks among the HATot ahconpletsdk s 0
before the status datetine original baseline schedule.
After identifying and calculating tls® baséne statidics as defined,the folowing checks are
then performed (Hegab, 2010a)
(1). Logic Check
(2). Leads Chek
(3). Lags Check
(4). Relationship Types Check
(5). Hard Constraints Check
(6). High Float Check
(7). Negative Float Check
(8). High Duration Check
(9). Invald Dates Check
(10). Rewsurces Check
(11). Missed Tasks Check

(12). Critical Path Test Check
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(13). Critical Path Length Index (CPL#nd

(14). Baseline Execution Index (BEI)
It is important to performthese quality checks orthe schedule, either by the scheduler or
whoever is to accept the schedule before contract award. Evaluating the sokieguthese
quality check guideliness important andknowing what to check in the evaluation process is
even moreabsolutely critich Below are four recommended schedule qualty chebks are
of direct relevance to this thedmased on the listed igointsto ensurea sound andjualty
schedule (Weaver, 2010).
(@) Logi c: This may sound stacbtnmm pdints af bversight, k
Is the logic in the schedule sound? Are there tasks that have no predecessors or
successors? Are there redundant logic linksoeerly complex logic? It is important taurr
different types ofdiagnostics to ensure things flow swtidy and not caught up in too much
detail. Figure 21refers.
(b). Float: It is nearly impossible to know precisely how long a project wil takes is
because some of the floated activities héve |0a ctkthanenay or may not be partjalbr
fully buit into the scheduleHow much of float have been consurded thereenough float,
or perhaps too much? Scheduling the floated actvities to start as early afe pessits in a
schedule with zerdioat. On the other hand scheduling flahtactivities to start as late as
possible results in a schedule with too much floEtis check is the main focus of this
research, which is both an exploratory and a confrmatory study to identify the correc
application of float consumption in differemiroject scenarios, different actvities scenarios,
and different resources scenarios.
(c). Duration: Every task duration is unique. Some tasks wil take a alag week some will
take months and some may take a yedctivities with very longduratins can be broken

down into several shorter tasks.
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(d). Constraints: Thee are defned andxplained in secton 2.X. The key here is to
realistically plan the schedule with logic dictating the start and finish dates of actiites.
Whie there are some s where using a constraint is appropriate, #ewld be avoided as
much as possible and the projettould be scheduledsing the calculated default optoif
practicable

These four evaluation check list are part of the DCMApbits assessment exdk list
discussedn Hegab,(2010a) (1) Logic; (2) Leads; (3) Lags; (4) Relationsfigpes; (5) Hard
Constraints;(6) High Floats; (7) Negative Floats; (8) High Duration; (9) In vald Dates; (10)
Resources; (11) Missed Tasks; (12) Critical Path Test) Qftical Path Length Index
(CPLI) and(14) Baseline Execution Index (BEI)

(1) Logic Checks

The Alogic checko is wused asaccessar ermptedetessoraom y
both. As a rule of thumb in scheduling, all actvites hawee be tied to at least one
predecessor and one successor. This check does not confirm the correctness of the tie wi
has tobe verified manualy The @Al ogi c checko val ue
adivities that aremissing a logic diidé by the number of incomplete tasks. For the
schedule to be aeptable based on thiheck,its value should not exceed 5%.

(2) Leads Checks

The fAl eads c Itkeeckkhe exstasnce wfsaaydeads o the schedule beaasiy

leads in the schedulenay create disturbance tibe critical path and resources. 8h il e a ¢
checko i s igeetfyiig@ny actvly thét yts predecessor has a lead. Vddee is
calculated as the number of tasks that have a lead. Feclieed@ to be acceptable baken

the check, its value should not exceed.5%

(3) Lags Checks

This is used to check the existence of any lags in the schedule besmgdagsin the

schedule maycreate disturbance tthe critical path. The checls performed by identifying
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ary task with apredecessothat has a lagThe value is calulated as the number of taskst
have a lag divided by the number of ingiete tasks. For thechedule to be acceptaliie
value shouldnot exceed 5%.

(4) Relationship Type Checks

The Arel aetiohsebkp vgpi deatiorshp bdtween the yapke andoité
predecessor assuming that most activities are tied by Finish to Start (FS) relationship and
much lower percentage is linked by Finish to Finish (FF) ort $taStart (SS) relationships
and in more rare casethe Start to FinisHSF) relationship is used. Thihed is performed
by identifying the relationship type @y tag that has a predecessor. isltcalculagéd as the
number of tasks that have FS, IBF SS relationshipslivided by thenumber of incomplete
tasks. For the schedule to be accept#idepercentage dhsks with FS relationships should
not be less than 90% and tasks with SF relationshipsild not excee@%.

(5) Hard Constraints Checks

TheAhard const rused totigntfy any eativikythat has a hard comsint (such
as MustFinishOn, MustStat-On, StatNo-LaterThan, andFinishNo-LaterThan). Hard
constraintsdo not allow logic to drive the schedule.This checkis performe by identifying
any taskthat hasa hard constraint. Thealue is calcul@d as the number of activitiglsat has
hard constraint divided by theumber of incompletetasks. For the schedule to be acceptable
its value should not exceed 5%.

(6) High Float Ghecks

This checkis used to identify any activity that has a total float of moam ¥4 working days
High float may result from logicaly inaccurate anmissing redtionships. The check is
performed byidentifying any task thathas atotal foat exceedingd4 working days. The
value is calculated as theumber of activities that havdloat more than 44 working days
divided by the number of incorgpe tasks. For the schedule to be accepiabiealue should

not exceed 5%.
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(8) High Duration Checks

This dheck is used to identify any activityhat has an original duration of more than 44
working days. Sucla high duration may indicate rreedfor further breakdown to eahce the
cost and timecontrol. This check is performed by identifying any task thbas an original
duration exceedingl4 working days. The valus calculated as the number of activitibat
have duration more than 44 working dags/ided by the numlreof incomplete tasks. For the
schedule to be acceptalitle value should not exceed 5%.

(10) Resources Checks

This checkis used to identify angactvity that does not have resoescorcost applied on it
The checkis performed by identifying any task that e not have resows or costapplied
on it The value is calculated asetmumber ofactivities that donot hae resource®r cost
divided by the number of incomplete tasks. rFthe scheduleto be a&ceptable, its value
should not exceed 0%.

(12) Critical Path Test

The Acritical path testo 1is u s ecidlly the ocriteh s S ¢
path. It is one of the twdrip Wires that are required by the OSD (office of Secretéry o
defensechtcalThegatih t e s tadding @ intpndonaf delaynoé GD0 wmrking
days to the diration of a critical task and therenty if the project completon date is
delayed by a proportional duration @&00 workig days By adding such a delagny
missing predecessors or successors wil lead to a mismatch between the projectiedagrall
and the intentional oneTheiicr i t i c al p passed iftthers i @ matchidgtweerb
the project completiordelay and the intentionaddded duration.

(13) Critical Path Length Index (CPLI)

The critical path lengtlindex (CPLI) is used to assefghe project fish datewil be real or
not. It is one of thewo Trip Wires that are required by the OSD (offiok Secretary of

defense). TheCPLI is calculated by adding tHength of the cntal path to the total float of
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the latest activity and divide the summatioy the éngth of the criticapath. 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 #ativities
date with respect to those plannedbe completed in the baselischedule It is one of the
two Trip Wires that are required by theSD (office of Secretary of defense). The BEI is
calculatedby summation of completed tasksd diiding it by the baselne aatuof what
ought to be completed~or the BEI to bexaceptable, its value should ro¢ below 95%.

The U.S. Government Accountabiity Office (GAO) is an independent agehay
supports the congress by watching and investigating the penditure of the &deral
Government(Hegab, 2010) The GAO helps the angress by auditing operations émsure
that Federal money arespent expediiously and effectively; investigating allegations of
extrajudicial and improper activities; validating teempliance of government programs and
polices to their objectives; analyzing polcies ard suggest options for the congress; and
issuanceof judicial decsions and opinions, such as bid protest rules and reportings It
known aaygressibnal @fic hdogo. GAGO sp aa u d iotdiogagmb s rr occoe
and schedule are checked in relation ttee 9 schedulig best practice discussed in, Hegab
(2010) Every project that is federalfunded is subjectedto GAOG6 s  aThe schedueg .
should meet G A Quidednes hhe SAO Srhedulnd@estcPeacticed criteria to
achieve a reliable schedulee (Hegab, 2010)

1. Capturing all activities: As a basic requiremethe schedule shouldnclude all
activities represented in the work breakdown struct(\'¢BS).

2. Sequencing all agties: Activities shouldbe linked with relationshipsimilar to the
order it is intended to folow iexecution per their successors and predecessors.
Constraints,lags andlead time should be logal andshown to beneeded.

3. Assigning reources to all activitiesSchedulesshould be resource loaded (witbor,
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materials, equipment) to make sure of tlairilability during execution anddentify
any time or funding constraints.

4. Establishing the duration of all activitieSchedules should maintatturation that

realistically match the cost estimateds

5. Integrating schedule activities horizontally asudltically: Schedules shauluse
realistic predecessors and successamd should kw concurrentoccurrence of
related actvities.

6. Establishingthe critical path for all activitiesWith the help of scheduling software,
the critical path (longest path) should be identified to checkctsiracy and the effect
of slippage of prgram activities on its finish date.

7. ldentifying float between actvities: The freeall andtotal float between related
activities shouldbe determinedto figure the effect o$lippage of activities on its
successorand theproject comjetion due dateThe float consumed or buitt into the
scheduleshould be reasonablénd investigating the correct amount for different
tasks is the main subjeof this research.

8. Conducting a schedule risk analysis:séhedie risk analys should begerformed to
identify the risk of potential defs, the probabiity of meeting the planned completion
date, and theealed schedule contingency ¢complete the program with a certain
confidence level.

9. Updating the schedulesing logic and durain to determine the date: Theggic and
actual start and finish dates of aatigt should be monitored itentify the
actualcompletion date and confrm its compliancethwthe planned completion
date. Logic override and unnecessagnstraintsapplication should be avad.

A comparison of t he GAOOGs DBGMA eld-pointe Chegku a |

suggests thathére is some simiarity between sketwo schedule qualty assessmentdt

should be noted that aside from DCMA and GARgré areother sources that provide project
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schedule guidance how to buid asound qualtyschedule, what to includie it and what to
check to optimize .it These resources are abundantly avaiable in itdsatlre and it is
recommendedor project managerto become famiiar with these resources and follow the
guidelines provided. Below are some examples of avaiable resources:

(a) DCMA 14 Point Schedule Metrics for IMS (Project/Open Plan, Etc.) Aisaly

(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 Managememecommendations

() National Defense Industrial Association (NDIA) Generally Accepted Schgdulin

Principles (GASP)

Core traits of a reliable setiule presented in Weaver, (201 less prescriptive than the
DCMA 14 Point Scheduleassessent Metrics. These core traits of a reliable schedule are
aimed at codifying schedulinbest practice It gves the essentials of a reliable schedule. It
organises establied and emerging best practioe CPM schedules into 20 core traits which
could be grouped broadly into four main categories as: (A) Trdliat correspond to
comprehensive schedules, (B) Traitst correspond to credible schedules, (C) Trd#ist
correspond to wetonstructed schedules, and (D) Traitsat correspond to controled
schedules.Weaver, (2010) listR0 best practe developed from these four trais
(Al) Aligned - The scheduleshould portraya viable plan that aligns with the planning basis,
subcontractorsdé schedules, and materials/
(A2) Complete- The entire work, including specified responsibilties loé towner and other
stakeholders should Hely captured in the activities, logic relationships, and events.
(A3) Conforming - The scheduleshould complywith contlact dates, sequencesd other

imposed contract conditions
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(A4) Formulaic - Physical work activity durations are langdbrmulaic, or are endorsed by
those who wil perform the activities, astiould align with the schedule level.

(A5) Resourced The scheduleshould refiect the resources needed, their availability to
support the rate of progress, and known availability lmits.

(B1) Predictive- The schedule should establishlid critical and neacritical paths; in the
intial schedule, theritical path has total floatO0.

(B2) Risked adjusted Using risk assessment, the schedule shouledtablished with
schedulemargin sufficient to support the targeted probability threshold.

(B3) WeatheiFitted - The schedule correctly integratesrmal adverse weather accoglio
the controling specifications and best practices.

(B4) Resource Flow This should portray crew movementsguipment logistics and work
flow.

(B5) Flexible - The schedule has enough flexibility adequate for mitigating delay and
floating for resurce leveling.

(C1) Hierarchical- The baseline is fully developed as a leReschedule that serves as the
basis for, and remains traceable to subsequent revisions or level 3 schedules.

(C2) Phased Construction phases from site work to clogeare #igned with the planning
basis

(C3) Logical- Finish to Start logic is favoured; constraintgyslaleads, and Finish to Finish
logic are usequdiciously and, when used, should jbstified.

(C4) Connected Every activity has at least one Finish to rEtar Sart to Start predecessor
and one Finish to Start or Finish to Finish successaireg Start to Start/ Finish tBinish
logic should only beised judiciously.

(C5) Calendar Fitted Calendars used to calculate the schegtbleuld reflect the planing
basis, the working scheeéul and other imiting factors.

(D1) Statused The scheduleshould beaccurately statused using reliable, documented
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protocols;subsequent or imminent level 3 schedule actvities are resource levelled.

(D2) Weathered- The schedule is used to evaluate weathglayd and/or gains originating
from actual weather conditions in the prior months.

(D4) Forensic In a statused or revisedP®™ schedule, the critical path is identified left of
the data date (frorthe project startliateto 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

2.111 Schedule Evaluation and Schedule Validation Tools

Inaccurate schedules doot help to achieveproject success.Schedule analysis helps the
project team toBuid a better schedyldmprove project confidence; amichieve successtul
orttime and orbudget objective. Acumen Fuse enalsleproject tems not only to calculate
sched¢ conformance score, but to pinpoint the weaknesses driving that score and
immediately correct them. It is a comprehensive project analysis, visualization and probler
resolution platform that complementexisting scheduling tools to:

() Help buid sound,realistically achievable sedules without manual critique

(in Provide the processvith checks and execution tracking necessary for understanding
schedule quality, cost forecast accuracy, risk model realism, earned ndlperéormance

(i) Give arepeatable way to pinpoint weaknesses and gauge the impact of satiethges

2.112 The Schedule Quality

Until recently scheduling was regarded as an art with only subjective opinions as to whe
constituted a good quality schedis, (Weaver, 2010) Any debate over schedule quality
tended to be confused with arguments over personal preferences in tools and/or networki
techniques. The publication by PMI of its Practice Standard for Scheduling in May 2007

went a long way towards selving many of the issues of what constitute a qualty schealule
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schedule that does not promise the imposs{i®)l, 2009) The PMI Practice Standard for
Schedulingstandard devepment team drew on expertigem around the world to deliver
an authotatve documentthat defines a good scheduling practidehe definiti o
pracie 6 as setStamdarich itdhebManegdmemrt 6t lper o@ Bism
PMBOK Guide 3% Editon. This providesguidance ongeneraly accepted good practifer
the development of an effectnsehedule for a project(Weaver, 2010)The Standard is not a
text book on schedulng but does layt dbe principles that underpin thgevelopmentand
use of an effective project scheduldzrom a quality perspective, thei st of 60S
Component séo and t he associated 0 Cows) the r m:
unambiguous assessmemt f t he technical competence
component 0 lemest thaashouda(dr anay)exist in a schedule medl (eg Activity
Duration or resource loading Each component defined in terms of.

(@) Its name

(b) If it is required for a minimally conforming schedule or optional

(c) If the data is manually enterechlculated or automated

(d) The format of the data (text, numeric, date, etc)

(e) The behaviour of the component (how it reacts or enableacian)

() Good practice in the use of the component

(9) Additional notes and associated compondtiisse areonsidered in this theyis

(h) A definttion of the component
The conformance scoring systeshould first checkto ensurethat all required components
are presentthen calculates a score based on the use of al compoklhist this tool
provides a veryuseful mechanism for measuring the technical competence sohedule, it
does not addresshe best practice guidelnes outined naneur i ng t he Oef
useful ness 6 ThefPradick etandacdhf@ d&chedelingaismajor improvement

but it explicily acknowledges #i it focuses on tdwical conformance rather thatme



163

usefulness of the schedul@hough it could be inferred that if the schedule truly technically
conforns, then it should be effective and usefllhis introduces the important but debatable
argumentthat there is a difference between technical conformance of a construction schedu
and its effectiveness or usefulnes3he chalenge for futuredtion wil be to focus more on
the subjective areas otlevance and usefulnes@VNeaver, 2010)Int he meant i me
College of Scheduling is working on the Schedulng Excellence Initiatdgch is currently
focused ondeveloping and publshing the Scheduling EnhancemenesSer multivolume
referencecenre for scheduling conceptmethodologies and best practice
Why do buildingowners ortheir representativeaccept poor qualtgchedules? The need for
effective planning and scheduling has been recognised for well over a 100 years. Projects |
when they overrun the allocated time and budget. Overrunning on schedule almost invariabl
lead to overrun on cost, (MOSAIC, 2010). The elements needed to improve the liyradfabi
project success arevell known, starting with a skiled project manager andntewith the
necessary knowledge, skils and experience. The next layer of support to build success
making sure the 6righto PM tool s, proces
hardly new, they aralso well known andhclude:

(1) Ensuing project stakeholders are managed; their egtiens and/or perceptions

areidentified and managed, and th@wolvement sought as necessary

(2) The timely management of risk, threats and opportunities

(3) Ensuring alignment obucomes 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 r
cont ol ; after all document s cannot 6contr
decisions and actions by highlighting key decision poinid te opportune time to make

such decision. The smnd key area is coordinatiofProjects involve a range of #ifent
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resources that need to work on the activ
other resources and optimise the overall delivery of the project. Good schedules are capal
of providing and assisting in coordination, control and std@ehacommunication. But to be
useful, schedules have to be technically correct and usable by the project team. This requir
good planning, good scheduling culture within the organisationdanelopment of goroject

team that values effective time managem This strong correlation between technically
corre¢ schedules and project outcon® illustrated in Igure 17 For a buiding client, a
project sponsor, a project review team member or portfolio manager, there is need to test t
quality of a projectschedule before contract award. The key questions to ask includes: Is the
scheduler qualfied? Was the management team involved in its preparation? Is the sched
technically correct? Evaluation and regular checking of the schedule seems to drive improve
technical conformance and eventuglerformance. Avaiable tools used to run schedule
checks or do schedule evaluation are; Acumen Fuse, Schedule Analyzer, Schedule Inspec
SCRAM and the application of DCMA 14 Point schedule assessment and GAO Schedul
Assessment Guide. These tools may assist to ascertain if the schedalesible. This is
dificult to assess because to a degree it is subjective. Elements to consider include: Is ri
and uncertainty properly managed? If there is no caagide of rsk the schedule may

likely fail.
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Though it must be acknowledged thatis difficult to accurately predict the future because
there is always a plus or minus degree of certainty. How was the risk modeling done? Is tt
level of detail appropriate for the current level of knowledge? What planning was done priol
to starting schedule devg@iment? MOSAIC (2010) concludes that asking these questions is
one thing, providing adequate funding and support to allow the project team to create positi
answers is another! When consideriegponse to these questipitsshould be remembered
that a @od schedule wil not guamtee project successut a poor schedule wil guarantee
project failure, particularly on compl ex
schedules! And, evaluating and validating the project schedule is only one aspiet of
overall process of effective project surveillance
Kaelble, (2014) andWeber, (2015),listed five similar key stepsin corstruction

schedule developmenivhich could produce a high qualitgnd well optimized schedule
Figures 18ard 19 show these key s#ps eachof which produce a type of schedule of different
gualty. The first step produces S1 schedule, the second, S2 schedule and so on. Kaelk
(2014), caled them the fivstage schedule maturity framework, B1S5 illustrated inFigure
18 And Weber, (2015) called them theFive-Stage Framework for Project Succes$hese
steps necessary tproduce high qualtywell optimized scheduke are listed and discussed
below:

(@) The schedule basis, S1

(b) Critiquing the shedule, S2

(c) Analyzing schedule risk, S3

(d) Optimization, S4 and

(e) Gaining team buwyn, S5
The schedule basis, S1, is the starting point and it represents the schedule that is nc
critiqued, norevaluated, and nemsk-adjusted. This schedule is used as a baselne for the

journey toward schedule improvement.
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Figure 18 The FiveStage Schedule Maturity r&mework

Source: Kaelbble, (2014)
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Project Maturity
Framework

A non-validated
CPM schedule with
unknown realism.,

Q2 CRITIQUED

Schedule diagnostics
areusedtospotand
correct trouble areas.

Q3 RISK-ADJUSTED

Collaborate on project
threats and model their
impact, improving

completion confidence.

S4 opTiMiZED

Accelerated scenarios are
developed and evaluated to

meet project and stakeholder
objectives,

Q5 TEAM-ALIGNED

Confidencein forecasted dates
is improved, and team buy-in on
the critiqued, risk-adjusted and
optimized schedule is obtained,

Figure 19. A Five-Stage Framework for Project Success.
Source Weber, (2015).
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Diagnostics or critiquing the schedule, S2: The inttial creation of the schedule was S1 in ste
1. The task in step 2 is to figure out how the S1 scheduebeaimproved by evaluating i.
Examples of metrics adable for critiquing the scheduldiscussed in section 2.14&re logic,
freeflowing logic, missing logic, redundant logic, logic densignd amount of float
consumption etc. CPM scheduling has been advanced to the next level by such
developments as

(A).DCMA G s ntSchetule iAssessment criteria

(B). GAO Schedule Assessment Guide and

(C).Del t e k Bbasednphibophy @n planning
Different organizations use different crige as assessment metrics to evaluathedw
gualty. The widespread adoption of metrics as a way to critigugect schedules has
without doubt been one of the biggest advances in CPM scheduling in recent years. The val
of metric analysis goes beyondromoting better qualty schedules. The newer, younger
generation of CPM planners can nowply these schedule checko learn and sefissess
when building CPM schedul es, ensuring the
as possible and notmodels that promise the impossiblghis is a huge step in the right
direction with regard to more realistic planning and scheduling. The quedtuat metrics
to use to evaluateschedule qualty is important. Here are some core metrics that are
invalueble when establishing a sound quality schedule. There are plenty of other metrics, ¢
course. As an example, Deltek Acumen Fuse has hundreds of metrics available for critiquir
project schedulesFour important ones of these are: Missing Logic, Numberootwrrent
critical paths and Hard constraints.
() Missing Logic:In theory, all activities should be associated with at least one predecesso
and one successor (except, of cour s e, t h

there isno missing logic ensures an accurate set of logic paths tbhnatutiie schedule.
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() Logic Denstty: This metric calculates the average number of logic links per actity. If
average is |less than two, it 6s lothek bahdy ant h

average greatghan four suggests a complex logic, with a high likelihood of redundant links.
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Therefore, logic density should fall between two and four. This is an incredibly useful metric
in assessing and evaluating the scheduel t 6 s a great indicat ol
schedule there is insufficient logic, owhere the logic is overly compleand needs review
Figure 20shows activity B with a logic density of 4in Figure 20a, a logic density of 2 in
Figure 2@ and a redundant logic in Figug0c. Removing redundant lagihelps make the
project schedule clearer afbsens the overhead of maintaining risk models.

(i) Number of concurrent criticalpaths: Ther ed s not hing i nher en
critical activites in a schedule. It is, however, useful to analygentimber of paralel critical

(or nearcritical) paths. If theschedule hasmore than onecritical (or nearcritical) paths,
there is likelymore riskywork fronts than would if thgroject had just a single critical path.
What this indicate is that ascledule with a single big problem to solve is preferable over
multiple mediummsized problems alloccurring simultaneously.Figure 21 illustrates the
difference between a dominant and Ndwminant path.

(v) Hard constraints According to Jerry, (2011) and l&h, (2011), shedulng theory
recommends avoiding hard or wpay constraints such as AM
On. 0 Tpoeryséhedelbduiding blocks as they overridthe naturalprecedencamaking

it not to occurnaturaly Howeveroneway congantss uch as O6As soon a:
l at e possi bl eldut withocautiah. It bseimpartanie td ememberalways that
constraints realy go against the premise of a naturaly fowing CPM netwaoik.a a rule

of thumb, the only time onshauld useeven a onavay constraint isvhen onecan absolutely

defend its use nynofdhe athemcheduingbuaiding dlock.us e a
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Source: Kaeble, (2014)
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2.113 Schedule Conformance Scoring

The Project ma nRragteem8tantard ifon St¢hedulingt amd the Scheduling
Excelence Intiative have defined practice standdomd scheduling places scheduling in the
context of project management body of knowledge guide and describes good schedulin
practice, Weaver, (2009). Weaver further describes the components rieedest schdule
and of fers a 0conf or manc ehe effectvendss gfoscheslues t «
produced.

These scheduling components are the &6bi
include: Project Calendar; Activity tag finish date; Ciical path, &. These scheduling
components data may be entered by the scheduler manually or automaticaly as generatec
the time analysis calculations. Schedule conformance evaluation should: Validate that &
required components are present; Valid#iat best practice is followed for the required
compaents. The schedule conformance evaluaton wil show minimally conforming
schedules from their score and therefore it is now possible to rate the technical competence
a schedule. Thus avoiding actepng fievery schedule model 6
that fail the schedule conformance evaluation wil lkely not communicate and effectively
coordinate ideas about what might happen in the future, Weaver, (2009).

The most important criter each schedule should satisfy are contractual provisions and
schedule development best practice. These provisions could be considered as obligatc
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 schedule
(Li and Carter, 2005; Zartab and Rasmussen, 2001). This category encompassesidghe c
that are directly related to the process of schedule development. Five provisiorsedave
divided into two mainsub categories; scope and process. Applying these provisions help

users to assess the process of schedule development. Theseorgroai® frequently



175

overlooked although they were highlighted and stressed in several publications. For instanc
a criterion which is <called WASubcontract
(De La Garza, 1988; Zack Jr., 1991). Even saoeferences suggested a provision in some
contracts requiring subcontractors to sign off on the schedule as verificaton of the
commitment to the scheduled dates (Li and Carter, 2005). The same provision W
suggested in anothereference intended to prevent contractors from eliminaton of
certain actvtes and from wog unrealistc durationdor submittal review (Zack Jr.,
1991). This kind of repdibn for single provision in different references has beeticed br
numerous criteria.The last category is schedule components covering thirty five provisions,
divided into five sub categories. Schedule components category encompasses all quantitat
provisions that pose some thresholds on numeric schedule compofegse criteria are
described subsequently in the eleped computer applicaton oMoosavi, (2012).
Importance of quantitatve criteria, such as threshold values, les in its speed
processing using the developed computer application. Some gbadchedule review
knowledge is generic and some partidiosyncratic. Although the thresholds of quantitative
provisions are retrieved from publshed material, they are not cast in stone. They can L
considered as inttial suggested values. Therefors fare encouraged to develop their own
database of projects in order to modify the proposed thresholds to suit their idiosyncrasies
their specific needs.

Whie conducting schedule review processjiding owners or their representatives
shoud verify if the schedule is technically correct. Also they should ensure that the job logic
and activities duration are reasonab{@ooth, 1993., Booth,et al. 1989. Avalon and Foster,
2010 and OPotBak,i 2010). dakidg into account szedan comp |l exi ty
projects it is not uncommon to have schedules that consist of hundreatstlifonsands of
activities. It is obvious that manual evaluation of these schedules is burdensome if no

impractical. Moreover, inherent in manual evaluataf 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 &
assessments of schedules that encompassititude of actvites. Computer implementation
is applied to address this issue by automatingstiedule assessment is wdscribedn the
0 SAE®D mo d e llevel ol $ckeduld assessrentising a computer software isalso
described in6 S A ETbe developed software applicati
Basic and implemented in Microsoft environment, (Moosavi, 2012). It consists of three mair
modules; GUI(graphical user interfacefssessment Engine and the database. The GUI was
coded usingVisual studio 2008 based on application of Visual Basic. The interface is
designed to interact with the Assessment Engine; providing the user with the flexibiity to
revise threshold values.

The Assessment Engine module was developed ascaoin Microsoft Project 2007
by implementation of Visual Basic for Applications (VBA 6.5.1053) for MSHEurther,
Moosavi, (2012), stated that the coded macro automates calculations needed to assess tw
guantitative provisions, job logic of selected camdion trades and assessment of
productivity and crew size considered for a number of commonly used trades in buiding
construction. Third module of the developed software is a database. In order to store at
retrieve required data pertinent to produgtivand crew size associated with typical
construction actiites, a database was developed in Microsoft Office Access 2007
environment. The coded software is capable of producing reports after performing each tie
of schedule assessment and evaluatiohe fibw of data through the SAE is shown in Figure
22. The report includes calculated schedule components such as criticalty rate, nec

criticality rate and project cast
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Schedule Assessment And Evaluation Cr
Evaluating how good a schedule is

iteria

SIN | Element

| Explanation

| Source reference

1. Obligatory criteria

1.1 Contractual Compliance

1 Milestones & Milestones & project duration must be in | Sperer and Lewis
Project Duration| line with related contractual provisions 2006, De La Garza
1988
2 Phasing and Phasing and sequencing must be in line \ Li and Carter2005
Sequencing related contractual provisions (if applicablg
3 Number and Number and duration of actvitiesust be | Li and Carter2005
Duration of in ine with related contraghl provisions (if
Activities applicable)
4 | Activity Code | Activity code must be in line with related | Li and Carter2005
contractual provision (if @plicable)
5 Schedule Schedule submissio date should be in ZackJr1991
Submission compliance withrelated contractual
Date provision
6 Scope Scope of the project should be covered b] Douglas 2009b,
Coverage Schedule GAO 2009, PMI
2007, Li 2005
1.2 Job Logic
7 Job Logic Job logic must be rational O6Brien afi
Plotnick 2010,
Douglas 2009b ,
GAO 2009, De
La Garza 1988
1.3 Duration
8 Activity Activity duration must be reasonable O6Brien af
Duration Plotnick 2010,
(reasonability) Douglas 2009b,
GAO 2009
2. Complementary Criteria
2.1 Schedule Development
2.1.1 Scope
9 Project Scope | All aspects othe project scope should be | PMI 2007
Definition adequately defined before scheduling
10 | WBS Scheduling should bleased on an approve{ PMI 2007
Verification WBS
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Schedule Assessment And Evaluation Criteria

Evaluating how good a schedule is

NO | Element

| Explanation

Sour@ reference

2.1.2 Process

11 | Scheduling Schedule should be developed by Li and Carter,
Process participation of parties associated with the| 2005
project
12 | Subcontractors Subcontractors responsible for consideral| Li and Carter,
Participation parts of projecshould become involved in | 2005, Zacklr
schedule development having their work | 1991, De La
integrated and coordinated. Garza 1988
13 | Verification of The schedule should reflect the start and | Douglas 2009b,
Subcont r g completin dates for prime contractoes De La Garza
Scope of Work well as subcontractorgwvolved 1988
2.2 Schedule Components
2.2.1 Overview
14 | Verification of Project duration should conform with Mosehi 2010
Project Duration parametric scheduling results
15 | Minimum At least two milestones, start & end, shoul| PMI 2007
Milestones be included in each schedule
16 | Verification of Generated €urve should be in complianceg De La Garza
Project Performancq with typical Scurves 1988
17 | Phase Dration Each phase duration (Engineering, Madl 2010
procurement, etc) should be in compliance
with historical average data according to
Total Installed Cost
18 | Phase Overlap Engineering should not overlap constructi| Madl 2010
by more than a certain pertage
19 | Calendar Nonworking days should be indicated in | Douglas 2009,
Verification the Li & Carter,2005
project calendar
20 | Working Hours Basis of scheduling should be in complian| Madl, 2010
Schedule Estimate | with basis of estima as regards working
Compliance hours
21 | Congestion Maximum number of workers per square | Russel and
Index orlabor meter should be limited 10 Udairpurwala
density (25 to 30 sgq.m/man ) (200sqf/persmy as | 2000, Bent and
to avoid congestion Humphreys1996,

Kerridge and
Vervakin 1986
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Schedule Assessment And Evaluation
Evaluating how good a schedule

Criteria
is

NO | Element

| Explangion |

Source reference

2.2 Schedule Components

2.2.2 Critical Path

22 | Critical Path Each critical activity should have a O6Brien and
predecessor reflecting a physical Plotnick 2010
dependency

23. | Schedule Number of critical activities / total O6Brien and

1 Criticality number of activities should be limited | Plotnick 2010,

rate.1 De La Garza 1988

23. | Schedule Duration of critical activities / total Spencer and

2 | Criticality duration of atities should be limited | Lewis 2006

rate.2

24 | Near criticality | Number of near critical activities / totall O'Brien and

rate number of actvities should be limited | Plotnick 2010
(near critical activities: TF<5 to 10)
25 | Project Effort Project critical path effort (number of | Spencer and
Ratio labourers) /total project effort should if Lewis 2006
within a reasonable range
26 | Project Cost Project critical path cost/ total project | De la Gara 1988
Ratio cost should be within a reasonable rar

27 | Critical Critical activities, to be well manageably De la Garza 1988
Activity should have a limited duration
Duration

2.2.3 Resources

28 | Resource Schedule should be loaded with Madl 2010, Grifith
Loading resources as much as possible 2005, Glenwright 2004,

Zack Jr 1991

29 | Responsibilty | A responsible party/person should be | PMI 2007, De la
Assignment assigned to each activity Garza 1988

30 | Schedule Schedule should be levelled GAO 2009, Douglas
Leveling 2009b

31 | Trades'Peak Compliance of peak resource loading | Madl 2010
Resource each trade with historical average data
Loading according to total installed cost and

phase duration

32 | Trades' Peak | The relationship between various tradd Madl 2010
Resource peak resource loading should follow tH
Loading historical average trend according to
Relation total installed cost and phase duration

33 | Trades' Rate off[Comp |l i ance of e ac|Madl 2010

week

completion per

curve with historical (typical) average
Data acording to total installed cost ar
phase duration
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Schedule Assessment And Evaluation Criteria

Evaluating how good a schedule

is

NO | Eement

| Explanation |

Source reference

2.2 Schedule Components

2.2.3 Resources

34
labour ratio

Peak to average

Peak to average number of labourers
each trade should comply with the
average Bitorical data according to tot:
installed cost and phase duration

Madl 2010

2.2.4 Special Considerations

35 | Permits & Permits & environmental remediation | Nabros 1994, Déa
Environmental | should be included in the schedule (if | Garza 1988
Remediation applicable)

36 | Startup and Startup and testing activities should b{ Douglas 2009b, Zac8r
Testing included in the schedule (if applicable)| 1991
Activities

37 | Submital Material and/or methods requiring prio| De la Garza 1988
Activities approval must haveheir submittal

actvities in the network

38 | Submittals Submittal reviews shoulde reflected in| Fredlund and king 1992,
Review schedule as an activity Zack Jr1991, De La
Activities Garza 1988

39 | Procurement Procurementactivities should precede | De la Garza 1988
Activities special installation tasks

2.2.5 Activity Attribute

(7]

40 | Number of Number of constraints on activities sta] GAO 2009, Spencer and
Constraints and finish should be limited Lewis 2006, Dzeng et al.
2005
41 | Lag Duration Should not be greater than the duratiof Winter 2010
of Predecessor or Successor activity
42 | Relationship Total number of relationships/Total O6Brien and
Ratio number of activities, should be limited | 2010, Spencer and Lews
2006
43 | Activity No open ended activitye, activity Madl 2010, Li 2005,
without without predecessor or successor Winter 2010, Berg et al.
Affiliation alowed 2009
44 | Number of If number of activities has not been O6Brien and
Activities indicated in thecontract, it has to be 2010, De La Garza 1988
within a min/max range
45 | Activity Float Activities with excessive Total Float | Li 2005, Dzeng et al.

should be avoided

2005, Berg et al. 2009,
De La Garza 1988
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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
alowed

Madl 2010, GAO
2009, Berg et al. 2009,
Winter 2008

47 | Weather Special measures should be taken for| Douglas 2007, Li 2005,
Sensttive this ype of activities (e.g., Adjusting Dzeng 2004, De La
Activities productivity according to seasonal Garza 1988

conditions)

48 | Activity Activity duration should be limited to | Berg et al. 2009,
Duration (rules | certain Days PMI 2007, De La
of thumb) Garza 1988

Source: Moosavi, (2012).
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In essencetable 13is an output of a checklist developed in Moosavi, (2012), based on the
integration of sporadic knowledgencompassing a wideamge of recommended schedule
evaluation provisions. These extracted criteriiom literature could be diided into two main
categories (1) conceptual ”d (2) quantitative provisionsThe conceptual criteria reflect best
practice reommended for considaiion in evaluating schedules.hd@y are usualy generic
and are provisions withouadequate level of detall. Therefore, they are not sufficient for an
effective method of schedule assessment, which requires more straightfodeamte
provisions. In ordeto remedy this deficiencyMoosavi, (2012) suggests that theneric best
practice should be replaced by moreetailed and definite provisionsin order toovercome the
above deficiency. Forinstance, in the GAO guideling2009), a provision recommendseth
critical path to be identified. This recommended practice, wgthoextremely important, is
toogeneric, and was thus replaced by the following, more specific criteria.
() All activities on the critical path should have a preessor represemyj a
physicaldependecy ( O6Brien and Plotnick 2010
(i) The criticality and near criticality rate should satisfy the defined thresholds
( O6 Br i Fommick 201.d, De La Garza 1988) and
(i) Critical ectivities, to be well manageable, should have a limited durafioe
La Garza 1988)
There are other deficiencies associated with the application of these conceptual provisior
These criteria cannot be readily assessed, and the asdes$rsehedules merely based on
conceptual provisions would always be susceptible to subjectivity. It is not uncommon for
different scheduleevaluators orreviewers to conclude with differengr even contradictory,
evaluationresults. One solution to aw®me this imitatoncould beto definethe proposed
conceptual criteria in the clearest possible way to mitigate the possibiity of misinterpretation
Furthermore, it would be recommended to include both conceptual provisions anc

quantitative criteria todecrease the level of subjectivity of the process of schedule evaluation.
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Both of these proposed solut®rareimplemented in this thesisThe quantitative criteria are
comprised of empiricalrules and in some caseslles of thumb, introducing a set of
thresholds on quantitatve schedule components or items that should be included in tt
schedule. The quantitative schedadgaluation components encompass total floaration,
criticalty and near criticality rate, project cost and effort ratio, and gb. fdhese provisions
are also known as fAschedule health metric
The quantitative criteria are suitable for methods which include computer implementation, a
these provisions can be the object of effecaveluation automation. The required time for
assessing schedules based on these criteria is much shorter in comparison with concep
provisions. In addition, the obtained results are objectmet subjective. However,
guantitative evaluation criteria are rostly applicable for schedule health assessments. In fact,
issues such as representativeness, completeness and job logic discussed (1®R)ttand
Booth, et al. (1989),cannot be effectively assessed by the application of these criteria. Hence
schedie health metrics should be judicious; otherwise, they are merely meaningles:
numbers. Considering the advantages of quantitative criteria, a careful selection of widel
accepted schedule health metrics was includedaonsai, (2012) It is interesting tondicate

that a considerable number of the selected provisions were repeated in different referenc
cited in Moosavi, (2012). Thisould becorsidered as an indicataf consensus or agreement
among experts in thisdlomain of schedule assessment amglalation A typical schedule
assessment reporis presentedn Appendix A8 adopted from Moosavi, (2012)t ilustrates

the ®ntent of such an assessment of a schedule Pfogect duraton = 1004 days, Total
number of activites = 141, Total number of icat activies = 41. Further, the assessment
shows that the schedule is not loaded with resources and costndmtsr of constraints =

2. Total number of relationships = 244, Number of open ended actvities = 3, Standarc
deviation of actvities duran = 41, Criticalty rate (duration of activities) = 14%, Criticality

rate (number of activites) = 29%, Near criticalty rate = 4%. The importance of type of
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evaluation is that it provides a basis #Bsessing 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 lterature reviewhas provided evidence that better scheduling is, indeed, related to
successful project performance. tteveloped an index hich shows thatactivity start
variance matched better cost and schedule performance, (Menches and Awad,TBE06).
focus of the review ison the activity start variabiity effect due tcearly or late start
scheduling options. Itreveakéd that it is unsound for scheduling engineersb&se such
decisionson intuition (Carl and Timothy, 2013)It is clear from the lterature that there is
gap in knowledge as well ag gap in practice regarding the right choice of start date in
different project scenarigsJerry (2011) Practitioners do not know which tasks and under
what project scenarios should early or late start scheduling option be apyiddas
demonstrated in the review, this knowledge gap is due to the lack of training usit{ the
Project in the aspects of constraint date instructions in 200 surveyed uniye(Gitidsvay,
2006 b) The review concludeghat comparing activity start variance with cost variance,
schedule variance, resource idle time, resource requirement var@mte productity
variance may show #iend that the more the actiity start variance, the more wil be the cost
variance (Carr, 1993) The lower the actities statime variance, the betterehcost and
schedule performance. Thus much as possiblehet 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, wh
things are the way they are and how they mightthenged is created. It is an intensive and
ordered study of a subject aimed at learning new facts, making and testing scientii
propostions and ideas. Whether in the physical sciences, management sciences, SO
sciences or arts and humanities, reseamelans the same thing, only that the subjects and
phenomena under study differ. It is important to understand existihg phenomena, improv
upon old understandings of existing phenomena, identfy new phenomena and discover ¢
test the pplicabiity of new kiowledge. Webster Ninth ed. of new colegiate dictionary
defines different perspectives of research as investigaton or experimentation aimed
confrming discovery and interpretation of facts, revision of previously accepted theories ol
laws in the lightof new facts, or assessing the practical application of such new or revised
theories or laws. Whatever research is being proposed, the methodology statement sho
clearly define: The specific field data needed for the study; The research instrumentsl requi
to collect these data; The consideration of the suitability of arrays of methods of analysis; ar
the likely results.

The perspective of this research being to confirm facts and evaluate the possibility c
practical application of alterrie¢ choice option in the construction scheduing domain, the
study is considered both pure and applied research. Pure research is conducted to deve
conceptual hypothesis or to develop theoretical principles, framework or models. Appliec
research on the@ther hand is undertaken especially for the purpose of resoling 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 ra (kluatio

example, what caused it and how the factors in the situations are relatdeéilo@sing a
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solution (for example, if a factor or a stimulus is introducedy kmes the situation change).
Eric (1998) states thaih essence, in approach, in plannimg,implementation as wel as in
the use of study results, pure and applied research are different. But they are not opposed
each other, rather there is an interplay between them. Good theoretical research (pure) can
applicable to practical problemsSimiarly, appled (practical) research can enable
advancement in groundetheory. The study reporteldas employed much of both pure and
appled research methodologies. The interplay between theoretical (pure) and practic
(applied) research are identifieas (1) Applied research can contribute facts which may lead
to the intiation, rejection andeformation of theory, or its clarification, its -examindon
and its redefinition. (2) Applied research offers an opportunity to test the validity of egisti
theory and may aid in conceptual clarification and precisi@h. 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 appliedgigations in diverse felds.
(4) Pure research offers solutons to many practical problems by developing genere
principles. Although direct application of the results is not an immediate objective of basic
research, results of such research may eventbalywidely applicable with fareaching
positive implications. And (5)Pure research can go beyond common sense approach ta
abstract the key factors in a practical problem, thereby faciitating efficient solutions to the
problem.

The development fomany alternative procedures to finding solutions to a particular
problem, specifying main and auxiiary consequences permits a choice of best sditi®n.
is why a triad research design is employed to generate and analyse the primary source dat:
this research. Step one makesl@pth case study of ayoing and or completed construction

projects scheduledvith Microsoft project planner.
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Step two develops a quastperiment to investigate theelationships between identified
independent and dependevdriablesin construction schedulingp assist examination of the
direction, strength and causalty of the relationships in view of theory and lterature. And stej
three employs the ANOVA statistical tool to test and verify the hypotheses formulated in i
with the research question and research problem.

The methodology used in this study is presented in Figure 24. A preliminary lterature
in the domain problem and later a thorough and extensive review in this same area show tt
the problem ofresource downtime or nemorktime can be investigated by comparing the
OABUiIi | td schedBlannmeddq ¢ dlee douAse. To confir
problem and to define how best to proceed with the investigation, a piot survey was
conduded 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 defir
three research approaches to investigate the issue ofiatetime of constru@n resources
on the jobsite. These approaches are:

() In-depth case study of egping and or completed congttion projects scheduled
with Microsoft project planner.

(i Develops a quasexperiment to investigate the relatioipsh between identified
independent and dependent variables to assist examinaftide direction, strength
andcausality of the relationships in view of theory and lterature.

(i) employs the ANOVA statistical tool to teaind verify the hypotheses formulated

in ine with the research question and research problem.
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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 th
quality inferences can be drawn. If the population is preciselwikrout is &rge, like in the
case of graduatingtudentseach yearn the University of Jos, a sample can be selected to
base the study on, which is representative of the entire populitioa the number of
graduating students is largeAny inferences ah conclusion drawn should recognize the
relationship between the sample and the population. However, the study of constructio
projects is unike many other studies where the number of study subjects can be precise
known. Even if the study were to focas a city ke Jos, there are no accurate registers of all
construction projects ongoing at any particular time. Therefore it is safe to assume a scena
of an unknown population. This is because the use of such properties lke the populatic
mean etc inerror 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 ongoir

projects and replicate the schedules through experimental research design.

3.2.1 Convenience, Quota and Purposive &npling

The method of selection of the sample size of the five ongoing projects can be said to k
convenience, quota and purposive sampling. Eric (1998) said that convenience sampling is
method in which the saple size of those units that happen to be avaiable at the time of data
collection is included. Already, contact is being made to obtain one case study of a proje
scheduled with Microsoft project planner in Jos. Telephone arrangement seem to guarant
four from Abuja. This is the convenience sampling discussed in Eric (1998). Quota samplin
is said to yield more representative sample than convenience sampling because even tho
in general a researcher has considerable freedom of choice, there stribiomethat certain

characteristics of the sample must be typical or representative of the group being studie
Thi s restriction is the O6largeb6 <construct

(large, as defined in the scope statementd pAarposive sampling is defined as a method of
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sampling which draws a sample to ilustrate or represent some particular characteristics
purpose in the population. For instance selecting only case projects that have adopted

certain technology. In thisase, projects scheduled with kdisoft 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 fac
that an enquiry has been lmited & part of the population (i.e., the sample) rather than the
entire population of concern. Whie a random sample may give resulis that are generalizak
to the entire population, it does not follow that sample estimates of population characteristic
and poperties wil necessarily be exactly the same as the true value of those characteristi
or properties of the entire population. Rather a difference often exists between these estima
and the true population values. This difference is partialy duthetoestimate coming from
only a part of the populaton (a sample) rather than the whole of it. This element o
difference is known as the sampling error. It is an inevitable consequence of sampling, &
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 t
be no welstructured 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 nul hypothes
which is true and should not have been rejected indicatpealterror. And if the research
fail to reject a null hypothesis which is false and should have bgertee indicate a type I
error. Osuala (1990) submits that the 0.01 level of significance is more exacting than the 0.C
level. The premiseof his arguments that the confidence with which an investigator rejects
or retains a null hypothesis depends tha level of significance adopted. A similar view is
held by Black and Champion (1976) who state that the level of significance as one of th
decision rules is the amount of type | error the investigator is wiling to permit in testing the

hypotheses and aking qualty and meaningful inferences. Although any probabilty level
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can be selected as the amount of type | error permited. Conventionaly used levels
significance are 0.1, 0.05 and 0.01. A 0.05 level of significance permits 5 percent probabilt
for type 1 error. A decision made to reject a hypothesis at this level of signiicance has
percent chance of being wrong in rejecting a hypothesis that is possibly true that should n
have been rejected. If rejected at 0.10 level of significance therel@ percent chance that

the decision is wrong. If rejected at 0.01 level of significance there is only 1 percent chanc
the decision is wrong, this supports Osuala (1990) that the 0.01 level of significance is mor

exacting than the 0.05 level.

3.3 CASE STUDY RESEARCH DESIGN

According to Felowsand Anita (2003) case study research investigates phenomena within
context. And often the contextual variables are so numerous and qualtatively different the
no single survey or data collection apptoaman be appropriately used to collect information
about these variables. This is why a combination of case study and experimental resear
designs are considered in this study. Naoum (1999) sees case study research as one in w
the researcher intend® support his/her arguments bydepth analysis of facts surrounding
the research question&ric (1998) defines case study research as an enquiry in which a
imited number of study units or cases are investigatedepth.

The focus of a casetusly is on the detaied structures, patterns or -itationships
observed amongst the variables of interest. The case units are selected not in a random be
but should possess certain characteristics which are needed for the investigation. Multip
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 stu
pertain to that of a larger population requires a more comprehensive samiple cuthe
population in instances where the plapon can be precisely knowmlack and Champion

(1976) observed that the main difference between a survey research and a case study rese
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is that the sample is drawn from a known population in a surgsgarch whie in the
instance of case study research, the units selected for study are obtained from unkno\
population as ilustrated igures B and 26 The precise determination of the number of all
ongoing and completed construction projects Wk dificut. For the research purpose
therefore, so that quality inferences and generalization are made, this population needs to
precisely defined so that certain statistics of the entire population, lke the population mea
may be compared with samplmeans etc. In the absence of the fullment of this
requirement, a case study research design is considered appropriate to seek answer to
research questions but only within the confine of the case or similar projects. Yin (1993
contrasts case studyesign with experimental research design where the focus is on testing
one or two specific variables whist others are controlled or held constant. Yin (1993) furthe
asserts that case study research is based on eithercamgleor multiplecases mappedith
exploratory, descriptive or explanatory study. A siwggise study needs only to focus on one
case. In multiplecase studies, cases are selected so that they replicate each other, either ex
(direct) replications or predictably different (systewjatieplications.

Descriptive case study is aimed at systematically identifying and recording a certair
phenomenon or process. It is not directly aimed at testing a theory or a hypothesis as bei
proposed in this research. Through suchecatudies one tries to find new theoretical
interpretations or to gain more-depth knowledge pertaining to existing theoretical insights.
Exploratory case study is theerdriven as theory is the guide to tell one where to look for
what one wants to obse (Runkel and McGrath, 1972). Exploratory case study research
often generates hypotheses. Explanatory case study research is adopted in this study. It a
at hypotheses testing which usually has a causal explanatory character allowing a conclusi
to be logicaly inferred, eg., high levels of job satisfaction lead to low absenteeism, or late
start schedules for some tasks enhances efficient site operations. Explanatory case st

research seeks to avoid premature use of theory as discussed by GleStawwssl(1967). In
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testing a theory or an idea, case study can be used in conjunction with surveys and qua
experimental research design as part of the methodology as being proposed in this reseat
Naoum (1999) notes that as the nature of case stuies dbn restricted but-mepth data
base, the conclusion drawn may not be generalzed but rather, related to the data base f
generated the facts. This relatve demerit of the method is recognized by Black an
Champion (1976) who criticized it as beifigited in scope and not suficient to make
meaningful and qualty generalizaton. On the theoretical level however, Black and
Champion (1976) argue that the findings from case studies could lend support to or provid
refutation of theories of previouslyeld ideas. They conclude that researchers should not
regard case study findings as conclusive proofs of anything, rather that only through th
accumulation of findings from many case studies and several replications of experiments c:
we make statements athhave little or no exceptions.

The case study proposed in this research wil focus on a detail study of the constructic
schedules. It hopes to obtain data from five completed egomy construction projects
scheduled with the Microsoft pext planner. For each of the case projects, the way the
schedule was inttially developed wil be studied to identify the scheduling options of start
date (early or late start) adopted. By this, cawsatelaton or reason for multivariate
relationship beteen 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

Felows and Anita, (2003) opines that an experiment is an activity oroeegs which
produces events, and possible alternative outcomes. Scientific experiments are devised &
conducted as tests to investigate possible relationships betwedniesaod interest. Hicks,
(1982) defines an experiment as a study in which certathependent variables are

manipulated and the consequential effects oa thependent variables observedn
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experimental study is a type of enquiry in which a stimulus is applied to a subject and th
effect observed. In an experimental design, a reseaatbeates randomly selected subjects,
tems or individuals to at least two groups. One group (experiment group) is subjected to &
intervention or treatment whie the other group (control group) is not. The effect of the
treatment can be observed by corimga outputs in the two groups. The classical
experimental studies have three integral requirements: Manipulaton of treatment o
intervention;  Control; Randomization. Manipulaton means that the researcher does
something to one group of subjects in thaidgt Control implies that the researcher
introduces control groups mainly without the type of intervention in experimental group so
that results can be compared. Randomizaton means that the researcher ensures that e
subject is given an equal chance lo¢ing assigned to either group. By this the study
endeavours to hold all other factors constant so that differences between the control al
experimental groups can be linked to the different treatments or interventions applied. A
experimental design isedrly 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 minin
the effects of confounadlj or intervening variables.A quasiexperimental study on the hetr

hand is a type of enquiry in which, even though least one characteristc of a true
experiment is missing, must always include manipulation of an independent variable the

serves as the treatment or intervention.
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Figure 25. A Simple lllustration of Components of a SurvegsBarch
Source: Black and Champion (1976)
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Source: Black and Champion (1976)
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The missing characteristic is etther randomization or the use of a separate control group. F
example, a study which investigates the effect of agricultural extension education on the lev
of participation of a dlage population in the adoption of new technologies, selects one or
more vilages in which agricultural extension education is given and one vilage that wil not
receive agricultural extension education to serve as the control group. A survey is the
conducted to find out if adoption rate in the vilage where agricultural extension education
was introduced is significantly different from the control vilage which did not receive
agricuttural extension education. The study is a eggserimental if the bjects are not
assigned to the control or experimental group on a random basis. Experimental and qua
experimental studies are known as intervention studies because the researcher manipule
objects or situations and measures the outcome of the méoipula

Validity of experimental results means that the conclusions of the study are true an
reliable, that someone else using the same method in the same circumstances should ob
similar or same findings. Valdity and reliabiity rajs of research conclusions may be any
of these: Neither vald nor reliable; Reliable but not valid; Fairly valid but not reliable; Valid
and reliable. One way this research tries to elminate threats to validity is the selection c
appropriate research dgs 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 adoptec
in this proposed research include: Unobtrusive methods of data collection; Careful design ar
pretesting of survey instrument or scoping survey and Knowledge of the issues tangl his
of the research problenideally the study variables should be isolaterbugh the design of
the experiment such that only one of the possibly, very many independent variables
changed and the consequential effects on isolated single dependent variable observed :
measur ed accurately. Hi c kedway idwhich the independentr a

variable is chosen and manipulated. Although random variation is one approach, often fc
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numerical variables particular values withih a range of interest are assigned to th
independent variable. While for categorical vagabthoice is made informed by the purpose
of the research, theory, literature and conceptual framework. This method of choice of th
independent variable by the range of interest provides much practicalty, but some restrictic
on the inference which canebdrawn from the results is observed. This is obviously so
because variation of restricted independent variables cannot vyield results of othe
independent variables not considered in the experiment.

In construction management and constructionjegtdased 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 ustL
approach to experimental design is to is\a study in which the main independent variables
except the one of interest are held approximately constant and the consequences of the m:
dependent variables measured. Such an approach which restricts both the consideration of
possible independé variables as wel as consideration of the consequential change of al
dependent variables is caled a qu@geriment. In this research being proposed, such
independent variables as organisational arrangements, different management styles of proj
managers, project types, site location and weather are held approximately constant to ha
least or no effect on observed consequential change in the dependent variables. If it
observed in the case study that weather has significant effect on the depemaédie, the
inference and interpretation of results wil be discounted. Experiments are designed and tt
results occur in the future. However, there are many instances where analysis is required
data which have been collected in the past. Such proagh is called epostfacto research.

This proposed research has much of its content in this group because though an experimer
designed to generate future results, in actual fact some of these have occurred making it fit
expostfacto research. his experimental research design has precisely answered the

research questions and proposed solutions to thearobsgroblem.The objective of any
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theory buiding and information production process is to support and faciitate making
informed assertion aninformed decision. In the case of experimental research, the decision
and assertion concern inference about the relationships of variables of interest investigate
Thus it is important that the variables are clearly identified. Also statement of agigropr
defintions, means of measurement and explict assumptions of these variables should |
made to help in formulation of appropriate hypotheses. These hypotheses should conce
relationships between independent and dependent variables to assist ierawindirection,
strength and causality of the relationships in view of theory and lterature.

According to Eric, (1998) a variable can be numerical or categorical. Numerical
variables are those whose different values are expressed in nuebegs. |, persor
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, b
yellow or green; occupation: trader, farmer atisan. 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
phenomenon under study. Dependent variables egarded as being caused or forced by
other variables caled independent variables. The variables that are used to describe
measure the factors that are assumed to cause or at least to infuence the problem
phenomenon are caled independent variableglependent variables are the variables
thought to influence the dependent variables. A confounding variable is directly associate
with possible cause of the problem. It may either strengthen or weaken the apparel
relationship between the problem andpassible cause. Regarding an association between,
say variables X and Y, a researcher can conclude that X causes Y only if it can b
demonstrated that Y was consequent upon X and that no other factors may have caused Y.
to provide a true picture of ceel and effect, the confounding variables must be taken into

account. On the other hand background variables are indirectly associated with possib
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cause of the problem. A note is here made that the three important variables or statisti
being consideredin this quasexperimental research design are: A variation of different
scheduling optiontreatments (categorical variables); Different projects (categorical variables)
and Defined outcome of key performance indicators (numerical variables).

Clearly, the measurement of variables is crucialy important. Experimental design
considers the degree of accuracy which can be achieved and the method for achieving it.
forecasting the accuracy of an experiment, the probabiity of errors should bdecehsiA
major consideration in the design of experimental research is the method used to change 1
dependent variable in order that any consequential changes in the dependent variable can
observed and measured. Fellows and Anita (2003) discuss thpeeaehes for selecting the
independent variables so that consequential change in the dependent variables can
observed and accurately measured. These are: Randomised change; Selected ranges
variables; The most restrictve or a convenient approacmdd®ased change of the
independent variables and/or their values is by use of some random number generator
determine the values to be employed within or without limits to the range of interest.
Randomised change is commonly employed when numericablegiare considered. By its
nature it cannot be used with categorical variables as such. Randomisation allows tt
experiment to be conducted, results produced and conclusions drawn, using the comm
assumption of independence of errors in measuremens. Ehiusual in most statistical
analysis because randomisation valdates the assumption. Further, randomisation supports
assumption of averaging out the effects of uncontrolled independent or intervening variable
Such averaging removes much of theeadf of the uncontrolled variables but does not do so
absolutely.  Selected ranges of variables can be used to select categorical independ
variables changed in the experiment to effect consequential change in the depende
variables. This selected rangeay 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 s
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experiments, the main independent variables are identified by scrutiny of theory an
literature. Thevariables can be quantitative and/or qualtative and their values selected ol
randomised. Use of exireme values of the variables should result in maximum effects on tf
dependent variables. This is why in the experiment being proposed the two extrem
catgor i c al val ues of 6as soon as possible
because they should result in maximum effects on the dependent variables.

The most restrictive or the most convenient approach is adopted to control the
indepandent variables rigidly. Strictly, the inferences which may be drawn from such
experiments are vald only for thixed experimental conditionsA universal and desirable
feature of experimental research is replicati®eplication faciitates increased miners of
observations and measurements of the variables under identical treatments. It assi
provision of an estimate of experimental error, identificaton and quantification of sources o
error, and leads to a reduction in standard errors therebysimgygaecision. For instance as

t he number of observations, O6NO i nNcreas e

redices as illustrated in equatidh

Sy = g equatior3 Source: Fellows ahAnita (2003)

where:

Sy = Standard error of the mean of the dependent variable Y

S? = Sample variange and

n = Number of observations

This formula proposed by Fellows and tni(2003) suggests that the standard error wil
reduce with increase in number of observatons made possible by replication. Cleart
therefore, replication assists inference. As replication increases, so a wide variety c

situations and variables can bebjsat to the experiment thereby yielding a greater range of
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condtions to which the results may apply. This is why Petersen (1985) suggests that, due
the nature of standard errors, the accuracy of experimental resultis can be improved |
increasing the iz of the experiment by replication, incorporating more treatment values of
the independent variables. He further states that due to the nature of standard errors,
accuracy of experimental results can be improved ltmreasing the size of the expeginh
by replication incorporating more treatments tbeé values of the independent variables;
Refining the experimental method to achieve reduction of experimental error through
reducing sample varianceMeasuring a concomitant variable, or another assatiat
independent variable to faciitate covariance analysis or the variance of the combination ¢
the variables whichmay yield reduced experimental error.

Table 14 presents the experimental design in whighing treatment options of ALAP
and ASAP constraintsare applied in schedulingprojects tasks whie observed key
performance indicators (in terms activity start variarae) represented asXi;, X,é Xy eftc.
The table 1s a construct of proj ¢edatmentS8 1,k e
2, é.jTreat ment s 01 t o j 6 repr eob ALAR, SASAR | f f
constraintsapplied in developing the baseline schedukhe observed scheduleeformance
outcomes are shown a§;,X;.é X« etc Key perbrmance indicator Is due to treatment 1
and itis shown as (x%), key performane indicator 2 due to treatmentidshown agXi»), up
to and including key performance indioa K which is shown as (%) due to treatment.J
And 031 O ee¢e Uik representwithin treatmentaverage due to the respectiveatments.
And D1k, D2k .ceeDky representbetweentreatment average due to the respective
treatments.

The purpose of this classification in the quasi experimetb igest whether there is a
significant difference in the observed data (means) or whether it can be concluded th:
observed trend or spread of data is due simply to chance. Effort is made to systematica

show or otherwise that the different treatmentplieg have created the observed outcomes
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on the different case projects. According to Spiegel and Larry (2008) problems such as th
are solved by using the analysis of variance (ANOVA) technique inttially developed for use
in agriculture and biology by sher which makes use of the F distribution at defined degrees
of reedom and at certain levels of significance.

This experiment employs the method of agreement of cause and efiettipd of
difference and method of concomitant variation discasse Eric, (1998)to draw conclusion
on logical proof of the effects of start date constraint on performance of constructior
schedules. Method of agreement entails both the positve method of agreement and t
negative method of agreemeBly positive metbd of agreement it is meant that when two or
more cases of a particular phenomenon have one and only one condition in common, th
that condition may be regarded as the cause or the effect of that phenomenon. For instanc
we observe phenomenon Y in guease that we find condition X, it can be concluded that X
and Y are causaly related. Or simply put, if factor X is aways found wherever Y is
observed, it could be the cause of Y. The inherent weakness of this logical proof is that son

factors may nohave been taken into account.
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Table 14
Notation for ANOVA OneFactor Experiments

Treatment 1 01
X1, Xo1, €é€ééén X

Treatment 2 X2, Xoo, € € € €& .2 X (VN7

Treatment J X1y Xo23, é é é éx X Uik

Uk1, Uk, é é 0§,

Source: Spiegel and Larry (2008)
Where:
Treatment J = The first categorical viable which represents start eatonstraint
options @., As Soon As Poikde and As Late As Possible
Xk = Observed key performandadicator due to treatment J
U sk = The nean within treatmerg 1- J

Ok;= The mean betwedreatments1-J
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It is very possible that X operates fuly only when other conditions not considered are
present. Moreover Y may have had a different cause in each of the cases. On the other ha
the negative method of agreement holds that when facteX nenobserved to be associated
with phenomenon nel, 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 the
causal relationship exists between X and Y. Buks ipossible that many important factors
were left out of the consideration. Perhaps-Koleads to nofY only when other factors are
either present or absent. Or that nomay have had a different cause in each of the cases.
The method of diérence 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 >
takes place when phenomenon Y is observed and does not take place when phenomenon *
not observed, then it is possible that there is a causal relationship between X and Y. Whik
the first observation leads to a conclusion that X could cause Y, the second shows that ott
factors (not taken intocaount) could possibly cause Besides the problerof recognizing
and controling the variables which are thought to be most important in the research, th
design of proof can be undermined by the fact that the causal relationship may not be clear
even weak. The difficulty lies in the fact that theatiehship between X and Y could be any
of the following possibilities:

() Xis the cause of Y

(i) Y is the cause of X

(i) X and Y are both caused by another variable unknown
A or B may also be the cause of Y bus trelationship is okcured by other unknown factors
X may cause Y but only when othand unknown factors are presemtX does not cause Y
because any indication to the contrary is a mere chance or fortutous occurrence.
Method of concomitant variatio investigates theconcomitant relationships between the

variables. Concomitant means association or in agreement. Concomitant variation amongst
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set of data therefore explains how the change in one data affects the other in the associati
This methodstates that if a change in the amount of one variable causes comparable chan
in the amount of another variable in more than one case, and the latter change does not oc
in absence of the first change, one change is the cause (or effect) of the lwherar€ many
types of hypothesized relationships that are possible, with this kind of logical proof. Perfec
positive correlation; Perfect negative correlation; Perfect curviinear correlation and Very low
correlation. As such, the method of concomitaatiafion is appled today as correlation
analysis. The connections between the variables X and Y, if considered as causal under t
method, would pose simiar problems as in the method of agreement and method of
difference. Problems such as the directiincausalty and the presence of unknown factors
need to be carefully considered. In this research it is assumed that the only factors whi
cause change on the dependent variables (project performance metrics) are the variation

scheduling treatment.

3.5 THE STUDY HYPOTHESES

A fact refers to an empirically verifiable observation about phenomena. A theory refers to th
relationship between facts or the ordering of facts in some comprehensive manner. Whi
theory plays an active role in uncoverifacts, facts themselves equally play significant role
in developing theory. This is why it is often afirmed that the development of knowledge
depends upon the simulation of facts by theory as well as the simulation of theory by facts. .
key aspect of mas knowledge buiding is concepts, hypotheses and empiricism. The
emerging concepts through rigorous theory search and feld data analysis must be subject
to thorough hypotheses testing through empiricism.

According to Fellows and Anita2Q03), 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

remove as much of the supposition (or uncertainty) as possible. This uncertainty is replace
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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 &
hypothesis as: A supposition; A proposition; A theory to be proved or despioy reference
to facts; A prosional explanation of an ideaFellows and Anita (2003) further argue that
not all research projects have need for hypotheses testing. Only those research projects
which theory has been developed to a significaxtert and for which dependent and
independent variables have been identified and their relationship defned is hypotheses
testing both desirable and feasible. This proposed research therefore has drawn on literatt
Efole (2009) to identify variables (depentleand independent) to formulate hypotheses to be
tested. These hypotheses act to focus the research and define the boundary of the st
Three dependent variables, activity Start Variance, actvity Finish Variance and project en
date variance; and twadependent variables, start time constraints options and project types
are used in the hypotheses formulatidable 15ilustrates the key performance indicators of
the project which may have been created as a restiieo$tart time constraints appliéd
developing the schedule. These start constraints are:

As som 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 O (MSO); Must Finish On (MFQ)
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Table 15
The Fields used for Tracking in Microsoft Project (Key Penfmce Indicators)

Tracking Fields

Current £hedule Baseline Variance Actual

Start Baselne Std Start Variance Actual Sart
Finish Baseline fnish Finish Variance Actual Finish
Duration Baseline ration Duration Variance ElapsedDuration

Remaining Duration

Work Baseline Vérk Work Variance Work Complete

Remaining Vérk

Cost Baselne ©st Cost Variance Cost to ate

Remaining ©st

Source: Tim Pyron (1998)



As Late As Possible
Finish On

Finish On or After
Finish On or Before
Mandatory Finish
Mandatory Start
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It is noted that aside from the two extreme start time constraiAls, 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 necessar
hypothesize their effects on project performance rsetric

The two independent variables, project types and start time constraints are categoric
variables whie the three dependent variables activity Start variance, activity finish variance
and project end date variance are examples of numeagables.These are showin Figure
27, Tables 15 and 16n this research it is not necessary to attempt to assign numeric values
to the categorical variables because the categorical variables are only taken as differe

treatments which when changed wtlocause the dependent numerical variables to change.
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Table 16
Constraint Types in MSrBject

Constraint @Gtegory Constraint Ypes Means of Ation

Flexible As Soon As Possible (ASAP) Project will schedule a task t
occur as soon as it can occt
This is the default constraint
when scheduling from the
project start date. There is n
constraint date for an
ASAP constraint.

As Late As Possible (ALAP) Project will schedule task
to occur as late as it caccur.
This is the default constraint
type applied to alhoncritical
tasks when schedulinfjom
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 relations
between a dependent and independent variable. This statement concerns the nature of
relationship, the directiorand strength of the relationship as well as causality. For example,
0t he met hod of scheduling construction p
performance and hence stakeholders sati s
constuct, this hypothesis contains two dependent variables: project performance an
stakeholders6 satisfaction. This type of
dificutt to test because test result may support one part and not support theTlithér why
Felows and Anita (2003) suggest a split of such hypotheses into two main hypotheses, n
auxiiary hypotheses to be tested. Three hypotheses are now formulated. They are dray

from the preparatory explanations presergsdesearch questiomns section 1.5

3.5.1 Start Date Constraints and Activity Start Variance

This is the first hypothesis developed to test the relationship betventiee wnstrains

and activity ihish variance Nul hypothesis: There is no signiicant relagbip between
start time constraint options (treatments) and activity start variance on any row j, and colurr
k (Xi). Ho: b= 2= OAlternative hypothesis: There is a significant relationship between
start time constraint options (treatments) and #ctstart variance (X). Hi: 1«0 200 0

The treatment options used in the hypotheses formulation are: As Soon As Possible (ASAI
and As Late As PossbALAP) as illustrated in Table 16 The phiosophy behind using the
means of activity start ariance and actvity finish variance to formulate the hypotheses in
this manner is that if indeed there is no relationship between the dependent variable and t
independent variable, then the observed means wil be the same as shown in the r
hypothesis And if the converse, the alternative is true (i.e., there is a relationship), this wil
show in the fact that the observed means of the dependent variables wil vary along the ro

as treatment number 1 is bei ngalsoavanpds idiffe@nt t o

treatments 1, 2, e . J, are being applied
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different projects or different blocks. The degree of variabiity which ANOVA seeks to
unvell is a measure not only of the strength, Iat bf 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 testralationship betweertast time nstrains

and activity ihish variance Nul hypothesis: There is no significant relationship between the
start time constraint options (treatments) and actvity finish variance on any row j, anc
coumn k (%). Ho: 1® 2 U

Alternative hypothesis: There is a signifitarelationship between start datconstraint
options (treatments) and activity finish variancex X Hi: kD Gkl

The decision rules for rejection or acceptance ¢dihdl H are presentedhisection 3.6.1.

3.6 ANALYSIS OF VARIANCE (ANOVA)

Earl, (1986) opines that analysis of variance applies the logic of statistical significance
Funcamentally, the cases under study are combined into groups representing an independ
variable. And the extent to which the groups differ from or are simiar to one another in term:
of some dpendent variables is analyzedhe analysis of variance (ANOVAJechnique
intialy developed for use in agricuture and biology by Fisher makes use of the F
distribution at defined degrees of freedo@piegel and Larry (2008) notes that the ANOVA
technique can be applied to investigate the consequential effect oUiffewent chemical
treatments of soil on the produced mean wheat yields in an agricultural experiment. The fol
different chemical treatments of soil produced mean wheat yields of 28, 22, 18, and 2.
bushels per hectare. ANOVA is used to test for diffeesnaithin and between subgroups of
the sample. The technique wil reveal if there is a signiicant difference in these means ar
further if the observed spread is due to chance or that qualty inferences can be drawn that

difference in mean wheat yisldis actualy due to the different applicaton of chemical
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treatments of the different soil. There are two common forms of ANOVAwayeand twe

way Analysis of variance. In ornway classification or onéactor experiment, measurement
or observatons ar®@ bt ai ned for 6ad independent gro
measur ement in each group is O0bbod. This me
repetitions or replications. In the example given above if each chemical treatment is applie

repeatedly on a single soil location perhaps during different years the result isfactone

experiment or a oreray ANOVA and is presented inable 14
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Notation for ANOVA OneFactor Experiments

Treatment 1

X11, X12, € € é &k

Treatment 2

Xo1, Xoo, éeeé ok X

Treatment J

Xu, Xp, €€ ééx

X

Source: Spiegel and Larry (2008)

U1k, U2k, € € €&y
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It is a onefactor expement because the one treatment is repeated on the one solil locatiol
several times. If however the different treatments are applied to different soil locations
investigating the consequential effects of different treatment on different soil location result
in a twofactor experiment because apart from varying applied treatment the soil location i
also varied. The variation of these two factors, different chemical application and differen
soil location may have probably partially accounted for the differaean wheat yields of

28, 22, 18, and 24 bushels per hectare.

This Table 14 Notation for the ondactor experimentmeasures the consequential effect of
Treatment j: startlate constraint options (ASoonrAs-Possible and\s-Late-As-Possible)

applied on dferent project tasland the observed key performance indicator dubetse
treatments. For convenience Table 14 is reprodbeeelfor ease of quick reference to

llustrate the Procedure for estimating F calculated in ANOVA.



Table 17

219

ANOVA Analyss Table for OneFactor Experiment

Sources of variation | Degrees of Freedom| Mean square F Statistic
Between treatments S8 = Vs Fc=SB ESw
Veg=bé (b ¥ a-1 al With a1ard a(1)
J Degrees of freedom
Within treatmers S“w=Vw
Vw= V-Vg a(b i l) a(b'l)
Total ab1
V =Vg+ Vw
V = 8% (X
Jk

Source: Spiegel andakry (2008)

3.6.1 Application of ANOVA in the QuastExperimental
Quasiexpenmental methods use analytical approaches to estimatariable (or identify a

comparison groyp to provide a robust measurement of impaaft intervention on this
variable This measurement of impact of intervention is ttieect domain application fo
ANOVA. The primary concern with quaskperimental approaches is that there may be
systematic differences between the control and treatment groups, which could undermine t
abilty to determine any causal link between treatment and observed outcomes. gheofdesi
the control group is critical to the success of such methods.

Quasiexperimental approachesuse the differencen-difference analysis (DiD)
discussed in Tera et al (2018Dnce an appropriate control group has been defined,
measuremest of the outcomes of interest are taken befand after the interventionThe
primary assumption behind thapproach is that any unobservable differences between the
treatment and control groups are constant over time, and so any observed difference
outcomes following treatmenintervention compared to the baselne measurement can be

assumed to be caused thys intervention constraint oASAP or ALAP applied.Figure 28

shows an example of the differenoedifference analysis. The Figure shows the eobed
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constant difference iroutcome during the Prantervention and the Postintervention 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 scheduesnitally prepared

on the same basis of application of ASAP start constraints to schedule all floated activitie:
At pre-intervention phase observed activity start variance is recorded and natEsstant
difference in outcome up to the point of podervention. However at positervention
when ALAP start constraints are applied on the red schedule, it is noted that the differenc
between the observed start variance between the red schedule and the black schedule is
more constant. This is due tbhe aforementioned intervention which is the application of the

ALAP start constraigt on the red schedule which were not applied on the black schedule.



Outcome

Constant
difference in
outcome

Observed

outcome trend in

comparison group

Pre-intervention
Figure 28

The Differencein-Difference Analysis
Source:Tera et al (2018)
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3.6.2 Decision Rules in ANOVA

The F statistic is groperty of the sample which indicates the degree of variabilty of the data
obtained in the experimenfThe F statistc at 1%and at 5%levek of significance are
presented inAppendbes A6 and A7 Though by visual inspection, the nature, the direction
and the strength ahe trend in dataariabiity can be observedANOVA howeverhelps to

test if the observed data trend is actualy due to applied variation offférentlischeduling
treatmentand that the trend hasot occurred bymere chanceThe decision rule in ANOVA

is simple. It involvesassessing and comparing two statistics, the F cridsd called F
calculated (EaL) and the Freadfrom table Frag at stagéd leved of significancewith defined
denominator and numerator degrees of freedom (Spiegel and Larry, 2008fcaL IS
significantly large, andif it is greater than +as, (Fca. . T48), we can reject the null
hypothesisHy, that there is no significant difference between the means and thus we cal
conclude that at the stated level of significance, the difference in actvity start date is actual
due to the constraint type applieddeveloping the inttial baseline schedule. If howelvek,

is less than 1 and or th&ta. ©~ tAs We can conclude that there is no significant difference
between the means and thus acddptand reject H;. In summary in most caseSHcaL

Fras: Ho is accepted andiHs rejected.Conversely, ifFca. . TAs, Hois rejected and His
accepted.Conventionally used levels of significance are 0.1, 0.05 and 0.01. A 0.05 level of
significance permits 5 percent probabiity for type loerrA decision made taeject a
hypothesis at this level of signiicance has 5 percent chance of being wrong in rejecting
hypothesis that is possibly true that should not have been rejected. If rejected at 0.10 level
significance there is a 10 percent dwithat the deamn is wrong.If rejected at 0.01 level of
significance there is only 1 percent chartbat the decision is wrong, this supports Osuala
(1990) assertionthat the 0.01 level of significance is more exacting than the 0.05 dével

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 ot
guide for the buiding of something that expands or transforms this structure into somethin
usefu. A framework is often a lared structure indicatng how the variables in the
framework describing the process are interrelated. Some frameworks specify interfaces,
offer process tools for using the frameworks. A framework may be for a set of functions
within a system and how theinterrelate. And often all frameworks should show how the
process for which the framework is developed could be standardized. A framework i
generaly more comprehensive than a protocol or a model and it should be more prescripti
than a structureWhy is evaluationframework importantin this thesi®@ An understanding of
how construction schedules function in terro$ effectiveness in delivering quits on the

due dateis essential in any organizatiodVithout anunderstanding of what is workingell,

and what is working not sevel, it is not possible to systetiaally, continuously improve
operational processAnd without rigorous evaluatio of the scenarios and the enn
processes that producexbserved schedule performance, it is not possiblelyo understand
what procedures and or schedulng methdlst areworking well. Wel-designed evaluation
frameworks in the construction scheduling process can help confieview or revise our
understanding othe schedulng needs for innovation, dmalv we can best meet thoseeads
through targeted and appropriate choice of the start time const@igr time, as we build

the evidece base, by observing the schedule performance for different start time options c
ASAP and ALAP, we can better desigour construction activities in developing the
construction schedul® ensure maximuneffectiveness that events occur as scheduled. This
is why measurement is the first step that leads to control and eventualy to improvement.
you <canot meacwr eas®@tmeuhdegstand it. | f

contr ol it | f you candt control it you ¢
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This framework is a procedural afdathematicalframework to forecast the probabiity that

a schedulng decision option wil always yield optimum schedule performance. The
framework estimates thelecision confidenceof the probabilty that the chosen option is
correct based othe evidence contributing to the outcome of the chosen oftwngoal of

the framework is to make genemuredictions from analfically proved several intervéons

of ASAP and ALAPand observablschedule performance measures in termactifity start
variance. These discrimnabiity between constraint choiceinterrelationships  specify
necessary signatures afecision confidence in terms of externaly quantifiable variables that
can be empirically tested. The research ressk®uld lay strong foundations for a
mathematically rigorous treatment of decision confidence that aaplied 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 lisdf variables describing certain processes that rantaly
exclusive, collectely exhaustive, and hierarchically arranged, (Jeff, 2013\ process
frameworkis an abstract definttioof an actual or proposed procedure or proc@ésiner et
al, 1992). A process framework provides a theoretical or a textbook description of all the
variables that should be enacted on a real proggch processEffective frameworks should
focus on critical few variables. Frameworks are basio organize the structure of the
processes and procedures of scheduling. The primary uses of the intendedvérek are: To
identify the scheduling process bigtihig all the salient variabg in the different procedures;
benchmarking and identifying what taneasure and evaluating potential outcome of
identified procedureor possibleimprovementin different poject scenarios.

Procedures in construction scheduling are ofterhad and largely inconsistent For

example, in scheduling activity A in project 1, early start schedule may be selected on an a
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hoc basis. In scheduling simiar activity A in ot 2, late start schedule may be selected.
Such inconsistent rpcedures indicate that practitioners have litte or no idea ofirtigacts
of choice of ASAP and ALAP in schedule performance. And often management uses poor c
inappropriate measurements tbeé schedule impact of the two schedulng options of ALAP
and ASAP. This contextual reference to this inconsistengyvaluable to identify procedural
gaps and overlaps in the schedulng domainA flexible, multipurpose conceptual and
statistical framewdk that is comprehensive and integrative in natgreintended to bring
together data from the various relevant subject areas and sources, covering sherigsue
aspects of schedule developmdimat are rekant for decisioamaking to enhance effective
sdcheduling as ilustrated in Figure 29. It addressed the followings

() Identify constraint types applied

(i) Measure and evaluate effeethessin terms of activity start variancand

(i) Establishor relate performance levelof difierent procedures
Using a multievel approacht, hi s -i 6 @h & tr B8 organizedinto a structurecompogd
of components and subcomponents. The ksel of the struwire consists of threeabic
components. The frst component is the identificaton of the totahber of scheduled
activities This totalnumber ofscheduledactivies defines the size of the project investigated
and is used to calculate an important ratio of ASAP and ALAP treams applied for
different case projects. The sabmponent of this first component is the identification of
different tasks types grouped insummary tasks, miestone tasks aswheduled tasksThis
subcomponent wil show the relationship betwdba ratio of ALAP or ASAP constraints
and the total number scheduled task which do not necessarily include summary tasks an
miestone tasks. The second component is the identificationongtraint typesapplied in
scheduling the various individual taskshisT second componemhay assist in definingvhich
scheduleis predominantly ALAP or ASAPThe third componentvil measure theobserved

start variancein the different schedulesAnalysis of thee measured start variance in
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component threeand the identiied constraint types in component twoe reduced to a four
by four matrix which wil 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 gthvariance and the observed start variance. This matrix in Tablenxyz
reveal that in some project scenarios applicaton of ALAP constraints may produce o
support reduced activity start variance more than ASAP constraint application.

Though a rigorous and adequate procedures wil be folowed to develop the pbpos
framework, it wil still be necessary to diigently design and follow a validation endoth
to test the adequacy of the framework, its reliabdity consistency of resultand determine
to what extent it is user friendly with reduced clumsingss. f ur t her case st

opinions wil be used to elicit confrmatory information to valdate the framework.

Table 18
Four by Four Matrix of Rlationslip of Start Varianceand Start ©nstraints

Start Finish
Schedule NO. of ASAP NO. of ALAP Variance Variance
A Wa Xa Ya Za
B Wg XB Ys Zg
C Wc Xc Yc Lc
D Wp Xp Yp Zp

Source:Culled fromTera et al (2018)
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wsub-component
component

wsummary tasks
wMilestone tasks

Al e s

activites

wWASAP; ALAP
wMSO; MFO; SNET; SNLT
constraint| wFNET; FNLT
types

wActivity start variance
MeaSure

start wActivity Finish Variance
variance

Figure 29
Key Variables of the Proposed 6 Whiaft 6

Effectiveness of Construction Project Schedules.

Procedur al

Framewo
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CHAPTER FOUR
DATA PRESENTATION, ANALYSIS AND DISCURSSION

4.1 NOTIONAL AND EMPIRICAL DATA

Partly notional and partly field data amollected in a piotsurvey and analysedto assess
whether or not a probleraxiss as cfined in the problem statemeand if solution can be
sought in the way and manner conceivied the methodology statementsing practical
project scenariosthe survey clarifies the propo®d research methodology by illustrating the
nature of data and the intended analysis techniqUé®setwo types of data (theaetical and
empirical) are coleted to investigate the scopar megnitude and the directionof the
research problem and to comf whethert heriendi@ae dsi gni ficanthet et
applASAP andc cAlLsAtPr ati m@ Iss eaprvdog e ct perfor man

terms ostarcttawviagcei fferent. project actiuvi

4.11 Start Time Constraints andActivity Start Variance

The theoreticalcase studyused lils of quantities prepared for a simpleB&droom duplex
building to determine the quantity or vala work. And using empirical field survegata of
production output, deterministic durationti®ates are used taevelop a notionalCPM
schedulefor the canstruction of the5-Bedroom duplex buidingas shown inFigure 30 Table

19 ilustrates the prect actiies showingactivity names andt he-j 66i depend
relationships used in developing ¢h schedule The schedule shown ifrigure 30 has 23
activities and the events are scheduedVicrosoft project environmenkom start date (not

from end date}o begin on thel7 of March 2014 and end @& of July 2015 as ilustrated in
Figure 31 and Table 21. It should be noted that fromiable 20 which illustrates event time
analysisshowing earliest andhtest dates events can occur diodt estimates, two types of
schedule can be drawn. One which schedules aledloactvites to occur as soces
possille, called early start schedule and the other which schedule all floated activities tc

occur as late aspossbi@ hat there 1s apsibgentiwe emenmgt arrel



229

Figure 30
CPM Schedule of a CaseBedroom Duplex Biding
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Table 19.
Project Activitie® 6-j 6 Dependency Relationships
ltem Actvity I-] Activity Description Duration
(Weeks)
1 A 0-1 Mobilization to site, site preparation and preliminarie 5
2 B 1-2 Setting out and excavate ooin 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 flling, Backflling & disposal 3
7 G 4-5 Ground floor slab 2
8 - 5-6 Dummy -
9 H 5-7 230mm Blockwork in load bearing walls
10 J 5-8 150 mm Blockwork in load bearing walls 3
11 K 6-7 Conc. in superstructure cols, beams, stair cases an 13
suspended floors
12 L 7-8 Timber roof members and roof covering
13 7-9 Metal first fix (door and window frames) 5
14 - 8-9 Dummy -
15 N 8-10 Metal second fix (Glazing)
16 P 9-11  Woodwork first fix (doors, frames, skirting, kitchen 3
cabinet and dado rails)
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 1516 Clean site, Mobilisation from site and Handove 4

Source: llustrative example
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Table20
Event Time Analysisand Float Estimates

S/INO Activity Activity Duraton  Earliest Latest Float Remark
I-] (Weeks) Start Fin Start Fin Total Free

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/IA
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 S5-7 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 \Y, 14-15 8 56 64 56 64 0 0 C/A
23 w 1516 4 64 68 64 68 0 0 C/A

FOOT NOTE: Table 20 ilustrates eventtime analysis, showing earlest arfatest dates
events can occur aniibat estimates. The schedule shownFigure 30has 23 activites and
the events are scheduled from start date to begin oti*thef March 2014 and end @& of
July 2015 using Micosoft project planer, as ilustrated inFigure 31 and Table 21
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_



233

Table 21
O0ABl annedd Early Start Schedul e

ACTIVITY  ACTIVITY ACTIVITY ACTIVITY
ID START DATE FINISH DATE DURATION

1 17.03.14 18.04.14 SWKS

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 15.1214 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 optmen scheduling from the project start
where alfloated omoncritical adivities are scheduled to occas soon as possible
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D flskName Duation St Fitsh  Predcessors g 14 I8A0r'14 05 May'14 12 My ' 19 May 14 26 My ' 02lun 4 08 hn 14
MLt [eTs Ts It wlrTe s Is Il wlnTe [s Is [l wlnTe s Is mln wlr e [s s [mln wlr e Ts s mlr Twlr e s s mtTwz ¢ ]s
1 MOBILISATION&SITE Swks — Mon Fri 18/04/14
| PREPARATION 170314 ,
LSEITING ouT Gwks  Mon 20/04/1Fri 30/05/14 1 ﬁ
3 [EXCAVATION Jwks  Mon 26/05/1Fri 13/06/14 1
& EARTHWORKSUPPORT 2wks  Mon  Fri13/06/142 S
8 SURFACE TREATMENT 02/06/14
TCONC INFOUNDATIONS7wks  Maon 16/08/1Fri 01/08/14 34
6 FOUNDATONWALLS, 3wks  Mon  Fri22/08/t4 5
H/C, BACKFILLING AND 04/08/14
DISPOSAL
IGHOUNDFLOORSLAB Jwks  Mon 04/08/1Fri 15/08/14 5
6 DMy Odays  Frit5/08/14 Fri15/08/14 7
S JUMMBLOCKWORK Swks  Mon  Frilg/og/14 7
| LOADBEARNGWALLS 18/08/14
10 [I50MMBLOCKWORK  3wks  Mon Fri05/09/14 7
| PARTTONWALS 18/08/14
11 CONCIN Bwks  Mon Fril/11/14 68
SUPERSTRUCTURE 25/08/14
COLS, BEAMS, STAR
CASES & SUSPENDED
2 IMBRROOF  3wks Mo Pl 11
MEMBERS & ROOF 1114
Figure 32
A Section of6 AB | a n bage dtart Schedule CPM Showing the Start and Finish Dates for Activity 3
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Table 22
6 AB | a n hatedStart Schedule

ACTIVITY  ACTIVITY ACTIVITY ACTIVITY
ID START DATE FINISH DATE DURATION

1 17.03.14 18.04.14 SWKS

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 24.1114 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

FOOTNOTE: All floated or noncritical activities are scheduled to occur as late as possible
using all avaiable free float. This is the default option when scheduling from predeterminec
project end dateThe table presents the late start scheduleekghall norcritical activities are
schedule to occur as late as possiients are scheduled from start date to begin on fe 17
of March 2014 and the project stil ends on tfeo8July 2015.
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ID ’Iask Task Name Duration [Start Rnish 24 Nav'14 1 08 Dot 1 1 77 Dec 14 9 Dec'14
0 |Mode TIFS sSMTWTIFSISMTWTFSSMTIWTFSSMTWTFSISMTIWTFS[sMTW
n % TIMBER ROOF Jwks Mon Fri 12/12/14
MEMBERS & ROOF 1114
13 % METAL FIRSTFIX Swks Mon Fri 26/12/14
(DOORS & WINDOW M4
1a % DUMMY Odays  Fri12/12/14 Fri12{12/14 g1h
15 % METALSECONDFIX  Awks Mon Fri 09/01/15
(GLAZING) 15/12/14
16 2 WOODWORKFIRSTFIX3wks  Mon Fri 16/01/15 [
(DOOR FRAMES, 0/12/14
SKIRTINGS, KITCHEN
CARBINENT & DA DO
RAILS)
17 % WOOD WORK SECOND 6 wks Mon Fri 20/02/15
FIX (FLUSH DOORS) 12/01/15
18 % INTERNAL & EXTERNAL 5wks Mon Fri 20/02/15
RENDERING 19/01/15
L} % M&EINSTALLATIONS 7wks Mon 23/02/1 Fri 10/04/15
n i % INTERNAL & EXTERNAL 3 wks Mon Fri 05/06/15
PAINTING 18/05/15
N B FIOORFINISHINGS  4wks  Mon Z3/02/1F 20/03/15
b7} % FENCING, DRAINAGE 8 wks Mon Fri 05/06/15
AND EXTERNAL WORKS 13/04/15
Figure 33

A Section of6 AR | a n Difer@éréial CPM Schedule Showing the Start and Finish Dates for Activity 13
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Table 23

O0ABl annedd Differential Early/ Late Start

ACTIVITY ACTIVITY ACTIVITY ACTIVITY
ID START DATE FINISH DATE 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 20.12.14 16.01.15 3

17 12.01.15 20.02.15 6

18 19.01.15 20.02.15 5

19 23.02.15 1004.15 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 anddtagschedule on
selected Noitritical Activities bagd on project specific attributes, task
specific attributes and resource specific attributes. The table presents activity
start dates fodifferential early/late start schedule. This scheduling option
applies differentiallyearly and late schedule on selected-adiical activities
based on project specifiattributes. In this option events are scheduled from
start date tdoegin on the 17 of March 2014 and the project stil ends on the
3 of July 2015.



238

activivar i.dthamt suggests t hat schedul es b a
reduced activitthat seaent vyamnipzhainhinicegy ddoisoa
These three different scheduling outcomes seem to present simiar outcome scenarios of -
project starting and ending on the same dates. The effects of the different scheduling optio
however, will become apparent when akxpected events that could occur have taken place
and when buit into the schedule, MS project recalculates new updated schaslules

llustrated in Tables28, 29 and30; and Figures 34, 35 and .36
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1D ’”5" Task Name Duraton Start  Finish 1y 15 Dec '14 22 Dec'14 29Dec'14 05Jan'15 124an'15 19.an
0 |Mode wlTlels{simT wlrlels[smltiwltlelslsImltwlrlels]s mltlwltlrls[smlriwlr[els]s mlT
12 2 TIMBERROOF 3wks  Mon Fri 12/12/14 |
MEMBERS & ROOF ump
B E % MTARRSTAX  Swks Mo Filgoyis ﬁ
(DOORS & WINDOW 15/12/14
1 % DUMMY Odays  Fri12/12/14 Fri 12/12/14 2 il
15 = % METALSECONDFIX 4wks  Mon Fri 30/01/15 ﬁ
(GLAZING) 0015
16| %  WOODWORKFRSTFX3wks  Mon  Fri06f02/15 -
(DOORFRAMES, 19/01/15
SKIRTINGS, KITCHEN
CARBINENT & DA DO
RAILS)
iy % WOOD WORK SECOND 6wks  Mon Fri 13/03/15
FIX (FLUSH DOORS) /015
13 % INTERNAL & EXTERNAL 5wks  Mon Fri 13/03/15
RENDERING /02/15
19| B MREINSTALLATIONS 7wks  Mon 16/03/1Fri 01/05/15
20 @ @  INTERNAL&DXTERNAL 3wks  Mon  FriCKf06/15
PAINTING 18/05/15
2| @ FOORFANISHNGS  Awks  Mon16/03/1Fri 10/04/15
n % FENCING, DRAINAGE 8wks  Mon Fri 26/06/15
AND EXTERNAL WORKS 04/05/15
Figure 34
A Secti-buitd oEanvlAy Start Schedule Showing the Start and Finish

Dat ¢
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Table 24
OABuUi |l t & Early Start Schedule

ACTIVITY  ACTIVITY ACTIVITY ACTIVITY
ID START DATE FINISH DATE DURATION

1 17.03.14 18.04.14 SWKS

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

FOOTNOT EB u i d&a&lgtstart schedule when start of activities & 35 are each
delayed for threaveeksi n t HPam & &a&ly start schedule.
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I Fas" Task Name Duration ~ Start Finish 14 15 Dec '14 22Dec'14 29Dec'14 05Jan"15 12Jan'15 19Jan
0 [Mode wlT[F{s[smiTIw[T[r[s[s[m[TIwlT[r[s[sIm[TIwlT[F[s[s [m[TIwlT[F]s[s mlTIw[T]F[s[s m|T|
12 TIMBERROOF 3wks  Mon Fri 12/12/14
MEMBERS & ROOF 114
3 2 MITALARSTRX  Swks  Mon Fri 16/01/15
(DOORS & WINDOW 15/12/14
14 2 pUMMY Odays  Fril2/12/14 Fi 212714 um b
15 [ %  METALSECONDFX 4wks  Mon Fri 30/01/15
(GLAZING) 05/01/15
16 % WOOD WORK FIRST FIX 3 wks Mon Fri 06/02/15 ]
(DOOR FRAMES, 19/01/15
SKIRTINGS, KITCHEN
CARBINENT &DA DO
RAILS)
17 % WOOD WORK SECOND 6 wks Mon Fri 13/03/15
FIX (FLUSH DOORS) 02/02/15
18 % INTERNAL&EXTERNAL Swks  Mon Fri 13/03/15
RENDERING (9/02/15
19 % M&EINSTALLATIONS 7 wks Mon 16/03/1Fri 01/05/15
20 % INTERNAL & EXTERNAL 3 wks Mon Fri 03/04/15
PAINTING 16/03/15
n % FLOORFINISHINGS  4wks Mon 16/03/1Fri 10/04/15
n % FENCING, DRAINAGE 8 wks Mon Fri 26/06/15
AND EXTERNAL WORKS 04/05/15
Figure 35

ASectioBublft ®Ad at e

St aStatt an® Einisle Btes foe Acti&ibso28i n g
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Table 25
OABUiIi | t O Late Start Schedul e

ACTIVITY ACTIVITY ACTIVITY ACTIVITY
ID START DATE FINISH DATE DURATION

1 17.03.14 18.04.14 SWKS

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 1901.15 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

FOOTNOTEBUI LatA&art schedule when start of activitie8 & 15 are each
delayed for threaveeksin the AsPlannedLate start schedule.



243

1D ’“’5" Task Name Duration  ftart Finish 27 pr 15 04 May 15 11 May'5 18 May'5 25 May'l5 01Jun '15
0 Wote ﬁlwhlflsls MITIw[T FlsTsImlTiwltlrls]s mlTiw[t[Flssmitiwitlrls]s mtiwlt[Fls
15 @ % MEITALSECONDFX  4wks Mo Fi30/01/15
(GLAZING) 050115
16 ®  WOODWORKFIRSTFIX3wks  Mon Fri 06/02/15
(DOOR FRAMES, 19/01/15
SKIRTINGS, KITCHEN
CARBINENT &DA DO
RAILS)
17 D WOODWORKSECOND 6wks  Mon Fri 13/08/15
FIX {FLUSH DOORS) W/0f15
13 2 INTERNALZEXTERNAL Swks  Mon Fri 13/03/15
RENDERING 9/0f15
19| B MEEINSTALLATIONS 7wks  Mon16/03/1Fri 01/05/15 l
0 @ % INTERNALGEXTERNAL 3wks  Mon  Fri05/06/15 O
PAINTING 18/05/15
n [H 2 FLOORFINISHINGS  4wks  Mon 16/03/1Fri 10/04/15 1
L] ®  FENCING,DRAINAGE 8wks  Mon Fri 26/06/15
AND EXTERNAL WORKS 04/05/15
3 D CEANSITE, dwks  Mon Fri 24/07/15
MOBILIZATION FROM 25/06/15
SITEANDHANDOVER
Figure 36

A SectiBoilotf 6 6Psfferent.i

a l

CPM Schedul e

Showing

t

he

Start

and

Fi
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Table 26
0 AB u i fbrtthé Differential Early/Late StarSchedule

ACTIVITY  ACTIVITY ACTIVITY ACTIVITY
ID START DATE FINISH DATE DURATION

1 17.03.14 18.04.14 SWKS

2 21.04.14 30.05.14 6

3 2605.14 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.% 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 29.6.15 24.07.15 4

FOOTNOTE: This is updated activity start and actvity finish dates for differe iam
schedule.
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Table 27
Variance for Early Start Schedule

ACTIVITY
ID ACTIVITY START VARIANCE ACTIVITY FINI SH VARIANCE
13 15.12.14-24.11.14 = 3 WKS 16.01.1526.12.14 = 3 WKS
14 12.12.14i 12.12.14 =0 (DUMMY) 12.12.14 12.12.14 =0 (DUMMY)
15 05.01.15 15.12.14=3 30.01.15 09.01.15=3
16 19.01.15 29.12.14 =3 06.02.15 16.01.15=3
17 02.021571 12.01.15=3 13.03.15 20.02.15=3
18 09.02.15 19.01.15=3 13.03.15 20.02.15=3
19 16.03.15 23.02.15=3 01.05.15 10.04.15=3
20 16.03.15 23.02.15=3 03.04.15 13.03.15=3
21 16.03.15 23.02.15=3 10.04.15 20.03.15=3
22 04.05.15 13.04.15=3 26.06.15 05.06.15=3
23 29.06.15 08.06.15=3 24.07.15 03.07.15=3

0 =3 0 =3

FOOTNOTE: Corresponding dates in updated early start schedule dates in intial early
start schedule.
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Table 28
Variance for Late Start Schedule

ACTIVITY
ID ACTIVITY START VARIANCE ACTIVITY FINISH VARIANCE
13 15.12.14 24.11.14 = 3 WKS 16.01.15 26.12.14 = 3 WKS
14 26.12.14 26.12.14=0 26.12.14 26.12.14=0
15 05.01.15 15.12.14 =3 30.01.15 09.01.15=3
16 19.01.15 29.12.14 =3 06.02.15 16.01.15=3
17 02.02.15 12.01.15=3 13.03.15 20.02.15 =3
18 09.02.15 19.01.15=3 13.03.15 20.02.15=3
19 16.03.15 23.02.15=3 01.05.1510.0415=3
20 18.05.15 18.05.15=0 05.06.15 05.06.15=0
21 16.03.15 16.03.15=0 10.04.15 10.04.15=0
22 04.05.15 13.04.15=3 26.06.15 05.06.15=3
23 29.06.15 08.06.15=3 24.07.15 03.07.15=3

0 =24 WKS 0 =2.4WKS

FOOTNOTE: Corresponding dates in updated late start schedule daites in intial late
startschedule.
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Variance for Differential Early/Late Start Schedule
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ACTIVITY ACTIVITY START VARIANCE ACTIVITY FINISH VARIANCE
13 = 15.12.141 24.11.14 = 3 WKS 16.01.15 26.12.14 = 3 WKS
14 12.12.14 12.12.14 =0 (DUMMY) 12.12.14i 12.12.14 = 0 (DUMMY)
15 05.01.15 15.12.14 =3 30.01.15 09.01.15=3
16 19.01.15 29.12.14 =3 06.02.15 16.01.15=3
17 02.02.15 12.01.15=3 13.03.15 20.02.15 =3
18 09.02.15 19.01.15=3 13.03.15 20.02.15=3
19 16.03.15 23.02.15=3 01.05.1510.04.15=3
20 18.05.15 18.05.15=0 05.06.15 05.06.15=0
21 16.03.15 23.02.15=3 10.04.151 20.03.15=3
22 04.05.15 13.04.15=3 26.06.15 05.06.15=3
23 29.06.15 08.06.15=3 24.07.15 03.07.15=3
0 =2.7 WKS 0 =2.7 WKS

FOOTNOTE: Corresponding dates in updated differential early/late stadukehginus
dates in initial differential early/late start schedule.
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Project End Date Variance

TREATMENT PROJECT END DATE VARIANCE
I 24.07.15 03.07.15 3WKS
Il 24.07.15 03.07.15 3WKS
1] 24.07.15 03.07.15 3WKS

FOOTNOTE: Project end date variance is the updated end date minus initial end date.

Table 17
ANOVA Analysis Table for OneFactor Experiment
Sources of variation | Degrees of Freedom| Mean square F Statistic
Between treatments S%6 =Vg Fc=S&E ESw
Ve=bé (;b § a-1 al With &1 and a(bl)
J Degrees of freedom
Within treatmergt S'w=Vw
Vw= V-Vg abi 1) al-1)
Total ab1
V =Vg+ Vw
V = 8% (X
Jk

Source: Sgigel and Larry (2008)
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4.12 Hypothesis Testing Notional Start Date Constraint

From the variance amals presented ifables 27, 28, 29 and 30, Table 31 is generated.
Table 31 is similar to Table 14 which shows the different scheduling options applied
(ndicated as different treatment) and the observed activity start variances during projec
implementation. There seem to be a relationship between the startaratraint and activity
start variance. The strength of this relationshkiptested using théANOVA Analysis Table

for OneFactor Experimenin Table 17. The FcaL is obtained to test the hypothesis whether
there is a significant relationship between #tart date constraint and activity start variance.
This is usualy stated aslos 18 24F G ie, the observed means being equal or rit.
FcaL < Fras, we accept it That there is no significant relationship between start date
constraint and activity start variance.Féa. > Fras, We reject  and accept H That there

is a significant relationship between start date constraint and activity start variance.
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250

ANOVA Table for OneFactor Expament of Notional Case Study

ASV ARV PEV
Treatment | .03 3.0 3.0 0,=30 WKS
Il 2.7 2.7 3.0 =28
1l 2.4 2.4 3.0 =26

FOOTNOTE:This is similar toANOVA table for onefactor experiment
Where: ASV: Activity start variance, AFV: Activity finish variance, PEV: Project end date
variance, b: number of variasl considered analy within treatment average.

Table 31 (b)
ANOVA Table for OneFactor Expement 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 24 3 7.8 2.6
Column total 8.1 8.1 9.0 Grand toth = 25.2
Column nean 2.7 2.7 3.0 Grand mean = 2.8
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Between treatments variation

Veg= b @0
J

Within treatment variation
VW =V- VB

Total variation

vV o=Xx-e}
J

0 = @& Xmean for all entries =2.8
N

Vg =3[ (3 2.8F+(2.61 2.87 +(2.81 2.8F] =3[(0.04) + (0.0%+ (0)] =024
V = [(3- 2.8%+ (37 2.8F+ (31 2.8% + (2.41 2.8Y + (2.47 2.8F + (31 2.8/ +
(2.71 2.8F+ (2.7 2.8Y + (37 2.8¥]
=[(0.04 + (0.04)+ (0.04)+ (0.16) + (0.16) + (0.04) (0.0%) (0.01)+ (0.04] = 0.54
Vw =V-Vg =0.54i 0.24 =0.30

S5 =Vsg =024 =0.12
al 2

alvl) 6
Feau = S% =0.12 =240
Sw 0

Vo=a(bl)=3(31)=6

Fras =5.14 Obtained from table at 1 % level of significance
=10.9 Obtained from table ab % level of significance

4.1.3 Discussion ofResultsfor the Notional Case Study
The decision rule in ANOVA hs been discussed in section 3.6Decision in ANOVA
involves assessing and comparing two statistics, the F cal®al called F calculated €k )

and the Fread from table Frag at stated levsl of significancewith defined denminator and
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numerator degrees of freedom (Spiegel and Larry, 200Bf-ca. is significantly large, and it

is greater than +as, (FcaL . T1AB), we can reject the null hypothedity, that there is no
significant difference between the meamsd thus we cawonclude that at the stated level of
significance, the difference in activity start date is actually due to the constraint type applie
in developing the inttial baseline schedule. If howelvegk is less than 1 and or th&ta,

Fras, We can concludehat there is no significant difference between the means and thus
acceptHp andrejectH;. In summary in most casdsFHcar. ©  tAs: Hois accepted and Hs
rejected. As explainedin section 3.6.2 cconventionally used levels of significance are 0.1,
0.06 and 0.01. A 0.05 level of significance permits 5 percent probabilty for typeof. Arr
decision made to reject hypothesis at this level of significance has 5 percent chance of
being wrong in rejecting a hypothesis that is possibly true that shoulblawe been rejected.

If rejected at 0.10 level of significance there is a 10 percentehiat the decision is wrong.

If rejected at 0.01 level of significance there is only 1 percent chiduatghe decision is
wrong, this supports Osuala (199@ysefbn that the 0.01 level of significance is more
exacting than the 0.05 levet significance From sectior83.9.2, Fca. = 2.40and Frag = 10.9

at 1% level of significanceand Frag = 5.14 at 5 %level of significance Since FcaL < Fras

but Fca. . 1 at both 1 % and 5%levek of significancewe can either acceptotbr otherwise
reserve our judgement pending further analggiee Fca . 1. That thee is somehowa
significant relationshipbetween std date constraint appliednd activity start variance at
both levek of significan@ since Fca. = 2.40, which is greater than The tend in Table 31
therefore has not occurred by chanteereforeit can beconcluded that treatmentl I(Late

start schedules) is a much more leleladed and desirable schedule widlued activity
start variability. This is the incremental contribution to knowledgeractitioners should
therefore note that schedulng dbated activities to occur asobonaspossible may not
always enhance optimum schedule perfmoea as shown inhs data analysis This

preliminary partialresult 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 da
constraint and key performance indicators terms activity start time varianceising
ANOVA. Though more field data is needed to confrm and valdate this suppostion, this
study can at this stage assert thatbyf deductive reasoninghe Probabiity of Project
Completion on the due date is definéd bePr = 100 %- % VAR. Where% VAR = % of
activity start variance. Deductively, eeduction of % VAR to ZERO would mean 100 %
Probabilty of FPoject Completion on the due date. If there is high % VAR, e.g, 75% VAR,
then, the possibiity of project cquetion on the due date is only 25%:rom Table 31 the
average of VAR VAR, VAR, = 3.0, 2.7, & 2.4respectively. Therefore the percentage
activity start variance for the different three schedulng options of strong ASAP schedules
intermediate ALAP schedulesandstrong ALAP schedulesre:

% VAR, = 3.00/23 x 100 = 13.0%%

%VAR) 2.70/23 x100 =11.74 %nd

% VAR = 2.40/23 x 100 = 10.43% respectively.

The pobabiity of project completon (/) on the due date for the different scheduling
options is estimated as; B 1007 13.04 = 86.96%; R, = 10071 11.74 = 88.26%; and
P =1007 1043 = 89.57%. This data reduction of the case study project shows vemjycle
that the probabiity of project completion on the due datg,isPgreatly improved with
introduction of ALAP constraints applied to selected tasks in developing Heslude. This

research findingemphages the importance of schedofj to reduce acfty startvariance.

4.2 EMPIRICAL DATA ON ALAP/ASAP CONSTRAINTS

The purpose of this secorsurvey is to useactual field data to assess whether or not a
problem exists as defined in the problemintieh and if soluton can be found in the way
and manner conceived. A single case study efamg construction project scheduled using

the MS Project planner is presented in this section. The case study projectidoracHice
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complex estimated taly to cost N6,670,071,788.78 wih a revised stco of
N7,264,574,176.45. It hadhitial contract duration of 2 years and a revised duration of 5
years. The case study presents the intial baseline schedule on which the experimen
research design is s Plan B and Plan C are developed from the initial baselne schedule.
Table 32 presents identified constraint types applied in the initial baselne Schedule (here
cal | ed -Planhed scliedue for Plan A). The constraint types applied to all tasks are
identified through the following steps:(1) Highlight the task ( 2 ) Click on th
icon on the @played dialogue box and thén3 ) Select 6Advanced i
display the constraint type applied on the selected task.

The case study project reported in this pilot survey shows 341 tasks cells. Out of thes
69 task cels are Summary and miestone actvies leaving a total of 2MBemuof
scheduled tasksThese Summaryasks miestonetasks and scheduledasks are shavn in

Appendixes B1B2, B4, and B6

No. of actvities shown in the schedule 341
Less

No. of Summary and miestone task 69
Total No. of schedetl Tasks 272

Table 32 shows that out of the 341 task cells, 117 activities are scheduled to occur
As-SoonAs-Possible, (ASAP), whie none is scheduled to occurL#&t® As-Possible,
(ALAP). It is noted that 151 and 4 atties are scheduled to occur with SNET and FNET
constraints respectively. There is actualy no need to count the number of mandatery, sen
flexible and inflexible constraint options of SNET; SNLT; FNET; FNLT; MSO; MFO, since
the use of these is usuallgaasioned by certain project unique scenarios. This analysis result
shows the achiewsent of the second research objective, whighthe identification of the
level of ASAP or ALAP constraints applied yielding early and late start schedules. From this
pilot wurvey aimed to identifithe scope ofhe research problem, results shthat no single

ALAP constraint type is applied by practtioners. All the fiexible constraints appled are
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ASAP, as shown imTabes 32, 33 and 36Tables 34, 35 and 3éhowthe SNET the FNET

and the summary of all constraint types applied respectively.

4.2.1 Research Degn for the Empirical Case Study

Three baseline schedules are used to investigate the praedormance effects of the
application of ASAP and ALARonstraint options to different projetasks in developing the
schedule. Two schedules, aglanned and abuitt schedules were obtained from the
contractor. T h e inrpt aahed@sschedule developed by
the-bdalsedulsech Thipd arnmeddalscbadul & the guasic a |
experiment. The second c hedul e,n cBadl | s fraéplag A cbp detifying
eighteen ASAP actvities thatught to have been scheduled to occuAs-Late-As-Possible.
Thes activitesare: 7, 11, 66, 68, 70, 80, 90, 96, 108, 117, 122, 270, 278, 290, 3033810,
and 333. The thrds c hedul e, called forPdmantiCe dentd
baseline scheduldy rescheduling thirty six inttially scheduled ASAP atidéig to now occur
As-Late-As-Possible. These are: activities 7, 11, 66, 68, 70, 72, 77, 80, 90, 96, 108, 112, 11°
122, 124, 168, 225, 229, 232, 235, 251, 253, 262, 270, 275, 278, 286, 290, 292, 300, 3C
310, 318, 330, 332, arB38 These actvitiesvere selected from all the different stages
phasesof the schedule so as to minimiske tlump sided effects that mayccur should
changes be implemented early or late into the project as arguesbubidileh and lbbs
(1993) Ibbs, 009 and Ibbs et al., 1994) and discussed in section 201 this thesis Abu-

Hileh and lbbs (1993) opines that there are three distinct stages of project progress: (1) Th
early stage (say, 09%0%); (2) The steadhstate productiontage (e.g., 20%80%); and (3)

The late stagge.g., 80%100%). These points are only approximate points of delimitation
and are not the same for every project. The last gwigding-dowrn) marks the point beyond
which management cannot meaningfully affect performance. By then most budgetet

resource are expended andverruns are not correctable. Thereforarlye detection of
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problems within the 0980% project completionwindow improves chancesuccess of
corrective action. Actvity start variance which occurs during the stetady production
stageis likely to have significant cost effect on the project because at this stage significan
cost commitmein has been made on both labour, material and plant items and are ever
probably moved to site. This will significantly increase downtime cost dsas/storage cost

of materials, AbtHileh and lbbs (1993) This finding by AbuHileh and lbbs (1993)is a
conclusive evidence that there may not be a straight line relationship between schedt
variance and cost variance. This is because as demonstratedbyijléh and Ibbs (1993)

high schedule variance which occurs during @%-20% project phase wil likely produce
minimal cost variance whie low schedule variance experienced during8@ké 100%
project phase wil likely produce very high cost variancate change is more disruptive of
project productivity than early change, al other things being edls, 2005). This
argument is simiar to the postulate of Ibbs et al., (1994) that a change implemented late in
project wil have more unsetting pact on labour productivity than the same change
intiated and implemented earler on in the projeBy definition therefore, Plan A is the
contractords initial $ c hied u lae . -SdadmAsdrg s 6 e
schedule. Plan B is develaperom Plan A schedule with introduction of eighteen ALAP
activities. -TalteiAs-P oisss | & | ev@® a kB c AU | e . Pl an
Plan A schedule with introductionf ¢hirty six ALAP constraints.Thi s i s datest r ¢
As-P o s s i [edule.dt is olesérved that Plan C has double the number of ALAP constraints
t han Pl an B. These Plam® Bc amaris &peranensle d |
research design to investigate the project performance effects of the use or application
ASAP and ALAP constraint options to different project tasks in developing the project
schedule.0 Whriaft 6 n &Xpwad wased, how withe schedule perform in relation to when

option Y was appled?The actvity start variances between the Adt scheduleand Plan A,
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Plan B and Pla C are calculated anshownin AppendixesB3, BS and B7 The summary of
these variances is presentedAppendix B8

From lterature, adate-aspossible date is a restriction that uses positive float to delay an
actMty as long as possible without delaying its successor. Its purpose is to improve financin
and resolve resource conficts like late release of information-ldaily supply items and
delayed submittal approval, (Hegaand Petzold, 2003). However-lageas possible date
as pointed out by GAO, (2009), should be used with caution because using as late as poss
schedules introduces a false level of criticalty due to their effects on float consumption. Thi
assertion notwithstanding it wil not be apprate to schedule all project tasks to occur as

soon as possidl This is the phiosophy behind the thinking of this thesis.
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Table 32

Al Constraint Type#\pplied in Case Project 1

SN ID ACTIVITY D/DAYS CONSTTYPE
1 3. Preshipment Inspection for finishing/fire fighting 12 SNET
2 4. Preshipment Inspection of Chilers & AHU 12 SNET
3 5. Preshipment Inspection of Lift 6 SNET
4 6. Preshipment Inspetion 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 Chilers & AHU 107 ASAP
8  10. Shipment Inspection of Lift 90 ASAP
9 11. Shipment Inspection of Tisfarmers & Panels 90 ASAP
10 13. Completion of the LIFT shatft 12 ASAP
11 14. Completion of sulstructural work(main Building) 14 ASAP
12 15. Completion of facial wialmain Buiding) 32 ASAP
13 16. Underground diesel Tarfkcenerator's house) 30 SNET
14 17. Expansion JdinTreatment(Main buiding) 20 ASAP
15 18. French Drain 45 ASAP
16 19. Entrance Canopy (Main Biihg) 25 ASAP
17 22. Gate House 5 SNET
18 23. Facilty mgt. Building 4 SNET
19 24. Generator House 7 SNET
20 25. Main Building 30 SNET
21 27. Gate House 6 ASAP
22 28. Faciity mgt. Buiding 5 ASAP
23 29. Generato House 8 SNET
24 30. Main Buiding 30 SNET
25 33. Basement 14 ASAP

N
o
w
a

. Ground Floor 48 ASAP
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Table32 CONTD.
Al Constraint Typeg\pplied 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. Delvery of Ties (ceramic, Granite, Marble) 5 ASAP
35 46. Gate House 12 ASAP
36 47. Faciity mgt. Buiding 10 ASAP
37 48. Basement ) 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. Faciity 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. Delvery of Ties 4 ASAP
52 66. Gate House 14 ASAP
53 67. Faciity mgt. Buiding 10 ASAP

54 68. BackElevation(Main Buiding) 20 ASAP
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Table 32 CONTD.
Al Constraint Typeg\pplied in Case Project 1

SN ID ACTIVITY D/DAYS CONST TYPE
55 69. Right Elevatio 30 ASAP
56 70. Left Elevation 30 ASAP
57 71. Front Elevation 40 ASAP
58 72. Courtyard at Bulion Area 15 ASAP
59 74. Delivery of Alucobond 5 ASAP
60 75. Gate House 21 ASAP
61 76. Faciity mgt. Biding 7 ASAP
62 77.Back Elevaton(Main Building) 20 ASAP
63 78. Right Elevatio 30 ASAP
64 79. Left Elevation 30 ASAP
65 80. Front Elevation 40 ASAP
66 84. Delivery of Fames 3 SNET
67 85. Gate House 5 SNET
68 86. Faciity mgt. Bilding 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.
Al Constraint Typeg\pplied 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. Facty mgt. Buiding 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 Accessomle 3 ASAP
89 112. Gate House 3 ASAP
90 113. Faciity 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 1109. Delivery of Frames & Glazing 3 ASAP
96 120. Gate House 14 ASAP
97 121. Facilty mgt. Building 10 ASAP
98 122. Basement 2 ASAP
99 123. Ground Floor 65 ASAP
100 124. 1st Floor 45 ASAP
101 125. 2nd Flor 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. Faciity mgt. Buiding 10 SNET




262

Table32 CONTD.
Al Constraint Typeg\pplied 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. Delivey of DEKO partition 3 ASAP
113 141. Faciity mg Buiding 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 & 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. Faciity mg Buiding 5 ASAP
124 155. Basement 40 ASAP
125 156. Ground Flor 70 SNET
126 157. 1st Floor 50 SNET
127 158. 2nd Floor 30 SNET
128 160. Gate House 5 SNET
129 161.Faciity mg. Buiding 4 SNET
130 162. Basement 12 SNET
131 163. Ground Floor 22 SNET
132 164. 1st Floor 12 SNET
133 165. 2nd Floo 8 SNET

134 167. Gate House 3 SNET
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Table32 CONTD.
Al Constraint Typeg\pplied in Case Project 1

SN ID ACTIVITY D/DAYS CONST TYPE
135 168. Faciiy mgt. Buiding 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 oor 21 SNET
142 178. 2nd Floor 15 SNET
143 180. Ground Floor 21 SNET
144 181. 1st Floor 21 SNET
145 182. 2nd #eor 17 SNET
146 184. Gate House 15 SNET
147 185. Facility mgt. Bldling 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 oor 22 SNET
153 193. 2nd Floor 14 ASAP
154 195. Delivery of materials 3 ASAP
155 196. Gate House 14 SNET
156 197. Faciity mgt. Buiding 10 SNET
157 198. Basement 21 SNET
158 199. Ground Floor 48 SNET
159 200.1st Floor 30 SNET

160 201. 2nd Fdor 17 SNET
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Table32 CONTD.
Al Constraint Typeg\pplied in Case Project 1

SN ID ACTIVITY D/DAYS CONST TYPE
161 203. Gate House 14 SNET
162 204. Faciity mgt. Buiding 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. Faciity mgt. Buiding 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. Delvery of electrical fttings 2 ASAP
174 218. Gate House 7 SNET
175 219. Faciity mgt. Biding 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 Acces 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. Instalation of Equipment 30 SNET

188 235. Cabling 55 SNET
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Table32 CONTD.

Al Constraint Type#pplied in Case Project 1

SN ID ACTIVITY D/DAYS CONST TYPE
189 236. Instdhtion 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 Pipm 108 SNET
198 248. Lagging/Cladding of Chiler 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 Chilers 10 ASAP
204 257. Ground Floor 11 SNET
205 258. 1st Floor 4 SNET
206 259. 2nd Floor SNET
207 261. Gate House 10 SNET
208 262. Faciity Buiding 7 ASAP
209 263. Ground Floor 62 SNET
210 264. 1st For 27 SNET
211 265. 2nd Floor 15 SNET
212 267. Delivery of 4ANd.ift 10 ASAP
213 269. Cables and Gles 28 SNET
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Table32 CONTD.
Al Constraint Typeg\pplied 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. Cdin 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. Graund Floor 56 SNET
225 285. 1st Floor 38 SNET
226 286. 2nd Floor 30 ASAP
227 287. Fittings 15 ASAP

228 289. Gate House
229 290. Faciity mgt. Buiding ASAP
230 291. Basement ASAP

1 SNET
1
2

231 292. Gound Floor 5 ASAP
2
1
5

232 293 1st Floor SNET
233 2%. 2nd Floor SNET
234 296. Delivery of pipes ASAP
235 297. Gound 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 Task 12 SNET
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Table32 CONTD.
Al Constraint Typeg\pplied in Case Project 1

SN ID ACTIVITY D/DAYS CONST TYPE
240 304. Roof Water Tank 8 ASAP
241 305. Water Treatment Pizn 21 SNET
242 306.Bore hole Installation 14 SNET
243 307. Septic Tank & Soakawayt p 28 ASAP
244 308. Inspean Charber 56 ASAP
245 310. Underground fuel dop 14 ASAP
246 311. Fuel Tank wlit 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. Etinguishers 16 SNET
251 317. Hydrants 65 SNET
252 318 Hosereel 44 ASAP
253 319.Fire pumps 28 ASAP
254 321. Flood Water Drainag 122 SNET
255 322. Filing& Commction of Site(Earthworks) 84 ASAP
256 323. Interlocking ts for Walkway 56 SNET
257 324. Concrete Driveways 120 SNET
258 325. Geen Areas 75 SNET
259 327. Delivery of Transformer &dhels 16 ASAP
260 328. Low & High Voltage Paei 36 SNET
261 329.Generators 7 SNET
262 330. Transformer 10 ASAP
263 331. External Cabling(Armou@ 40 SNET
264 332. ExternalLIGHTING(Poles and fittings) 61 ASAP

265 333. PHCN Power conneati 35 ASAP
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Table32 CONTD.
Al Constraint Typeg\pplied in Case Project 1

SN ID ACTIVITY D/IDAYS CONST TYPE
266 335. Fencestructure (Type C) 21 ASAP
267 336. Barbed Wire 14 SNET
268 337. Fence Grils and Gates 46 SNET
269 338. Painting 40 ASAP
270 339. Decorabns and Furniture 20 SNET
271 340. Test Running 7 SNET

272 341. Comfetion & Handover 1 SNET
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Table33 CONTD.
ASAP Camstraint Types Appliedn 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 Chilers & 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 HT shaft 12 ASAP
7  14. Completion of sutstructural work(main Buiding) 14 ASAP
8 15. Completion of facial wall (main Building) 32 ASAP
9 17. Expansion alnt Treatment(Main buiding) 20 ASAP
10 18. French Drain 45 ASAP
11 19. Entrance Canopy (Main Buildgh 25 ASAP
12 27. Gate House 6 ASAP
13 28. Faciity mgt. Buiding 5 ASAP
14 33. Basement 14 ASAP
15 34. GroundFloor 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. ExternalMain Buiding 56 ASAP
22 45, Delvery of Ties (ceramic, @nite, Marble) 5 ASAP
23 46. Gate House 12 ASAP
24 47.Faciity mgt. Buiding 10 ASAP
25 54. Facilty mgt. Buiding 7 ASAP
26 60. Delvery of Raised flao 5 ASAP
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Table 33 CONTD.
ASAP Camstraint Types Appliedn Case Project 1

SN ID ACTIVITY D/DAYS CONST TYPE
27 65. Delvery of Ties 4 ASAP
28 66. Gate House 14 ASAP
29 67. Faciity mgt. Buiding 10 ASAP
30 68. Back Elevation(Mai Building) 20 ASAP
31 69. Right Elevabn 30 ASAP
32 70. Left Elevation 30 ASAP
33 71. Front Elevatin 40 ASAP
34 72. Courtyad at Bulion Area 15 ASAP
35 74. Delery of Alucobond 5 ASAP
36 75. Gate House 21 ASAP
37 76. Facity mgt. Biding 7 ASAP
38 77.Back Elevation(Main Building) 20 ASAP
39 78. Right Elevabn 30 ASAP
40 79. Left Elevation 30 ASAP
41 80. Font Elevatbn 40 ASAP
42 90. 2nd Floor 5 ASAP
43 92. Delivery ofDoors 2 ASAP
44 96. 2nd Floor 3 ASAP
45 98. Fabrication 20 ASAP
46 103. Delivery of Doors ASAP
47 104. Gate House ASAP
48 105. Faciliiy mgt. Building 5 ASAP
49 106. Basement 2 ASAP
50 108. 1st Floor 15 ASAP
51 111. Delvery of Access@s ASAP
52 112.Gate House ASAP




271

Table33 CONTD.
ASAP Camstraint Types Appliedn Case Project 1

SN ID ACTIVITY D/DAYS CONST TYPE
53 113. Faciity mgt. Buiding 2 ASAP
54 114. Basement 2 ASAP
55 115. Gound Floor 12 ASAP
56 116. 1st Floor 7 ASAP
57 117.2nd Floor 4 ASAP
58 119. Delvery of Fames & Glazing 3 ASAP
59 120. GateHouse 14 ASAP
60 121. Faciity mgt. Buiding 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. Delvery of Méerials 2 ASAP
68 140. Delivery of DEKO partition 3 ASAP
69 147. Delvery of partition 1 ASAP
70 154. Faciity mgt. Buiding 5 ASAP
71 155. Basement 40 ASAP
72 168. Faciity mgt. Buiding 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. Delvery of electrical fittings 2 ASAP

78 219. Faciity mgt. Buiding 7 ASAP
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ASAP Camstraint Types Appliedn Case Project 1

272

SN ID ACTIVITY D/DAYS CONST TYPE
79 225. Cabling 66 ASAP
80 229. Publc Address sigsn 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 Chers 10 ASAP
87 262. Facilty 7 ASAP
88 267. Delivey 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. Facilty mgt. Building ASAP
99 291.Basement ASAP
100 292. Ground Floor 5 ASAP
101 296. Delvery of pipes 5 ASAP
102 300. Fittings 25 ASAP
103 304. Roof Water Tank 8 ASAP
104 307. Septic Tank & Sdaway pit 28 ASAP
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Table 33 CONTD.
ASAP Camstraint Types Appliedn 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. Filing& Compaction of Sit€Earthwoks) 84 ASAP
112 327. Delivery of Transformer & Panels 16 ASAP
113 330. Transformer 10 ASAP
114 332. External LIGHTING(Poles and fittigs) 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 Appliedh Case Project 1

SN ID ACTIVITY D/DAYS CONST TYPE
1 3. Preshipment Inspection for finishifige fighting 1 SNET
2 4. Preshipment Inspection of Chiler& AHU 12 SNET
3 5. Preshipment Inspection of Lift SNET
4 6. Preshipment Inspection of Tramsimers & Panels 6 SNET
5 16. Underground diesel TiGenerator's house) 30 SNET
6 22. Gate House SNET
7 23. Faciity mgt. Building SNET
8 24. Generator House SNET
9 25. Main Buding 30 SNET
10 29. Generato House 8 SNET
11 30. Main Buting 30 SNET
12 40. 1st Floor 20 SNET
13 48. Basement 5 SNET
14 49. Groud Floor 85 SNET
15 50. 1st Floor 45 SNET
16 51. 2nd Floor 25 SNET
17 52. Decoration of wall for Banking Hia 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. 2ndFloor 40 SNET
25 84. Delvery offFrames SNET
26 85. Gate House SNET




Table34 CONTD.

SNET Corstraint Types Appliedn Case Project 1

275

SN ID ACTIVITY D/DAYS CONST TYPE
27 86. Faciity mgt. Bilding SNET
28 87. Basement SNET
29 88. Ground Floor 14 SNET
30 89. 1st foor 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. 1stFloor 8 SNET
36 109. 2nd Floor 10 SNET
37 125. 2nd Floor 42 SNET
38 133.Gate House 14 SNET
39 134. Faciity mgt. Building 10 SNET
40 135. Basement 20 SNET
41 136. Gound Floor 56 SNET
42 137. Bt Floor 40 SNET
43 138. 2nd Floor 30 SNET
44 141. Faciity ngt. Buiding 7 SNET
45 142. Basement SNET
46 143. Ground Floor 10 SNET
47 144. 1st Floor 18 SNET
48 145. 2nd Floor 28 SNET
49 148. Gound Floor 7 SNET
50 149. 1st Floor 5 SNET
51 150. 2nd Floor 3 SNET
52 153. Gate House 7 SNET




Table34 CONTD.

SNET Constraint Types Appliedh Case Project 1

276

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 SNET
57 161. Faciity mgt. Building 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. Facilty 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 Appliedh 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. Facilty 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. Faciity mgt. Buiding 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 Hose 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 Accessontrols 42 SNET
103 228. Panic Buttons 38 SNET

104 233. Instdation of Equipment 30 SNET
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SN ID ACTIVITY D/DAYS CONST TYPE

105 235. Caling 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 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 Gad 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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SN ID ACTIVITY D/DAYS CONST TYPE
131 298. 1st Floor 56 SNET
132  299. 2nd Floor 21 SNET
133 303. GroundLevel Water Taks 12 SNET
134 305. Water Treatment Ptzn 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 tilesfor Walkway 56 SNET
142 324. Concretdriveways 120 SNET
143 325. Green Areas 75 SNET
144 328. Low & High Voltage Paai 36 SNET
145 329. Generators 7 SNET
146 331. External Cabling Armoured) 40 SNET
147 336. Cancertina barbed Wire 14 SNET
148 337. Fence Grils and Gates 46 SNET
149 339. Decorabns and Furniture 20 SNET
150 340. Test Running 7 SNET
151 341. Completion & Hand/over SNET
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Table 35

FNET Constraint Types Appliedn 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. Laggig/Cladding of Chiller piping 164 FNET




281

Table 36.

Summary of allConstraint 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 realty numerous factors such as ldegd supply tems, information requirement needs
and submittal approval may call for deferring somerk until the late start dates in the
schedule to effectively resolve some or all of these constraints, (Diekman et al, 1992). A lea
commitment approach for some tasks which aims to delay decisions and actions until tr
system has enough useful inforimat and right conditions for making them is important for
scheduling construction projects, (Levitt and Kartam, 1989). The case study project activitie
are divided into four quarters in the intial baseline schedule. From each of the four quarter:
two ectivities inttially scheduled to occur As Soon As Possible, (ASAP) amschieduled to
occur As Late As Possible, (ALAP). In this way the unsetting impact on labour
productivity due different project phases or periods discussed in Ibbs et al.,) (h89d
been accounted for in the experimental design, by all project phases. Early phase, middle
late phases as represented in the four quarters.

The activity start dates for ththree 6 apsl a n scbeduiesare shownin Appendixes
B1l, B2, B4, B6 The resultingactvity start variances for thefidrent project scenarios of
strong ASAP schedules, strong ALAP schedulesd antermediate ALAP scheduleare
measured angresented inAppendixes B3, B5, and B7The summary of Appendixes B3,
B5, and B7is presented in Appendix B8This summaryshows a marked trend thattivity
start variance is much more for ASAP schedules. And that this observed vamanteerds
to decrease witlincreasedintroduction of more ALAP constraints.This is the achievement
of the third objective which measurd project performance metrics in terms of activity start
variance whe different schedulingoptions of constraintsare applied.Treatment | which is a
strong ASAP schedule has average actvity start kance of 176Days. When treatmentl|
was appled, which is as strong ALAP schedule to selected actiities, the activity star
variance dropped by more than 11% from 136156 Days. The tend shown in Tabl&7
seers to be enough evidence to supparispeculative supposition that increased application

of ALAP enhances project performance measured in terms of reduced activity start varianc
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This visual observation notwitteding, Table37 is rigorously testedto remove as much of
the uncertainty (or suppsition) as possible. e able shows the average of variances used in

the ANOVA hypothesis testing.
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Table 37
ANOVA Table for one Factor Experiment thie Empirical Survey Data

ASV AFV (Days)
Treatment | 176 175 0,= 175.5
Il 161 160 = 160.5
11 156 152 = 154

FOOTNOTE: Tt is summarized from Appendix B8
Where
ASV: Activity Start Variance

AFV: Activity Finish Variance
b: Number of Variables Considerdcdt., ASV and AFV

0:  WiTtedtrnemt Average
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Table 14

Notation fo ANOVA One-Factor Experiments

Treatment 1 X11, X12, € éééyp

Treatment 2 Xo1, Xoo, € € € € .5 X

Treatment a Xa1, Xa2, é éé éy
O1k, D2k, € € € D

Source: Spiegel and Larry (2008)

X1

X2
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ANOVA Analysis Table for OneFactor Experiment

Sources of variation | Degrees of Freedon| Mean square F Statistic
Between treatments S8 = Vs Fc=SB ESw
Ve= b -&Bf & a-1 al With a1 and a(bl)
J Degrees of freedom
Within treatments S’c=Vw
Vw= V- Vg a(i 1) a(b-1)
Total ab-1
V =Vg+ Vw
V = 8% (X
Jk

Source: Spiegel and Larry (2008)
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4.22 Hypothesis Testing Empirical Start Date Constraint
Table 14 shows the notation for ANOVA one-factor representation andlable 17 shows
ANOVA calculation Table for OneFactor Experiment. Thesare reproduced here to
llustrate the formation of the research problem showing ltifferent scheduling constraint
options of ASAP and ALAPmay vyield differentproject performance outcomes in terms of
activity start timevariance showrn Table 14as.Xz1, X2, € € € € .o X

The null hypothesis is reproduced hefEhere is no significant relationship betweer th
start time constraint optionand activity start/finish variance on any row j, and column k
(Xik). Hob 1® 2 . The alternative hypotlss is also reproduced as: There is a
significant relationship between start time constraint options (treatments) and activity finist
variance (k). His kD Gk I k. Applying the formulae ilustrated in Tabk?, 6 Bet we e
treat menthd treamend &SWur ces 0 Estimated asi Vg tandoMy aar e

illustrated in Tablel7.
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Table 37
ANOVA Table for oneFactor Experiment of thEmpirical Survey Data

ASV AFV (Days)
Treatment | 176 175 0,= 175.5
Il 161 160 = 160.5
1] 156 152 = 154

FOOTNOTE:ANOVA showing different treatmentsf constraint optiongnd observed activity start
andactivity finish varianceWhere: ASV: Activity start variance, AFV: Activity finish variare, b:
number of variables considered angdwithin treatment averagbetween treatemt average is
shown as column meain Table 37(a)

Table 37(a)
ANOVA Table for OneFactor Expament 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 tdal =74
Column nean 13.33 11.33 Grand mean = 12.33

FOOTNOTE:Table 37a) is obtained by subtracting 151 from each of the ASV and AFV
terms inTable 37and calculating theColumn total, Column mean, Row total and the Row
mean. The purpose of #wacting the 151 is to simplify the arithmetieorking with smaller

figures.
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Between treatmentariation
VB = hf) jéﬁoz
J

Within treatment variation
VW =V - VB

Total variation

v oo=x-B
J

0 =é&Xy =mean for all entries =25+24 +10+9+5+1 = 74/6.3312
N

Vg = 2[(24.5i 12.33° + (12.33i 9.5 + (12.33i 3y
= 2 [(12.17% + (2.83f +(9.33f] = 2 [148.11 + 8.01 + 87.05] = 2 [243.17] = 486.34

V = [(257 12.33Y + (247 12,33+ (12.33i 10)°+ (12.33i 9)*+ (12.33- 5)°
+(12.3% 1)7] =[(12.67} + (11.67F + (2.33} + (3.33F + (7.33F + (11.33)]
= [160.53 + 136.19+ 5.43 + 11.09 + 53.73 + 128.37] = 435.

Vw =V -Vp =495.341 486.34 =9

Fea=S% = 243.17 = 81.6
Sw 3
With denominator degree of freedom,\&a (b-1) = 3(21) = 3 and Numerator degree of
freedom, \{ (al1l) =(31) =2 Frag isread fromTable as:
Fras = 30.8 Obtained from table at 1 % level of significance
=9.55 . no 5% ,, y

4.2.3 DiscussionoResul ts of thel fEOmpCasealbt wWdhhat

The decision rule in ANOVA is simplelt has been discusseslaboratelyin sectioss 3.6.2

and 4.1.3. From the above analysiscar = 81.05 and=rag = 30.8 and 9.55 at% and 5 %

levek of significance respectively. Since FcaL is significantly larger than 1, and it is greater
than Fag, (FcaL . TAB), we can reject the null hypothediy, that there is no significant
difference betwen the means and thus we can conclude that at the stated level o
significance, the difference in activity start date is indeed strongly correlated to the constrair

type applied in developing the baseline schedliee tend in Tabe 37 has not occurredyb
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chance.Thereforeit can beconcluded that treatment Il (Late start schedules) is a mmask
level headed and desirable schedule with rediuactivity start variabiity which is shown to
enhance schedule performance that events are likely to occlanasd
This result shows the achievement of thardt research objective which sought test

the hypothesizd causal relationshipor reasons for mulivariate relationship of start date
constraint and key permance indicators measured in terms of activity start variance
Thoudh more field data is needed talidate this supposition, this researchn at this sige
assert that if theorobability of project completion on the due dageinductively defined as:
Pr = 100 %- % VAR. Where % VAR = % activity start variance. A reduction of % VAR to
ZERO would mean A0 % probdiity of project completon on the due datThis is
desirable.If there ishowever ahigh % VAR, e.g, 75% VAR, then, the probiity of project
completion on the due date is only 25%nd if there could be as low as 25% VAR, then the
Pr can be as high as 75%.From Table 3the average of VAR VAR, VAR, = 175.5,
160.5, & 154 respectively. Therefore the VAR for the dfferent three scheduling treatment
options of strong ASAP schedules; intermediate ALAP schedules sindng ALAP
schedules are:

% VAR, = 175.5/ 27 100 =65 %

%VAR = 160.5/ 272 x 100 = 5% and

% VAR =154/ 272 x 100 =5%
The probabilty of project completion g on the due ate for the different constraiatptions
is now estimated as: P 1007 65= 3%6; B, = 1007 59 = 4P%6; and R =1007 57 = 43%.
Since applicaton of 18 ALAP tasks improved the probabiity of project completion on the
due date by 411 35 = 6%. And by applying 36 ALAP tasks, probabiity of project

completion improved 437 35 = 8%, we can deductively conclude that:
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% VAR (> ASAP equation5 and
% VAR (X 1 equation 6
ALAP

Putting equationsb and6 into the earlier defined probabiity of project completion function:

Pr = 1007 VAR % equatbn

The effectiveness of any schedule caow 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 #esesdecr
and increases in %VAR in equatiof is improved probability of project completion in the
case of decreased %VAR and reduced probabiity of project completion in the case c
increased %VAR. Vividly:

() 0% of ALAP tasks yielded 65% 80VAR producing a 35% of &

(i) 7% of ALAP tasks yielded 59% of %VAR producing a 41% @faPd

(i) 13% of ALAP tasks yielded 57% of %VAR producing a 43%Pgaf
This data reduction of the case study project shows very clearly that the probability of projec
completon on the due date,rPis significantly improved with applicaton of ALR
constraintsto selected tasks in developing thaselinesdiedule. These results emphagdize
importance of schedulingotreduce activity starvariance by the appropriate application of

different constraint options

4.3 IMPLICATIONS OF FINDINGS FOR PRACTICE AND FUTURE RESEARCH
The extent to whichearly start schedules or is not a practical ath effective scheduling

option beingin questionis confrmed in this researct\ significart relationsip between start
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dae constraint options (treatments) and actigtgrtiinish varianceis shown very clearly in

the study. Therefore buiding and civili engineering contractor should schedule some projec
activites as late as possible while others whiaket the criteriadiscussed in Efole, (2009)

are scheduledo occur as sooas possibleActual occurrences of events wil better properly
align in desired planned order when some tasks, depending on their specific attributes lik
needing informationrequest and information releassubmital approval and long lead supply
tems are scheduled to occur as late as possible. If this rule is folowed as demonstrated
this research project events are likely to occur as planned which ensures more sched
reliabiity and schedule effectivenesé events occur as plannedrhe software developers
(Microsoft and Primavera) should extend some features lke the new schedule alert tool ar
the new task inspector tool in the software architecture to assist users pEak@riate

choice of ALAP and ASAP constraint in different project scenarios.

4.4 RESEARCH SELF ASSESSMENT AND THE REMAINING WORK

Al the research objectives have been addressed and this progress report shows h
substantial findings have beenhmewed. The first objective which attempts to make a state of
the arts review of contextual lterature identified and justified the research problem. It is clea
from the literature that there is gap in knowledge as well as a gap in practice regarding tf
right choice of start date constraints in different project scenarios in the Microsoft Projec
Planner software. And this is wel captured in paragraph 2.12. Also paragraphs 4.1.1 ar
4.2.2 addressed the second and third objectives respectivelts Ressented in Tabl&6
shows the distribution of the constraints appled. This finding is largely in agreement with
literature that most practitioners apply only as soon as possible constraints which may na
produce the best project outcome in every projeenario. The development of a framework

to evaluate and compare the effectiveness between ALAP and ASAP has also been achie\
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and is presentedn paragraph 4.2. This simple procedural framework inductively derived

shows that:
% VAR (> ASAP equation 5
% VAR (X 1 equation6

ALAP
This evaluaton framework shows that pégaton of ASAP constraints is directly
proportional to the activity start variance and that application of ALAP constraint is inversely
proportional to the activity start variandbat maylikely occur Following this outstanding
salent research finolys a proposal is being drawn to be sent to both the Microsoft
incorporated and the Primavera project planner developers to help incorporate these findin

in these pieces of scheduling software to improve their operation and usefulness.
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Appendix A2Joseph Priestley: A New Chart of History
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Appendix A3 List of Common Abbreviationsand Acronymsused in the Thesis

AACE: Association for the Advancemie of Cost Engineers

AGC: American General Contractors

ANSI: American National Standards Institute

ASCE: American Society of Civil Engineers

Baselne Plan Ay Cont r ac t-Blanded Schedulet i a | As
Baseline Plan By As-Planned Schedule in which8 ALAP Actiities are introduced
Baseline Plan &1y 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 Médtod.

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 Cfense

DV/DAYS: Duration Variation in Days

ENR: Engineering News Record

EVM: Earned Value Management

FINISH VAR: Activity Finish Variance

GAO: Government Accountability Office

GASP: Generaly Accepted Scheduling Principles

ID: Activity Identity numberon the MS Project schedule

IMS: Integrated Master Schedule

IPA: Independent Project Analysis

Source: Various lteratursources




322

Appendix ASCONTD.
List of Common Abbreviations and Acronyms used in the Thesis Contd.

NDIA: National Defense bustrial 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 Faciities Guide Specification for Network Analysis Systems

WBS: Work Breakdown Structure

Xp 27-14 = 13: Duration Vaance in which 14 and 27 are planned and actual durations
Xp 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 actvity starts 48 days e
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Appendix A4 Actual, Baseline and Varianceiie per Task in the Taskiew of MS Project

Task ID Actual Start Actual Finish Baseline Start Baseline Finish Start Variance Finish Vaiance
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 Variandggost per Task in the Tadkew in MS Project

Baseline Cost Actual Cost
Task ID Total Cost at Data Date at Data Date Variance Remaining Cost
1 X711 Xp1 Xa1 Xvi XRr1
15 X115 XB15 Xa1s Xvis XR15
21 X121 Xg21 Xp21 Xvz1 XR21
22 X122 Xg22 Xna22 Xvz2 XR22
23 X723 XB23 Xp23 Xv23 XR23
24 X124 Xp24 Xp24 Xv24 XRr24
25 X125 XB2s5 Xp2s Xv2s XRr25
26 Xt26 XB26 Xa26 Xv26 XRr26
27 DUMMY 0.00 0.00 0.00 0.00 0.00
28 X128 Xp2s Xnos Xvzg XR28
29 X729 Xg29 Xa29 Xv29 XRr29
30 X730 Xg30 Xa30 Xv30 XRr30
31 X131 Xg31 Xa31 Xva1 XRr31
32 X132 Xg32 Xa32 Xva2 XRr32
35 Xt35 Xg35 Xa3s5 Xvas XRr3s

Source: @rl and Timothy, (2013)



Appendix A6

F Statistic at 1% Level of Significance
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for the F Distribution
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Appendix A7
F Statistic at 5% Level of Significance

95th Percentile Values
for the F Distribution
(v, degrees of freedom in numerator)
(v, degrees of freedom in denominator)
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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

Totd 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 witlexcessive 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).
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A Conceptual Framework for Effective Cdmgtion Scheduling

DEF. CATA
TASK

/

LEGEND

DEF-Define

WBS CAT-Category

Assess Activity and tasks Attributes

Apply early start
schedule or as
soon as possible

Apply company&
normal standard
project calendar

Does task require further information from design
team and depends on detailed sub-soil and site
investigation?

Least commitment contingency plans

Y

> Stop

Source: Adapted from Efole, (2009).

Does task require approval of shop drawings, NO
components and materials? --owner directed tasks
A
! ) ! DEF. CATB
Does task require materials and components which
are long-lead supply items? TASK
Apply early start
schedule or as
soon as
DEF. CAT C .
DEF. CAT D TASK TASK possible
) J
A/ Apply early
start schedule
Apply late start schedule or as soon as
possible
) J
Define a resource or task calendar
different from normal company Y
calendar .
Apply company&
< normal project
calendar
A
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Appendix Bl
0AB|l anned6 Schedul gofCaseaProBaaks el ine Plan A

S/IN ACTIVITY D/DAYS START - FINISH PREC/REL.TYPE CONST TYPE

1. Completion of the Project

2. Pre-shipment Inspection & Shipment of Materials

3. Preshipment Inspection for finishindire fighting 12 Thu 0808/13 Thu 22/08/13 SNET
4. Preshipment Inspegon of Chilers & AHU 12 Tue 12/11/13 Tue 26/11/13 SNET
5. Preshpment Inspection of Lift 6 Sat 21/09/13 Sat 28/09/13 SNET
6. Preshipment Inspectiorof 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 fitigs 90 Thu 22/08/13 Thu 12/12/13 7SS ASAP
9. Shipment of Chilers & AHU 107 Tue 26/11/13 Tue 08/04/14 4 ASAP
10. Shipment Inspection of Lift 90 Sat28/09/13 Sat 18/01/14 5 ASAP
11.Shipment Inspection fAransformers & Panels 90 Fri 08/11/13 Fri 28/02/14 6 ASAP
12.Completion of Structural Works

13.Comgetion of the LIFT shaft 12 Wed 07/08/13Wed 21/08/13 ASAP
14.Completion of sukstrucural work(main Buiding) 14 Wed 07/08/13Fri 23/08/13 ASAP
15.Completion of facial wall (main Buiding 32 Wed 07/08/13Mon 16/09/13 ASAP
16.Underground dieselank(Generator's house) 30 Wed 28/08/13Thu 03/10/13 SNET

17.Expansion JoinfTreatment(Main building) 20 Thu 10/10/13 Mon 04/11/13 36 ASAP
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Appendix B1 CONTD.
0 AB| a n Bahatlde for Baseline Planipof Case Project 1

SIN ACTIVITY D/IDAYS 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 (MaiBuilding) 25 Mon 07/04/14Wed 07/05/14 18FS+4 days ASAP

20.Roofing Works
21.Screeded bed for Waterproofing

22. Gate House 5 Mon 04/11/13Mon 11/11/13 15FS+2 days,17 SNET
23.Faciity mgt. Buiding 4 Wed 13/11/13Mon 18/11/13 22FS+2 days SNET
24. Generator House 7 Wed 20/11/13Thu 28/11/13 23FS+2 days SNET
25. Main Buiding 30 Fri 29/11/13 Mon 06/01/14 24 SNET
26. Installation of Waterproofing (Felting)

27. Gate House 6 Thu 23/0114 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 12/02/14Fri 21/02/14 28FS+4 day,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 07/08/13Fri 23/08/13 ASAP
34. Ground Floor 48  Wed 07/08/13Fri 04/10/13 ASAP
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Appendix Bl CONTD.
0ABl annedd6 Schedul gofGaseProBcals el i ne Plan A

SIN ACTIVITY D/DAYS  START - FINISH PREC/REL.TYPE CONST TYPE
35. 1st Floor 36  Wed 07/08/13Fri 20/09/13 ASAP

36. 2nd Floor 28  Thu 05/09/13 Thu 10/10/13 35FS12 days ASAP
37.Rendering (Wall & Soffit)

38. Basement 15 Wed 07/08/13Mlon 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 04/11/13Mon 13/01/14 36FS12 days,17 ASAP

43.Wall & Floor Tiling
44 Intemal 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. Faciity 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 07/05/14Sat 07/06/14 50FS10 days SNET
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0AB| anned6 Schedul gofCasePropasel ine Plan A
SIN ACTIVITY D/DAYS  START - FINISH PREC/REL.TYPE CONST TYHE
52.Decorationof wall for Banking Hall 7 Fri 05/09/14 Sat 13/09/14 SNET
53.BASF MASTERTOP Epoxy Resin flooring
54. Facilty mgt. Building 7 Wed 07/0813 Thu 15/08/13 ASAP
55. Basement 56 Mon 04/11/13Mon 13/01/14 17 SNET
56. Ground floor 45 Wed 25/12/13Wed 19/02/14  17,55FS15days SNET
57. 1st Floor 21 Thu 06/02/14 Wed 05/03/14 56FS10 days SNET
58. 2nd Floor 14 Mon 03/03/14Wed 19/03/14 57FS2 days SNET
59.Raised Floor Panels
60. Delivery of Raised floor 5 Thu 12/12/13Thu 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 08/07/14Mon 11/08/14  61,60,137 SNET
63. 2nd Floor 40 Thu 17/07/14 Thu 04/09/14  62FS20 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 18/12/13Fri 03/01/14 65 ASAP
67. Facility mgt. Building 10 Fri 03/01/14 Thu 16/01/14 66 ASAP
68.Back Elevation(Main Buiding) 20 Fri 03/01/14 Wed 29/01/14 67SS,42F5 days ASAP
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69. Right Elevation 30 Thu 16/01/14 Sat 22/02/14 67 ASAP
70. Left Elevation 30 Wed 29/01/14Fri 07/03/14 68 ASAP
71. Front Elevation 40  Sat 22/02/14 Mon 14/04/14 69 ASAP
72.Courtyard at Bulion Area 15  Fri07/03/14 Wed 26/03/14 70 ASAP
73.Extemal Alucobond
74. Delivery of Alucobond 5 Thu 12/12/13 Thu 19/12/13 7 ASAP
75. Gate House 21 Sat11/01/14 Thu 06/02/14 74,27FS15 days  ASAP
76. Facilty mgt. Building 7 Sat 11/01/14 Mon 20/0114 75SS ASAP
77.Back Elevation(Main Buiding) 20  Thu 06/02/14 Tue 04/03/14 75 ASAP
78. Right Elevation 30 Tue 2101/14 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 26/02/14Thu 17/04/14 78 ASAP
81.
82.Doors & Windows
83. Doors & Windows SubFrames
84. Delvery of Frames 3 Thu 12/12/13 Tue 17/12/13 7 SNET
85. Gate House 5 Tue 17/12/8 Mon 23/12/13 84 SNET
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86. Facilty mgt. Buiding 3  Tue 17/12/13Fri 20/12/13 84 SNET
87. Basement 2  Tue 17/12/13Thu 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 17/1213 Sat28/12/13 35,84 SNET
90. 2nd Floor 5  Sat28/12/13 Fri 03/01/14 89,36 ASAP
91.Chubb Doors & metal Gates
92. Delvery 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 Fri07/02/14 Tue 18/02/14 99 SNET

101.
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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. Faciity mg Buiding 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. Grand 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,& ASAP
109. 2nd Floor 10 Fri 05/09/14 Wed 17/09/14 51,63 SNET
110.lronmongery

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 07/08/13Thu 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 17/09/14Tue 23/09/14 109 ASAP
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118. Aluminium Windows/Cutting wall

119.Delivery of Frams & 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. Facilty mgt. Buiding 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 Hoor 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 12/12/13Thu 27/03/14 7 ASAP
128. Ground Floor 45 Thu 27/03/14 Thu 22/05/14 123FS25 days,127 ASAP
129. 1st Floor 25 Mon 12/05/14Wed 11/06/14 124FS5 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.Faciity ngt. Buiding 10  Wed 15/01/14Tue 28/01/14 133SS,197 SNET
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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,240,245,199,28 SNET
137.1stFloor 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 partibn 3 Thu 12/12/13 Tue 17/12/13 7 ASAP
141 .Faciity mgt. Buiding Tue 28/01/14 Wed 05/02/14 140,134 SNET
142. Basement 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. Grand Floor 7 Wed 24/09/14Thu 02/10/14 147,188 SNET
149. 1st Floor 5 Wed 24/09/14 Tue 3009/14 148SS SNET
150.2nd Floor 3 Wed 24/09/14 Sat 27/09/14 149SS SNET
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151.Painting (Wall & Soffit)
152.Priming of the surface
153. Gate House 7 Tue 21/01/14 Wed 29/01/14 133 SNET
154. Facilty mgt. Building 5 Tue 28/01/14 Mon 03/02/14 134 ASAP
155.Basemen 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 13/01/14S4a 18/01/14 104,120 SNET
161. Faciity mgt. Buiding 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 15/09/14Mon 13/10/14 107,156,128 SNET
164. 1st Floor 12 Mon 08/09/14Tue 23/09/14 108,157,129 SNET
165. 2nd Floor 8 Wed 17/09/14Sat 27/09/14 109,158,125 SNET
166.Secand Layer
167. Gate House 3 Mon 20/01/14Wed 22/01/14 160 SNET
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168. Facilty mgt. Buiding 2 Sat 11/01/14 Tue 14/01/14 161 ASAP
169.Basement 14 Mon 12/05/14Thu 29/05/14 162 ASAP
170. Ground Floor 22 Wed 24/09/14Tue 21/10/14 163FS15 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 Hoor 23 Tue 24/09/13 Wed 23/10/13 34FS9 days ASAP
177. 1st Floor 21 Mon 09/09/13Fri 04/10/13 35FS9 days SNET
178. 2nd Floor 15 Fri 04/10/13 Wed 23/10/13 36FS5 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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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 20/08/14Wed 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 10/1@13 Mon 28/10/13 36 ASAP
194.Cable tray & Trunking

195. Delivery of materials 3 Thu 12/12/13Tue 17/12/13 7 ASAP
196. Gate House 14  Tue 17/12/13Thu 02/01/14 195 SNET
197. Facilty mgt. Buiding 10  Thu 02/01/14 Wed 15/01/14 196 SNET
198. Basement 21  Wed 15/01/14Tue 11/02/14 197 SNET
199. Ground Floor 48  Tue 11/02/14 Fri 11/04/14 198 SNET
200. 1st Floor 30 Fri11/04/14 Mon 19/05/14 199 SNET

201. 2nd Floor 17 Mon 19/05/14 Mon 09/06/14 200 SNET
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202.Cabling
203. Gate House 14 Mon 13/01/14Thu 30/01/14 104,196 SNET
204. Facilty mgt. Building 10 Wed 15/01/14Tue 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 20/08/14Thu 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 17/09/14Mon 06/10/14 109,201 SNET
209.Distribution Boards and Power points
210. Gate House 7 Wed 29/01/14Thu 06/02/14 153 SNET
211. Faciity mgt. Buiding Mon 03/02/14Wed 12/02/14 154 SNET
212. Basement 10 Fri 25/04/14 Thu 08/05/14 155 SNET
213. Ground Floor 20 Mon 15/09/14Thu 09/10/14 156,212SS SNET
214. 1st Floor 11 Mon 08/09/14Mon 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 Thu 12/12/13 Mon 16/12/13 8 ASAP
218.Gate Hase Mon 13/01/14Tue 21/01/14 160SS,217 SNET




342

Appendix B1 CONTD.
0AB|l anned6 Schedul gofCaseaProBcaksel ine Plan A

SIN ACTIVITY D/DAYS START - FINISH PREC/REL.TYPE CONST TYPE
219. Facilty mgt. Buiding 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. Gound Floor 21 Mon 15/09/14Fri 10/10/14 163SS SNET
222. 1st Floor 18 Mon 08/09/14Tue 30/09/14  164SS SNET
223. 2nd Floor 15  Wed 17/09/14Mon 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 31/07/14Tue 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 31/0//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 138232 SNET

234.Data Transmission & IT
235. Cabling 55 Fri 25/04/14 Thu 03/07/14 155 ASAP




343

Appendix Bl CONTD.
0AB|l anned6 Schedul gofCasePropasel ine Plan A

SINACTIVITY 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 07/08/13Mlon 26/08/13 SNET
240. Ground Floor 25 Wed 07/08/13Fri 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 07/08/13Sat 31/08/13 SNET
245. 1st Floor 20 Mon 02/09/13Thu 26/09/13 244 FNET
246. 2nd Floor 25 Thu 26/09/13 Sat 26/10/13 245 FNET
247. External Piping 108 Mon 28/10/13Tue 11/03/14 246 SNET
248.Lagging/Cladding of Giler piping 164  Fri 13/09/13 Fri 04/04/14 FNET
249.Crilles & Diffusers

250. Basement 14 Fri 07/03/14 Tue 25/03/14 135,106 SNET
251. Ground Floor 28 Wed 20/08/14Wed 24/09/14 136,107 ASAP

252. 1stFloor 18 Fri 29/08/14 Mon 22/09/14 137,108 ASAP
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253. 2nd Floor 18  Wed 17/09/14Thu 09/10/14 138,109 ASAP
254.Equipments

255.Installation of Chilers 10 Tue 08/04/14 Mon 21/04/14 9 ASAP
256.Air Handling Units

257. Ground Flor 11 Tue 15/04/14 Mon 28/04/14 9FS+5 days SNET
258. 1st Floor 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 23/12/13Fri 03/01/14 SNET
262. Facilty 7 Fri 03/01/14 Mon 13/01/14 261 ASAP
263. Ground Floor 62 Mon 13/01/14Mon 31/03/14 262 SNET
264. 1stFloor 27 Mon 31/03/14Fri 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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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 15/05/14Fri 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. Cablesand Guides 14 Thu 12/06/14Mon 30/06/14 275SS SNET
278. Motors 10 Mon 30/06/14Fri 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 12/12/13Tue 17/12/13 7 ASAP
283. Basement 28 Tue 17/12/13Mon 20/01/14 282 SNET
284. Ground Floor 56 Tue 21/01/14Mon 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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287. Fittings 15  Wed 17/09/14Mon 06/10/14 138,109 ASAP
288.Extinguishers

289. Gate House 1 Mon 20/01/14Mon 20/01/14 160 SNET
290. Faciity mgt. Buiding 1 Mon 20/01/14Mon 20/01/14 161,289SS ASAP
291. Basement 2 Mon 12/05/14Wed 14/05/14 162 ASAP
292. Ground Floor 5 Mon 13/10/14Sat 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.Delvery of pipes 5 Thu 12/12/13Thu 19/12/13 7 ASAP
297. Ground Floor 28 Thu 19/12/13 Wed 22/01/14 296 SNET
298. ' Floor 56 Thu 19/12/13 Wed 26/02/14 297SS SNET
299. d Floor 21 Thu 19/12/13 Tue 14/01/14 298SS SNET
300. Fittings 25  Wed 17/09/14Sat 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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304. Roof Water Tank 8 Wed 02/04/14Sat 12/04/14 30 ASAP
305. Water Treatment Plants 21 Mon 20/0114 Fri 14/02/14  7FS+30 days SNET
306. Bore hole Installation 14 Tue 15/07/14 Fri 01/08/14 322 SNET
307.Sepic 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.Filing Station

310. Underground fuel dump 14 Wed 07/08/13Fri 23/08/13 ASAP
311.Fuel Tank with conveyor belt 4 Wed 07/08/13Mon 12/08/13 ASAP
312. Super Structure 36 Mon 12/08/13Wed 25/09/13 311 SNET
313. Pumps and Piping 30  Wed 25/09/13Fri 01/11/13 312 SNET
314. Electrical fittings 7 Fri 01/11/13 Mon 11/11/13 313 ASAP
315.Fire Fighting

316. Extingwhers 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 20/01/14Sat 22/02/14 305SS ASAP
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320.Landscaping & Civil Works

321. Flood Water Drainages 122  Wed 23/10/13 Mon 24/03/14 16FS+15 days SNET
322.Filing& Compacion of Site (Earthworks) 84 Tue 01/04/14 Tue 15/07/14 18 ASAP
323.Interbcking tiles for Walkway 56 Mon 24/03/14 Sat 31/05/14 321 SNET
324.Concrete Driveway 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 321FS21 days ASAP

333. PHCN Power connection 35 Wed 21/05/14 Fri 04/07/14 331 ASAP
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334.Fence

335.Fence StructurgType C) 21 Sat 19/07/14 Thu 14/08/14  324FS25 days ASAP
336.Concertina barbed Wire 14 Wed 20/08/14Fri 05/09/14 324 SNET
337.Fence Grils and Gates 46 Tue 15/07/14 Wed 10/09/14 322 SNET
338.Painting 40 Wed 25/06/14Ned 13/08/14 325 ASAP
339.Decorations and Furniture 20 Thu 18/09/14 Tue 14/10/14  165FS7 days SNET
340.TestRunning 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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1. COMPLETION OF T HE PROJECT
2. Pre-shipment Inspection & Shipment of Materals
3. Preshipment Inspection for finishingfre fighting 12 Tue 01/10/13 Tue 15/10/13 SNET
4. Preshipment Inspection of Chilers & AHU 12 Tue 12/11/13 Tue 26/11/13 SNET
5. Preshipment Inspection of Lift 6 Sat 21/09/13 Sat 28/09/13 SNET
6. Preshipment 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 fttings 90 Tue 15/10/13 Tue 04/02/14 7SS ASAP
9. Shipment of Chillers & AHU 107 Tue 26/11/13Tue 08/04/14 4 ASAP
10. Shipment Inspection of Lift 90 Mon 28/10/13Sat 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 shatt 12 Tue 27/05/14 Tue 10/06/14 SNET
14.Completion of sukstructural work(main Building) 27 Mon 22/09/14Fri 24/10/14 SNET
15.Completion of facial wall (ma Buiding) 32 Mon 28/07/14Thu 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 buiding) 20 Thu 10/07/14 Mon 04/08/14 SNET
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18.French Drain 54 Thu 25/09/14 Tue 02/12/14 69FS15 days SNET
19.Entran@ 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 Mon 08/09/14 Sat 13/09/14 15FS+2 days,17  SNET
23. Facilty mgt. Building Tue 16/09/14 Sat 20/09/14 22FS+2 days SNET
24. Generator House Wed 24/09/14Thu 02/10/14 23FS+2 days SNET
25. Main Buiding 30  Tue 27/05/14 Wed 02/07/14 SNET
26. Installation of Waterproofing (Felting)

27. Gate House Mon 21/07/14 Mon 28/07/14 25FS+14 days ASAP
28. Facility mgt. Building Tue 29/07/14 Mon 04/08/14 27FS+1 day ASAP
29. Generator House 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. GroundFloor 20 Tue 27/05/14 Fri 20/06/14 SNET
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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 35FS12 days ASAP
37.Rerdering (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 Buidling 56 Mon 04/08/14Mon 13/10/14 36FS12 days,17 ASAP
43.Wall & Floor Tiling

44.Intemal Floor & Walls

45. Delivery of Ties (ceramic, Granite, Marble) 5 Mon 30/06/14Fri 04/07/14 3FS+60 days,7 SNET
46. Gate House 25 Sat 05/07/14 Tue 05/08/14 45 ASAP
47. Faciity mgt. Buiding 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 49FS20 days SNET
51. 2nd Floor 25 Mon 08/12/14Thu 08/01/15 50FS10 days SNET
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52.Decorationof wall for Banking Hall 7 Thu 05/02/15 Fri 13/02/15 SNET
53.BASF MASTERTOP Epoxy Resin flooring
54. Facilty mgt. Building 7 Tue 27/01/15Wed 04/02/15 SNET
55. Basement 56 Mon 04/08/14Mon 13/10/14 17 SNET
56. Ground floor 45 Wed 24/09/14Ned 19/11/14 17,55FS15 days SNET
57. 1st Floor 21 Fri 07/11/14 Wed 03/12/14 56FS10 days FNET
58. 2nd Floor 14 Tue 02/12/14Thu 18/12/14 57FS2 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 01/01/15Mon 19/01/15 60,136 SNET
62. 1st Floor 28  Wed 28/01/15Wed 04/03/15 61,60,137 SNET
63. 2nd Floor 40 Sat 07/02/15 Mon 30/03/15 62FS20 days SNET
64. External wall Tilling
65. Delivery of Tiles 4 Mon 04/08/14Thu 07/08/14 7 SNET
66. Gate House 14 Fri 08/0814 Tue 26/08/14 65 ASAP
67. Faciity mgt. Building 10  Tue 26/08/14 Sat 06/09/14 66 ASAP
68.Back Elevabn(Main Buiding) 20 Thu 11/09/14 Mon 06/10/14 67SS,42F5days ASAP
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SIN ACTIVITY D/DAYS START - FINISH PREC/RELTYPE CONST TYPE
69. Right Elevation 30 Sat 06/09/1%ue 14/10/14 67 ASAP
70. Left Elevation 30 Mon 06/10/1AVed 12/11/14 68 ASAP
71. Front Elevation 40 Tue 14/10/1%Ved 03/12/14 69 ASAP
72.Courtyard at Bubn Area 15 Wed 12/11/1Mon 01/12/14 70 ASAP
73.Extemal Alucobond

74. Delivery of Alucobond 5 Tue 05/08/14Mon 11/08/14 7 SNET
75. Gate House 21 Tue 26/08/14 Sat 20/09/14 74,27FS15 days SNET
76. Facilty mgt. Building 7 Sat 06/09/IMon 15/09/14 75SS SNET
77.Back Elevation(Main Building) 20 Sat 20/09/1¥ed 15/10/14 75 ASAP
78. Right Elevation 30 Mon 15/09/1Wed 22/10/14 76 ASAP
79. Left Elevation 30 Wed 15/10/1&ri 21/11/14 77 ASAP
80. Front Elevation 40 Wed 2210/14 Thu 11/12/14 78 ASAP
81.

82.Doors & Windows

83.Doors & Windows SubFrames

84. Delvery of Frames 3 Thu 24/07/1Mlon 28/07/14 7 SNET
85. Gate House 5 Mon 28/07/18at 02/08/14 84 SNET
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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 ofDoors 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 9 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 Fbor 8 Fri 07/11/14 Tue 18/11/14 99 SNET

101.
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SI/N ACTIVITY D/DAYS START - FINISH PREC/REL.TYPE CONST TYPE
102.Wooden Flush & Aluminium Door
103. Delivery of Doors 4 Mon 21/07/14Thu 24/07/14 7 SNET
104. Gate House 8 Tue 05/08/14 Fri 1508/14 46 ASAP
105. Facilty mgt. Building 5 Wed 30/07/14Tue 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 04/03/15Mon 23/03/15 50,62 ASAP
109.2nd Floor 10  Mon 30/03/15 Fri 10/04/15 51,63 SNET
110.Ironmongery
111. Delvery of Accessories 3 Mon 28/07/14Wed 30/07/14 7 SNET
112. Gate House 3 Sat 16/08/14 Wed 20/08/14 104FS+1 day ASAP
113. Facilty 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 Wed 04/03/15Fri 13/03/15 108SS ASAP
117. 2nd Floor 4 Fri 10/04/15 Wed 15/04/15 109 ASAP
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SIN ACTIVITY D/DAYS START - FINISH PREC/REL.TYPE CONST TYPE
118.Aluminium Windows/Cutting wall
119.Delvery 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. Facilty mgt. Buiding 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 28/07/14Thu 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.Fabrcation 84  Tue 27/05/14 Mon 08/09/14 7 SNET
128. Ground Floor 45  Tue 16/09/14 Mon 10/11/14 123FS25 days,127 ASAP
129. 1st Floor 25 Fri 05/12/14 Mon 05/01/15 124FS5 days ASAP
130.
131.Suspended Ceiling
132. Delivery of Mégerials 2 Mon 04/08/14Tue 05/08/14 7 SNET
133. Gate House 14 Wed 06/08/14Fri 22/08/14 132,196 SNET

134. Faciity mgt. Buiding 10 Wed 06/08/14Mon 18/08/14 133SS,197 SNET
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SIN ACTIVITY D/DAYS START - FINISH PREC/REL.TYPE CONST TYPE
135.Basemen 20 Mon 18/08/14Thu 11/09/14 134,38,239,198,283 SNET
136. Ground Floor 56 Thu 23/10/14 Thu 01/01/15 135SS+18 days,240,245,199,2 SNET
137. 1st Floor 40  Wed 10/12/14Ned 28/01/15 136SS,241,246,20(B3 SNET
138. 2nd Floor 30 Fri 16/01/15 Mon 23/02/15 137SS,242,247,201,286 SNET
139.Aluminium Patrtitions
140.Delivery of DEKO partition Thu 11/09/14 Mon 15/09/14 7 SNET
141. Facilty mgt. Buiding 7 Mon 15/09/14Tue 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 19/01/15Fri 30/01/15 142,49,61 SNET
144. 1st Floor 18  Wed 04/03/15Thu 26/0315 143,50,62 SNET
145. 2nd Floor 28 Mon 30/03/15Mon 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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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. Facilty 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/@/15 137 SNET
158. 2nd Floor 30 Mon 23/02/15 Wed 01/04/15 138 SNET
159.First Layer

160. Gate House Fri 15/08/14  Thu 21/08/14 104,120 SNET
161. Facilty mgt. Buiding 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
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SI/N ACTIVITY D/DAYS START - FINISH PREC/REL.TYPE CONST TYPE
168. Faciity mgt. Buiding 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 163FS15 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  34FS9 days ASAP
177. 1st Floor 21 Mon 09/06/14 Fri 04/07/14 35FS9 days SNET
178 2nd Floor 15 Thu 03/07/14 Tue 22/07/14  36FS5 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 Wed03/09/14 104 SNET
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SIN ACTIVITY D/DAYS START - FINISH PREC/REL.TYPE CONST TYPE
185. Facilty mgt. Buiding 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 23/03/15Thu 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 20/6/14 Thu 17/07/14 35 SNET
193. 2nd Floor 14 Thu 10/07/14Mon 28/07/14 36 ASAP
194.Cable tray & Trunking

195. Delivery of materials 3 Tue 27/05/14Thu 29/05/14 7 SNET
196. Gate House 14 Fri 30/0544 Tue 17/06/14 195 SNET
197. Facility mgt. Buiding 10 Tue 17/06/14Sat 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 23/09/14Thu 30/10/14 199 SNET

201. 2nd Floor 17 Thu 30/10/14Thu 20/11/14 200 SNET
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SI/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.Faciity mgt. Building 10 Tue 05/08/14Mon 18/08/14 105,197 SNET
205. Basement 21 Sat 16/08/14 Thu 11/®/14 106,198 SNET
206. Ground Floor 35 Tue 03/03/15Wed 15/04/15 107,199 SNET
207. 1st Floor 20 Mon 23/03/15 Thu 16/04/15 108,200 SNET
208. 2ndFloor 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. Faciity 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 01/04/15Tue 14/04/15 157 SNET
215. 2nd Floor 7 Wed 01/04/15Thu 09/04/15 158 SNET
216.Electrical Lighting & Socket

217.Delvery of electrical fittings 2 Tue 27/05/14 Wed 28/05/14 8 SNET

218. Gate Hose 7 Fri 15/08/14 Sat 23/08/14  160SS,217 SNET
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SIN ACTIVITY D/DAYS START - FINISH PREC/REL.TYPE CONST TYPE
219. Faciity mgt.Buiding 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 01/04/15Thu 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 1304/15 225,138 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 23/02/15Fri 10/04/15 225,138 ASAP
230. BMS Configuration 55 Mon 23/02/15Fri 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 23/02/15Wed 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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SIN ACTIVITY D/DAYS START - FINISH PREC/REL.TYPE CONST TYPE
236.Installation of Egipment 30 Mon 23/02/15 Wed 01/04/15 235138 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 29/0714 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 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 06/08/14Thu 18/12/14 246 SNET
248.Lagging/Clalding of Chiller piping 164 Wed 06/08/14Ned 25/02/15 SNET
249.Crilles & Diffusers

250. Basement 14  Thu 11/09/14 Mon 29/09/14 135,106 SNET
251. Ground Floor 28 Tue 03/03/15 Tue 07/0415 136,107 ASAP
252. 1st Floor 18 Mon 23/03/15 Tue 14/04/15 137,108 ASAP
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253. 2nd Floor 18 Fri 10/04/15 Mon 04/05/15 138,109 ASAP
254.Equipments

255.Installation of Chilers 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 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. Facilty 7 Tue 22/07/14Thu 31/07/14 261 ASAP
263. Ground Floor 62 Thu 31/07/14Thu 16/10/14 262 SNET
264. 1st Floor 27 Thu 1640/14 Wed 19/11/14 263 SNET
265. 2nd Floor 15 Wed 19/11/14Mon 08/12/14 264 SNET
266.Lift Installation

267. Delvery 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 03/06/14Mon 07/07/14 267 SNET
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SI/N ACTIVITY D/DAYS START - FINISH PREC/RELTYPE CONST TYPE
270. Motors 28 Mon 07/07/14Mon 11/08/14 269 ASAP
271. Cabin 28 Mon 11/08/14Mon 15/09/14 270 SNET
272.Lift for Goo ds

273.Cables and Gdes 12 Mon 15/09/14Tue 30/09/14 271 SNET
274. Motors 10 Tue 30/09/14 Mon 13/10/14 273 ASAP
275. Cabin 14 Mon 13/10/14Wed 29/10/14 274 ASAP
276.Lift for Goods/ Cargo

277. Cables and Guides 14 Mon 13/10/14Wed 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 08/07/14Thu 10/07/14 7 SNET
283.Basement 28 Fri 11/07/14 Thu 14/08/14 282 SNET
284. Groud Floor 56 Thu 14/08/14Thu 23/10/14 283 SNET
285. 1st Floor 38 Thu 23/10/14Wed 10/12/14 284 SNET
286. 2nd Floor 30 Wed 10/12/14Fri 16/01/15 285 ASAP
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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. Faciity mgt. Buding 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.Extemal works

302. Civil Work

303. Ground Level Water Tanks 12 Thu 09/10/14 Thu 23/10/14 SNET
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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 Installabn 14 Mon 22/09/14Wed 08/10/14 SNET
307.Seqic Tank & Soakaway pit 28 Mon 22/09/14Sat 25/10/14 SNET
308. Inspection Chamber 56 Mon 22/09/14Sat 29/11/14 SNET
309.Filing Station

310. Underground fuel pump 14 Wed 07/08/13Fri 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 22/09/14Wed 05/11/14 311 SNET
313. Pumps ahPiping 30  Wed 05/11/14Fri 12/12/14 312 SNET
314. Electrical fittings 7 Mon 24/11/14Tue 02/12/14 SNET
315.Fire Fighting

316. Extinguishers 16  Tue 21/04/15Mon 11/05/15 165 SNET
317. Hydrants 45 Mon 22/09/14Sat 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
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SI/N ACTIVITY D/DAYS START - FINISH PREC/REL.TYPE CONST TYPE
320.Landscaping & Civil Works

321. FloodWater Drainages 94 Tue 09/09/14 Fri 02/01/15  16FS+15 days SNET
322. Filing & Compaction of Sitg Earthworks) 84 Tue 10/06/14 Mon 22/09/14 SNET
323.Interbcking ties for Walkway 56 Sat 03/01/15 Fri 13/03/15 321 SNET
324. Concrete Dreways 120 Sat03/01/15 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 16/06/14Wed 30/07/14 327 SNET
329. Generators 7 Mon 16/06/14Tue 24/06/14 327 SNET
330. Transformer 10 Mon 16/06/14Fri 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 321FS21 days ASAP

333. PHCN Power connection 35 Sat 16/08/14 Mon 29/09/14 331 ASAP




Appendix B2 CONTD.

370

OABuUi | t 6 fdb Balelnd ®PlaneA) of Case Project 1

SI/N ACTIVITY D/DAYS START - FINISH PREC/REL.TYPE CONST TYPE
334.Fence

335.Fence StructurgType C) 21 Fri 01/05/15 Wed 27/05/15 324FS25 days ASAP

336. Concertina barbed Wire 14 Tue 02/06/15 Thu 18/06/15 324 SNET

337. Fence Grils 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 165FS7 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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S/N ACTIVITY DVIDAYS STARTVAR DAYS FINISH VAR DAYS
1. COMPLETION OF THE PROJECT
2. Pre-shipment Inspection & Shipme nt of Materials
3. Preshipment Inspection for finishing / fire fightihng X 12-12 =0 Tue 01/10/13 Thu 08/08/13 45 Tue 15/10/13 Thu 22/08/13 45
4. Preshipment Inspeain of Chillers & AHU 1212 =0 Tue 12/11/13 Tue 12/11/13 Tue 26/11/13 Tue 26/11/13
5. Preshipment Inspection of Lift 6-6 =0 Sat 21/09/13 Sat 21/09/13 Sat 28/09/13 Sat 28/09/13
6. Preshipment Inspction of Transformers & Panels 6-6 =0 Fri 01/11/13 Fri01/11/13 Fri 08/11/13 Fri08/11/13
7. Shipment for finishing / fire fighting X 9090 =0 Tue 15/10/3 Thu 22/08/13 45 Tue 04/02/14 Thu 12/12/13 45
8. Shipment of electrical fittings X 9090 =0 Tue 15/10/13 Thu 22/08/13 45 Tue 04/02/14 Thu 12/12/13 45
9. Shipmet of Chillers & AHU 107107 =0 Tue 26/11/13 Tue 26/11/13 Tue 08/04/14 Tue 08/04/14
10. Shipment Inspection of Lift X9090 =0 Mon 28/10/13 Sat 28/09/13 24 Sat 15/02/14 Sat 18/01/14 24
11. Shipment Inspeion of Transformers & Panels 9090 =0 Fri 08/11/13  Fri08/11/13 Fri 28/02/14  Fri 28/02/14
12. Completion of Structural Works
13. Completion of the LIFT shaft X 1212 =0 Tue 27/05/14 Wed 07/08/13 250 Tue 10/06/14 Wed 21/08/13 250
14. Completion of sulstructure work (main Building)  Xp 1427 =-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 3232 = 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 20020=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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SN ACTIVITY DV/DAYS START VAR DAYS FINISH VAR DAYS
18. French Drain Xp 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) Xp 2545=-20 Mon 10/11/14 Mon 07/04/14 185 Sat03/01/15 Wed 07/05/14 206
20. Roofing Works
21.Screeded bed for Wate rproofing
22. Gate House X 55 = Mon 08/09/14 Mon 04/11/13 263 Sat 13/09/14 Mon 11/11/13 262
23. Facilty mgt. Building X 44 =0 Tue 16/09/14 Wed 13/11/13 262 Sa 20/09/14 Mon 18/11/13 262
24. Generator House X 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 Wate rproofing(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. Facilty 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. Man Building Xp 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 1414=0 Tue 27/05/14 Wed 07/08/13 250 Thu 12/06/14  Fri 23/08/13 250
34. Ground Floor Xp 20-48=-28 Tue 27/05/14 Wed 07/08/13 250 Fri 20/06/14 Fri04/10/13 221

pg. B3.2 2398 2448




373
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OABuUi |l t 6-Phadné®dd®d8 Schedule VaofiCasmRrogectI or Baseline Plan A
SN ACTIVITY DV/DAYS START VAR DAYS FINISH VAR DAYS
35. 1st Floor Xp 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 26/08/13249
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. 14 Floor X 2071 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,@nite, 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 Xp 12-25=-13 Sat05/07/14 Thu 19/12/13 170 Tue 05/08/14 Thu 02/01/14 183
47. Facilty mgt. Building Xp 10-20=-10 Sat05/07/14 Thu19/12/13 169 Wed 30/07/14 Tue 31/12/13 180
48. Basement Xp 5-10=-5 Fri 01/08/14  Thu 02/01/14 180 Thu 1408/14 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 Fri18/04/14 183
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
pg. B3.3 2874 2898
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OABuUiI | t 6-Plaenmd &Ashedule Vari anof€asdRiojectBaseline Plan A
SN ACTIVITY DVI/DAYS START VAR DAYS FINISH VAR DAYS
52. Decoration of wall for Banking Hal X 7-7 =0 Thu 05/02/15  Fri 05/09/14 130 Fri13/02/15  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. Groundfloor 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 2171 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 X07/14 169 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. Facilty 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 29/01/14214
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OABuUi |t 6-Phadné®éd®d8 Schedul e VaofiCasePreectfior Baseline Plan A

SIN ACTIVITY DV/DAYS START VAR DAYS FINISH VAR DAYS

69. Right Elevation X 30-30=0 Sat06/09/14 Thu 16/01/14 199 Tue 14/10/14 Sat 22/02/14 1

70. Left Elevation X 30-30=0 Mon06/10/14  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 Sat22/02/14 199 Wed 03/12/14 Mon 14/04/14 19¢

72. Courtyard at Bulion Area X 15-15=0 Wed 12/11/14 Fri 07/03/14 213 Mon 01/12/14 Wed 26/03/14 213

73.Extemal 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  Sat11/01/14 193  Sat20/09/4  Thu 06/@/14 193

76. Faciity 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 Buiding) X 20-20=0  Sat20/09/14  Thu 06/02/14 193 Wed15/10/14 Tue 04/03/14 192

78. Right Elevation X 30-30=0 Mon 15/0914  Tue 21/01/14 202 Wed 22/10/14 Wed 26/02/14 20z

79. Left Elevation X 30-30=0  Wed 1310/14 Tue 04/03/14 192 Fri 21/1114 Thu 10/04/14 192

80. Front Elevation X40-40=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 SubFrames

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 55=0 Mon 28/07/14  Tue 17/12/13 191 Sat 02/08L4 Mon 23/12/13 191
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OABuUi |t 6-Phadné®éd®d8 Schedul e VaofiCasePreectfior Baseline Plan A
SIN ACTIVITY DV/DAYS START VAR DAYS FINISH VAR DAYS
86. Faciity mgt. Buiding X 3-3=0 Mon 28/07/14 Tue 17/12/13 190 Thu 3107/14 Fri20/1A43 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 X14-14=0 Mon 28/07/14 Tue 17/12/13 190 Thu 14/08/14 Thu 02/01/14 190
89. 1st Floo X10-10=0 Mon 28/07/14 Tue 17/12/13 190 Fri 08/08/14 Sat28/12/13 190
90. 2nd Floor X 5-5=0 Fri 08/08/14 Sat28/12/13 190 Fri 15/08/14 Fri 03/01/14 190
91.Chubb Doors & metal Gates
92. Delvery of Doors X 2-2=0 Tue 27/05/14 Wed07/08/13 250 Wed 28/05/14 Thu 08/08/13 250
93. Basement X 18-18=0  Thu29/05/14 Mon 13/01/14 11 Fri 20/06/14 Tue 04/02/14 116
94. Ground Floo Xpl15-21=-6 Fri 20/06/14 Mon 13/01/14 135 Wed 09/07/14 Fri 07/02/14 129
95. 1st Floor Xp10-8 = 2  Wed 09/07/14 Fri 07/02/14 129 Mon 21/07/14 Tue 18/02/14 130
96. 2nd Floor Xp10-3=7 Mon 21/07/14 Tue 18/02/14  13C Sat 02/08/14 Fri 21/02/14 138
97.Metal grill Gates
98. Fabrication X20-20=0 Mon 11/08/14 Thu 12/12/13  2C 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  Fri07/02/14 233
100.1st Fbor X 8-8=0 Fri 07/11/14  Fri07/02/14 233 Tue 18/11/14 Tue 18/02/14 23.

101.
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OABuUi It 6-Phadne®d®d8 Schedul e VanpofiCasePrejectfior Baseline Plan A
SIN 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. Facilty mgt. Buiding X 5-5=0 Wed 30/07/14 Tue 31/12/13 180 Tue05/08/14 Tued7/01/14 180
106. Basement X 2-2=0 Thu 14/08/14 Thu 09/01/14 185 Sat16/08/14 Sat 11/01/14 185
107. Ground Floor X 3571 35=0 Mon 19/01/15 Tue 08/07/14 166 Tue 03/03/b Wed20/08/14 166
108. 1st Floor X 157 15=0 Wed 04/03/15 Mon 11/08/14 175 Mon 23/03/15 Fri 29/08/14 175
109.2rd Floor X107 10=0 Mon 30/03/15 Fri 05/09/14 175 Fri 10/04/15 Wed 17/09/14 175
110.lronmongery
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 18! Wed 20/08/14 Fri 17/01/14 183
113. Facilty mgt. Buiding X 2-2=0 Tue 05/08/14  Tue 07/01/14 1 Thu 07/08/14 Thu 09/01/14 179
114. Basement Xp 3-2=1  Thu 07/08/14 Wed 07/08/13 312 Mon 11/0814 Thu 08/08/13 320
115. Ground Floor X12-12=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 11/08/14175 Fri 13/03/15 Wed 20/08/14175
117. 2nd #eor X 4-4 =0 Fri10/04/15 Wed 17/09/14 17 Wed 15/04/15 Tue 23/0914 175
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O0ABuUi |t 6-Phadn edule Vaiance for Baselne Plan éf Case Project 1

SN ACTIVITY DVIDAYS START VAR DAYS FINISH VAR DAYS
118.Aluminium Windows/Cutting wall
119.Delvery of Frames & Glazing X 3-3 =0 Wed09/07/14 Thu 12/12/13 178 Fri 11/07/14 Tue 17/12/13 178
120. Gate House X 14-14=0 Sat12/07/14 Tue 17/12/13 177 Wed 30/07/14 Thu 02/01/14 177
121. Faciity mgt. Building X 10-10=0 Sat12/07/14 Tue 17/12/13 177 Thu 24/07/14 Sat28/12/13 177
122. Basement X 2-2 =0 Thu 24/07/14 Sat28/12/13 177 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 Fri21/03/14 178
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 Sat17/05/14 177 Mon 02/02/15 Tue 08/07/14 177
126.SteelBurglar Proofing
127.Fabrcation 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 Fri05/12/14 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 147 14=0 Wed 06/08/14 Thu 02/01/14 184 Fri 22/08/14  Mon 20/01/14 184
134. Faciity mgt. Buiding X 10-10=0  Wed 06/08/14 Wed 15/0114 173 Mon 18/08/14 Tue 28/01/14 173
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OABuUi |l t 6-Phadne®d®d8 Schedul e VanpofiCasePrejectfior Baseline Plan A

SN ACTIVITY DVIDAYS START VAR DAYS FINISH VAR DAYS
135.Basemen X 20-20=0 Mon 18/08/14 Tue 11/02/14 160 Thu 11/09/14 Fri07/03/14 160
136. Ground Floor X 56-56=0 Thu 23/10/14 Fri11/04/14 166 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 Fri16/01/15 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/B 233
141. Facilty mgt. Buiding X 7-7 =0 Mon15/09/14 Tue 28/01/14 196 Tue 23/09/14 Wed 05/02/14 196
142. Basement X 7-7 =0 Thu 11/09/14 Fri07/03/14 160 Sat20/09/14 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 Sat19/07/14 166
144. 1st Floor X 18-18=0 Wed(QH03/15 Mon 1208/14 175 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. Delvery 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 Fril7/04/15 Wed 24/09/14 175 Sat?25/04/15 Thu 02/10/14 175
149. 1st Floor X 7-7 =0 Fril7/04/15 Wed 24/®/14 175 Thu 23/04/15 Tue 30/09/14 175
150. 2nd Floor X 3-3 =0 Fril7/04/15 Wed 24/09/14 175 Tue 21/04/15 Sat27/09/14 175

pg.B3.9 2494 2494




380

Appendix B3  CONTD.

OABuUi |l t 6-Phadne®d®d8 Schedul e VanpofiCasePrejectfior Baseline Plan A
SN 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 Fri22/08/14 Tue 21/01/14 182 Mon 01/09/4 Wed 29/01/14 182
154. Faciity 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 1109/14 Fri07/03/14 160 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 2801/15 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 31/0714 176 Wed 01/04/15 Fri 05/09/14 176
159.First Layer
160. Gate House X 5-5 =0 Fri15/08/14 Mon 13/01/14 183 Thu 21/08/14 Sat18/01/14 183
161. Faciity mgt. Buiding 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 Fri31/10/14  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/@/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 Fril0/04/15 Wed 17/09/14 175 Tue 21/04/15 Sat2/09/14 175
166.Second Layer
167. Gate House X 3-3=0 Thu 21/08/14 Mon 20/L/14 182 Mon 25/08/14 Wed 22/01/14 182
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OABuUi |t 6-Phadné®éd®d8 Schedul e VaofiCasePreectfior Baseline Plan A

SIN ACTIVITY DV/DAYS START VAR DAYS FINISH VAR DAYS

168. Faciity mgt. Buiding X 2-2 =0 Mon11/08/14 Sat 11/01/14 180 Wed 13/08/14 Tue 14/01/14 180

169. Basement X147 14=0 Mon 17/11/14 Mon 12/05/14 161 Wed 03/12/14 Thu 29/05/14 161

170. Ground Floor X227 22=0 Tue 07/04/15 Wed 24/09/14 165 Tue 05/05/15 Tue 21/10/14 165

171. 1st Floor X127 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 Sat27/09/14 175 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 X21-21=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 X21-21=0 Mon 09/06/14 Tue 24/09/13 220 Fri 04/07/14  Mon 21/10/13 220

181. 1st Floor X21-21=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  Sat05/10/13 233 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 03/09/24  Fri 31/01/14 183
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0 ABUit6 an®l aAsedd Schedul e VanpofiCasePrejectfior Baseline Plan A
SN ACTIVITY DV/DAYS START VAR DAYS FINISH VAR DAYS
185. Faiity mgt. Buiding X 10-10=0 Tue ®/08/14 Tue 07/01/14 179 Mon 18/08/14 Sat 18/01/14 179
186. Ground Floor X 65-65=0 Sat16/08/14 Sat11/01/14 185 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 Fri20/06/14 Fri 20/09/13 233 Thu 17/07/14 Thu 17/10/213 233
193. 2l 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 17/0614 Thu 02/01/14 140
197. Facilty mgt. Buiding X 10-10=0 Tue 17/06/14 Thu 02/01/14 141 Sat28/06/14  Wed 15/01/14 141
198. Basement X 21-21=0 Sat28/06/14 Wed 15/01/14 140 Thu 24/07/14  Tue 11/02/14 140
199. Groud 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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OABuUi |t 6-Phadné®éd®d8 Schedul e VaofiCasePreectfior Baseline Plan A
SN 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.Facilty mgt. Buiding X 10-10 =0 Tue 05/08/14 Wed 15/01/14 172 Mon 18/0814 Tue 28/01/14 172
205. Basement X 21-21=0 Satl16/08/14 Tue 11/02/14 159 Thu 11/09/14 Sat08/03/14 159
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 Mon01/09/14 Wed 29/01/14 183 Tue 09/09/14 Thu 06/02/14 183
211. Faciity mgt. Buiding X 7-7 =0 Mon 25/08/4 Mon 03/02/14 173 Tue 02/09/14 Wed 12/02/14 173
212. Basement X 10-10=0 Fri 31/10/24 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 Mon15/09/14 167 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.Delvery 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. GateHouse X 7-7 =0 Fri1l5/08/14 Mon 13/01/14 183 Sat23/08/14 Tue 21/01/14 183
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OABuUi |l t 6-Phadné®&d®d8 Schedul e VaofiCasePreectfior Baseline Plan A
SN ACTIVITY DVIDAYS START VAR DAYS FINISH VAR DAYS
219. Faciity mg Buiding X 7-7=0 Tue 05/08/14 Tue 07/01/14 179 Thu 14/08/14 Wed 15/01/14 179
220. Basement X14-14=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 Fri31/10/14  Fri25/04/14 161 Wed 21/01/15 Thu 17/07/4 161
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 X42-42 =0 Mon 23/02/15 Thu 31/07/14 176 Wed15/04/15 Mon 22/09/14 176
228. Panic Buttos 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 Ta 31/07/14 176 Fri 10/04/15  Tue 16/09/14 176
230. BMS Configuration X55-55=0 Mon 23/02/1  Thu 31/07/14 176 Fri01/05/15 Tue 07/10/14 176
231.Fire Alarm Systems
232. Cabling X56-56=0 Fri31/10/14 Fri25/04/14 161 Fri 09/01/15  Fri04/07/14 161
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 Fri31/10/14 Fri 25/04/14 161 Thu 08/01/15 Thu 03/07/14 161
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SN ACTIVITY DVIDAYS 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 10/0714 Wed 07/08/13 288 Tue 29/0714 Mon 26/08/13 288
240. Ground Floor Xp 15-25=-10 Tue 29/07/14 Wed 07/08/13 304 Fri 15/08/14 Fri06/09/13 293
241. 1st Floor Xp 15-42=-27 Tue 29/07/14 Fri 06/09/13 278 Fri 15/08/14 Tue 29/10/13 248
242. 2nd #eor Xp 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 Xp 7-21=-14 Tue 29/07/14 Wed 07/08/13 304 Wed 06/08/14 Sat 31/08/13 290
245. 1st Floor Xp 7-20=-13 Tue 29/07/14 Mon 02/09/13 282 Wed 06/08/14 Thu 26/09/13 268
246.2nd Floor Xp 7-25=-18 Tue 29/07/14 Thu 26/09/13 261 Wed 06/08/14 Sat 26/10/13 242
247. Exteral 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/Clalding 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 Fri07/03/14 160 Mon 29/0914 Tue 25/03/14 160
251. Ground Floor Xp 14-28=-14  Tue 03/03/15 Wed 20/08/14 167 Tue 07/04/15 Wed 24/09/14 166
252. 1st Floor Xp 14-18=-4 Mon 23/03/15  Fri 29/08/14 175 Tue 14/04/15 Mon 22/09/14 174
pg.B3.15 3122 3015
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SN ACTIVITY DVIDAYS START VAR DAYS FINISH VAR DAYS

253. 2nd Flor 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 Chilers X10-10=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 Sat02/08/14 Mon 28/04/14 82

258. 1st Floor X 4-4 =0 Sat0208/14 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 Sat03/05/14 81 Tue 12/08/14 Wed 07/05/14 81

260.Backup/Split Units

261. Gate House X10-10=0 Thu 10/07/14 Mon 23/12/13 170 Tue 22/07/14 Fri 03/01/14 170

262. Facilty 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 X62-62=0 Thu 31/07/14 Mon 13/01/14 170 Thu 16/10/14 Mon 31/03/14 170

264. 1st Floor X27-27=0 Thu 16/10/14 Mon 31/03/14 170 Wed 19/11/14 Fri 02/05/14 170

265. 2nd Floor X15-15=0 Wed 19/11/14 Fri 02/05/14 171 Mon 08/12/14 Wed 21/05/14 171

266.Lift Installation

267. Delvery of 4No Lift X 1-1 =0 Tue 27/®/14  Sat18/01/14 109 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
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SN ACTIVITY DVIDAYS START VAR DAYS FINISH VAR DAYS

270. Motors X 28-28=0 Mon 07/07/14 FrD7/03/14 103 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 Gdes X 12-12=0 Mon15/09/14 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 Fri11/07/14 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 1705/14 176 Fri 16/01/15 Tue 24/06/14 176
pg.B3.17 1710 1710
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287. Hitings X 15-15=0 Fri 1004/15 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 20/01/14182 Fri 22/08/14 Mon 20/01/14 182

290. Facilty mgt. Buiding 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 12/0314 161 Wed 19/11/14 Wed 14/05/14 161

292.Ground Floor X 5-5=0 Sat25/04/15 Mon 13/10/14 166 Fri 01/05/15 Sat18/10/14 166

293. 1st Floor X 2-2=0 Thu 16/04/15 Tue 23/09/14 175 Fri 17/04/65 Thu 25/09/14 175

294. 2nd Floor X 1-1=0 Tue 21/04/15 Sat27/0914 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 2705/14 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 07/0714 Wed 22/01/14 140

298. 1st Floor X 56-56 =0 Mon 02/06/14 Thu 19/2/13 140 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 Fri10/04/15 Wed 1709/14 175 Tue 12/05/15 Sat 18/10/14 175

301.Extemal works

302.Civil Work

303. Ground Level Water Tanks X12-12=0 Thu 09/10/14 Fri01/08/14 58 Thu 23/10/14 Fri15/08/14 58
pg.B3.18 2,009 2,009
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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 157 21=-6 Thu 21/08/14 Mon 20/01/14 182 Tue 09/09/14  Fri 14/02/14 176
306.Bore hole Installabn X 14-14=0 Mon 22/09/14 Tue 15/07/14 58 Wed 08/10/14 Fri 01/08/14 58
307.Seqic 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 Chambe 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 23/0813 0
311.Fuel Tank with conveyor belt Xp25-4 =-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 2309/13 347
313. Pumps and Piping X 30-30=0 Wed 05/11/14 Wed 25/09/13 347 Fri 12/12/14  Fri01/11/13 347
314. Electrical fttings 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 Sat27/09/14 175 Mon 11/05/15 Fri 17/10/14 175
317. Hydrants Xp 45-65=-20 Mon 22/09/14 Tue 15/07/14 58 Sat15/11/14  Fri 03/10/14 32
318. Hosereel Xp 30-44 =-14 Sat02/08/14 Sat 02/11/13 233 Tue 09/09/14 Fri 27/12/13 218
319. Fie pumps Xp15-28=-13 Sat02/08/14 Mon 20/01/14 166 Thu 21/08/14 Sat22/02/14 153
pg.B3.19 2388 2350
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SN ACTIVITY DV/DAYS START VAR DAYS FINISH VAR DAYS
320.Landscaping & Civil Works
321. Flood Water Drainages Xp 94-12 =-28 Tue 09/09/14 Wed 23/10/13 274 Fri 02/01/15 Mon 24/03/14 242
322. Filing & Compaction of Sitg Earthworks) X 84-84=0 Tue 10/06/14 Tue 01/04/14 59 Mon 22/09/14 Tue 15/07/14 59
323.Interbcking tiles for Walkway X 56-56=0 Sat03/01/15 Mon 24/03/14 244 Fri 13/03/15 Sat31/05/14 244
324. Concrete Driveways X 120-120=0 Sat03/0115 Mon 24/03/14 244 Tue 02/06/15 Wed 20/08/14 244
325. Green Areas X 75-75=0 Sat03/0115 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 16/06/14Thu 20/03/14 74 Wed 30/07/14 Mon 05/05/14 74
329. Generators X 717=0 Mon 16/06/14 Thu 20/03/14 74 Tue 24/06/14 Fri 28/0/14 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 27/06/4 Wed 02/04/14 73 Sat16/08/14 Wed 21/05/14 73
332.External LIGHTING (Poles and fittings) X 61-61=0 Mon 08/12/14 Tue 25/02/14 244 Sat21/02/15 Mon 12/05/14 244
333. PHCN Power connection X 35-35=0 Sat16/08/14 Wed 21/05/14 74 Mon 29/09/14 Fri 04/07/14 74
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334.Fence

335.Fence StructurgType C) X 211 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 1471 14 =0  Tue 02/06/15 Wed 20/08/14 244 Thu 18/06/15 Fri05/09/14 244
337. Fence Grils 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 1711=0 Fri 19/06/15 Tue 28/10/14 200 Sat20/06/15 Tue 2810/14 200

pg.B3.21
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S/IN ACTIVITY D/DAYS START - FINISH PREC/REL.TYPE CONST TYPE

1. COMPLETION OF THE PROJECT
2. Pre-shipment Inspection & Shipment of Materials

3. Preshipment Inspection for finishingfre fighting 12 Thu 08/08/13 Thu 22/08/13 SNET
4. Preshipment Inspegon of Chilers & AHU 12 Tue 12/11/13 Tue 26/11/13 SNET
5. Preshpment Inspection of Lift 6 Sat 21/09/13  Sat 28/09/13 SNET
6. Preshipment Inspectiorof Transformers & Panels 6 Fri 01/11/13  Fri 08/11/13 SNET
7. Shipment for finishing/ fre fighting 90 Thu 22/08/13 Thu 12/12/13 3 ALAP
8. Shipment of electrical fitigs 90 Thu 22/08/13 Thu 12/12/13 7SS ASAP
9. Shipment of Chilers & AHU 107  Tue 26/11/13 Tue 08/04/14 4 ASAP
10. Shipment Inspection of Lift 90 Sat 28/09/13 Sat18/01/14 5 ASAP
11.Shipment Inspection fAransformers & Panels 90 Wed 05/03/14 Wed 25/06/14 6 ALAP
12.Completion of Structural Works

13.Comgetion of the LIFT shaft 12 Wed 07/08/13 Wed 21/08/13 ASAP
14.Completion of sukstructural work (main Building) 14 Wed 07/08/13 Fri 23/08/13 ASAP
15.Completion of facial wall (main Buiding) 32 Wed 07/08/13 Mon 16/09/13 ASAP
16.Underground dieselank(Generator's house) 30 Wed 28/08/13 Thu 03/10/13 SNET
17.Expansion JoinfTreatment(Main building) 20 Thu 10/10/13 Mon 04/11/13 36 ASAP
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SI/N ACTIVITY D/DAYS START - FINISH PREC/REL.TYPE CONST TYPE
18. French Drain 45 Mon 24/03/14 Mon 19/05/14 69FS15 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 Waterpoofing

22. Gate House Mon 04/11/13 Mon 11/11/13 15FS+2 days,17 SNET
23. Facilty mgt. Building Wed 13/11/13 Mon 18/11/13 22FS+2 days SNET
24. Generator House Wed 20/11/13 Thu 28/11/13 23FS+2 days SNET
25. Main Buidng 30 Fri 29/11/13  Mon 06/01/14 24 SNET
26. Installation of Waterproofing (Felting)

27. Gate House Thu 23/01/14 Thu 30/01/14 25FS+14 days ASAP
28. Facility mgt. Building Fri 31/01/14  Thu 06/02/14 27FS+1 day ASAP
29. Generator House 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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SIN ACTIVITY D/DAYS START - FINISH PRECREL.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 35FS12 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 Sat02/11/13 40 ASAP
42. External Main Building 56 Mon 04/11/13 Mon 13/01/14 36FS12 days,17 ASAP
43.Wall & Floor Tiling
44.Intemal Floor & Walls
45. Delvery of Ties (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. Facilty mgt. Buiding 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 49FS20 days SNET
51. 2nd Floor 25  Wed 07/05/14 Sat 07/06/14 50FS10 days SNET
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52. Decorationof wall for Banking Hall 7 Fri 05/09/14 Sat B/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 17,55FS15days SNET
57. 1st Floor 21 Thu 06/02/14 Wed 05/03/14 56FS10 days SNET
58. 2nd Floor 14 Mon 03/03/14 Wed 19/03/14 57FS2 days SNET
59.Raised Floor Panes
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 62FS20 days SNET
64. Extermal wall Tilling
65. Delivery of Ties 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. Faciity 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,42F5 days  ALAP
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69. Right Elevation 30 Wed0503/14 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 Bulion Area 15 Wed 29/10/14 Mon 17/11/14 70 ASAP
73.Extemal 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 74,27FS15 days ASAP
76. Facilty 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 SubFrames

84. Delvery 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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SIN ACTIVITY D/DAYS  START - FINISH PREC/REL.TYPE CONST TYPE
86.Faciity 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 Sat28/12/13 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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102. Wooden Flush & Aluminium Door

103.Delvery 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.Faciity mgt. Buiding 5 Tue 31/1213  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.lronmongery

111.Delvery 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.Faciity mgt. Buiding 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
116.1stFloor 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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SIN 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.Faciity mgt. Buiding 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 B/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 27/03/8 7 ASAP
128.Ground Floor 45 Fri 02/05/14 Fri 27/06/14 123FS25 days,127 ASAP
129.1st Floor 25  Tue 22/07/14  Fri 22/08/14 124FS5 days ASAP
130.

131.Suspended Ceiling

132.Delvery 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.Faciity mgt. Buiding 10  Wed 15/01/14 Tue 28/01/14 133SS,197 SNET
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135. Basement 20  Tue 11/02/14 Fri07/03/14 134,38,239,198,283 SNET
136.Ground Floor 56 Fri 11/04/14  Thu 19/06/14  135SS+18 days,240,245,199,2 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 Thu 12/12/13 Tue 17/12/13 7 ASAP
141.Faciity mgt. Buiding 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 ofpartition 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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151.Painting (Wall & Soffit)

152.Priming of the surface

153.Gate House 7 Tue 21/01/14 Wed 29/01/14 133 SNET
154.Faciity mgt. Buiding 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 Mon 13/01/14 Sat 18/01/14 104,120 SNET
161.Faciity mgt. Buiding Tue 07/01/14 Sat11/01/14 105,121 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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168. Faciity mgt. Buiding 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 163FS15 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 34FS9 days ASAP
177.1st Floor 21 Mon 09/09/13  Fri 04/10/13 35FS9 days SNET
178.2rd Floor 15 Fri 04/10/13  Wed 23/10/13 36FS5 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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185. Facility mgt. Buiding 10  Tue 07/01/14 Sat18/01/14 105 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  Wed24/09/14 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.Delvery 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.Faciity mgt. Buiding 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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202.Cabling

203. Gate lduse 14 Mon 13/01/14 Thu 30/01/14 104,196 SNET
204. Facilty 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. Faciity mgt. Buiding Mon 03/02/14 Wed 12/02/14 154 SNET
212. Basment 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 22/09/4 157 SNET
215. 2nd Floor 7 Sat 06/09/14  Mon 15/09/14 158 SNET
216.Electrical Lighting & Socket

217.Delivery of electrical fittings Thu 12/12/13 Mon 16/12/13 8 ASAP
218. Gate House Mon 13/01/14 Tue 21/01/14 160SS,217 SNET
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219. Facilty 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 18/0914 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 Configurdion 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.Instalation 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




Appendix B4 CONTD.

6 ABl anned®

Schedul gqofCage Prgextsle | i ne

406

Pl an

B

SIN ACTIVITY D/DAYS START - FINISH PREC/REL.TYPE CONST TYPE
236.Installation & 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.Crilles & Diffusers

250.Basement 14 Fri 07/03/14 Tue 25/03/14 135,106 SNET
251.Ground Floor 28 Wed 2008/14 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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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 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.Facilty 7 Fri 03/01/14 Mon 13/0114 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.Cablesand Guides 28 Fri 31/01/14 Thu 06/03/14 267 SNET
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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 1712/13 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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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.Faciity mgt. Buiding 1 Fri 17/1014 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 GasSystem For Fire Suppression

296.Delvery of pipes 5 Thu 12/12/13  Thu 19/12/13 7 ASAP
297.Ground Floor 28 Thu 19/12/13  Wed 2201/14 296 SNET
298.1st Floor 56 Thu 19/12/13  Wed 26/02/14 297SS SNET
299.2nd Floor 21 Thu 19/12/13  Tue 1401/14 298SS SNET
300. Fittings 25 Wed 17/09/14  Sat 18/10/14 138,109 ASAP
301.Extemal works

302. Civil Work

303.Ground Level Water Tanks 12 Wed 17/09/14 Thu 02/10/14 306 SNET
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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 14/0214 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.Filing Station
310. Underground fuel yonp 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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320.Landscaping & Civil Works

321.Flood Water Drainages 122 Wed 23/10/13 Mon 24/03/14 16FS+15 days SNET
322.Filing& 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.Exterral LIGHTING(Poles and fittings 61 Tue 25/02/14 Mon 12/05/14 321FS21 days ASAP

333.PHCN Power connection 35 Mon 15/09/14 Tue 28/10/14 331 ALAP
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334.Fence

335.Fence StructurgType C) 21 Sat 19/07/14 Thu 14/08/14 324FS25 days ASAP
336.Concertina barbed Wire 14 Wed 20/08/14Fri 05/09/14 324 SNET
337.Fence Grils and Gates 46 Mon 01/09/14Mon 27/10/14 322 SNET
338.Panting 40  Wed 25/06/14VNed 13/08/14 325 ASAP
339.Decorations and Furniture 20 Fri 19/09/14 Wed 15/10/14 165FS7 days SNET
340.Test Running 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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S ¢ h er @lanl By;joMCase P@jactle  f

SN ACTIVITY

DV/DAYS

START VAR

DAYS

FINISH VAR

DAYS

1. COMPLETION OF THE PROJECT
2.Pre-shipment Inspection & Shipme ntmaterial
3. Preshipment Inspection fofire fighting

4. Preshipmen Inspection of Chiles & AHU
5. Preshipment Inspection of Lift

6. Preshipment Inspction of Transformers
7. Shipment for finishing/ fre fighting

8. Shipment of electrical fttings

9. Shipment of Chilers & AHU

10. Shipment Inspection of Lift
11.Shipment Inpection of Transformers
12.Completion of Structural Works
13.Completion of the LIFT shatft

14.Completion of sukstructural work

15.Completion of facial wall
16. Undergrounddiesel Tank

17.ExpansionJoint Treatment

X 12-12=0
12-12=0
6-6 =0
6-6 =0
X 90-90=0
X 90-90=0
107-107=0
X 90-90=0
X 90-90=0

X12-12=0
Xp 27-14=13
X32-32=0
X30-30=0
X207 20=0

Tue 01/10/13 Thu 08/08/13
Tue 12/11/13 Tue 12/11/13
Sat 21/09/13 Sat 21/09/13

Fri 01/11/13 Fri01/11/13

Tue 15/10/13 Thu 22/08/13
Tue 15/1013 Thu 22/08/13
Tue 26/11/13 Tue 26/11/13
Mon 28/10/13 Sa 28/09/13
Fri 08/11/13 Wed 05/03/14

45

45
45

24
99%ve

Tue 27/05/14 Wed 07/08/13 250
Mon 22/09/14 Wed 07/08/13 351
Mon 28/07/14 Wed 07/08/13 303
Thu 12/06/14 Wed 28/08/13 240

Thu 10/07/14 Thu 10/10/13

Tue 15/10/13 Thu 22/08/13
Tue 26/11/13 Tue 26/11/13
Sat 28/09/13 Sat 28/09/13

Fri 08/11/13 Fri 08/11/13

Tue 04/02/14 Thu 12/12/13
Tue 04/02/14 Thu 12/12/13
Tue 08/04/14 Tue 08/04/14
Sat 15/02/14 Sat 18/01/14
Fri 28/02/14 Wed 25/06/14

Tue 10/06/14 Wed 21/08/13
Fri 24/10/14 Fri 23/08/13

Thu 04/09/14 Mon 16/09/13
Fri 18/07/14 Thu 03/10/13

22 Mon 04/08/14 Mon 04/11/13

45

45
45

23
99%ve

250
365
328
246
233

pgB5.1

1437

1481
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SN ACTIVITY DVI/DAYS START VAR DAYS FINISHVAR DAYS

18.French Drain Xp 54-45=9 Thu 25/09/14 Mon 24/03/14 158 Tue 02/12/14 Mon 19/05/14 168

19.Entran@ Canopy Xp 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 11/1113 262

23. Faciity mgt. Building X 4-4=0 Tue 16/09/14 Wed 13/11/13 262 Sat20/09/14 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 Buiding 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 Wate rproofing(Felting)

27. Gate House X 6-6=0 Mon21/07/14 Thu 23/01/14 152 Mon 28/07/14 Thu 30/01/14 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. GeneratoHouse X 8-8=0 Thu 02/10/14 Wed 12/02/14 198 Mon 13/10/14 Fri 21/02/14 199

30. Main Buiding Xp 70- 30 =40 Tue 27/05/14 Mon 24/02/14 78 Thu 2108/14 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 Xp20-48 =-28 Tue 27/05/14 Wed 07/08/13 250 Fri 20/06/14 Fri 04/10/13 221
pgB5.2 2323 2065
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35. 1st Floor Xp20-36 =- 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 Sat05/10/13 220 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/D/13 233 Sat02/08/14 Sat 02/11/13 233
42.External Main Budling X 56-56=0 Mon 04/08/14 Mon 04/11/13 233 Mon13/10/14 Mon 13/01/14 233
43.Wall & Floor Tiling
44.Intemal 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. GateHouse Xp 25-12 =13 Sat05/07/14 Thu 19/12/13 169 Tue 05/08/14 Thu 02/01/14 182
47. Facilty mgt. Buiding Xp20-10=10 Sat05/07/14 Thu 19/12/13 169 Wed 30/07/14 Tue 31/12/13 180
48. Basement Xp 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
pgB5.3 2878 2887
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52.Decorationof wall for Banking Hal X 7-7=0 Thu 05/02/15 Fri 05/09/14 130 Fri 13/02/15 Sat13/09/14 130
53 BasfMastertop EpoxyResin floor
54. Facility mgt. Buiding X 7-7=0 Tue 27/01/15 Wed 07/08/13 460 Wed 04/02/15 Thu 1508/13 460
55. Basement X561 56=0 Mon 04/08/14 Mon 04/11/13 233 Mon 13/10/14 Mon 13/01/14 233
56. Ground floor X 4571 45=0 Wed 24/09/14 Wed 25/12/13 233 Wed 19/11/14 Wed 19/02/14 233
57. 1stFloor X217 21=0 Fri 07/11/14  Thu 06/02/14 234 Wed 03/12/14 Wed 05/03/14 233
58. 2nd Floor X147 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 147 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  Sat07/02/15 Thu 17/07/14 175 Mon 30/03/15 Thu 04/09/14 176
64.External wall Tilling
65. Delivery of Ties 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 0302/14 159 Tue 26/08/14 Thu 20/02/14 159
67. Faciity mgt. Building X10-10=0  Tue 26/08/14 Thu 20/02/14 159 Sat06/09/14 Wed 05/03/14 158
68.Back Elevabn(Main Buiding) X20-20=0 Thu 11/09/14 Wed 27/08/14 12 Mon 06/10/14 Mon 22/09/14 11
pgB5.4 2829 2823
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69. Right Elevation 30-30=0  Sat06/09/14  Wed 05/03/14 158 Tue 14/10/14 Fri 11/04/14 158
70. Left Elevation 30-30=0 Mon 06/10/14 Mon 22/09/14 11 Wed 12/11/14 Tue 28/10/14 11
40-40=0  Tue 14/10/14  Fri 11/04/14 158 Wed 03/12/14 Fri 30/05/14 159
15-15=0 Wed 12/11/14 Wed 29/10/14 11 Mon 01/12/14 Mon 17/11/14 11

71. Front Elevation
72.Courtyard at Bubn Area
73.Extemal Alucobond

74. Delvery of Alucobond

75. Gate Hase

76. Facility mgt. Building
77.Back Elevation(Main Building)
78. Right Elevation

79. Left Elevation

X X X X

5-5=0 Tue 05/08/14  Thu 12/12/13 201 Mon 11/08/14 Thu 19/12/13 200
21-21=0  Tue 26/08/14  Sat11/01/14 193 Sat20/09/14 Thu 06/02/14 193
7-7 =0 Sat 06/09/14 Sat 11/01/14 203 Mon 15/09/14 Mon 20/01/14 203

20-20=0  Sat20/09/14 Thu 06/02/14 193 Wed 15/10/14 Tue 04/03/14 192
30-30=0 Mon 15/09/14 Tue 21/01/14 202 Wed 22/10/14 Wed 26/02/14 202
30-30=0  Wed 15/10/14 Tue 04/03/14 192 Fri 21/11/14 Thu 10/04/14 180
40-40=0  Wed 2210/14  Tue 09/09/14 10 Thu 11/12/14 Tue 28/10/14 10

X X X X X X X

80. Front Elevation

81.

82.Doors & Windows

83.Doors & Windows SubFrames
84. Ddivery of Frames X 3-3=0 Thu 24/07/14 Thu 12/12/13 191 Mon 28/07/14 Tue 1712/13 191
85. Gate House X 5-5=0 Mon 28/07/14  Tue 17/12/13 1¢ Sat 02/08/14 Mon 23/12/13 190
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Appendix B5 CONTD.

OABuUi | t 6-Phadné&d& Schedul ggoVCaseiPmjactle for Pl an B
SN ACTIVITY DV/DAYS START VAR DAYS FINISH VAR DAYS
86. Facity mgt. Buiding X 3-3 =0 Mon28/07/14 Tue 17/12/13 190 Thu 31/07/14 Fri20/12/13 190

87. Basement X 2-2 =0 Mon?28/07/14 Tue 17/12/13 190

88. Ground Floor X 1471 14 =0 Mon 28/07/14 Tue 17/12/13 190
89. 1st Floor X 1071 10 =0 Mon 28/07/14 Tue 17/12/13 190
90. 2nd Floor X 5-5=0 Fri08/08/14 Wed 22/10/14 63 ve
91.Chubb Doors & metal Gates

92. Delvery of Doors X 212=0 Tue 27/05/14 Wed 07/081 250
93. Basement X 181 18 =0 Thu 29/05/14 Mon 13/01/14 116
94. Ground Floor Xp 157 21 =-6 Fri 20/06/14  Mon 13/01/14 135
95. 1st Floor Xp 10-8=2 Wed09/07/14  Fri 07/02/14 129
96. 2nd Floor Xp 10-3=7 Mon 21/07/14 Fri 24/10/14 81 ve
97.Metal grill Gates

98. Fabrication X 2071 20=0 Mon11/08/14  Thu 12/12/13 206
99. Ground Floor Xp 21 21=-19 Mon 13/10/24  Mon 13/01/14 233
100.1st Fbor X 8-8=0  Fri0711/14 Fri07/02/14 233
101.

Wed 30/07/14 Thu 19/12/13 190
Thu 14/08/14 Thu 02/01/14 190
Fri 08/08/14 Sat 28/12/13 190
Fri 15/08/14 Tue 28/10/14 62 ve

Wed 28/05/14 Thu 08/08/13 250
Fri 20/06/14 Tue 04/02/14 116
Wed 09/07/14 Fri 07/02/14 129
Mon 21/07/14 Tue 18/02/14 130
Sat 02/08/14  Tue 28/10/14 73 ve

Thu 04/09/14  Tue 07/01/14 205
Fri 07/11/14 Fri 0702/14 233
Tue 18/11/14 Tue 18/02/14 227
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Appendk B5 CONTD.

OABuUi | t 6-Phadné&d8& Schedul gqoVGaseiProjpatle for Plan B
SN ACTIVITY DVI/DAYS START VAR DAYS FINISH VAR DAYS
102.Wooden Flush & Aluminium Door
103. Delivery of Doors X 4-4=0 Mon21/07/14 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. Facilty mgt. Buiding X 5-5=0 Wed30/07/14 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 Sat16/08/14 Sat 11/01/14 185
107. Ground Floor X 3571 35=0 Mon 19/01/15 Tue 08/07/14 166 Tue 03/03/15 Wed 20/0814 166
108. 1st Floor X157 15=0 Wed 04/03/15 Fri 05/09/14 153 Mon 23/03/15 Wed 24/09/14 153
109.2rd Floor X107 10=0 Mon 30/03/15 Fri 05/09/14 175 Fri 10/04/15 Wed 17/09/14 175
110.lronmongery
111. Delivery of Accessories X 3-3=0 Mon 28/07/14 Thu 12/1213 194 Wed 30/07/14 Tue 17/12/13 192
112. Gate House X 3-3=0 Satl6/@/14 Tue 14/01/14 183 Wed 20/08/14 Fri 17/01/14 183
113. Facilty mgt. Buiding 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/@/15 Tue 22/07/14 167
116. 1st Floor X 7-7=0 Wed04/03/15 Fri 05/09/14 153 Fri 13/03/15 Sat 13/09/14 154
116. 1st Floor X 7-7=0 Wed04/03/15 Fri 05/09/14 153 Fri 13/03/15 Sat 13/09/14 154
117. 2nd Floor X 4-4 =0 Fri10/04/15 Thu 23/10/14 144 Wed 15/04/15 Tue 28/10/14 144
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OABuUi | t 6-Phadné&d& Schedul ggoVCaseiPmjactle for Pl an B
SN ACTIVITY DV/DAYS START VAR DAYS FINISH VAR DAYS
118.Aluminium Windows/Cutting wall
119.Delvery of Frames & Glazing X 3-3 =0 WedO09/07/14 Thu 12/12/13 178 Fri 11/07/14  Tue 17/12/13 176
120. Gate House X14-14=0 Sat12/07/14 Tue 17/12/13 177 Wed 30/07/14 Thu 02/01/14 178
121. Faciity mgt. Building X10-10=0 Sat12/07/14 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 X42-42=0 Thu 11/12/14 Tue 29/07/14 115 Mon 02/02/15 Thu 18/09/14 116
126.Steel Burglar Proofing
127.Fabrcation X 84-84=0 Tue 27/05/14 Thu 12/1213 141 Mon 08/09/14 Thu 27/03/14 140
128. Ground Floor X45-45=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 Fri05/12/14 Tue 22/07/14 116 Mon 05/01/15 Fri 22/08/14 115
130.
131.Suspended Ceiling
132. Delvery 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/@/14 Thu 02/01/14 184 Fri 22/08/14  Mon 20/01/14 183
134. Faciity mgt. Buiding 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.

OABuUi | t 6-Phadné&d8& Schedul g of@aseiPsoect® for Plan B
SN ACTIVITY DVI/DAYS START VAR DAYS FINISH VAR DAYS
135.Basemen X 20-20=0 Mon 18/08/14 Tue 11/02/14 160 Fri 07/0314 Thu 11/09/14 160
136. Ground Floor X 56-56=0 Thu 23/10/14 Fri11/04/14 166 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 Fri16/01/15 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. Faciity mgt. Buiding 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 Wed04/03/15 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. Delvery 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 Fril7/04/15 Sat18/10/14 154 Sat 25/04/15 Mon 27/10/14 154
149. 1st Floor X 5-5=0 Fri17/04/15 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 2104/15 Wed 22/10/14 154
pg.B5.9 2481 2481
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Appendix B5 CONTD.
O0ABuUi | t 6-Ph&adncéedide V@iance for Plani§1)of Case Project 1

SN 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 Fri22/08/14 Tue 21/01/14 182 Mon 01/09/14 Wed 29/01/14 183
154. Faciity 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 Fri07/03/14 160 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 Fri15/08/14 Mon 13/01/14 183 Thu 21/08/14 Sat18/01/14 183
161. Faciity mgt. Buiding 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 Sat25/04/15 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 Fri10/04/15 Thu18/09/14 174 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
pgB5.10 2216 2231




Appendix B5 CONTD.

423

OABuUi | t 6-Planmedd 6%shedul e Vgt ofeaseRrojedtdr Pl an B

SN ACTIVITY DVIDAYS START VAR DAYS FINISH VAR DAYS

168. Faciity mgt. Buiding X 2-2=0 Mon 11/08/14 Sat11/01/14 180 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/®/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 29/04/15 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 157 15=0 Thu 03/07/14 Fri04/10/13 232 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 04/07/147 Sat 05/10/13 232 Fri 25/07/14  Sat 26/10/13 232

183.Sanitary Accessories

184. Gate House X 157 15=0 Fri 15/08/14 Mon 13/01/14 183 Wed 03/09/14 Fri 31/01/14 183
pgB5.11 2390 2393




Appendix B5 CONTD.

424

OABuUi | t 6-Phadné&d& Schedul gqoVGaseiProjpatle for Plan B
SN ACTIVITY DVIDAYS START VAR DAYS FINISH VAR DAYS
185. Facilty mgt Buiding X 10-10=0 Tue 05/08/14 Tue 07/01/14 179 Mon 18/08/14 Sat 18/01/14 180
186. Groud Floor X 65-65=0 Sat16/08/14 Sat11/01/14 185 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 Sat18/10/14 153
189.Electrical works
190. Conduit
191. Ground Flor X 45-45=0 Fri 20/06/14 Sat05/10/13 220 Fri 15/08/14  Fri 29/11/13 221
192. 1st Floor X 22-22=0 Fri20/06/14 Fri 20/09/13 233 Thu 17/07/14 Thu 17/10/13 233
193. 2nd Floo 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. Facilty mgt. Buiding 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 Sat28/06/14 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 3010/14 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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OABuUi | t 6-Phadné&d8& Schedul gqoVGaseiProjpatle for Plan B

SN ACTIVITY DV/DAYS START VAR DAYS FINISH VAR DAYS

202.Cabling

203. Gate House X 14-14=0 Fri15/8B/14 Mon 13/01/14 183 Tue 02/09/14 Thu 3001/14 183

204.Faciity mgt. Buiding 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 Satl16/08/14 Tue 11/02/14 159 Thu 11/09/14 Sat08/03/14 159

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 Sat18/10/14 153

208. 2nd Floor X 15-15=0 Fri10/04/15 Wed 17/09/14 175 Wed 29/04/15 Mon 06/10/14 175

209.Distribution Boards and Power points

210. Gate Hous X 7-7=0 Mon 01/09/14 Wed 29/01/14 183 Tue 09/09/14 Thu 06/02/14 183

211. Faciity mgt. Buiding 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 Fri31/10/14 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 01/04/15Mon 08/09/14 175 Tue 14/04/15 Mon 22/09/14 174

215. 2nd Floor X 7-7=0 Wed01/04/15 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 Fri15/08/14 Mon 13/01/14 183 Sat23/08/14 Tue 21/01/14 183
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SN ACTIVITY DVIDAYS START VAR DAYS FINISH VAR DAYS
219. Faciity mgt. Buiding 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 Fri10/10/14 167
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/@/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 Fr 10/04/15 Tue 16/09/14 176
229.Publc 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 23/0215 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
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SN ACTIVITY DVIDAYS 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/d/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 Xp 15- 42 =-27 Tue 29/07/14 Fri 06/09/13 278 Fri 15/08/14 Tue 29/10/13 248
242. 2nd Floor Xp 15- 30 =-15 Tue 29/0714 Tue 29/10/13 227 Fri 15/08/14 Thu 05/12/13 216
243.Chilled Water piping
244. Ground Floor Xp 7-20=-13 Tue 29/07/14 Wed 07/08/13 304 Wed 06/08/14 Sat 31/08/13 290
245. 1st Floor Xp 7-20=-13 Tue 29/07/14 Mon 02/09/13 282 Wed06/08/14 Thu 26/09/13 268
246. 2nd Floor Xp 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 06/08/2# Mon 28/10/13 241 Thu 18/12/14 Tue 11/03/14 241
248.Lagging/Clalding 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 Fri07/03/14 160 Mon 29/09/14 Tue 25/03/14 160
251. Ground Floor X 28-28 =0 Tue 0303/15 Wed20/08/14 166 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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OABuUi | t 6-Phadné&d8&8 Schedul g of@GaseiPojeat® for Plan B

SN ACTIVITY DVIDAYS 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 Chilers 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  Sat02/08/14 Mon 28/04/1 482

258. 1st Floor X 4-4 =0  Sat02/08/14 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 Sat03/05/14 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 23/2/13 170 Tue 22/07/14 Fri 03/01/14 170

262. Facilty 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. Delvery of 4No Lift Xp 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 Passengef No) Xp84-149 =- 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 06/0314 104
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SN ACTIVITY DVI/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 Gdes 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 18/09/4 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 Fri28/11/14 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  Fri11/07/14  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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SN ACTIVITY DVIDAYS 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. Facilty mgt. Buiding X 1-1=0 Thu 21/08/14 Fri17/10/14 48 ve Fri 22/08/14 Satl8/10/14 48 ve

291. Basement X 2-2=0 Mon 17/11/14Mon 12/05/14 161 Wed 19/11/14 Wed 14/05/14 161

292.Ground Floor X 5-5=0 Sat25/04/15 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 Wed08/10/14 162 Fri 17/04/15 Fri10/10/14 161

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 02/06/14Thu 19/12/13 140 Mon 07/07/14 Wed 22/01/14 141

298. 1st Floor X56-56 =0 Mon 02/06/14Thu 19/12/13 140 Mon 11/08/14 Wed 26/02/14 141

299. 2nd Floor X 21-21=0 Mon 02/06/14Thu 19/12/13 140 Fri 27/06/14 Tue 14/01/14 140

300. Fitthgs X 25-25=0 Fri10/04/15 Wed17/09/14 175 Tue 12/05/15 Sa 18/10/14 175

301.Extemal 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
pgB5.18 1726 1726
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SN ACTIVITY DVI/DAYS START VAR DAYS FINISH VAR DAYS
304. Roof Water Tank X 8-8=0 Thu21/08/14 Wed 08/10/14 40 ve Mon 01/09/14 Sat 18/10/14 40 ve
305. Water Treatment Plants Xp 15-21=-6 Thu 21/08/14 Mon 20/01/14 182 Tue 09/09/14 Fri 14/02/14 176
306.Bore hole Installabn X 14-14=0 Mon 22/09/14 Mon 01/09/14 17 Wed 08/10/14 Wed 17/09/14 17
307.Sepic Tank & Soakaway pt X 28-28=0 Mon 22/09/14 Mon 01/09/14 17 Sat25/10/14 Sat 04/1014 17
308. Inspection Chamber X 56-56=0 Mon 22/09/14 Mon 01/09/14 17 Sat29/11/14 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 Xp 25-4=21 Tue 03/06/14 Wed 07/08/13 256 Thu 03/07/14 Mon 12/08/13 278
312. Super $ucture X 36-36=0 Mon 22/09/14 Mon 12/0813 347 Wed 05/11/14 Wed 25/09/13 347
313. Pumps and Piping X 30-30=0 WedO05/11/14 Wed 25/09/13 345 Fri 12/12/14 Fri 01/11/13 347
314. Hectrical fttings 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 Mo 29/09/14 174 Mon 11/05/15 Sat 18/10/14 174
317. Hydrants Xp 45-65=-20 Mon 22/09/14 Mon 01/09/14 17 Sat15/11/14 Thu 20/11/14 3ve
318. Hosereel Xp 30-44 =-14 Sat02/08/14 Sat 02/11/13 233 Tue 09/09/14 Fri 27/12/13 218
319. Fire pumps Xp 15-28 =- 13 Sat 02/08/14 Mon 20/01/14 166 Thu 21/08/14 Sat22/02/14 153
pgB5.19 1695 1663
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SN ACTIVITY DVIDAYS START VAR DAYS FINISH VAR DAYS
320.Landscaping & Civil Works

321. Flood Water Drainages Xp 94-122=-28 Tue 09/09/14 Wed 23/10/13 274 Fri 02/01/15 Mon 24/03/14 243
322. Filing & 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.Interbcking tiles for Walkway X 56-56=0 Sat03/01/15 Mon 24/03/14 244 Fri 13/03/15 Sat 31/05/14 244
324. Concrete Driveways X 120-120=0 Sat03/01/15 Mon 24/03/14 244 Tue 02/06/15 Wed 20/08/14 244
325. Green Areas X 75-75=0 Sat03/01/15 Mon 24/03/14 244 Tue 07/04/15 Wed 25/06/14 244

326.Electricity

16-16=0 Tue 27/05/14 Wed 25/0614 24 ve Mon 16/06/14 Tue 15/07/14 24 ve

36-36 =0 Mon 16/06/14 Tue 15/07/14 24 ve Wed 30/07/14 Thu 28/08/14 24 ve
7-7 =0 Mon 16/06/14 Tue 15/07/14 24 ve Tue 24/0 6/14 Wed 23/07/14 24 ve

327.Delivery of Transfomer & Panels X
X
X
330. Transformer X 10-10=0 Mon 16/06/14 Tue 1B/07/14 24 ve Fri 27/06/14 Mon28/07/14 25 ve
X
X
X

328.Low & High Voltage Panel

329. Generators

331.External Cabling(Armoured) 40-40=0 Fni 27/06/14 Mon 28/07/1425 ve Sat 16/08/14 Mon 15/09/14 24 ve
332.External LIGHTING (Poles) 61-61=0 Mon08/12/14 Tue 25/02Z1 44 Sat21/02/15 Mon 12/05/14 244
333. PHCN Power connection 35-35=0 Sat 16/08/14 Mon 15/09/124 ve Mon 29/09/14 Tue 28/10/14 24 ve

pgB5.20 1123 1092
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SN ACTIVITY DV/DAYS START VAR DAYS FINISH VAR DAYS

334.Fence

335.Fence StructurgType C) X 21-21=0 Fri01/05/15 Sat19/07/14 244 Wed 27/05/15 Thu 14/08/14 244

336. Concertina barbed Wire X 14-14=0 Tue02/06/15 Wed 20/08/14 244 Thu 18/06/15 Fri 05/09/14 244

337. Fence Grils 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 Fri03/04/15 Fri19/09/11 67 Tue 28/04/15 Wed 15/10/4 167

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 Fri1906/15 Fri28/11/14 173 Sat20/06/15 Sat 29/11/14 173
pgB5.21 1262 1263
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SIN ACTIVITY D/DAYS START - FINISH PREC/REL.TYPE CONST TYPE
1. COMPLETION OF THE PROJECT

2. Pre-shipment Inspection & Shipment of Materials

3. Preshipment Inspection for finishingfre fighting 12 Thu 08/08/13 Thu 22/08/13 SNET
4. Preshipment Inspeéon of Chilers & AHU 12 Tue 12/11/13 Tue 26/11/13 SNET
5.Preshpment Inspean of Lift 6 Sat 21/09/13 Sat 28/09/13 SNET
6. Preshipment Inspectiorof Transformers & Panels 6 Fri 01/11/13 Fri 08/11/13 SNET
7. Shipment for firshing / fre 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 Chilers & AHU 107  Tue 26/11/13 Tue 08/04/14 4 ASAP
10. Shipment Inspection of Lift 90 Sat 28/09/13 Sat18/01/14 5 ASAP
11.Shipment Inspection fAransformers & Panels 90 Wed 05/03/14Wed 25/0614 6 ALAP
12.Completion of Structural Works

13.Comgetion of the LIFT shaft 12 Wed 07/08/13 Wed 21/08/13 ASAP
14.Completion of sukstrucural work(main Buiding) 14 Wed 07/08/13 Fri 23/08/13 ASAP
15.Completion of fa@l wall (main Buiding) 32 Wed 07/08/13 Mon 16/09/13 ASAP
16.Underground dieseTank (Generator's house) 30 Wed 28/08/13 Thu 03/10/13 SNET

17.Expansion Joinfrreatment(Main building) 20 Thu 10/10/13 Mon 04/11/13 36 ASAP
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SIN ACTIVITY D/IDAYS START - FINISH PREC/REL.TYPE CONST TYPE
18. French Drain 45  Mon 24/03/14 Mon 19/05/14 69FS15 days ASAP
19.Entrance Canopy (Main Buding) 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. Facilty 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 Buiding 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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Basé¢ire Blan|Gg (1) of Gase Project 1

SIN 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 35FS12 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 Sat02/11/13 40 ASAP
42.External Main Buiding 56 Mon 04/11/13 Mon 13/01/14 36FS12 days, 17 ASAP
43.Wall & Floor Tiling

44.Intemal Floor & Walls

45.Delvery of Tiles (ceramic, Granite, Marble) 5 Thu 12/12/13 Thu 19/12/13 3FS+60 dgs,7 ASAP
46. Gate House 12 Thu 19/12/13 Thu 02/01/14 45 ASAP
47. Facilty mgt. Buiding 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 50FS10 days SNET
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Basdlire Blan|Gg (1) of Gase Project 1

SIN ACTIVITY D/DAYS START - FINISH PREC/REL.TYPE CONST TYPE
52.Decorationof 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 17,55FS15 days SNET
57. 1% Floor 21 Thu 06/02/14 Wed 05/03/14 56FS10 days SNET
58. 2nd Floor 14 Mon 03/03/14 Wed 19/03/14 57FS2 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 Floo 40 Thu 17/07/14 Thu 04/09/14 62FS20 days SNET
64. Extermal wall Tilling

65. Delivery of Ties 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. Faciity 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,42FS5 days ALAP
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SIN ACTIVITY

D/DAYS START - FINISH

PREC/REL.TYPE CONST TYPE

69. Right Elevation

70. Left Elevation

71. Front Evation

72.Courtyard at Bulion Area
73.Extemal Alucobond

74. Delvery of Alucobond

75. Gate House

76. Facility mgt. Building
77.Back Elevation(Main Buiding)
78.Right Elevation

79. Left Elevation

80. Front Elevation

81.

82.Doors & Windows

83.Doors & Windows SubFrames
84. Delivery of Frames

85. Gate House

30
30
40
15

21

20
30
30
40

Wed 05/03/14 Fri 11/04/14
Wed 03/09/14 Thu 09/10/14
Fri 11/04/14  Fri 30/05/14
Thu 09/10/14 Tue 28/10/14

Thu 12/12/13 Thu 19/12/13
Sat 11/01/14 Thu 06/02/14
Sat 11/01/14 Mon 20/01/14
Fri 03/10/14 Tue 28/10/14
Tue 21/01/14 Wed 26/02/14
Wed 29/10/14 Thu 04/12/14
Tue 09/09/14 Tue 28/10/14

Thu 12/12/13 Tue 17/12/13
Tue 17/12/13 Mon 23/12/13

67
68
69
70

7

74,27FS15 days
75SS

75

76

77

78

84

ASAP
ALAP
ASAP
ALAP

ASAP
ASAP
ASAP
ALAP
ASAP
ASAP
ALAP

SNET
SNET
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SIN ACTIVITY D/DAYS START - FINISH PREC/REL.TYPE CONST TYPE
86. Faciity mgt. Bilding 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. Delvey 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 Fri 07/02/14 Tue 18/02/14 94 SNET
96. 2nd Floor 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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SIN 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.lronmongery

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.Facity mgt. Buiding 2 Tue 07/01/14 Thu 09/01/14 105 ASAP
114. Basement 2 Wed 07/08/13Thu 08/08/13 ASAP
115. Ground Floor 12 Tue 08/07/14 Tue 22/07/14 107SS ASAP
116. 1st Floor 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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Bas¢ire Blan|Gg 1) of Gase Project 1

SIN ACTIVITY D/DAYS START - FINISH PREC/REL.TYPE CONST TYPE
118. Aluminium Windows / Cutting wall

119.Delivery of Frames & Glazmp 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. Facilty mgt. Buiding 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
124.1stFloor 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 123FS25 days,127 ASAP
129. 1st Floor 25  Tue 22/07/14 Fri 22/08/14 124FS5 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.Faciity mgt. Bulding 10  Wed 15/01/14 Tue 28/01/14 133SS,197 SNET
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SIN 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,240,245,199,28 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 Thu 12/12/13 Tue 17/12/13 7 ASAP
141. Facilty mgt. Buiding 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 Sat19/07/14 142,49,61 SNET
144. 1$ 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 Fri13/12/13 7 ASAP
148.Ground Flor 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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SIN 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. Faciity mgt. Building 5 Tue 28/01/14 Mon 03/02/14 134 ASAP
155. Basement 40 Fri 07/0314 Fri 25/04/14 135 ASAP
156. Gound 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 Mon 13/01/14 Sat 18/01/14 104,120 SNET
161. Facilty mgt. Buiding Tue 07/01/14 Sat11/01/14 105,121 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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168. Faciity 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 163FS15days 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 34FS9 days ASAP
177. 1st Floor 21 Mon 09/09/13 Fri 04/10/13 35FS9 days SNET
178. 2nd Floor 15 Fri 04/10/13  Wed 23/10/13 36FS5 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 Sat05/10/13  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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SIN ACTIVITY D/DAYS  START - FINISH PREC/REL.TYPE CONST TYPE
185. Fadty 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. 2l 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. Ga¢ House 14 Tue 17/12/13 Thu 02/01/14 195 SNET
197. Facilty mgt. Buiding 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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202.Cabling
203. Gate House 14 Mon 13/01/14 Thu 30/01/14 104,196 SNET
204. Facilty 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 1709/14 Mon 06/10/14 109,201 SNET
209.Distribution Boards and Power points
211.Faciity mg. Buiding 7 Wed 29/01/4  Thu 06/02/14 153 SNET
210. Gate House 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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SIN ACTIVITY D/DAYS  START - FINISH PREC/EEL. TYPE CONST TYPE
219. Facilty mgt. Buiding 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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SIN 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/Clalding of Chiller piping 164 Fri 13/09/13  Fri 04/04/14 FNET
249.Crilles & 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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SIN 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 Chilers 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 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. Facilty 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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SIN 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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SIN 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. Faciity mg Buiding 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 2201/14 296 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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SIN 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 01/0914 Wed 17/09/14 322 SNET
307.Sepic 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 fuelymps 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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SIN 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 dys SNET
322.Filing& Compaction of Site(Earthworks) 84 Mon 19/05/14  Sat 30/08/14 18 ASAP
323.Interbcking 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 Ara@s 75 Mon 24/03/14 Wed 5/06/14 321 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 321FS21 days ALAP
333. PHCN Power connection 35 Mon 15/09/14  Tue 28/10/14 331 ASAP
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SIN ACTIVITY D/DAYS START FINISH PREC/REL.TYPE CONST TYPE

334.Fence

335.Fence StructurgType C) 21 Sat 19/07/14 Thu 14/08/14 324FS25 days ASAP
336. Concertina bada Wire 14 Wed 20/08/14  Fri 05/09/14 324 SNET
337. Fence Grils 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 Foikure 20 Fri 19/09/14 Wed 15/10/14 165FS7 days SNET
340.TestRunning 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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SN ACTIVITY DVI/DAYS START VAR DAYS FINISH VAR DAYS
1. COMPLETION OF THE PROJECT
2. Pre-shipment Inspection & Shipme nt of Materials
3. Preshipment Inspection for finishing X12-12=0 Tue 01/10/13 Thu 08/08/13 45 Tue 15/10/13 Thu 22/08/13 45
4. Preshipnent Inspection of Chilers 12-12=0  Tue 12/11/13 Tue 12/11/13 Tue 26/11/13 Tue 26/11/13
5. Preshipment Inspection of Lift 6-6=0  Sat21/09/13 Sat 21/09/13 Sat 28/09/13 Sat 28/09/13
6. Preshipment Inspction of Transformers 6-6=0 Fri01/11/23 Fri01/11/8 Fri 08/11/13 Fri 08/11/13
7. Shipment for finishing/ fre 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 fttings X90-90=0 Tue 15/10/13 Thu 22/08/13 45 Tue 04/02/14 Thu 12/12/13 45
9. Shipment of Chilers & 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 Sat15/02/14 Sat 18/01/14 24
11.Shipment Inpection of Transformers X90-90=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 shatft X 12-12=0 Tue 27/05/14 Wed 07/08/13 250 Tue 10/06/14 Wed 21/08/13250
14.Completion of sukstructural work Xp 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.Undergrounddiesel Tank X 30-30=0 Thu 12/06/14 Wed 28/08/1240 Fri 18/07/14 Thu 03/10/13 240
17.Expansion Joint Treaent X 20-20=0 Thu 10/07/14 Thu 10/10/13233 Mon 04/08/14 Mon 04/11/13233
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18.French Drain Xp 54-45=9 Thu 25/09/14 Mon 24/03/14 158 Tue 02/12/14 Mon 19/05/14 168

19.Entran@ Canopy Xp 45-25=20 Mon 10/11/14 Fri 23/05/14 145 Sat03/01/15 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. Bilding X 4-4 =0 Tue 16/09/14 Wed 13/11/13 262 Sat20/09/14 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 Biilding 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 Wate rproofing(Fe lting

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. Facilty mgt. Buiding 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 12/0214 198 Mon 13/10/14 Fri 21/02/14 198

30. Main Building Xp 70-30 =40 Tue 27/05/14 Mon 24/0214 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 Xp 20-48 =- 28 Tue 27/05/14 Wed 07/08/13 246 Fri 20/06/14 Fri 04/10/13 221
pgB7.2 2315 2362
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35. 1st Fbor Xp 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 Fri20/06/14 Sat05/10/13 220 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 Hoor 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 Buding X 56-56=0 Mon 04/08/14 Mon 04/11/13 23 Mon 13/10/14 Mon 1301/14 233

43.Wall & Floor Tiling

44 Intemal Floor & Walls

45. Delivery of Ties (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 Xp25-12 =13 Sat05/07/14 Thu 19/12/13 169 Tue 05/08/14 Thu 02/01/14 183

47. Faciity mgt. Building Xp20-10=10 Sat05/07/14 Thu 19/12/13 169 Wed30/07/14 Tue 31/12/13 180

48. Basement Xp 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 Sat25/10/14 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
pgB7.3 2889 2902
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52.Decorationof wall for Banking Hall X 7-7 =0 Thu 05/02/15 Fri05/09/14 131 Fri 13/02/15 Sat 13/09/14 131
53. BASF MASTERTOP Epoxy Resin flooring
54. Facility mgt. Buiding X 7-7=0 Tue 27/0115 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 1911/14 Wed 19/02/14 233
57. 1st Floor X 21-21 =0 Fri07/11/14 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. Delvery 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 Wed28/01/15 Tue 08/07/14 148 Wed 04/03/15 Mon 11/08/14 148
63. 2nd Floor X 40-40 = 0 Sat07/02/15 Thu 17/07/14 175 Mon 30/03/15 Thu 04/09/14 175
64.External wall Tilling
65. Delivery of Ties X 4-4 =0 Mon04/08/14 Thu 12/12/13 200 Thu 07/08/14 Wed 18/12/13 200
66. Gate House X 14-14 = 0 Fri08/08/14 Mon 03/02/14 159 Tue 26/08/14 Thu 20/02/14 159
67. Faciity mgt. Building X 10-10 = 0 Tue 26/08/14 Thu 20/02/14 186 Sat06/09/14 Wed 05/03/14 186
68.Back Eleaton(Main Buiding) X 20-20 =0 Thu 11/09/14 Fri 08/08/14 28 Tue 02/09/14 Mon 06/10/14 28
pgB7.4 2826 2826
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69. Right Elevation X 30-30=0 Sat06/09/14 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 11/04/14 85

72.Courtyard at Bubn Area X 1515=0 Wed 12/11/14 Thu 09/10/14 28 Mon 01/12/14 Tue 28/10/14 28

73.Extemal Alucobond

74. Delvery 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 Sat11/01/14 193 Sat20/09/14 Thu 06/02/14 193

76. Faciity mgt. Building X 7-7 =0 Sat06/09/14 Sat 11/01/14 203 Mon 15/09/14 Mon 20/01/14 203

77.Back Elevation(Main Building) X 20-20=0 Sat20/09/14 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 Fri21/11/14 11

80. Front Elevation X 40-40=0 Wed 2210/14 Tue 09/09/14 11 Thu 11/12/14 Tue 28/10/14 11

81.

82.Doors & Windows

83.Doors & Windows SubFrames

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 Sat02/08/14 Mon 23/12/13 190
pgB7.5 1610 1610
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86. Facily mgt. Building X 3-3=0 Mon 28/07/14 Tue 17/12/13 190
87. Basement X 2-2=0 Mon 28/07/14 Tue 1712/13 190
88. Ground Floor X 14-14=0 Mon 28/07/14 Tue 17/12/13 190
89. 1st Floor X 10-10=0 Mon 28/0714 Tue 17/12/13 190
90. 2nd Floor X 5-5=0 Fri08/08/14 Wed 22/10/14 63 ve
91.Chubb Doors & metal Gates

92. Delivery of Doors X 2-2=0 Tue 27/05/14 Wed 07/08/13 249
93. Basement X 18-18=0 Thu 29/05/14 Mon 13/01/14 116
94. Ground Floor Xp 15-21 =-16 Fri 20/06/14  Mon 13/01/14 135
95. 1st Floor Xp 10-8 =-2 Wed 09/07/14 Fri 07/02/14 129
96. 2nd Floor Xp 10-3=-7 Mon 21/07/14 Tue 18/02/14 130
97.Metal grill Gates

98. Fabrication X 20-20=0 Mon 11/08/14 Thu 12/12/13 206
99. Ground Floor X 21-21=0 Mon 13/10/24 Mon 13/01/14 233
100.1stFloor X 8-8=0 Fri 07/11/18  Fri 07/02/14 233
101.

Thu 31/07/14
Wed 30/07/14
Thu 14/08/14
Fri 08/08/14
Fri 15/08/14

Wed 28/05/14
Fri 20/06/14
Wed 09/07/14
Mon 2107/14
Sat 02/08/14

Thu 04/09/14
Fri 07/11/14
Tue 18/1114

Fri 20/12/13 190
Thu 19/12/13 190
Thu 02/01/14 190
Sat 28/12/13 190
Tue 28/10/14 63 ve

Thu 08/08/13 249
Tue 04/02/4 116
Fri 07/02/14 135
Tue 18/02/14 129
Fri 21/02/14 130

Tue 07/01/14 206
Fri 07/02/14 233
Tue 18/02/14 233
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102.Wooden Flush & Aluminium Door
103. Delivery of Doors X 4-4=0 Mon21/07/14 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. Facilty mgt. Buiding 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 Sat16/08/14 Sat 11/01/14 185
107. Ground Floor X 3535=0 Mon 1901/15 Tue 08/07/14 166 Tue 03/03/15 Wed 20/08/14 165
108. 1st Floor X 1515=0 Wed 04/03/15 Fri 05/09/14 174 Mon 23/03/15 Wed 24/09/14 153
109.2rd Floor X 10-10 =0 Mon 30/03/15 Fri 05/09/14 175 Fri 10/04/15 Wed 17/09/14 148
110.lronmongery
111. Delvery of Accessories X 33 =0 Mon 28/07/14 Thu 12/12/13 194 Wed 30/07/14 Tue 1712/13 194
112. Gate House X 3-3 =0 Sat16/08/14 Fri 24/10/14 58 Wed 20/08/14 Tue 28/10/14 58
113. Facilty mgt. Buiding X 2-2 =0 Tue 05/08/14 Tue 07/01/14 179 Thu 07/08/14 Thu 09/01/14 179
114. Baement Xp 3-2=1 Thu 07/08/14 Wed 07/08/13 312 Mon 11/08/14 Thu 08/08/13 314
115. Ground Floor X12-12=0 Mon 19/01/15 Tue 08/07/14 166 Tue 03/@/15 Tue 22/07/14 167
116. 1st Floor X 7-7=0 Wed04/03/15 Fri 05/09/14 153 Fri 13/03/15 Sat 13/09/14 131
117. 2nd Floor X 4-4=0 Fri1l0/04/15 Thu 23/10/14 144 Wed 15/04/15 Tue 28/10/14 144
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118.Aluminium Windo ws/Cutting wall

119.Delvery of Frames & Glazing X 3-3=0 WedO09/07/14 Thu 12/12/13 118 Fri 11/07/14 Tue 17/12/13 116

120. Gate House X 14-14=0 Satl12/07/14 Tue 17/12/13 116 Wed 30/07/14 Thu 02/01/14 118

121. Faciity mgt. Building X 10-10=0 Sat12/07/14 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 11/0314 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.Fabrcation 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 Fri05/12/14  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. Faciity mgt. Buiding 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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135.Basemen X 20-20=0 Mon 18/08/14 Tue 11/02/14 160 Thu 11/09/14 Fri07/03/14 160
136. Grand 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 Flor X 30-30=0 Fri 16/01/15 Fri 04/07/14 167 Mon 23/0215 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. Faciity mgt. Buiding 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 Sat20/09/14 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 Sat19/07/14 166
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. Delvery 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 B/10/14 154  Thu 23/04/15 Fri 24/10/14 154
150. 2nd Floor X 3-3=0 Fri 17/04/15 Sat18/10/14 154 Tue 21/04/15 Wed 22/10/14 154
pg.B7.9 2,644 2,473







