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ABSTRACT

COMPARISON OF TIME SLICE WINDOWS ANALYSIS WITH THE
DELAY ANALYSIS METHODS FREQUENTLY USED IN THE
CONSTRUCTION INDUSTRY: A CASE STUDY

Ozkan, Tolgahan
Master of Science, Civil Engineering
Supervisor : Prof. Dr. Mustafa Talat Birgoniil
Co-Supervisor: Prof. Dr. irem Dikmen Toker

April 2024, 203 pages

Delays are inevitable in construction projects, and they mostly result in disputes
between contractor and employer because they impact the project completion date,
which could lead to extension of time and monetary compensation claims or
exposure to liquidated damages. Therefore, proper analysis of delays is crucial to
determining the causes of critical delays and the responsible party. Multiple delay
analysis methods are used in the construction industry to determine the causes of
critical delays in order to calculate the extension of time and monetary compensation
or liquidated damages accurately. However, each of these methods has strengths and
weaknesses. The Society of Construction Law (SCL) analyzed a delay scenario using
commonly used delay analysis methods in the Great Delay Analysis Debate. In this
thesis, the same delay scenario was analyzed using the time slice windows analysis
method. The results of the time slice windows analysis were compared with the
results of other delay analysis methods, namely impacted as-planned, as-planned vs.
as-built, collapsed as-built, and time impact analysis. The strengths and weaknesses
of each delay analysis method were determined. The findings show that time slice
windows analysis can identify important issues that are not easily identified by other

methods, such as concurrent delays, accelerations, or changes in critical path



throughout the course of the project. This research also concluded that the time slice
windows analysis method is not only a delay analysis method, but also a key method
for improved project and contract management during the execution of a project.
However, time slice window analysis is also difficult and time-consuming to
perform, and it requires as-planned and updated programs or physical progress data

along with extensive as-built record-keeping.

Keywords: Construction Management, Delay Analysis Methods, Extension of Time,

Construction Claims, Construction Delays
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0z

ZAMAN DIiLIMi PENCERE ANALIZININ INSAAT SEKTORUNDE
SIKCA KULLANILAN GECIKME ANALIZI METODLARI ILE
KARSILATIRMASI: VAKA ANALIZI

Ozkan, Tolgahan
Yiiksek Lisans, Insaat Miihendisligi
Tez Yoneticisi: Prof. Dr. Mustafa Talat Birgondil
Ortak Tez Yoneticisi: Prof. Dr. Irem Dikmen Toker

Nisan 2024, 203 sayfa

Insaat projelerinde gecikmelerin yasanmasi sikca karsilasilan bir olay olup, projenin
tamamlanma tarihini etkilemesi nedeniyle yiiklenici ve igveren arasinda
anlagsmazliklara yol agmakta, bu da siire uzatimina, parasal hak taleplerine veya
gecikme cezasina maruz kalinmasina yol agabilmektedir. Bu nedenle gecikmelerin
dogru analizi, kritik gecikmelerin nedenlerinin ve sorumlu tarafin belirlenmesi
acisindan dnem tagimaktadir. Insaat sektoriinde siire uzatimi ve parasal hak talepleri
veya gecikme cezalarmin dogru bir sekilde hesaplanmasi amaciyla kritik
gecikmelerin nedenlerinin belirlenmesi amaciyla gecikme analizi yontemleri
kullanilmaktadir. Ancak bu yontemlerin her birinin giiclii ve zayif yonleri vardir.
Insaat Hukuku Dernegi’nin (SCL), Great Delay Analysis Debate isimli yayminda
siklikla kullanilan gecikme analizi yontemleri kullanilarak bir gecikme senaryosu
analiz edilmistir. Bu tezde ayn1 gecikme senaryosu, zaman dilimi pencereleri analiz
yontemi kullanilarak analiz edilmistir. Zaman dilimi pencereleri analizinin sonuglari,
diger gecikme analizi yontemlerinin (planlanan iizerinden etkilenen, planlanan vs.

gerceklesen, gerceklesenden ¢ikarilan ve zaman etkisi analizi) sonuglariyla

vii



kiyaslanmistir ve her bir gecikme analizi yonteminin gii¢lii ve zayif yonleri
belirlenmistir. Bulgular, zaman dilimi pencereleri analizinin, proje boyunca
eszamanlt gecikmeler, hizlanmalar veya kritik yoldaki degisiklikler gibi diger
yontemlerle kolayca tespit edilemeyen Onemli sorunlari tespit edebildigini
gostermektedir. Bu arastirmada ayni zamanda zaman dilimi pencereleri analiz
yonteminin yalnizca bir gecikme analizi yontemi olmadigi, ve bir projenin
yirlitiilmesi sirasinda daha iyi bir proje ve sdzlesme yonetimi i¢in 6nemli bir yontem
oldugu sonucuna varilmistir. Bununla birlikte, zaman dilimi pencere analizinin
uygulanmasi zor ve zaman alic1 olmasi nedeniyle, giincellenmis is programlar1 veya
ilerleme verilerinin yani1 sira proje kayitlarinin kapsamli olarak tutulmasin

gerektirmektedir.

Anahtar Kelimeler: Insaat Yonetimi, Gecikme Analizi Yoéntemleri, Siire Uzatimy,

Insaat Hak Talepleri, Insaat Gecikmeleri
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CHAPTER 1

INTRODUCTION

The majority of construction projects experience delays that lead to requests for an
extension of time (EOT) or exposure of liquidated damages. This determination is
based on the contractual terms governing the responsibilities of either the contractor
or the employer (Shabbar et al., 2017). On average, it has been reported that 70% of
projects experience delays which result in extensions to the project timeline ranging
from 10% to 30% (Assaf & Al-Hejji, 2006). Once a delay has occurred, it may result
in liquidated damages to the contractor, an extension to contractual completion date,

or monetary compensation to the contractor (Hanna et al., 2016).

Parties to construction contracts frequently employ various delay analysis methods
to determine their entitlement to extension of time, or liquidated and ascertained
damages (Bektas et al., 2020). A number of methodologies have been developed to
assess delays and their impacts, but courts and administrative boards have not
specified any standard method for evaluating delay impacts (Arditi &
Pattanakitchamroon, 2008). The selection of the proper analysis method depends
upon a variety of factors, including the information available, the time of analysis,
the capabilities of the methodology as well as time allocation, funds, and effort
allocated to the analysis. The results of delay analysis may be influenced by the
method selected and therefore the selection of the most appropriate method is

important to all parties concerned (Arditi & Pattanakitchamroon, 2006).

The five most frequently used methodologies for delay analysis are: (1) the as-
planned versus as-built method, (2) the impacted as-planned method, (3) the
collapsed as-built method, (4) the time impact analysis method, and (5) the time slice
windows analysis method (Nguyen & Ibbs, 2008). Some methods start by identifying
the cause of a delay and then calculating its effects. Other methods start by



identifying the effect of delays on a contractual milestone and then try to determine
what might have caused the delay (SCL, 2017). Hence, even the selection of delay
causes differs from one method to another. Birgonul et al. (2014) have identified the
common shortcomings of delay analysis methods. These shortcomings include
recognizing the critical path changes, concurrent delays, accelerations, mitigations,
float consumption, effect of non-working days, activity sequence changes, variation

orders, and so on.

Researchers have performed multiple delay analyses methods on delay scenarios to
compare the results (Bubshait & Cunningham, 1998; Farrow, 2007; Kao & Yang,
2009; Al-Gahtani & Mohan, 2011). However, delay scenario used in their research
was simple and had pre-determined delay events. Hence, the delay scenarios did not
include complicated situations that might reveal the strengths or weaknesses of the
methods regarding common shortcomings in terms of critical path changes,
concurrent delays, accelerations, and variation orders. Furthermore, due to the
differing definitions of pre-determined delay events used, the delay event

identification process used in these methods was not compared.

SCL (2006) published the Great Delay Analysis debate where a delay scenario was
analyzed by using four of the frequently used delay analysis methods, which were
impacted as-planned, as-planned vs. as-built, collapsed as-built, and time impact
analysis. The delay scenario contained an as-planned schedule, an as-built schedule,
a contract document, and as-built documentation such as daily progress records
where delay events were identified by each analyst who performed an analysis by
using one of the four methods based on the characteristic of the method.
Furthermore, the delay scenario was complicated enough to contain situations such
as critical path changes, concurrent delays, accelerations, variation orders, effect of
non-working days, float consumptions, multiple float paths, and activity sequence
changes. A detailed comparison could have been made between the results of each
analysis method, stating the strengths and weaknesses of each method, yet only a
brief comparison of results of each analysis method was made in the published
document by SCL (2006). Since the published document did not include the time



slice windows analysis method and the delay scenario was complicated enough to
make a detailed comparison of results so that the strengths and weaknesses of each
method could be discussed, a time slice windows analysis is conducted in this thesis
to analyze the delay scenario. The results of time slice windows analysis were then
compared with the results of other methods to determine the strengths and

weaknesses of each delay analysis method.

The main aim of this thesis is to identify the strengths and weaknesses of delay
analysis methods by applying them in a case study of frequently used delay analysis
methods to facilitate practitioners’ selection of an analysis method based on the
project records and requirements. The second aim is to provide practical guidance to
practitioners concerning why and how delay analysis should be performed

contemporaneously during project execution.






CHAPTER 2

LITERATURE REVIEW

2.1 Critical Path Method

The Critical Path Method (CPM) serves as a valuable project management
instrument that aims to improve the planning, scheduling, and management of
complex projects. CPM is applicable to a wide array of operational management
fields, including but not limited to construction and manufacturing industries,
agriculture, and academic research. CPM has become a widely adopted technique
with enduring significance in diverse industries after originating in the late 1950s
through the work of James E. Kelley and Morgan R. Walker. The main features of
CPM are that it can be applied to address a category of “real-world” business
challenges, the use of contemporary mathematical principles is essential to its
application, its full implementation necessitates the use of substantial computing
infrastructure, and it has achieved practical implementation (Kelley & Walkerf,
1959).

The main idea behind CPM is that the sequencing of interdependent tasks is what
dictates the overall duration of the project. By systematically mapping out activities,
dependencies, and durations, CPM provides project managers with a structured
framework for optimizing workflows, resource allocation, and risk mitigation. Based
on the studies of Galloway (2006), the major effective uses of Critical Path Method
are pointed out below.

e Time-Related Project Tasks: Anticipates the project’s completion date and

establishes timeframes for individual activities, providing a basis for



evaluating the impact of changes on project schedules and assessing time-
related claims.

e Cost Management: Facilitates effective financial management by forecasting
cash flows, minimizing exposure to liquidated damages, and calculating
progress payments, contributing to the overall financial control of the project.

e Coordination and Communication: Enhances coordination efforts involving
subcontractors and the assimilation of client-supplied information,
promoting streamlined communication channels for improved project
efficiency.

e Conflict Resolution: Serves as a valuable resource in addressing conflicts
among different trades and mitigating supply-demand conflicts, thereby
fostering a harmonious working environment that is conducive to successful
project outcomes.

e Effective Project Control Tool: Acts as an essential instrument for overall
project control, offering a comprehensive approach to managing time, costs,

coordination, and conflict resolution for optimal project performance.

Although project managers aim to monitor the advancement of critical path
activities, when it comes to complex schedules with multiple paths, project managers
might seek a more detailed examination of the various paths within the schedule.
Understanding the subsequent or closest longer path can be beneficial, as it has the
potential to transform into the critical path if there are delays in activities. The
capability to conduct multiple path analysis is especially advantageous for analyzing
or monitoring schedules characterized by several float paths, all within a limited
range of total float for activities. A report on multiple float paths provides an alert to
the possibility of a non-critical path transforming into the critical path due to minor
delays in activities. By presenting network paths in order of length or significance, a
multiple float path report offers a more comprehensive analysis of the current

schedule scenario, enhancing the understanding of potential criticality shifts.



2.2 Causes of Delays in Construction Projects

Delays in construction projects can occur due to various factors, and they often lead
to increased costs and frustration among stakeholders. The main reasons behind the
delay in construction projects have been pointed out in several studies (Sambasivan
& Soon, 2007; Orangi et al., 2011; Kazaz et al., 2012; Haseeb et al., 2012; Sunjka &
Jacob, 2013). Mbala et al. (2019) conducted a literature review and based on the
above-mentioned research listed the following factors that cause delays in
construction, which are sorted by their influence/occurrence rate in the construction

industry:

e Inefficiencies in site management and the inherent complexities of
construction projects

e A deficiency in skilled labor

e Poor project scheduling

e Alterations in design and the need for rework due to construction errors

e Incidents resulting from inadequate site safety practices

e Delays caused by subcontractors

e A deficiency and late delivery in on-site materials.

e Adverse weather conditions

e Fluctuations in prices in market conditions

e Delayed payment by the owner for performed work

e |neffective communication and coordination between stakeholders

Delays in the construction industry can result in many construction companies facing
time and cost overrun, contractual dispute and arbitration among project
stakeholders, total or partial project abandonment, reputation damage, decreased
productivity and morale, safety concerns, and regulatory compliance challenges
(Aibinu & Jagboro, 2002; Tawfek & Bera, 2018). To mitigate these effects, effective

project and contract management, risk assessment, and proactive problem-solving



are crucial. Clear communication, proper planning, and the use of technology and

best practices can help minimize the impact of delays in construction projects.

2.3  Effect of Delays

When a delay occurs, it can lead to liquidated damages being imposed on the
contractor, an extension granted for the stipulated completion time, or monetary

compensation provided to the contractor (Hanna et al., 2016).

Extension of Time (EOT) refers to the provision of additional time granted to the
contractor as a form of compensation in instances where delays occur for reasons
beyond their control, thereby preventing the imposition of unwarranted liquidated
damages. EOT clauses are commonly used to compensate the contractor for lost time
and allow for an extension of the project completion date without incurring
liquidated damages from the employer. EOT allows for an adequate amount of time
to finish the project, mitigates or prevents the imposition of liquidated damages,
safeguards the owner’s ability to deduct such damages, and validates the claim for
financial compensation in the event of project extension (El-adaway et al., 2016).
The main benefit of an EOT to the Contractor is to relieve the liability of delay
damages until the extended project completion date and to get compensated for the
additional costs arising from extended project duration. Furthermore, it allows the
contractor to prepare a revised baseline program where optimizations can be
performed to save costs without being exposed to counter-claims from the employer
related to concurrent delays. The benefit of an EOT for the employer is that it
establishes a new contract completion date, prevents time for completion of the work
becoming ‘at large,” and allows for the coordination/planning of its own activities
(SCL, 2017). However, EOT claims are not always settled in an amicable way due
to the confrontational approaches adopted by both the contractor and employer
(Shabbar et al., 2017).



Delay causes prolongation. Prolongation causes increased cost. Prolongation cost
claims comprise time-related costs such as extended use of resources, financial costs,
and overhead. Unless specified in the agreement, payment for extended time should
only be made for the work completed, time expended, or actual losses incurred.
Essentially, the calculation of costs caused by the prolongation of the project should
only consider the additional expenses accrued by the Contractor. The objective is to
put the Contractor in the same financial position it would have been had the delay
not been caused by the employer. It is important to note that obtaining an EOT does

not automatically entitle the Contractor to monetary compensation (SCL, 2017).

Schedule overruns result in financial losses to the employer. Calculating the actual
damages incurred by the employer is perceived to be burdensome. Thus, most of the
contracts include liquidated damages (LD) provisions that specify a predetermined
rate based on the contract amount to be applied as a penalty in the event of a delay
in the contractual completion date. LD can only be applied if non-excusable delays
occur and the contractor fails to complete the project in accordance with the
contractual milestones such as substantial completion, final completion, sectional
completion, or intermediate milestones (Assaad & Abdul-Malak, 2020). LDs are a
reflection of the additional expenses that an owner expects to incur due to the
contractor’s inability to finish the construction project within the agreed-upon
timeframe. These damages are usually stipulated in the contract, specified as a
predetermined rate, and enforced when the contractor exceeds the project deadline.
The specified effective date and the corresponding amount or timetable of liquidated
damages are meant to capture the financial repercussions for the owner that stem
from the prolonged duration of the project, encompassing factors such as lost
income, time-related administrative expenses, and supplementary financing charges
(Levin, 2016).



2.4  Types of Delays According to Liability

Construction delays may be categorized into four groups: critical versus non-critical
delays, excusable versus non-excusable delays, compensable versus non-
compensable delays, and concurrent delays (Shabbar et al., 2017). Additionally,
extension of time claims are assessed according to a combination of delay categories.
Regarding the entitlement to EOT and prolongation costs, the combination of
excusable and compensable delays can be categorized as compensable delays as it
gives rise to entitlement to EOT and cost compensation, and excusable and non-
compensable delays can be categorized as excusable delays as these give rise to

entitlement to EOT without cost compensation (Mubarak, 2015).

Critical delays are those that affect a project’s critical path and push a contractual
milestone to a later date, whereas non-critical delays are those that do not affect a

contractual milestone and only result in consumption of total float (Trauner, 2009).

In situations of compensable delay, the contractor typically has the right to receive
an extension of the project deadline, resulting in adjustments to both the duration of
the contract and the milestones for project completion. This may also involve an
increase in the contract price to account for any additional expenses incurred as a
direct result of the delay, such as increased overhead costs and other time-related

expenses for the duration of the delay period (Levin, 2016).

Excusable delays refer to interruptions in the work program that are not directly
attributable to either the employer or contractor. These delays are typically
considered “Acts of God” or unanticipated events that are beyond the reasonable
control of both parties. Force majeure clauses are usually included in construction
contracts to elaborate the various causes of delay for which neither party is
accountable. Although the terms depend on the contract language, delays caused by
force majeure events generally give entitlement to an extension of time but not to

prolongation costs (Yates & Epstein, 2006).
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Non-excusable delays are delays that result from the direct actions or lack of action
by the contractor, who should have anticipated the circumstances leading to the
delay. In the event of a non-excusable delay, the contractor is not eligible for an
extension of time or financial compensation, and may be subject to liquidated
damages (Mubarak, 2015).

Finally, a concurrent delay is defined as the occurrence of multiple separate delay
events happening simultaneously within the same period of time (Arif & Morad,
2013).

2.5  Delay Analysis Methodologies

The establishment of a cause-and-effect relationship of time-related disputes in
construction projects is usually done through delay analysis techniques (Arditi &
Pattanakitchamroon, 2006).

Delay analysis methods are categorized according to analysis type (cause and effect
or effect and cause), the determination of critical path (prospective or
contemporaneous or retrospective), and determination of delay impact (prospective
or retrospective) by SCL (2017).

Some methods begin by identifying and describing an event (cause) and then aim to
determine its effects (effect); these are cause and effect analyses. Other methods start
by identifying the critical delay (impact) and then aim to determine what might have
caused the delay; these are effect and cause analyses (SCL, 2017). The aim of delay
analysis is to accurately establish a ‘cause and effect’ relationship of delays so that
they can be attributed to the responsible party. Starting with the ‘cause’ requires the
analyst to calculate the effect of that delay event. On the other hand, starting the
analysis according to the actual delay suffered (the ‘effect’) requires the analyst to
work backwards to determine the most likely ‘cause’ of that effect (Keane & Caletka,
2008).
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Criticality can be determined in three distinct manners. One approach involves
purely prospective critical path assessments, which focus solely on the perspective
established at the beginning of the project without considering any work that has
been completed. Another method is through contemporaneous critical path
assessments, which analyze the project’s progress over time and consider how
historical advancements and strategic changes may impact the predicted criticality.
The third approach, retrospective critical path assessment, looks at the project from
the perspective observed at the project’s completion or within a specific timeframe

(SCL, 2017).

There are two primary methods for determining the impact of delays. One method
involves a prospective delay analysis, which predicts the likely influence of past
progress or delay incidents on a project’s completion date. The findings of a
prospective delay analysis may not align with the as-built schedule due to the
contractor’s potential adjustments in performance in response to factors such as
attempted acceleration, resource re-sequencing, or redeployment efforts aimed at
mitigating liabilities or unforeseen events. The second method, retrospective delay
analysis, focuses on assessing the true effects of delay incidents on the critical path
as identified in the actual or as-built schedule (SCL, 2017).

Additive delay analysis methods are typically carried out in prospectively, especially
during the implementation of a project when the actual impact of a delay event
remains unknown. During this phase, the potential effect on project completion is
determined through estimation or forecasting, utilizing the most accurate
information available at that time. These methodologies depend on either the original
plan or the latest revised work schedule to pinpoint the critical path of the project.
Additive delay analysis methods involve a theoretical computation based on the data
accessible at the moment the event takes place. While the ‘cause’ of the delay has
been identified, the ‘effect’ must be assessed by the analyst (Keane & Caletka, 2008).
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251 As-Planned vs. As-Built

The most common method of delay analysis is performed by comparing the as-
planned with the as-built program. This entails a comparison of the original intention
of the program with the as-built program to enable an assessment of where delays
occurred at any particular period of time (Farrow, 2007). The as-planned vs. as-built
analysis relies on common sense to make a comparison of before-and-after delay
events (Arditi & Pattanakitchamroon, 2006). It considers both the as-planned and as-
built schedules to evaluate delay impacts and identifies and quantifies both owner
and contractor delays (Zafar, 1996). This method evaluates the overall effect of all
delays collectively, rather than examining each delay event independently
(McCullough, 1999).

For projects with less demanding contractual requirements, where an as-planned
schedule using the critical path method may not be created, only a bar chart diagram
of the intended performance of the work together with an as-built program or records
kept are adequate to perform the analysis. The as-planned vs. as-built method does
not demand the creation of a logic linked as-planned, as-built, or contemporaneously
updated programs as required in additive or subtractive methods. This makes the
manipulation of the delay analysis results harder, as the analyst cannot incorporate a
biased opinion into the analysis (Zafar, 1996). This method is well-suited for projects
where it is simple to pinpoint the primary causes of delays, such as through a detailed
comparison of scheduled versus completed tasks using a high-level Gantt chart
(Farrow, 2007).

This method offers several advantages, including its simplicity, ability to consider
changes in planned intentions, and reliance on a visual methodology that is free from
manipulation. Furthermore, it is a cost-effective approach and is especially beneficial
for pinpointing the likely sources of major delays (Farrow, 2007). However, it cannot
identify the effects of each delay event separately because it lacks a systematic
procedure (Arditi & Pattanakitchamroon, 2006). Only a comparison of the first

activities between the as-planned and as-built schedule can give an indication of the
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delay and acceleration of an activity. All the early and late dates of succeeding task
activities will change as a result of the impact that the first delay event has on the
schedule. Consequently, comparison of the as-built and as-planned dates for those
succeeding activities cannot indicate whether the activity was completed on time
(Al-Gahtani & Mohan, 2011).

2.5.2 Impacted As-Planned

In the impacted as-planned method, also known as the what-if or adjusted baseline
method, the analyst, after identifying the as-planned program, impacts the as-planned
program by adding activities representing the delay events. It is considered that the
contractor is entitled to a time extension based on the difference between the project
completion date shown in the as-planned program and the date in the impacted as-
planned program (Trauner, 2009).

The prerequisites of this method are an as-planned program, which is created using
critical path method showing the planned intention of the contractor, and a selection
of delay events (Farrow, 2007). The impacted as-planned method is generally
considered the simplest and most affordable delay analysis method, but it does have
important drawbacks, especially because it does not consider achieved progress or
changes to the contractor’s planned intentions. The outcomes of this method
represent the hypothetical impact of the simulated delays on the planned schedule
(SCL, 2017).

Extension of time claims prepared by contractors using the impacted as-planned
method usually consider employer-caused delays in the analysis (Arditi &
Pattanakitchamroon, 2006). An analysis conducted based on only an as-planned
schedule failed to convince judges that the delay actually affected the project
completion (Arditi & Pattanakitchamroon, 2008).
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2.5.3 Collapsed As-Built

In the collapsed as-built (CAB) method, a thorough analysis of all contemporaneous
records and project documentation is conducted in order to develop a comprehensive
as-built program. The delay events that affected the project are then subtracted or
removed from the as-built program. Hence, the variance between the project
completion date of as-built and collapsed as-built programs calculated by subtracting
delay events from as-built program is considered to be the delay (Golparvar-Fard et
al., 2011).

The CAB method is selected when a contractor does not have an approved as-
planned program by the employer, or when creation of an as-planned program is not
a requirement of the contract (Arditi & Pattanakitchamroon, 2006).

The CAB utilizes a simulation of a hypothetical situation based on CPM that reflects
the contractor’s real sequences and durations, rather than their intentions (Keane &
Caletka, 2008). The collapsed as-built analysis is highly subjective and is subject to
manipulation. It assumes that the as-planned intentions and productivities of the
contractor to execute the work would be same as the actual ones (Zack, 2001). The
analyst has to determine as-built logic relationships between activities to create an
as-built program from contemporaneous records to conduct the analysis using the
CPM. An as-built schedule relies on the actual dates of completed activities rather
than the original network logic. The interpretation of this information can be
manipulated due to the potential for the subjective interpretation of records,
including logical sequencing and lag times (Arditi & Pattanakitchamroon, 2006).
The as-built logic created to conduct this analysis is static in both as-built and
collapsed as-built programs, which is not in line with actual situations because
contractors usually change their intended sequence during the course of the project
to mitigate delays, optimize resources, and so on. Thus, the CAB method does not
show the effects of the delays at the time they arise, which may result in critical

delays being overlooked in the project (Keane & Caletka, 2008).
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During a contractor’s delay analysis using CAB, the analyst specifically considers
only delays attributed to the employer in order to determine the effects of employer-
caused delays on the project's completion milestones. Any delays caused by the
contractor are not factored into the analysis. As a result, concurrent delays cannot be
detected through a CAB analysis, highlighting a limitation of this method (Finke,
1999).

254 Time Impact Analysis

The time impact method relies on the assumption that the effect of delays on the
project can be determined by running a series of analyses on updates of the work
program. Time impact analysis comprises a structured procedure to assess the effects
of delays using CPM principles. It evaluates the effects of delays on the work
program by analyzing the program contemporaneously (Arditi &
Pattanakitchamroon, 2006). Delay events are inserted into the CPM schedule in a
chronological manner and their effects are identified (Bayraktar et al., 2012). This
approach uses fragnets to analyze individual delay events. The durations of the delay
events and their relationships with activities in the program are determined based on
the project records kept contemporaneously. The delay event is then added into the
program (Arditi & Pattanakitchamroon, 2006). The amount of delay caused by each
delay event is then calculated by comparing the completion dates of the project
before and after inclusion of each delay event into the program (Ndekugri et al.,
2008).

The performance of time impact analysis requires extensive contemporaneous
record-keeping. An as-planned program must be created using the critical path
method; additionally, the program must be updated contemporaneously. The time
impact method may not be suitable for projects that do not follow strict project
management procedures, as the prerequisite data such as updated programs and
extensive record-keeping may not be available (Arditi & Pattanakitchamroon, 2006).
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The utilization of time impact analysis seems to be predominantly evident in large-
scale projects, wherein expert consultants rely on updated network schedules to
accurately reconstruct delays throughout the project timeline. This type of analysis
demands a significant amount of data and resources, which may not always be
feasible in certain construction projects due to their transient nature and constraints
in time and budget that hinder the proper documentation of scheduling data. One
widely accepted method of delay analysis by courts and arbitration boards is the TIA
method because it has a systematic procedure that provides extensive detail (Arditi
& Pattanakitchamroon, 2008). The method also addresses the changes in the
contractor’s intended sequence, as updated programs are used to analyze the time
impact of delay events. Thus, the dynamic nature of project critical path is well
recognized in the method (Baram, 1994). The major difference between the time
impact method and the time slice windows analysis method is that the former is a

prospective analysis and the latter is a retrospective analysis (Farrow, 2007).

255 Time Slice Windows Analysis

The primary concept behind time slice windows analysis (TSWA) involves dividing
the overall duration of a project into manageable time periods, known as windows,
and systematically analyzing the delays that occur within each window, with
particular emphasis on the critical paths (Hegazy & Zhang, 2005). The first step in
this method is to update the program at the of end of the first window time, based on
the progress that has been achieved, including all the delays that occurred in that
window, whereas the remaining work is planned according to the revised intentions
at the time of the end of the window. The variance between the project completion
date of the updated program at the end of the first window and the as-planned
program gives the total delay in the project completion date as a result of the delays
that occurred within the first window. This analysis is performed successively for all
remaining windows to determine the impact of all delay events on project completion

(Ndekugri et al., 2008). Next, the analyst thoroughly examines the project records to
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ascertain the delay events that may have led to the critical delay identified during
each time window (SCL, 2017).

This method requires the analyst to verify or develop updated work programs at the
end of each window that demonstrate actual progress of the work, including any
delays that occurred until the end of the project or cut-off date of the extension of
time claim (SCL, 2017). The criteria for selecting the size of these windows is
determined based on key project milestones, the timing of main delay events, and

the submission of revised or updated programs (Mehany & Grigg, 2016).

The main strength of time slice windows analysis is its capability to identify changes
in the critical path during project execution. On the other hand, it is usually less cost
effective because of the consumed time and the effort required by the analyst to
conduct it (Ndekugri et al., 2008). This method is considered to be both
‘observational’ and at the same time ‘dynamic.” The method is observational because
it does not require or rely on a base CPM model which calculates delay based on the
inclusion or subtraction of delay causes into the program. The approach relies on the
effects of delays which are noticed in the contemporaneously updated programs
(Keane & Caletka, 2008). The critical and near-critical paths are reviewed at the end
of each window to identify the amount and cause of the delays that occurred in the
window. Window sizes are usually selected weekly or monthly depending on the
size of the project. Thus, the technique does not consider the fluctuation that may
occur in the critical paths within a window. Due to the above-mentioned fluctuation,
the technique loses sensitivity to the time at which the employer or contractor causes
project delays within the window. It also loses sensitivity to the events of
acceleration or the lost productivity occurring within a window. Hence, the
sensitivity of the analysis decreases when window sizes are longer (Hegazy &
Zhang, 2005).
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2.5.6 Modified Delay Analysis Methods

2.5.6.1 Modified But-For Method for Delay Analysis

Mbabazi et al. (2005) proposed a modified but-for method (MBF) to overcome an
important shortcoming of the traditional CAB related to identification of effects of
concurrent delays of contractor and employer. The traditional CAB method
concentrates on only one party’s delays, and these delays are subtracted from the as-
built program to determine the effect of delays of the opponent party. Thus, effects
of concurrent delays are overlooked. In the MBF, Venn diagram representation is
utilized to calculate employer-culpable delays, contractor-culpable delays, and
concurrent delays, as shown in Figure 1. First, both employer and contractor-
culpable delay events are subtracted from the as-built program to find what would
have been the unimpacted project completion date. Second, only contractor-culpable
delay events are subtracted from the as-built program to determine what would have
been the project completion delay if the delay was caused only by the employer.
Last, only customer-culpable delay events are subtracted from the as-built program
to determine what would have been the project completion delay if the delay had
been caused only by the customer. After the calculation is done in these three steps,
the effect of concurrent delays on the project completion date can be calculated with
a simple mathematical equation based on the Venn diagram, as shown in Figure 1.
The process is user-friendly for professionals and stands out for its inclusion of

concurrent delays, resulting in fair and consistent delay analysis.

Case of two parties:

Removed Resulting Project

Events Duration Venn Calculations Project Delay Responsibilities
0+C T To'-Ti=a+b-c=00+0OC+tONC 00=Tp-T,

0 T To-Ty=a-¢=00 0C=Typ-Ts

C T; To-Ti=b-c=0C ONC=Ty+T3-To-T

To = as-built duration 00=0Only Ownef ~ OC = Only Contractor
(a) (b) ()

Figure 1 Modified But-For Method — Calculation of Delay Responsibility

19



2.5.6.2 Isolated Collapsed But-For Delay Analysis Methodology

Yang and Yin (2009) developed the isolated collapsed but-for (ICBF) method by
combining the general principles of traditional CAB and TSWA methods. The
concept of dividing project duration into windows to find the cause of delays is more
accurately taken from TSWA but the starting point of the analysis is the as-built
program rather than the as-planned program as found in the traditional CAB method.
After the cut-off date of each window is identified based on major delay events,
available schedule updates, or major program logic changes, an adjusted schedule is
created at the end of the first window that is closer to the project completion date. In
the adjusted program, the duration of activities that fall before the cut-off date are
kept the same as that of the as-built program and the duration of the remaining
activities is reset to match the as as-planned program. The employer-culpable delay
events are inserted into the adjusted program to determine the critical delay caused
by the employer in that window. Then, the contractor-culpable delay events are
inserted into the adjusted program to find the critical delay caused by the contractor
in that window. This process is repeated for each selected window, and the results of
each window are aggregated to attribute the responsibility of the overall project delay
between both parties. Figure 2 shows the structural methodology of the ICBF
method. The ICBF method has similar strengths to those of TSWA such as having
systematic and dynamic methodology and its ability to identify concurrent delays.
Furthermore, the ICBF method utilizes as-built schedule logic as the baseline, which
makes it more reliable than TSWA when significant changes occur in planned
sequence during the execution of the project because TSWA calculates the effect of
delays prospectively at the end of each window. Compared to the traditional CAB
method, the main strength of ICBF is that it can identify both contractor- and

employer-culpable delays as well as concurrent delays.
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2.5.6.3  Enhanced But-For Method to Apportion Delays and Accelerations

Bhih and Hegazy (2021) proposed an enhanced but-for method (EBFM) to overcome
the shortcoming of the collapsed as-built/as-built but for method in identifying net
project accelerations. The modified but-for method was utilized as a basis for
enhanced but-for method due to the method’s ability to calculate the effects of
concurrent delays. Even though the modified but-for method is an upgraded method
of the traditional method, it still has a drawback related to identification of
accelerations for projects completed ahead of schedule. Thus, EBFM has been
developed to overcome the shortcomings of traditional collapsed as-built analysis
and takes into account not only the delays but also the accelerations in the program.
EBFM uses the MBF delay computation for projects that only have delays in their
project completion date. The extended analysis in case of net acceleration, on the
other hand, has been formulated using a new set of equations based on Venn diagram
representation, as shown in Figure 3. First, the schedule accelerations achieved by
both employer and contractor are subtracted from the as-built program, and the
overall project acceleration is calculated based on the variance between completion
dates of as-planned and as-built programs. Second, schedule accelerations achieved
by the employer are subtracted from as-built program, and the contractor’s
contribution to project acceleration is calculated as the difference between
completion dates of as-planned and as-built programs. Last, schedule accelerations
achieved by the contractor are subtracted from the as-built program, and the
employer’s contribution to project acceleration is calculated as the difference
between the completion dates of the as-planned and as-built programs. Then, the
equation, as shown in Figure 3, is solved in order to calculate the amount of

acceleration concurrently achieved by the contractor and employer.
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Case of two parties:
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Figure 3 Enhanced But-For Method — Calculation of Acceleration Responsibility

2.5.6.4  Modified Time Impact Analysis Method

Even though the time impact analysis method is considered to be one of the most
reliable delay analysis methods, it is time-consuming and its performance requires
extensive effort and data. Fan (2012) developed the modified time impact analysis
method (MTIA), which benefits from the strengths of TIA, such as application of
delays to the program in chronological order, but it requires significantly less effort
to prepare and the presentation of the analysis results is much easier to understand
and evaluate. The developed methodology has five stages, which are described as

follows.

e Identification of delay events and evaluating the accountable party for each
individual delay event

e |dentification of impacted activities

e Creating a simplified program

e Analyzing the impact on the completion milestone after the effect of each
delay event

e Aggregation of change in completion date resulting from each delay

occurrence

The main feature which makes the MTIA analysis easy to perform and understand
stems from the stage of generating a simplified schedule. Project programs in the
construction industry tend to be highly complicated and consist of thousands of

activities. Performance of the analysis on the overall project program is burdensome,
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and the result of the analysis is overly complicated. Thus, MTIA selects the network
of activities that are identified as having been affected by the delay events so that the
analysis will be easier to perform. Aggregation of change in completion date is then
calculated by creating a network diagram of all the network paths that are affected
by the delay events identified while assessing each delay event. Thus, the delays on
the different paths, which might be concurrent, will not be overlooked. Fan (2012)
performed the analysis on a case study whose program which contained 3,000
activities, which were simplified into 19 activities during MTIA without changing
the result of the analysis, compared to TIA. However, the main disadvantage of this
method is that if a delay event is not identified at the beginning of the analysis, the
effect of that delay event cannot be seen during the analysis because the simplified
network that is created only contains the affected activities from pre-determined
delay events. Thus, MTIA may yield wrong results by overlooking the effects of

important delay events.

2.5.6.5 FLORA New Forensic Schedule Analysis Technique

Nguyen and Ibbs (2008) developed a new forensic schedule analysis method, namely
FLORA, that overcomes the drawbacks, such as float ownership, change in program
logic, and the resource allocation of commonly used delay analysis methods.
FLORA also takes the cascaded effects of delays into consideration as a secondary
impact. Basically, FLORA takes the as-planned program and evenly distributes the
total float values of activities to the employer and the contractor. The program is then
updated at of start date of each delay event. Effects of delay events are analyzed as
a first step and a delayed project completion date is calculated. A secondary analysis
is then performed on the same updated program if there is a planned acceleration
measure such as a change in the sequence of work or an additional delay due to
resource overallocation. The revised project completion date is then recorded after
the secondary analysis, and delays are attributed to the responsible party. If the
delays only reduce the total float on the delayed activity, allocated float of the party
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that caused the delay is reduced. The process is repeated until all the identified delay
events are analyzed. Figure 4 shows the process of FLORA in a flowchart. FLORA
tackles a range of unresolved and overlooked issues in forensic schedule analysis. Its
assessments adeptly capture the intricacies of float, logic, and resource allocation

dynamics, making it suitable for both contemporaneous and retrospective analyses.
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cause any infeasible arrangement in -
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A J

9-10
Perform a seconda Rules
| ry

schedule analysis 4-8

Nol  No »

r v

Assign any project delay days Update owner-owned and
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|

Determine ultimate delay
responsibility for each party

End

Figure 4 FLORA Delay Analysis Process Flowchart

2.5.6.6 Integrated Approach to Overcome Shortcomings in Current Delay

Analysis Practices

Birgonul et al. (2014) have developed an integrated approach to overcome

shortcomings in current delay analysis practices. Their study identified 17
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shortcomings, which prompted the development of an integrated approach consisting
of a comprehensive set of guidelines to address these shortcomings. Additionally,
they devised a detailed flowchart that guides all involved parties through the project,
from inception to completion. The specific shortcomings outlined in the study are as

follows:

e Mistakes in planned productivity rates
e Productivity losses

e Ownership of float

e Critical path changes

e Concurrent delay

e Non-working days

e Net and concurrent effect

e Addition of new activity

e Deletion of existing activity

e Pacing delay

e Resource overallocation

e Rework

e Acceleration

e Mitigation

e Quantity increases for an activity
e Quantity decreases for an activity

e Network logic change in the program

Birgonul et al. (2014) introduced a series of guidelines aimed at addressing these
shortcomings and achieving precise and dependable outcomes. This comprehensive
methodology has introduced a fresh outlook on delay analysis practices. It takes into
account every stage that contributes to an analysis and offers feasible remedies for

any shortcoming identified at each stage, as illustrated in Figure 5.
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Figure 5 Integrated Approach to Overcome Shortcomings of Delay Analysis
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2.5.6.7  Delay Analysis Method Using Delay Section

Kim et al. (2005) proposed a new methodology called “delay analysis method using
delay section” (DAMUDS) as a means of overcoming two limitations of existing

methods:

e Failure to accurately assess concurrent delays

e Failure to accurately assess accelerated activities

The DAMUDS method is an enhancement of the commonly employed time slice
windows analysis. The authors conveyed their arguments by employing a case study
as a demonstration. The main difference between TSWA and DAMUDS is that in
the TSWA, window sizes are selected subjectively and in the DAMUDS window
sizes are selected based on start and end date of delay events. It is burdensome to
calculate the effect of concurrent delays separately in TSWA if there are some
concurrent delay events that have different start and end dates within the same
window. However, in DAMUDS, calculating the effect of each concurrent delay
event is relatively easy because a separate window is defined whenever there is a
concurrency. Figure 6 illustrates the concept of selection of delay sections in a simple
project. Additionally, DAMUDS has a process for calculating the effects of
accelerated activities on the project completion date in an easier way. Accelerated
activities are identified as contractor’s float (CF), and the CF concept is carried out
until the completion of the analysis. However, both weaknesses, accurate calculation
of effect of concurrent delay and accelerated activities, of TSWA mentioned in the

study can be resolved if appropriate window sizes are selected in the TSWA analysis.

2.5.6.8  Delay Analysis Under Multiple Baseline Updates

Hegazy and Menesi (2008) developed delay analysis under multiple baseline updates
method to overcome some of the shortcomings of the TSWA method. The method
considers multiple baseline updates necessitated by shifts in activity durations and

their interdependencies, along with the consequences of resource overallocation. A
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daily window size is employed in the model to capture variations in critical and near-
critical paths, while also providing a clear depiction of progress data for precise
allocation of delays and accelerations to project stakeholders. The main advancement
of this method over that of TSWA is that it considers resource constraints as part of
the delay analysis and accounts for the effects of each delay on remaining activities
due to changes in resource allocation. Furthermore, the baseline program is revised
whenever there is a change in schedule logic or acceleration measure planned for
remaining activities, which results in better assessment of the effects of future delay
events. Therefore, the method that has been suggested provides a clear depiction of

scheduled events and possesses a strong capability to deliver precise and verifiable

results.
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Figure 6 Delay Analysis Method Using Delay Section
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2.5.6.9  Enhanced Daily Windows Delay-Analysis Technique

Bhih and Hegazy (2021) have developed an enhanced daily windows analysis
(EDWDA) that unites the strength of the daily windows method to identify critical
path fluctuations and the strength of the modified but-for method to detect
accelerations and concurrent delays. The EDWDA follows the step-by-step analysis
of daily windows and, within each day, apportions a multiday project consequence
using the modified but-for method. Daily windows are selected in the EDWDA in
order to capture all the changes in the critical path and to accurately define the cause
of delays. However, daily windows analysis has a drawback with regard to
identifying complex situations that involve multiple delay and acceleration events or
events that can cause more than a one-day effect on the project completion date
within the same window. To address these drawbacks of daily windows analysis, the
EDWDA embraced the latest developments in the but-for analysis method where a
Venn diagram was utilized to calculate the effects of both contractor and employer
delays as well as concurrent delays. The proposed EDWDA technique proceeds day
by day. On each day, the program is updated until the end of the day. Then, based on
the duration and relationship of the remaining activities in the program, completion
date of the project is calculated. All delay events, contractor-culpable delay events,
and employer-culpable delay events are then subtracted from the modified program
respectively. Effects of delays caused by each party are then calculated via the
modified but-for method using the mathematical formula created by Venn diagram
presentation by Mbabazi et al. (2005). The effectiveness of the EDWDA
methodology was demonstrated through case studies that revealed its superior

performance relative to its precursor methods.
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2.5.6.10 New Delay Analysis Method Using Modified Schedule and Modified
Updated Schedule

Cevikbas et al. (2022) have developed a new delay analysis method using modified
schedule and modified updated schedule (MSvsMUS) that overcomes the
shortcomings of commonly used delay analysis methods. The shortcomings of
commonly used methods were identified by focus group discussions held with
industry experts who have hands-on experience in delay claims. The discussions
revealed that critical path analysis, incorporation of achieved progress, and critical
path changes were the most common shortcomings of many of the existing methods.
Furthermore, in most of these methods, only the effect of employer-culpable delay
events are taken into consideration to substantiate the extension of time claims.
Additionally, certain types of activity relationships, actual improvements, and
further delays made by contractors on the planned excusable compensable delays
and excusable non-compensable delays are usually ignored by these methods. To
overcome the identified shortcomings, the proposed method is structured in a way
that can take into consideration the various types of program logic links among the
critical activities, comprise intricate numerical formulas, and compute the
differences between the modified schedule (MS) including planned fragnets and

modified updated schedule (MUS) including actualized fragnets periodically.

The study contained first-time identification of two major shortcomings of existing

delay analysis methods:

e A delay analysis method considering start-to-start and finish-to-finish
relationships has not been developed and verification of all existing delay
analysis methods are always done using a program logic built only to
consider finish-to-start relationships.

e None of the delay analysis methods can calculate any acceleration or
additional delays made by the contractor on the planned delays of excusable
compensable and excusable non-compensable delays such as variations in

orders, site instructions, or adverse weather conditions.
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The MSvsMUS method makes the analyses in windows same as that of TSWA.
The main difference of the method from TSWA is that the delays that are
subjected to extension of time are inserted into the program before the update at
of end of window to obtain modified schedule. Later, the program is updated at
of end of window with the actual progress information to obtain modified
updated schedule so that any further delay or acceleration made by the contractor
can be analyzed by comparing the modified schedule and modified updated
schedule. Figure 7 shows the main principles of the proposed MSvsMUS

method.

The MSvsMUS method was tested in a case study, and it has proven to yield
more accurate results in comparison with the commonly used delay analysis
methods in the construction industry. Thus, MSvsMUS has been deemed a good
alternative for analyzing delays when the as-planned program, updated

programs, and list of excusable and compensable delay events are available.

2.5.6.11 Method for Calculating Schedule Delay Considering Lost
Productivity

Productivity losses are frequently cited as a leading factor contributing to project
delays within the construction industry. However, only a few studies have
concentrated on the effect of lost productivity on schedule delay analysis.
Additionally, amicable agreements between contractor and employer could not be
factored into loss of productivity claims since it is difficult to quantify the effect of
disruption. Thus, to analyze the effect of lost productivity on the time schedule
required the development of structured delay analysis methodology. Lee et al. (2005)
proposed a delay analysis method that takes productivity losses into consideration.
The methodology put forth a number of key concepts related to delay and
productivity, encompassing elements such as planned and actual work duration,
factors contributing to the impact, lost productivity, the timeframe of lost

productivity, variability in start and finish times, among others. Building upon these
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concepts, a comprehensive delay analysis framework and mathematical equations
were devised to enhance the precision of schedule delay evaluations. This
methodology was showcased and put into practice in a specific project to
demonstrate its effectiveness. The case study findings indicate that this approach
offers a more systematic method for examining intricate delay scenarios, ultimately

yielding more thorough insights into schedule delays.
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Produce a Bascline Schedule

|

STEP 2
Inject ECDs and ENDs without having
progress occurring within the
concerning window to obtain Modified
Schedule updated as of commencement
date of the window

A

STEP-3 STEP-6
Define CP activities in Modified Obtain Modified Updated Schedule of
Schedule previous window

STEP-4
Update Modified Schedule as of
jcompletion date of the window to obtain|
Modified Updated Schedule which
includes NEDs

STEP-5
Compare Modified Schedule and
Modified Updated Schedule in terms of |
activities on CP.

Is this the last
window?

Figure 7 Process Flowchart of MSvsMUS Delay Analysis Method

2.5.6.12 Quantifying the Delay from Lost Productivity

A decrease in labor productivity indicates the need for additional resources to

complete a specific task, potentially leading to longer timelines for completion.
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While decreased labor productivity can cause delays, it is not usually considered in
estimates for damages caused by delays in the analysis. Assessing the impact of
reduced labor productivity on a project program can be challenging. A systematic
approach for analyzing schedule delays is necessary to accurately determine the
extent of delay caused by decreased labor productivity. Mikhail and Serag (2019)
proposed a method based on the measured mile, the most widely endorsed method
for quantifying productivity loss, to find the effect of lost productivity on project
program. The measured mile technique involves comparing similar activities during
periods of project impact and non-impact in order to determine the reduction in
productivity attributable to specific delays. This method relies on extrapolating the
actual hours worked. In this method, the type of quantifiable work that delayed the
project completion date needs to be selected, such as concreting work, steel
installation work, and so on. The unimpacted and impacted periods then need to be
identified from the project records. Later, information needs to be collected on spent
man-hours and executed work quantity from the records in line with identified
unimpacted and impacted periods. Then, the productivity rates of unimpacted
periods and impacted periods must be defined. Next, the percentage of productivity
loss in each period is calculated using the productivity rates of unimpacted and
impacted periods which are later converted into the schedule delays. In conclusion,
utilizing the measured mile analysis is contingent upon having contemporaneous
documentation and insights from the project. Therefore, when managing large-scale
construction projects, it is imperative to maintain thorough project records from the
inception of the project that accurately reflect contemporaneous project
documentation provided by individuals who are directly engaged in the construction

process.
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2.6 Issues in Analysis of Delays

2.6.1 Program Availability

The as-planned schedule established at the beginning of a project should precisely
outline a contractor’s original intentions for executing its complete scope of work.
Since the as-planned schedule shows how and when the work would have been
performed had there been no changes or delays, it may serve as the starting point to

conduct an analysis of delays (Finke, 1999).

Availability of the as-planned program is a prerequisite to all commonly used delay
analysis methods, such as impacted as-planned, as-planned vs. as-built, time impact
and windows analysis, but not the collapsed as-built method. Even though the
collapsed as-built method does not require an as-planned program, the availability
of the as-planned program makes the analysis more reliable because a more precise
definition can be made of delay events that are to be subtracted from as-built program
by comparing the duration of activities in as-planned and as-built programs (Keane
& Caletka, 2008).

If the as-planned program is unavailable, the analyst might be required to develop or
revise the as-planned program. The greater the level of retrospection employed by
analysts, the higher the likelihood that the findings will be contested due to potential
bias or lack of reliability (Farrow, 2007).

2.6.2 Record-keeping

Contractors should maintain accurate and detailed as-built records of activities
taking place on the construction site in order to provide evidence to support their
claims for extension of time and additional costs associated with project prolongation
(Shabbar et al., 2017). Crucial to delay analysis is thoroughly examining the records

that will serve as the foundation for the analysis results. Therefore, the maintaining
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of comprehensive records and the different types of record-keeping necessary is
heavily emphasized (Keane & Caletka, 2008). When seeking compensation for a
project delay, it is essential to analyze the specific event that caused the delay in
relation to the critical and near-critical paths of the project. This information should
be clearly outlined in the project documentation (Levin, 2016). The presentation of
evidence plays a vital role in the resolution of claims and potential arbitration
proceedings. The outcomes of many decisions rest upon the precision and
trustworthiness of as-built records. Therefore, meticulous record-keeping and proper
documentation are essential for efficient project execution. Specifically, the
availability of scheduling information is vital for the preparation and resolution of
claims associated with time extensions. Subsequently, claim consultants should be
engaged in examining the causes and effects of events that may be subject to claims
(Seo et al., 2021).

Many types of construction contracts typically mandate that contractors submit
periodic record-based documentation, such as issuing a notice of intent to file a claim
for time and/or additional cost within a reasonable timeframe following the
triggering event. These notice stipulations are commonly tied to a directive to
maintain up-to-date records that are subject to occasional review by the employer's
representative. Failure by contractors to adhere to these provisions often results in
no entitlement to extension of time or monetary compensation (Keane & Caletka,
2008).

It is essential to create and uphold precise and comprehensive project record, as it
can be crucial in supporting and justifying a claim (Levin, 2016). The subsequent

documents are essential records that should be kept for the entirety of the project:

e The as-planned program
e Contemporaneously updated programs, which are updated at regular
intervals throughout the execution of a project

e Daily progress records of contractor and subcontractors
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e Correspondences, whether in the form of letters or emails, that serve to record
any delay events or issues

e Logs tracking all documents such as RFIs, engineering documents, shop
drawings, contract changes and so on

e Minutes of meetings of meetings held with employer or subcontractors

Negotiating and agreeing upon the appropriate types of records for assessing claims
are crucial for both the employer and contractor as they enter into a contract (Aibinu,
2009). Different conclusions are reached when parties analyze claims using different
information and assumptions or interpret information in a different way. This is
commonly seen in delay and disruption claims, where inadequate record-keeping is
recognized as a significant contributing factor to the issue (Vidogah & Ndekugri,
1998). EINemr and Mohamed (2019) assert that within the industry, it is infrequent
for all parties involved to proactively engage in maintaining comprehensive records
of delays before implementing a delay analysis method. As a result, a large and
complex project with inadequate record-keeping procedures is particularly at risk of
having delay events manipulated while performance of a delay analysis. According
to Jergeas and Hartman (1994), based on their experience in compiling
documentation for claims on behalf of contractors, contractors commonly overlook
safeguarding their contractual interests. This oversight often stems from insufficient
comprehension and proactive oversight of the contract terms, or inadequate

maintenance of accurate records.

2.6.3 Notification of Delays

The identification of claims should be promptly followed by notification. In certain
commonly used construction contracts, it is explicitly stated that a contractor must
provide written notice of any delays or claims as a prerequisite for seeking an EOT
and cost compensation. Failure by the contractor to comply with this notice
requirement within the specified timeframe, as indicated in the contract, would result

in the contractor being deprived of entitlements to an extension of time and/or
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compensation (Aibinu, 2009). Neglecting to provide appropriate and prompt
notification consistently serves as the primary initial defense of an employer (Levin,
2016). The primary aim of a contractor’s notice is to formally notify the employer or
contract administrator of the existence of a problem that may warrant the contractor
to claim an extension of time and/or additional cost compensation. A contractor’s
notice is an alert to the employer about the matter. When notification is done by the
contractor, the employer is provided with the chance to thoroughly investigate and
address the implications of the delay event. In circumstances where a delay cannot
be prevented, prompt communication from the contractor regarding the event may
allow the contract administrator to evaluate the contractor’ claims and settle it in a
timely and proactive manner, rather than it becoming an after-the-fact claim
evaluation (Bramble & Callahan, 1992).

Under English law, there has been a reluctance to rigorously enforce notification
requirements due to the prevention principle. If a contractor fails to provide notice
of employer-culpable delays within the specified time limit as outlined in the
contract, their entitlement to an extension of time may be forfeited. Additionally, the
contractor may not be able to seek damages for the delay. This could also potentially
result in the contractor being liable to pay liquidated damages to the employer if they
extend the completion date due to delays caused by the employer that were not
properly notified. In such scenarios, the employer would profit from their own

wrongdoing, inadvertently breaching the prevention principle (Lal, 2002).

2.6.4 Float Ownership

Fortunately, delays can be mitigated by providing flexibility in the timing to execute
activities. For activities that have float, delays are considered non-critical, and this
flexibility already exists. Allocation of float as a contingency reserve can thus
become a vital strategy for minimizing risk for the entire project (Su et al., 2018).
Ownership of float and its utilization can lead to significant disagreements,

particularly when a project experiences delays (Prateapusanond, 2003). At the
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commencement of a project, it is crucial to establish the ownership of float to
mitigate potential conflicts and prevent delays and budget overruns. Regrettably,
contracts frequently lack explicit clauses on the allocation of float, leading to
disagreements and legal disputes. In general, there are three main concepts regarding
the ownership of total float: the employer’s, contractor’s, and project’s ownership
(Shabbar et al., 2017).

Contracts typically stipulate that float is the property of the project or is allocated on
a “first-come, first-served” basis. In essence, if an employer-driven delay consumes
the available float, the contractor is held responsible for delays caused by the
contractor that extend the project completion date, delays that could have been
absorbed if the project still had remaining float. Likewise, if a contractor consumes
all available float at the project’s outset, the employer then assumes responsibility
for any delays resulting from changed orders, a circumstance that could have been
avoided had the contractor not consumed the entire float (Arditi &
Pattanakitchamroon, 2006).

A study conducted among 46 professionals in the United Kingdom, who are
employees of employers, contractors, and claims consultants, revealed that most
participants were of the opinion that contractors should be granted sole authority
over float allocation. Conversely, only a limited number of owners favored the idea
of float distribution based on a first-come, first-served approach (Scott et al., 2004).
De la Garza et al. (1991) share the same view with the British professionals that float
should be solely advantageous for the contractor, and they suggest float should be
treated as a tradable commodity. This would mean that the contractor has right to
sell the float if the employer requests to use up the float. Their article contains the
procedure for transforming the total float value into a selling price. Householder and
Rutland (1990) propose that the allocation of float be designated for the party that
experiences a loss or gain due to fluctuations in the project cost. In other words, in
fixed-price contracts, the contractor bears the ultimate responsibility or benefit from
project cost, and therefore should have sole control over float usage. Conversely, in

cost-plus contracts where the employer bears the ultimate risk or benefit from project
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cost, the employer should be allowed to control project float in order to reduce costs.
Al-Gahtani and Mohan (2007) propose a new method for management of float for
delay analysis that sets logical rules for the allocation of total float. If total float is
reduced due to delay events, the responsible party will be discredited total float for
delays to the impacted activity and will gain or lose the total float of successor
activities. Another compromise solution is suggested by Pasiphol and Popescu
(1994), who propose a qualitative method for allocating total float into each activity
before starting the execution of a project. Ibbs and Nguyen (2008) put forth an
approach outlining guidelines for delay analysts on the allocation of float ownership.
The technique suggests a shared distribution of total float according to predetermined
criteria. Any changes in total float arising from acceleration or delay are linked to
the accountable party’s float for the specific activity, resulting in corresponding

adjustments.

2.6.5 Concurrent Delay

Concurrent delay is defined as two delays that occur simultaneously (Trauner, 1990).
However, the simultaneous occurrence of two or more delay events is rare. A more
common usage of the term ‘concurrent delay’ concerns the situation where two or
more delay events arise at different times, but the effects of these event are felt at the
same time. SCL (2017) defines this situation as “concurrent effect.” In the event of
a concurrent delay or concurrent effect, had either of the delays not occurred, the
project completion date would have been delayed by the other party anyway
(Stumpf, 2000).

Concurrent delay analysis is a highly intricate and challenging aspect of schedule
delay analysis. Analyzing concurrent delays that commence and conclude
simultaneously may be straightforward. Nevertheless, the majority of delays have
varying start and end dates, requiring the analyst to evaluate numerous factors
associated with each delay to determine its impact on the overall project duration.

Factors to be considered include the delay’s connection to the critical path of the
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project, the total float times of subsequent activities affected by the delay, the overlap

of delays, and the method of selecting delay analysis increments (Kim et al., 2005).

The parties usually utilize concurrent delays as an argument in claims against each
other (Greiner, 2006). The burden of proof regarding claims lies with the claimant;
the contract may not address issues of concurrent delay; intentional concurrent
delays may be created through pacing; and the complexities of acceleration,
concurrency, and intertwined delays can pose challenges in managing concurrent

delay scenarios (Livengood, 2017).

The SCL (2017) Delay and Disruption Protocol addresses the issue of concurrency
concerning the entitlement to EOT and monetary compensation as follows. Where
contractor delay in completion occurs concurrently with employer delay in
completion, the contractor’s concurrent delay should not reduce any extension of
time (EOT) due. Where employer risk events and contractor risk events occur
sequentially but have concurrent effects, here again, any contractor delay should not
reduce the amount of EOT due to the contractor as a result of the employer delay. If
the contractor incurs additional costs that are caused both by employer delay and
contractor delay, then the contractor should only recover compensation if it is
possible to separate the additional costs caused by the employer delay from those
caused by the contractor delay. In most cases, this will mean that the contractor will
be entitled to compensation only for any period in which the employer delay exceeds

the duration of the contractor delay.

2.6.6 Pacing Delay

Spinelli and Zack (2014) provided a definition for pacing delay as slowing down of
project work by one party in the contract in response to delays or potential delays
caused by the other party, in order to ensure consistent progress in accordance with
the updated project program.
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A contractor may opt to strategically adjust the timing of activities not deemed
critical by slowing their progress to align with the pace of delayed critical path
activities. SCL (2017) suggests that in the event that the contractor plans to delay
activities that are not on the critical path of the project, it is advisable to inform the
employer and the contract administrator of such intentions, along with the rationale
behind this decision. Pacing, as opposed to concurrent delays, is characterized by a
deliberate decision by the performing party to progress at a slower pace with the
awareness of other delays happening simultaneously. Concurrent delays, on the other
hand, occur independently and without a deliberate choice to impede progress
(Spinelli & Zack, 2014).

In the absence of definitions for the terms “concurrent delay” and “pacing delay,” it
is likely that most employers and employer representatives will perceive an alleged
“pacing delay” as another term for “concurrent delay” - making the issue more
complicated and more difficult to resolve (Spinelli & Zack, 2014). Delaying work
deliberately to create a voluntary concurrent delay, known as a pacing delay, can
serve as a valid justification against allegations of concurrency in a legal setting
(Munvar et al., 2020). However, the lack of pacing delay notice denies the employer
the opportunity to mitigate the employer’s damages and may cause a court or
arbitration panel to deny the pacing delay claim (Spinelli & Zack, 2014).

A pacing delay can have the practical benefit of mitigating the delay damages that
the employer may be liable for. Coordinating the delay with a predominant delay can
help avoid unnecessary expenses related to maintaining the execution of the project

according to planned progress (Keane & Caletka, 2008).

If either a contractor or an employer’s professional team seeks to rely on this

argument, then the following should be demonstrated by the relevant party:

e Knowledge of a critical delay caused by the other party
e Proof of a deliberate decision to slow down the progress
¢ Notification to the employer/contractor that its work would be paced so as

not to cause further delay or disruption to the work
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2.6.7 Mitigation

According to Keane and Caletka (2008), mitigation refers to the actions taken to
lessen the impact of a delay or disruption expected from an event, changed
circumstance, or factor, regardless of its origin being attributable to the employer or
contractor. It is suggested that ‘mitigation’ as a contractual obligation should be read
as ‘reasonable steps to minimize loss’ but not ‘unreasonable steps that result in a
greater loss’ (SCL, 2017). The process of minimizing the impact of delay claims
begins with promptly identifying potential issues (Yates & Epstein, 2006). The
obligation to mitigate delays entails that a contractor must modify their schedule to
lessen the possible time impact of an employer-culpable delay, provided that such
schedule adjustments do not significantly impact the contractor's overall program or
expenses. The main distinction between mitigation and acceleration lies in the fact
that the obligation to mitigate does not necessitate the contractor to invest its own
funds to lessen the effect of the delay (Levin, 2016). Careful documentation of
schedule mitigations is crucial for establishing the timing of and reasons behind such
measures, understanding their impact on the work program, and determining the
associated costs. In the event that there are extra expenses linked to the
implementation of mitigation measures, it is advisable for the contractor to inform
the employer about the proposed measures in order to give the employer the choice
to either accept or decline the contractor's proposal. It is important to consider that
the determination of what qualifies as “reasonable” mitigation will be affected by
various factors such as the expenses related to the delay, the expenses associated
with mitigation efforts, and the information available to the contractor at the time of
the delay (Finke, 1999).

2.6.8 Acceleration

Acceleration is the action taken by a contractor to hasten the progress of a project in

order to recover time lost or to finish the project earlier than originally planned.
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Contractors often accelerate their work to make up for delays that have occurred
(Levin, 2016).

The issue of schedule acceleration poses a significant challenge for construction
contractors, as it significantly disrupts the planned allocation of resources. Schedule
acceleration refers to having an increased workload within a given timeframe or
having a decreased timeframe for completing the same amount of work. The
contractors face significant economic implications due to lower productivity rates
caused by acceleration measures, as reduction in labor productivity can range from
20% to 45% (Thomas, 2000). Thus, providing the proper motivation for acceleration
and cooperation through incentives and disincentives are essential. This encourages
the contractors to allocate the required resources to execute the project in an
accelerated manner. Owners need to develop procedures and criteria for the use of

incentives and disincentives on planned acceleration projects (Anderson et al., 2011).

A contractor can accelerate voluntarily, constructively, or pursuant to a directive by

the owner, the details of which are explained below:

e Under voluntary acceleration, the contractor takes voluntary action to
expedite progress, demonstrating self-initiative in addressing delays and
striving to finish tasks ahead of schedule.

e Ordered, or directed, acceleration refers to when the employer specifically
asks the contractor to speed up the progress of the work.

e Constructive acceleration occurs when the contractor is forced to attempt to
achieve a completion date that is earlier than what should be required under
the contract because the employer did not grant an extension for excusable

delay in a timely manner.

Disputes arise when the employer denies a request for an extension of time, or when
the employer suggests in their interactions with the contractor that the contractor
must accelerate the progress of the project to prevent being subject to liquidated
damages. Instead of depending solely on the right to a time extension and then

attempting to reclaim funds withheld by the employer due to delays, the contractor
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may view the employer's actions as necessitating an acceleration to meet the original
project deadline. In such a scenario, the contractor could make a claim for
"constructive acceleration” against the employer, aiming to recover all expenses -
both direct and indirect - accrued during the accelerated work period (Riad et al.,
1994).

Acceleration should be benefited by the party responsible for incurring its cost, so
employer-instructed acceleration should be acknowledged to the employer, while
contractor-voluntary acceleration should be acknowledged to the contractor (Bhih &
Hegazy, 2021). Using one party’s acceleration to make up for that party’s delays is
the logical practice (Zhang & Hegazy, 2005). If the contractor is instructed to
accelerate the project, time gained thanks to acceleration measures can be reduced
from the effects of delays caused by employer given that the additional costs are

compensated by the employer (Birgonul et al., 2014).

2.6.9 Prolongation Costs

Keane and Caletka (2008) defined the prolongation costs as the time-related costs
that are experienced due to the extended duration of the work as a result of a delay
or delay events. The contractor is entitled to receive compensation for extended time
and site overhead expenses due to employer-caused delays as stated in standard
contract forms, such as those from the International Federation of Consulting
Engineers (FIDIC) (Shabbar et al., 2017).

Where the effects of employer-culpable delays and contractor-culpable delays are
concurrent, then the contractor should only be compensated when the additional
costs occurred due to employer-culpable delays can be distinguished from those that
occurred due to contractor-culpable delays. Unless there is a contractual clause
related to rates of prolongation costs, the contractor should be compensated
according to its actual costs. The aim is to bring the contractor to the same financial

status as if there were no employer-culpable delay in the project. Once it is agreed
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that contractor is entitled to be compensated for prolongation costs, the compensation
amount should be calculated by reference to the period of occurrence of critical delay

events, not by reference to the extended period at the end of the contract (SCL, 2017).

If a contractor is prevented by the employer from completing the project earlier than
the contractual completion date, the contractor may seek to be compensated for any
prolongation costs associated with delayed planned completion even if the delayed
completion is earlier than contractual completion date. The contractor should be
entitled to such prolongation cost if the employer was aware of the contractor’s
intention to complete the project earlier than contractual completion date stated in

the as-planned program (Scott et al., 2004).

Shabbar et al. (2017) highlighted that primarily in the cases of employer-related
delays, even though the employer grants the extension of time to the contractor, the
employer tends to avoid compensation of prolongation costs caused by their delay.
Entitlement of contactor prolongation costs is crucial to avoiding claims, disputes,

and overruns.
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CHAPTER 3

CASE STUDY

SCL (2006) released The Great Delay Analysis Debate in which a delay scenario
was created and delay analysis was performed using the following four commonly

used methodologies:

e As-planned versus as-built
e Impacted as-planned
e Collapsed as-built

e Time impact analysis

Furthermore, the results of each delay analysis methodology were compared, and
advantages and disadvantages of each methodology were discussed.

The same case study related to a delay scenario was analyzed using the time slice
windows analysis technique in this thesis study. The result of the time slice windows
analysis is compared with other techniques used in the Great Delay Analysis Debate,

and advantages and disadvantages of the technique are discussed.

3.1  Records on Delay Scenario

3.1.1 Contract Documents

The project consists of the construction of a below-ground, reinforced concrete slab
designed to be waterproofed with an applied finish.

Under the contract, the Contractor bears the risk of:

e Carrying out the work with good-quality materials and workmanship

e Supplying labor, the plant, and materials
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e Keeping the excavations free of water

e Setting-out

The contractor is entitled to start on 15 March 2004 and must complete the project
by 27 April 2004. There is a liquidated damage fee for failure to complete on time
for each day of delay.

If the Contractor is caused delay by any of the following, then the Employer must

extend the date for completion by a fair and reasonable period:

e Variations
e Errors or ambiguities in the description of the work

e A failure to supply information drawings or details in due time

3.1.2 Program Records

3.1.2.1  The As-Planned Program

The Contractor does not intend to work weekends or over national holidays. Based

on that, the calendar is created in the scheduling software, as shown in Figure 8.

March 2004 > < April 2004 < May 2004

Wed Thr Fri Sat Sun Mon Tue Wed Sun Mon Tue | Wed Thr Fri

Standard [ | MNonwork [ | Excepon [ ]

Figure 8 As-Planned Program Work Calendar

The Contractor’s as-planned program is illustrated in Figure 9.
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Activity Name Physical %

Complete

Original| Remaining
Duration|  Duration

g AS-PLANNED PROGRAM 15-Mar-04 08:00 | 27-Apr-04 16:00

Project Commencement 0 0 0% 15-Mar-04 08:00 0 || # Project Commencement

Set Out & Excavate 6 6 0% 15-Mar-04 08:00  22-Mar-04 16:00 0™ Set Out & Excavate

Formwork 5 5 0% 23-Mar-04 08:00  31-Mar-04 16:00 0 Formwork

Information Release 0 0 0% 25-Mar-04 16:00° 0 Infojmation Release

Fabrication Reinforcement Bars 10 10 0% 01-Apr-04 08:00  14-Apr-04 16:00 0 Fabrication Reinforcement Bars
Concrete Pour 4 4 0% 15-Apr-04 08:00  20-Apr-04 16:00 0 Congrete Pour

Apply Waterproof Finish 5 5 0% 21-Apr-04 08:00  27-Apr-04 16-00 0 Apply Waterproof F
Project Completion 0 0 0% 27-Apr-04 16007 0 Project Completion

Figure 9 Contractor’s As-Planned Program

The as-planned program consists of two paths, both of which are critical as their total
float is O days. The float paths taken from scheduling software are shown below in

Figure 10.

Activity Name Original| Remaining

Duration Duration

Physical %
Complete

15-Mar-04 08:00 | 27-Apr-04 16-:00

Project Commencement 0 0 0% 15-Mar-04 08-00 0 || # Project Commencement

Set Out & Excavate 6 6 0% 15-Mar-04 08:00  22-Mar-04 16:00 0|/ Set Out & Excavate

Formwork 5 5 0% 23-Mar-04 08:00  31-Mar-04 16:00 0 Formwork

Fabrication Reinforcement Bars 10 10 0% 01-Apr-04 08:00  14-Apr-04 16:00 0 Fabrication Reinforcement Bars
Concrete Pour 4 4 0% 15-Apr-04 08:00  20-Apr-04 16:00 0 Concrete Pour

Apply Waterproof Finish 5 5 0% 21-Apr-04 08:00  27-Apr-04 16:00 0 Apply Waterproof F
Project Completion 0 0 0% 27-Apr-04 16-00* 0 Project Completion

Wlar-04 16:00

Information Release 0 0 0% 25-Mar-04 16:00* 0 Information Release

Figure 10 Float Paths of As-Planned Program

The first float path, which is also the longest path of the project, comprises the

following activities:

e Project Commencement

e Set Out & Excavate

e Formwork

e Fabrication Reinforcement Bars

e Concrete Pour
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e Apply Waterproof Finish

e Project Completion
The second float path, which is also a critical path, entails the following activities:

e Information Release

e Fabrication Reinforcement Bars
e Concrete Pour

e Apply Waterproof Finish

e Project Completion

Information Release activity is an Employer activity, which must be completed 2
working days before the start of Fabrication Reinforcement Bars activity to allow
time for procurement of reinforcement bars. Due to that, Information Release activity
has a relationship of finish to start with a 2-day lag with Fabrication Reinforcement

Bars activity in the as-planned program.

3.1.2.2  The As-Built Program

The as-built program of the project is illustrated in Figure 11. The project is
completed on 04-May-04 with a delay of 7 calendar days compared to the as-planned

program and contractual date.

Activity Name Original| Remaining| Physical % | Start

Duration Duration

= AS-BUILT PROGRAMME 3 15-Mar-04 08:00 A | 04-May-04 16:00 A
Project Commencement 100% 15-Mar-04 08:00 A _ 4 Project Commencement
Set out and excavate 6 0 100% 15-Mar-04 08:00 A 06-Apr-04 16:00 A Set out and excavate
Formwork 5 0 100% 07-Apr-04 08:00A 13-Apr-04 08:00 A Formwark
Information Release 0 0 100% 12-Apr-04 16:00 A Information Release
Fabrication 10 0 100% 13-Apr-04 08:00A 22-Apr-04 16:00 A Fabrication
Concrete 4 0 100% 23-Apr-04 08:00A  04-May-04 16:00 A Concrete
Apply Waterproof Finish 8 0 100% 04-May-04 16:00  04-May-04 16:00 A |: Apply Wate
Project Completion 0 0 100% 8 04-May-04 16:00 A ¢ Praject Cor

Figure 11 The As-Built Program
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3.1.3 Progress Records

Figure 12 shows the Contractor’s daily progress records.
The following is a summary of the records:

e During the excavations there were adverse weather conditions. The progress
was disrupted, and excavation work was delayed. The Contractor’s pumps
were broken down and the excavations collapsed, which necessitated rework
and caused delay.

e The Employer changed the design of waterproofing from waterproof finish
to Admix to be used in the concrete. The planned duration for waterproofing
was 5 days and this activity was cancelled. The concreting duration was 4
days and concreting with Admix was actually placed in 7 days.

e Some parts of the excavation were performed in the wrong area caused by
the mistakes in the dimensions of slab reinforcement drawing. The Employer
noticed the mistake in excavation and instructed the Contractor to perform
additional excavation and backfill the incorrect excavation.

e Information release related to reinforcement bars by the Employer were done
on 12 April but had been scheduled as 25 March in the as-planned program.

e The Contractor performed several acceleration measures such as working

during the weekend and assigning additional resources to the activities.
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Cum.%

— Day  [pescription Activity ID | comp. |

Site set up completed full mobilisation 1000f 100
15-Mar-04 Monday Started setting out. Couldn't find site layout drawing so used slab drwg. 1010 7
16-Mar-04 Tuesday |Excavation . Rained off late moming 1010 10
17-Mar-04 | Wednesday |No work today torrential rain all day 1010 10

No progress -rain. 1010 10
18-Mar-04 Thursday |Discussed waterproofing with Employer. Instructed not to proceed with applied finish. We to advise on

alternatives E1060

. Good progress today 1010

19-Mar-04 Friday Provided Employer with suggestions for waterproofing. E1070 25
20-Mar-04 Saturday
21-Mar-04 Sunday

Weather clearing up started late morning good progress 1010 35
22-Mar-04 Monday Employer considering Admix - requested test data E1070 40

rained off pm. 10101 50
23-Mar-04 Tuesday E says setting out is wrong mistake in slab drwg. shows one bay too many E1100
24-Mar-04 | Wednesday heavy ra.ln ham;.mnng progress, pumping ground water 1010 55

considering setting out problem E1110

heavy rain no progress, pump breakdown repaired pm. 1010 55
25-Mar-04 Thursday Correcting setting out problem E1110
26-Mar-04 Friday |Bank Holiday. Pumping excavations 1010
27-Mar-04 Saturday |Pumping excavations 1010
28-Mar-04 Sunda Pumping excavations 1010

Bank Holiday. Pumping excavations 1010
29-Mar-04 Monday [Should have received rebar schedules 1030

Test data for Admix requested from BRE E1080
30-Mar-04 Tuesday Excavations col\apsed-= pumps failed over weekend 1010 40

Recommence excavalion in new area E1110 50

Pumping and clearing collapsed exc. 1010 40
31-Mar-04 | Wednesday Complete new excavation E1110 100

Weather fine good progress 1010 55
01-Apr-04 Thursday Formwork for fill in redundant excavation E1110 100

] Weather showery progress maintained 1010) 70

02-Apr-04 | Friday I rete il 1o redundant exc. E1110 100
03-Apr-04 Saturday
04-Apr-04 Sunday
05-Apr-04 Monday |Weather fine good progress 1010 85
06-Apr-04 Tuesday Excavations completed today pumps still working 1010 100
07-Apr-04 | Wednesday |2 Joiners start formwork. Admix data sent to CA. 1020 15
08-Apr-04 Thursday |Formwork proceeding slowly request more joiners 1020 30
09-Apr-04 Friday |2 more joiners arrived.Good progress 1020] 60
10-Apr-04 Saturday
11-Apr-04 Sunday

Formwork nearly finished ready to start rebar 1020 95
12-Apr-04 Monday |Bar bending schedules arrived (at last!)

Instruction received to use Admix.checking with suppliers.

2 joiners am complete outstanding formwork 1020f 100
13-Apr-04 Tuesday Commence rebar fabrication 2 steelfixers. Order placed for Admix delivery expected 22Apr 1030 10
14-Apr-04 | Wednesday [Rebar Steelfixers have requested overtime 1030 20
15-Apr-04 Thursday |Rebar Overtime approved for weekend 1030 30
16-Apr-04 Friday _|Rebar 1030] 40
17-Apr-04 Saturday |Rebar (12hrs weekend working) 1030 55
18-Apr-04 Sunday _|Rebar (12hrs weekend working) 1030 70
19-Apr-04 Monday |Rebar incorrect fixings caried out over w/e 1030 80
20-Apr-04 Tuesday Rebar redo part reinfocement 1030 87
21-Apr-04 | Wednesday |Rebar progress poor no enthusiasm 1030 95

Rebar Completed 1030 100
22-Apr-04 | Thursday [ rives. E1180
23-Apr-04 Friday Started concreting only achieved two pours. 1040 15
24-Apr-04 Saturday
25-Apr-04 Sunday

Concrete 2 pours 1040 20
26-Apr-04 Monday Admix Not good progress, there seems to be some difficulty in blending E1190

Concrete 2 pours 1040 30
27-Apr-04 Tuesday Admix Rep eisilsd Admix now added to premix E1130

Concrete 3 pours 1040 45
28-Apr-04 | Wednesday Admix We seem to have got the hang of this now. Much betier progress E1190

Had to reject a load of concrete, could only achieve 1 pour 1040 50
29-Apr-04 Thursday Admix £1190
01-May-04 | Saturday
02-May-04 Sunday
03-May-04 Monday Bank Holiday.

Concrete 3 pours 1040] 100
04-May-04 Tuesday TR E1190

Figure 12 Contractor’s Daily Progress Records
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3.2 Analysis of Delays

3.2.1 Time Slice Windows Analysis

Determining window sizes is crucial when performing time slice windows analysis.
The sensitivity of the analysis decreases when bigger window sizes are used due to
fluctuations that occur in the critical paths and accelerations and slowdowns within
the window are not detected. On the contrary, the cost of the analysis increases when
smaller window sizes are used due to increased effort required of the analyst. In
addition, record-keeping requirements also increase when smaller window sizes are
used in the analysis and as-built records may dictate a selection of a bigger window

size.
In this case study, the analysis is done by using daily windows for following reasons:

e Simplicity of the project
e Short duration of the project
e To avoid missing any change, acceleration, or slowdown in the critical path

e Auvailability of daily progress records

This study analyzed not only what would be the outcome of time slice windows delay
analysis method for the project, but also what would the benefit of the method be if
it was used during the project execution as a delay management method as well.
Using delay analysis methods during the project is beneficial for the project mainly

due to following reasons:

e The impacts of the delay events are analyzed as they occur.

e Contractual delay notification requirements can be fulfilled by the Contractor
as delays and their impacts become known when they occur.

e Extension of time requests can be made by the Contractor and assessed by
the Employer as close in time as possible to the delay events, which will

eliminate disputes occurring at the end of the project.
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The project time schedule can be revised based on the granted EOT to
mitigate any unnecessary cost.

Acceleration measures can be taken by the Contractor if critical delays are
caused by the Contractor.

The Employer can request that the Contractor accelerate the work and
compensate acceleration costs if critical delays are caused by the Employer.
As the Contractor has a general duty to mitigate the effect of Employer
delays, it can take reasonable steps to mitigate the impacts of Employer

delays.

Figure 13 shows the detailed flowchart of time slice windows analysis performed on

the delay scenario. Main steps of the flowchart are summarized as following:

1.

First, the as-planned program is updated with the progress of one day
according to daily progress records provided at Figure 12.

Multiple float paths leading to the Project Completion milestone are
reviewed to determine the impact on the critical and near-critical paths.

The project completion date in the updated program is compared with the as-
planned program.

The events causing the delay, including the liable party, are identified and
incorporated into the program as delay events.

The summary of the outcome of the window analysis is recorded into a
tabulation which contains information such as updated project completion
date, critical delay, concurrent delay, and liability.

In the next windows, all the above steps are repeated, but instead of the as-
planed program, the updated program from the previous window is used.
When delay analysis is finished on all windows, the program becomes the as-

built program.
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Get original as-planned program
as the baseline

. 2
Identify as-planned float paths
critical path and near-critical
v
Update the program as of end
date of window

¥
Review the float paths of the
updated program
v
Analyze the difference between
evious and current windows

<

No impact on float paths other
than critical path in this window

Acceleration in the float path
other than critical path

] Y
Y
Identify aweleramd activities in ‘ Critical delay to pI‘OJeCt | ‘ Concurrent delay/effect to | Tdentify accelerated activities in
the critical completion project completion the float path

L] ¢ L
Identify which party (employer Identify da:layed activities in the ‘ Identify delayed activities in the | Tdentify which party (employer
or contractor) accelerated the CP critical path float path or contractor) accelerated the FP
A Y Y
Compare the completion date of | Identify causes of critical delays | ‘ Identify causes of delays from Compare the float path of
revious and current windows from records records revious and current window

A4 L 4 A4
‘ Calculate the amount of | Identify type of the critical delay ‘ Tdentify type of the delay event ‘ ‘ Calculate the amount of ‘
e acceleration event (CD, ED, NED) (CD, ED, NED) acceleration Calculate
th
© |No 'Add the critical delay event to Al the delay ovent to the

created |«

roject nts al the ted updated pro;
Proj Yes

the FP

flgat Deduct the accelerated time from Create the logic link between Create the loj glc link between Deduct the acc:lemed time from
the previous delays of the delay event and impacted activil delay event and impacted activil the previous delays of the
Monitor the effect of eritical Monitor the e%ct of delay event
delay event from its total float from its total float
L 4
Calculate the effect of the critical Calculate the effect of concurrent
delay to project o lehon dela w roject completion

| Summanze dzlay amalysls Tesults|

for all float paths
Repeat the s!gps'for each window|
until the end of project
Figure 13 Flowchart of Time Slice Windows Analysis Performed on the Delay
Scenario

3.2.1.1 Window 1 — From 15 March 2004 08:00 to 16 March 2004 08:00

As also shown in Figure 12, the daily progress records for 15-Mar-04 were as

follows:

e Mobilization is fully completed so that Project Commencement activity can
be completed on time in the program.

e Setting Out & Excavation activity started on time on 15-Mar-04. However,
the Contractor stated that it could not find the drawing of the site layout. Due

to the unavailability of layout drawing, the slab drawing is being used for
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setting out. Actual progress of Setting Out & Excavation activity is reported

as 7%.

The achieved progress for Set Out & Excavate activity is less than planned because
the activity’s planned duration was 6 days. Hence, progress of 16.67% is planned to
be achieved each day. Calculation of remaining duration of activities is done
according to earned value analysis. Since, 7% of an activity, which has a planned
duration of 6 days is completed, the earned value in terms of duration is calculated

as 0.42 days, which means that the estimated remaining duration is 5.58 days.

Figure 14 shows the updated program for Window 1. The project completion date is
shifted to 28-Apr-04, which is one day later than the project completion date in
contract and as-planned program. The delay is considered as 1 day even though total
float shows -0.58 days. This is because the delay is calculated based on the difference

between the actual completion date and the contractual completion date.

Activity Name: Qriginal | Remaining | Physical % | Start Finish Total| |

Duration| Duration| Complete Float| ([ Mar 14 | Mar 21 | Mar 28 | Apr 04 | Apr 11 | Apr 18 | Apr25 | May 02 | May 09
B GEE IR NGEEDT EGEED LT ECEE DY DRGEE Dl D GEE NDRGEEDDE GEEORIREE!
WINDOW 1 .5 15-Mar-04 08:00 A | 28-Apr-04 12:38 | -0.58
= — Actual Waork
Project Commencement 0.00 0.00 100% 15-Mar-04 08:00 A % Project Commencement s Remaining Work
—— Previous Window
Set Out & Excavate 6.00 558 7% 15-Mar-04 08:00 A 23-Mar-04 12:38 | -0.58 Set Out & Excavate As-Plannsd

Formwork £.00 5.00 0% 23-Mar-0412:38  01-Apr-04 12:38 | -0.58 Formwork | * * Milestone

< < Previous Window Mil__.
Information Release 0.00 0.00 0% 25-Mar-04 16:00* | 0.00 mation Release | ¢ o As-Planned Milestone
Fabrication Reinforcement Bars| 10.00  10.00 0% 01-Apr-04 12:38  15-Apr-04 12:38  -0.58 Fabrication Reinforcement Bars

Concrete Pour 4.00 4.00 0% 15-Apr-04 12:38  21-Apr-04 12:38  -0.58 Concrete Pour
Apply Waterproof Finish 500 5.00 0% 21-Apr-04 12:38  28-Apr-04 1238 | -0.58 Apply Waterproof |
Project Completion 0.00 0.00 0% 28-Apr-04 12:38*  -0.58

8 Project Completior

Figure 14 Updated Program for Window 1

Figure 15 shows the float paths to Project Completion milestone in the updated
program. The delay impacted only Float Path 1, which starts from Set Out &
Excavate and completes with Project Completion Milestone. There is no delay in
Float Path 2 as evidenced by the 0-day total float value.
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Activity Name Original | Remaining | Physical % | Start Finigh Total ||

Duration| Duration| Complete Fipat | [] Mar 12 | Mar 21 | Mar 28 | Apr 04 | Apr 11 | Apr 18 | Apr 25 | May 02 | Way 09,
EEOmiiR GEE N EGEEDTMEGEED Ll RGEED DRGEE i MRGEEINDREEED i GEEINDRGE!

15-Mar-04 08:00 A | 28-Apr-04 12:38

Set Qut & Excavate 6.00 5.58 7% 15-Mar-04 08:00 A 23-Mar-04 12:38  -0.58 Set Out & Excavate

Formwaork 5.00 5.00 0% 23-Mar-04 12:38  01-Apr-04 12:38  -0.58 Formwork

Fabrication Reinforcement Bars 10.00  10.00 0% 01-Apr-04 12:38  15-Apr-04 12:38  -0.58 Fabrication Reinforcement Bars
Concrete Pour 4.00 4.00 0% 15-Apr-04 12:38  21-Apr-04 12:38 058 Concrete Pour

Apply Waterproof Finish 5.00 500 0% 21-Apr-04 12:38  28-Apr-04 12:38 -0.58 Apply Waterproof |
Project Completion 0.00 0.00 0% 28-Apr-04 12:38*  -0.58 2 Project Completior

-04 16:00 | 25-Mar-04 16:00 w
Information Release 0.00 0.00 0% 25-Mar-04 16:00* | 0.00 g\nfnrmatmn Release

Figure 15 Float Paths of Updated Program for Window 1

In Window 1, the activity that delayed the Project Completion milestone is Set Out
& Excavate activity. When the records are analyzed, it becomes evident that the
activity has been delayed due to the low progress caused by Contractor. A delay
event is introduced to the program as Contractor’s Low Progress, which is classified
as a non-excusable delay. The delay event is linked to Set-Out & Excavate activity
as it affected the progress of this activity. Hence, the delay event is shown in the
critical path. Figure 16 shows the updated program of Window 1, including the non-

excusable delay event related to Contractor’s low progress.

Activity Name Original| Remaining | Physical % | Start Finish
Duration | Duration| Complete 12 [

ar 21 | War 26 | Apr 02 | Apr 11 | Apr 18 | Apr 25 | May 02 | Way 08
EEDNDRGEEDRRGEED] PEGEEl P RGEE DB RGEE DR Ui GEE RN GEE D GEEDRRRGE

= WINDOW 1 30.5 .5 15-Mar-04 08:00 A |28-Apr-04 12:38 | -0.58|

Project Commencement

Project Commencement 0.00 0.00 100% 15-Mar-04 08:00 A %

Set Out & Excavate 6.00 558 7% 15-Mar-04 08:00 A 23-Mar-04 12:38 058 Set Out & Excavate
=
Formwork 5.00 5.00 0% 23-Mar-04 12:38  01-Apr-04 12:38 | -0.58 Formwork

-1

Information Release 0.00 0.00 0% 25-Mar-04 16:00* | 0.00 é—‘ﬁhmauun Release

Fabrication Reinforcement Bars  10.00 10.00 0% 01-Apr-04 12:38  15-Apr-04 12:35  -0.58 Fabrication Reinforcement Bars

Concrete Pour 4.00 4.00 0% 15-Apr-04 12:38  21-Apr-04 12:35  -0.58 Concrete Pour
Apply Waterproof Finish 5.00 5.00 0% 21-Apr-04 12:38  28-Apr-04 12:35  -0.53 Apply Waterpraof |
Project Completion 0.00 0.00 0% 28-Apr-04 12:35*  -0.58 Py Project Completior
_ DELAY EVENTS 0.00 0.00 15-Mar-04 08:00 A 16-Mar-04 08:00  -0.58
EEDVW: Contractor's Low 0.00 0.00 0% 15-Mar-04 08:00 A 16-Mar-04 08:00 | -0.58| M NED-1- Contractors Low Progress
rogress

Figure 16 Updated Program for Window 1 Including Delay Event
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Figure 17 shows that the delay event NED-1: Contractor’s Low Progress is part of
the critical path and causes a delay to project completion as it is included in Float
Path 1 and has a total float value of -0.58 days, which is same as total float of Project

Completion milestone.

Activity Name Original| Remaining | Physical % | Start
Duration |  Duration

12 | War 21 | Mar 28 | Apr 04 | Apr 11 | Apr 18 | Apr 25 | May U2 May 05
INDRGEEINDRGEE DA DR GEE DL CRGEE AR GEED AT GEE IR CRGEEORTA GEEIRDRGE

NED-1: Contractar's Low 000 000 0% 15-Mar-04 08:00 A | 16-Mar-04 08:00 B NED-1: Contractor's Low Progress

Progress

Set Out & Excavate 6.00 558 7% 15-Mar-04 08:00 A | 23-Mar-04 12:38  -058 Set Out & Excavate

Formwork 500 500 0% 23-Mar-04 12:38 | 01-Apr-04 12:38 | -0.58 Formwork

Fabrication Reinforcement Bars| 10.00  10.00 0% 01-Apr-04 12:38  15-Apr-04 12:38  -0.58 Fabrication Reinforcement Bars

Concrete Pour 4.00 4.00 0% 15-Apr-04 12:38  21-Apr-04 12:35  -0.58 Concrete Pour

Apply Waterproof Finish 5.00 5.00 0% 21-Apr-04 12:38  28-Apr-04 12:35  -0.53 Apply Waterproof |

Project Completion 0.00 0.00 0% 28-Apr-04 12:38*  -0.58 3 Praject Campletior
mﬂ- 25-Mar-04 16:00 | 25-Mar-04 16:00

Information Release 000 000 0% 25-Mar-04 16:00* | 0.00 Information Release

Figure 17 Float Paths of Update Program for Window 1 Including Delay Event

The results of Window 1 of the delay analysis is shown in a summary format in
Figure 18. There is a 1-day non-excusable delay on the Project Completion milestone

in this window.

TIME SLICE WINDOWS ANALYSIS RESULTS - WINDOW 1

Forecast
As- Complet Forecast |cymulative Delays 2212|222 22|22 2222222
path Impacted Delay Event Planned Dat * |Complet -‘—ﬂ-'—ﬂ-'—ﬂ»'—n‘ﬁggg'ﬁ‘ﬁ%'ﬁ%'ﬁ%a'ﬁ‘l
@ Activity elay Even Complet. pﬁ ¢ Date This HEEEEREEEEEEEERE
Date EVIOUS  indow |TOL|CD | ED |NED| o~ @l S 2| S| 2| 5| 8| 5| 8| 232|232
Window
Set Out & Exc.to [Set Out & MED-1: Contractor's L
St DU Exe. To 5=t Bu onsractors LoW) 57 apr-0a| 27-apr-04 | 28-Apr-0a | 1 | 0 | 0 | 1 '28—Apr-04
Project Comp. Excavate Progress
Info. Rel b No | t
nio.Releaseto [Nolmpact |y Delay This Window |27-Apr-0a|27-8pr-04 | 27-8pr02| 0 |0 |0 | 0
Project Comp This Window

-Nun-Excusahle Delay (MED) l:lExcusahle Delay (ED) l:lCDmpensahleDelav(CD) ’CuntractualPrujectCUmpIet'\Un Milestone

Figure 18 Time Slice Windows Analysis Results for Window 1
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3.21.2 Window 2 — From 16 March 2004 08:00 to 17 March 2004 08:00

As also shown in Figure 12, the daily progress records for 16-Mar-04 were as

follows:

e Excavation work progress was disrupted by the rain. Cumulative actual
progress of Set Out & Excavation activity is reported as 10%, which is again

lower than the planned progress.

Figure 19 shows the updated program for Window 2. The project completion date is
shifted to 29-Apr-04, which means there is a 1-day delay compared to the previous
Window, and a 2-day delay compared to the as-planned program. The delay was
caused by Contractor’s Low Progress on Set Out & Excavation activity, so that type
of delay is a non-excusable delay.

Activity Name Original | Remaining | Physical % | Start Finish Total| |
Duration| Duration Complete Float Mar 14 | Mar 21 | Mar28 | Apr04 | Apr11 | Apr18 | Apr25 | May 02 | May 09
EENNERGEEINNEEEN R GEEIND NEEEDN NI GEENNTNGEEDND NEEEINTRGEEDNDNEE

o WINDOW 2 . 15-Mar-04 08:00 A | 29-Apr-04 11:12 m— Actual Work
Project Commencement 000 0.00  100% 15-Mar-04 08:00 A _é rojact Commencement BN Remaining Work
= Previous Window
Set QOut & Excavate 6.00 540 10% 15-Mar-04 08:00 A | 24-Mar-04 11:12 140 'ﬂ& Excavate | === As-Planned
Formwork 500 500 0% 24-Mar-04 1112 | 02-Apr-04 1112 140 Formwork |+ ¥ Milestane
= & < Previous Window Mil__
Information Release 0.00 0.00 0% 25-Mar-04 16:00  0.00 an“nn Release | ¢ & As-Planned Milestone
Fabrication Reinforcement Bars| 10 00 1000 0% 02-Apr-04 11:12 16-Apr-04 11:12 -140 Fabrication Reinforcement Bars
Concrete Pour 4.00 4.00 0% 16-Apr-04 11:12 | 22-Apr-04 11:12 -1.40 Concrete Pour
Apply Waterproof Finish 500 500 0% 22-Apr-04 11212 29-Apr-04 11:12 -1.40 Apply Waterproof
Project Completion 0.00 0.00 0% 29-Apr-04 11:12* 140 <>(> Project Completic
—, DELAY EVENTS 000 000 15-Mar-04 08:00 A 17-Mar-04 08:00  -1.40
NED-1: Contractor's Low 0.00 0.00 100% 15-Mar-04 08:00 A | 17-Mar-04 08:00 -1.40 H MED-1: Contractor's Low Progress
Progress

Figure 19 Updated Program for Window 2

Figure 20 shows the float paths to the Project Completion milestone on the updated
program. The delay impacted only Float Path 1, which starts from the activity Set
Out & Excavate and completes with Project Completion milestone. There is no delay
in Float Path 2 as evident by 0-day total float value. The delay event NED-1:
Contractor’s Low Progress also appears in Float Path 1, which shows that it causes

a critical delay to completion.
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Activity Name Original | Remaining | Physical % | Start Finigh Total [
Duration | Duration| Complete Fioat

Mar 14 | Mar 21

War 26 | Apr 04 | Apr 11 | Apr 18 | Apr25 | May 02 | Way 05
EEDRREGEE Rl uGEEDT R EGEEN Ll RGEEDEERGEE Pt DiGEE LR EEDT BN GEEIRDREE!

15-Mar-04 08:00 A | 29-Apr-04 11:12

NED-1: Contractor's Low 0.00 0.00 100% 15-Mar-04 08:00 A 17-Mar-04 08:00 -1.40 _g MED-1: Contractor’s Low Progress
;;UIQL;EUEI'S& Excavate 6.00 540 10% 15-Mar-04 08:00 A 24-Mar-04 11:12 | -1.40 Set Out & Excavate
Farmwaork £.00 5.00 0% 24-Mar-04 11:12 02-Apr-04 1112 140 i Formwork
=
Fabrication Reinforcement Bars | 10.00 10.00 0% 02-Apr-04 11:12 16-Apr-04 11:12 -1.40 Fabrication Reinforcement Bars
Concrete Pour 4.00 4.00 0% 16-Apr-04 11:12  22-Apr-04 11:12 -140 Concrete Pour
Apply Waterproof Finish 500 5.00 0% 22-Apr-04 11:12  29-Apr-04 11:12 -140 Apply Waterproof
Project Completion 0.00 0.00 0% 29-Apr-04 11:12* 140 & Project Completic
mw- 25-Mar-04 16:00 | 25-Mar-04 16:00 w
Information Release 0.00 0.00 0% 25-Mar-04 16:00* | 0.00 %matmn Release

Figure 20 Float Paths of Updated Program for Window 2

The results of Window 2 of the delay analysis are shown in a summary format in
Figure 21. There is a 2-day non-excusable delay on the Project Completion milestone

at the end of this window.

TIME SLICE WINDOWS ANALYSIS RESULTS - WINDOW 2

Forecast

Il e S L e E B EE R E R EEE EEEE
path Impacted Delay Event Planned D=t Complet = =| 5| 5| & 3| | 3| 3| | 3| | 3| 3| &| 3| &
a elay Even ate

Activity v Complet. | %% Date This EHEEEEREEEEEEEERE

Date m::ev‘;nus Window |Tot|CD | ED [NED|ov| v [ | 2 S| S| 2| [ 8| 5| 2| 2| 2| 2| 2|2

indow

Set Out & Exc. to |Set Out & NED-1: Contractor's L
EFOUT & Bxe. to 1 set DU oniractors Low | 52 aor-0a|28-Apr-04 |208pr0a| 2 |0 |0 | 2 -Z‘Bprr—Oil-
Project Comp. Excavate Progress

Info. Release to  |Mo Impact

N ) N Mo Delay This Window |27-Apr-04(27-Apr-04 |27-Apr-04| 0 | O (O | O
Project Comp. This Window

-Non—Excusahle Delay (NED) l:lExcusahle Delay (ED) l:lCDmpensahleDelay(CD) 4 Contractual Project Completion Milestone

Figure 21 Time Slice Windows Analysis Results for Window 2

3.21.3  Window 3 - From 17 March 2004 08:00 to 18 March 2004 08:00
As also shown in Figure 12, the daily progress records for 17-Mar-04 were as
follows:

e No progress was achieved on Set Out & Excavation activity due to torrential
rain. Progress of excavation is reported as 10%, which is same as the previous

window.
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The contract document states that Contractor is responsible for keeping the
excavations free of water. This can be interpreted as meaning that the Contractor
needs to take all necessary measures to continue the work as per the plan even in
rainy weather. SCL (2017) states in the Delay and Disruption Protocol that adverse
weather conditions can be assessed as excusable delay, which means that the
Contractor is entitled to an extension of time but not to compensation for
prolongation costs. However, there is no evidence that the weather conditions were
exceptional so that the delay could be considered as excusable delay. Thus, the delay
related to the stoppage of the Set Out & Excavation activity caused by rainy weather

is considered as non-excusable delay in the delay analysis.

Figure 22 shows the updated program for Window 3. The project completion date is
shifted to 30-Apr-04, which means there is a delay of 1 calendar day compared to
the previous window, and a 3-calendar-day delay compared to the as-planned
program. The delay occurred due to stoppage of the Set Out & Excavation activity
caused by rainy weather. Activity related to this non-excusable delay event is created
in the updated program as NED-2: Contractor’s Delay on Excavation Caused by

Rain. The delay event is linked with the Set Out & Excavate activity as it impacted

the progress of excavation.

Activity Name Original | Remaining | Physical % | Start Finish Total| |
Duration| Duration| Complete Float| [J0#ar 14 TWar 21 ] War 28 | Apr 04 | Apr 11 | Apr 18 | Apr 25 | May 02 | May 09
EEILRGEE DR TRGEE i D GEEDkDRGEED kDR GEEEiGEEIRDRGEED ATt GEEIRDEGE
X 15-Mar-04 08:00 A |30-Apr-04 11:12 | -2.40
= WINDOW 3 £r pr . Actual Work
Project Commencement 0.00 0.00 100% 15-Mar-04 08:00 A % Pfaject Commencement N Remaining Work
=—= Previous Window
Set Out & Excavate 6.00 540 10% 15-Mar-04 08:00 A | 25-Mar-04 11:12 | -2.40 Set Out & Excavate As-Planned
Formwork 500  5.00 0% 25-Mar-04 11:12 | 05-Apr-04 11:12 | -2.40 Formword ®  * Milestone
< < Previous Window Mil_..
Information Release 0.00 0.00 0% 25-Mar-04 16:00* | 0.00 on Release | ¢ & As-Planned Milestone
Fabrication Reinforcement Bars| 10.00  10.00 0% 05-Apr-04 1112 19-Apr-04 1112 -2.40 Fabrication Reinforcement B
Concrete Pour 4.00 4.00 0% 19-Apr-04 1112 23-Apr-04 1112 -2.40 Concrete Pour
Apply Waterproof Finish 5.00 5.00 0% 23-Apr-04 1112 30-Apr-04 1112 -2.40 Apply Waterprot
Project Gompletion 0.00 000 0% 30-Apr-04 11:12% 240 <" Projsct Complat
&
_, DELAY EVENTS 0.00 000 15-Mar-04 08:00 A 18-Mar-04 08:00  -2.40
NED-1: Contractor's Low 0.00 0.00 100% 15-Mar-04 08:00 A 17-Mar-04 08:00 A E MED-1: Contractors Low Progress
Progress
NED-2: Contractor's Delay on | 0.00 0.00 0% 17-Mar-04 08:00 A | 18-Mar-04 08:00 | -2.40 B NED-2: Contractor's Delay on Excavation Caused by Rain
Excavation Caused by Rain

Figure 22 Updated Program for Window 3

61



Figure 23 shows the float paths to the Project Completion milestone on the updated
program. The delay impacted only Float Path 1, which starts from the activity Set
Out & Excavate and completes with Project Completion milestone, because Float
Path 2 has a O-day total float. The delay event NED-2: Contractor’s Delay on
Excavation Caused by Rain also appears in Float Path 1, which shows that it caused

a critical delay to completion.

Activity Name Original| Remaining | Physical % | Start Finish Total| |
Duration| Duration| Complete Float | | Mar 14

War 21 | War 26 | Apr 04 | Apr 11 | Apr 16 | Apr 25 | May 02 | May 05
EEDLERGEEINRGEE D BEGEEDkDRGEEDEDEGEED Rl GEEDRGEE i GEEDRDRGE

15-Mar-04 08 0-Apr-04 11:12

MED-2: Contractor's Delay on 0.00 0.00 0% 17-Mar-04 08:00 A 18-Mar-04 08:00 | -2.40|| B NED-2: Contractor's Delay on Excavation Caused by Rain
Excavation Caused by Rain

Set Out & Excavate 600 540 10% 15-Mar-04 08.00 A | 25-Mar-04 1112 | -2.40 ’%ﬂamam
Formwork 500 £00 0% 26-Mar04 1112 05-Apr04 1112 | 240 I—

Fabrication Reinforcement Bars| 10.00  10.00 0% 05-Apr-04 11:12 19-Apr-04 1112 240 = Fabrication Reinforcement B

Concrete Pour 4.00 4.00 0% 19-Apr-04 11:12  23-Apr-04 1112 240 Concrete Pour

Apply Waterproof Finish 500 500 0% 23-Apr-04 11:12  30-Apr-04 11:12 -2.40 Apply Waterproc

Project Completion 0.00 0.00 0% 30-Apr-04 11:12% 240 <><> Project Complet
ﬂ- 25-Mar-04 16:00 | 25-Mar-04 16:00

Information Release 0.00 0.00 0% 25-Mar-04 16:00* | 0.00 § Information Release

Figure 23 Float Paths of Updated Program for Window 3

The results of Window 3 of the delay analysis are shown in a summary format in
Figure 24. There is 3-day non-excusable delay on the Project Completion milestone

at the end of this window.

TIME SLICE WINDOWS ANALYSIS RESULTS - WINDOW 3
Forecast bd Bzt Bed Bl B B Bt B B d B Bl B Bt Bt e B d B
As- Complet Forecast |cmylative Delays| S| o|o|a|o|a| || &S| a|a|o|&|la|s|a
path Impacted Delay Event Planned Dat. * |complet gggggg'ﬁgg'ﬁ'ﬁ'ﬁgg'ﬁﬁ'ﬁ‘l
= Activity elay Even Complet. |22 Date This 13|22 =|2 2| = 2| 2| 2| 2| 2| 2| 2| 2| =
Date |V \window |Tet|CD|ED |NED|RIRIRIR|Z|S|E|Z|BI5|5|2| (3 5G| A
Window
Set Out & Exc. to |Set Out & NED-1: Contractor's L
EFOUE & Bxe. o Set DU OnEractors LW 5o apr-04|20-Apr-04 |30Apr04| 3 |0 |0 | 3 -SU—Apr-U4
Project Comp. Excavate Progress
Info. Release to |Noimpact | e Window |27-apr-0a| 27-apr-0a | 27-apr-02 | 0 | 0 | 0 | 0
Project Comp. This Window

-Non-ExcusabIe Delay (NED) l:lExcusable Delay (ED) l:lCompensahle Delay (CD] 4 Contractual Project Completion Milestone

Figure 24 Time Slice Windows Analysis Results for Window 3
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3.214 Window 4 — From 18 March 2004 08:00 to 19 March 2004 08:00

As also shown in Figure 12, the daily progress records for 18-Mar-04 were as

follows:

e No progress was achieved on Set Out & Excavation activity due to rain. The
progress of excavation is reported as 10%, which is same as previous
window.

e Employer instructed the contractor to not to proceed with Apply Waterproof
Finish activity. Employer requested some advice from the Contractor on

alternative solutions.

As mentioned before, the Contractor is contractually obliged to take necessary
measures to make progress in rainy weather. Thus, this is categorized as a non-
excusable delay. The Employer only instructed the Contractor not to proceed with
Apply Waterproof Finish; however, no alternative solution was defined for or
instructed to the Contractor. Since the complete schedule impact of changing the
waterproof solution was not known at this stage, the instruction of not to proceed

with Apply Waterproof Finish is not yet reflected in the program.

Figure 25 shows the updated program for Window 4. The project completion date is
shifted to 04-May-04, which means there is a 4-calendar-day delay compared to the
previous window, and a 7-calendar-day delay compared to the as-planned program.
Even though the Total Float value of Project Completion activity is calculated as
-3.4 days based on working days, the delay to Project Completion milestone is 7
calendar days because 01-May-04, 02-May-04, and 03-May-04 are non-working
days. The delay occurred due to stoppage in of the Set Out & Excavation activity
caused by rainy weather. Activity related to this non-excusable delay event can be
seen in the updated program as NED-2: Contractor’s Delay on Excavation Caused
by Rain. The delay event is linked with Set Out & Excavate activity as it impacted
the progress of excavation.
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Activity Name Original| Remaining | Physical % | Start Finish Total ||
Duration| Duration| Complete Float | [[Mar 14 | Mar21 | Mar 28 | Apr04 | Apr 11 | Apr18 | Apr25 | May 02 | May 09
EELDEGEE DN DGR DD GEED EDGEE DI DEGEE DR RGEEINEEGEEDIEIGEEINNGE

= WINDOW 4 y 15-Mar-04 08:00 A | 04-May-04 11:12

Project Commencement 0.00 000 100%  15-Mar-04 08:00 A ject Commencement

Set Out & Excavate 6.00 540 10% | 15-Mar-04 08:00 A 30-Mar-04 11:12 | -3.40 Set Out & Excavate

Formwork 5.00 5.00 0% 30-Mar-04 11:12  06-Apr-04 11:12 | -3.40 Formwork

Information Release 0.00 0.00 0% 25-Mar-04 16:00* | 0.00 an Release

Fabrication Reinforcement Bars| 10.00  10.00 0% 06-Apr-04 11:12  20-Apr-04 1112 -3.40 Fabrication Reinforcement £

Concrete Pour 4.00 4.00 0% 20-Apr-04 11:12  26-Apr-04 11:12 =340

Apply Waterproof Finish 500 5.00 0% 26-Apr-04 11:12 04-May-04 11:12 | -3.40 Apply Wate

Project Completion 0.00 0.00 0% 04-May-04 11:12* | -3.40 o @ Praject Con
_, DELAY EVENTS 0.00 0.00 15-Mar-04 08:00 A 19-Mar-04 08:00  -3.40

NED-1: Contractor's Low 0.00 0.00 100% 15-Mar-04 08:00 A 17-Mar-04 08:00 A E ED-1: Contractor's Low Progress

ErEn[g][;:SEnmra:mr's Delay on 0.00 0.00 0% 17-Mar-04 08:00 A 19-Mar-04 08:00 | -3.40 B ED-2- Contractor's Delay on Excavation Caused by Rain

Excavation Caused by Rain

Figure 25 Updated Program for Window 4

Figure 26 shows the float paths to Project Completion milestone on the updated
program. The delay impacted only Float Path 1, which starts from the activity Set
Out & Excavate and completes with Project Completion milestone, because Float
Path 2 has O days total float. The delay event NED-2: Contractor’s Delay on
Excavation Caused by Rain also appears in Float Path 1, which shows that it caused

a critical delay to completion.

Activity Name: Original| Remaining | Physical % | Start

Duration| Duration

15-Mar-04 08:00 A | 04-May-04 11:12

MNED-2: Contractor's Delay on 0% 17-Mar-04 08:00 A 19-Mar-04 08:00

Excavation Caused by Rain

Set Out & Excavate 6.00 540 10% | 15-Mar-04 08:00 A | 30-Mar-04 11:12

Farmwork 5.00 5.00 0% 30-Mar-04 11:12 | 06-Apr-04 11:12

Fabrication Reinforcement Bars 10.00 10.00 0% 06-Apr-04 11:12 | 20-Apr-04 11:12

Concrete Pour 4.00 4.00 0% 20-Apr-04 11:12 | 26-Apr-04 11:12

Apply Waterproof Finish 5.00 5.00 0% 26-Apr-04 1112 04-May-04 11:12 -3.40 Apply Wate

Project Completion 0.00 0.00 0% 04-May-04 11:12*  -3.40 Project Cor
oo

Information Release 0.00  0.00 0% 26 Mar-04 16:00° | 0.00 W" Release

Figure 26 Float Paths of Updated Program for Window 4
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The results of Window 4 of the delay analysis are shown in a summary format in
Figure 27. There is a 7-day non-excusable delay on the Project Completion milestone

at the end of this window.

TIME SLICE WINDOWS ANALYSIS RESULTS - WINDOW 4

Forecast

il e R EEEE R EE EEEEEEE
path Impacted Delay Event Planned st Complet =| 5| 5| 5| 5| #| | & 5| & & &| & 5| & 5| &
a elay Even ate

Activity ¥ Complet. - Date This 2123 2|2|12) 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| =

pate | TTEVIPUS yyingow |Tot| CD | ED NED|R| | %R 2| & 8] & 8|55 8| &S 2% 2

Window

Set Flut & Exc.to [SetOut & NED-2: Contr. Delay DI"I- 27-Apr-0a | 30-apr-04 |0a-May-0a| 7 olol7 _4—May—04
Project Comp. Excavate Excavat. Caused by Rain

Info. Releaseto  |Mo Impact
Project Comp. This Window

No Delay This Window | 27-Apr-04 | 27-Apr-04 | 27-Apr-04 | O | O [ O | O

-Non-ExcusahIeDeIav[NED) I:lExcusahleDelav[ED] l:lCompensahleDelav[CD) ’ContractualProjectCompIet'\on Milestone

Figure 27 Time Slice Windows Analysis Results for Window 4

3.2.15 Window 5 — From 19 March 2004 08:00 to 22 March 2004 08:00

19-Mar-04 was a working day, and 20-Mar-04 and 21-Mar-04 were non-working
days. As also shown in Figure 12, the daily progress records for 19-Mar-04 were as

follows:

e The Contractor reported the cumulative percentage of completed of Set Out
& Excavate activity as 25%.

e The Contractor provided the Employer with suggestions for waterproofing

Since the cumulative progress of Set Out & Excavation is 25% and planned duration
of the activity was 6 days, the estimated remaining duration is updated in the program
is 4.5 days. Even though the Contractor provided the Employer some suggestions on
waterproofing, instructions for the new waterproofing scope have not yet been
received from the Employer. Thus, no revision has been made to the updated

program related to Apply Waterproof Finish activity in this window.

Figure 28 shows the updated program for Window 5. The project completion date is
kept as 04-May-04, which means there is no delay compared to the previous window,

and there is a 7-calendar-day delay compared to the as-planned program. Even
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though the total float of project milestone has been reduced from -3.4 days to -3.5
days due to low progress of Contractor, it did not have any impact on the forecasted

project completion date. Due to that, no delay event was created in this window.

Activity Name Original| Remaining | Physical % | Start Finish Total||

Duration| Duration| Complete Fipat | (] Mar 12 | Mar 21 | Mar 28 | Apr04 | Apr 11 | Apr 15 | Apr25 | May 02 [ May 09
E DR GEE L RGE RN i NE GEE IO REEE IR GEED D GEE IR EhGEEN AT GEEIRERGE

= WINDOW 5 il 15-Mar-04 08:00 A | 04-May-04 12:00
Project Commencement 0.00 000 100% 15-Mar-04 08:00 A % Project Commencemant
Set Out & Excavate 6.00 450 25% 15-Mar-04 08:00 A 30-Mar-04 12:00  -3.50 Set Out & Excavate
Formwork 500 500 0% 30-Mar-04 12:00  06-Apr-04 12:00 | -3.50 Formwork
Information Release 0.00 0.00 0% 25-Mar-04 16:00% | 0.00 ian Release
Fabrication Reinforcement Bars | 10.00 10.00 0% 06-Apr-04 12:00  20-Apr-04 12:00 -3.50 Fabrication Reinforcement |
Concrete Pour 4.00 4.00 0% 20-Apr-04 12:00  26-Apr-04 12:00 -3.50 Concrete Pour
=
Apply Waterproof Finish 5.00 5.00 0% 26-Apr-04 12:00  04-May-04 12:00 | -3.50 Apply Wate
Project Completion 0.00 0.00 0% 04-May-04 12:00* | -3.50 o Praject Con
. DELAY EVENTS 0.00 0.00 15-Mar-04 08:00 A 19-Mar-04 08:00 A
NED-1: Contractor's Low 0.00 0.00 100% 15-Mar-04 08:00 A 17-Mar-04 08:00 A ! MED-1: Contractor's Low Progress
:rlfugz:szumracmr's Delay on 0.00 0.00 100% 17-Mar-04 08:00 A 19-Mar-04 08:00 A 1 MNED-2: Contractor's Delay on Excavation Caused by Rain
Excavation Caused by Rain

Figure 28 Updated Program for Window 5

Figure 29 shows the float paths to Project Completion milestone on the updated
program. The delay impacted only Float Path 1, which starts from activity Set Out
& Excavate and completes with Project Completion milestone, because Float Path 2

has 0 days of total float.

Activity Name Original| Remaining| Physical % | Start

Duration| Duration

15-Mar-04 08:00 A | 04-May-04 12:00

Set Out & Excavate 6.00 25% 15-Mar-04 08:00 A 30-Mar-04 12:00

Formwork 5.00 5.00 0% 30-Mar-04 12:00  06-Apr-04 12:00

Fabrication Reinforcement Bars 10.00 10.00 0% 06-Apr-04 12:00  20-Apr-04 12:00  -340 - Fabrication Reinforcement |

Caoncrete Pour 4.00 4.00 0% 20-Apr-04 12:00  26-Apr-04 12:00  -3.50 = Concrete Pour

Apply Waterproof Finish 5.00 500 0% 26-Apr-04 12:00  04-May-04 12:00 | -3.50 Apply Wate

Project Completion 0.00 0.00 0% 04-May-04 12:00 | -3.50 o Project Con
ol e

Information Release 0.00 000 0% 25-Mar-04 16:00* | 0.00 Information Release

Figure 29 Float Paths of Updated Program for Window 5
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The results of Window 5 of the delay analysis are shown in a summary format in
Figure 30. There is a 7-day non-excusable delay on the Project Completion milestone

at the end of this window.

TIME SLICE WINDOWS ANALYSIS RESULTS - WINDOW 5

Forecast

As- Complet Forecast Cumulative Delays 2122122121222 2|2|2|2|2|2|2| g
path Impacted Delay Event Planned Dat © |Complet. 'ﬂ'ﬂﬁ'ﬁﬁﬁﬁﬁﬁ%ﬁﬁﬁﬁﬁﬁﬁl
s Activity clay tven Complet Pa < Date This HHEEEEEEHEEREEEEE
Date “;'tzv‘;ous window |Tot-|CD | ED |NED|ni|ni| o) | S| S| S| 2| 5| 5| 5| 8| 2| 2| 2| 2|5

indow

SetOut&Exc.to |SetOULE |\ 1| This Window |27-Apr-04|0a-May-04|0a-May-0a| 7 | 0 | 0 | 7 _4—May—04
Project Comp Excavate

Info. Release to  |No Impact
Project Comp Thiz Window

No Delay This Window |27-Apr-04 | 27-Apr-04 | 27-Apr-04 [ O [ O | O | ©

-Non-Excusah\e Delay (MED) l:lEm:usable Delay (ED) I:lCDmpensable Delay (CD) ’ Contractuzl Project Completion Milestone

Figure 30 Time Slice Windows Analysis Results for Window 5

3.2.16 Window 6 — From 22 March 2004 08:00 to 23 March 2004 08:00

As also shown in Figure 12, the daily progress records for 22-Mar-04 were as

follows:

e The Contractor reported the cumulative percentage of completed Set Out &
Excavate activity as 35%.

e Employer considered using Admix in the Concrete instead of waterproof
finish and requested the test data for Admix from the Contractor.

Since the cumulative progress of Set Out & Excavation is 35% and the planned
duration of the activity was 6 days, the earned duration of the activity is 2.1 days.
Hence, the estimated remaining duration is updated in the program as 3.9 days.
Instruction of new waterproofing scope had not yet been received from the
Employer. Due to that, there was no revision on the updated program related to

Apply Waterproof Finish activity in this window.

Figure 31 shows the updated program for Window 6. The project completion date is
kept as 04-May-04, which means there is no delay compared to the previous window,

and a delay of 7 calendar days compared to the as-planned program. Even though
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the total float of project milestone is reduced from -3.5 days to -3.9 days due to low
progress of Contractor, it does not have any impact on the forecasted project

completion date. Therefore, no delay event is created in this window.

Activity Name Original | Remaining | Physical % | Start Finish Total| |
Duration| Duration| Complete Float

Mar 14 [ Mar 21 | Mar 28 | Apr

[ 04 | Apr 11 | Apr18 | Apr2s 02 | May 05
EINDRGEEINILGEE D DEGEE IR DG EE IR A GEE D iDE GEEILDRGEE

z WINDOW 6 g 15-Mar-04 08:00 A | 04-May-04 15:12
Project Commencement 0.00 0.00 100% 15-Mar-04 08:00 A _§ Praject| Commencement
Set Out & Excavate 6.00 3.80 35% 15-Mar-04 08:00 A 30-Mar-04 15:12  -3.90 Sat Out & Excavate
Formwork 5.00 5.00 0% 30-Mar-04 15:12  06-Apr-04 15:12 -390 Formwork
Information Release 000 000 0% 25-Mar-04 16:00* | 0.00 h Release
Fabrication Reinforcement Bars 10.00 10.00 0% 06-Apr-04 15:12 | 20-Apr-04 15:12 -3.90 Fabrication Reinforcement |
Concrete Pour 4.00 4.00 0% 20-Apr-04 1512 | 26-Apr-04 15:12 -3.90 Concrete Pour
=
Apply Waterproof Finish 5.00 5.00 0% 26-Apr-04 1512 04-May-04 15:12 | -3.90 Apply Wate
Project Completion 0.00 0.00 0% 04-May-04 15:12° | -3.90 . Project Cor
_, DELAY EVENTS 0.00 0.00 15-Mar-04 08:00 A 19-Mar-04 08:00 A
NED-1: Contractor's Low 0.00 0.00 100% 15-Mar-04 08:00 A 17-Mar-04 08:00 A E MNED{1: Contractor's Low Progress
ErEDEgJE:Szomractor's Delay on 0.00 0.00 100% 17-Mar-04 08:00 A | 19-Mar-04 08:00 A ﬁ:. NED-2: Contractor's Delay on Excavation Caused by Rain
Excavation Caused by Rain

Figure 31 Updated Program for Window 6

Figure 32 shows the float paths to Project Completion milestone on the updated
program. The delay impacted only the Float Path 1, which starts from activity Set
Out & Excavate and completes with Project Completion milestone, because Float
Path 2 has 0 days of total float.

Activity Name Original | Remaining | Physical % | Start

Duration

15-Mar-04 08:00 A |04-May-04 15:12

Set Qut & Excavate 35% 15-Mar-04 08:00 A 30-Mar-04 15:12

Formwork 5.00 5.00 0% 30-Mar-04 15:12  06-Apr-04 15:12

Fabrication Reinforcement Bars 10.00  10.00 0% 06-Apr-04 15:12  20-Apr-04 15:12  -3.90 Fabrication Reinfarcement |

—
Concrete Pour 4.00 4.00 0% 20-Apr-04 1512 26-Apr-04 15:12 | -3.90 Concrete Pour
=

Apply Waterproof Finish 500 5.00 0% 26-Apr-04 15:12  04-May-04 15:12  -3.90 Apply Wate
Project Completion 0.00 0.00 0% 04-May-04 15:12* | -3.90 ° Project Cor

Information Release 0.00 0.00 0% 25-Mar-04 16:00* | 0.00 § Information Release

Figure 32 Float Paths of Updated Program for Window 6
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The results of Window 6 of the delay analysis are shown in a summary format in
Figure 33. There is 7-day non-excusable delay on the Project Completion milestone

at the end of this window.

TIME SLICE WINDOWS ANALYSIS RESULTS - WINDOW 6

Forecast
e S E B E EEE R EEEEREE
path Impacted Delay Evert Planned Dat Complet. =| 5| 5| 2| 5| 5| | 5| 5| &| 5| 8| & &| &| 5| &
a elay Even ate
Activity v Complet. i Date This 1522|2222 2| 2| 2|2 2| 2| 2| 2| =
pate |0 lyindoy |Tot|CO | €D |NED|R| W RIR 2| 8|S 2| 8|4 5| B 4| 23| %| %
Window

Set OUE & Exc. to |Set Out &
S OUT & Bxe. to set b No Delay This Window |27-Apr-04 |04-May-04|04-May-04| 7 |0 | 0 | 7 _4—May—04
Project Comp Excavate

Info. Release to  |Mo Impact
Project Comp. This Window

No Delay This Window |27-Apr-04 | 27-Apr-04 [27-Apr-04 (O | O | O | O

-Non-ExcusableDelav[NED] l:lExcusahleDelav(ED] l:lCompensableDelav[CD] 4 Contractual Project Completion Milestone

Figure 33 Time Slice Windows Analysis Results for Window 6

3.21.7 Window 7 — From 23 March 2004 08:00 to 24 March 2004 08:00

As also shown in Figure 12, the daily progress records for 23-Mar-04 were as

follows:

e Contractor reported the cumulative percentage of completed Set Out &
Excavate activity as 50%. Good progress was maintained despite rainy
weather.

e Contractor reported that Employer has said setting out was mistaken and the

excavation has been done for an additional bay.

Since the cumulative progress of Set Out & Excavation is 50% and planned duration
of the activity was 6 days, the earned duration of the activity is 3 days. Hence, the
estimated remaining duration of the activity is updated in the program as 3 days.

According to the Contract Document, errors or ambiguities in description of the work
is an Employer’s risk. The slab drawing provided by the Employer was used by the
Contractor for setting out showed an additional bay that led to unnecessary

excavation. Therefore, the delay caused by this event is considered an Employer
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Delay. Hence, the delay type is compensable delay that results in entitlement to both

extension of time and the associated prolongation costs.

Figure 34 shows the updated program for Window 7. The project completion date is
kept as 04-May-04, which means there is no delay compared to the previous window,
and a delay of 7 calendar days compared to the as-planned program. A delay event
activity is created in the updated program to monitor the impact of additional work
due to an error in the setting out of the excavation. The activity representing the delay
event named as CD-1: Additional Work Caused by Error in Setting Out is linked
with Set Out & Excavate activity with a finish-to-finish relationship because
excavation cannot be considered as completed and Formwork cannot be started
without completion of the additional work caused by error in setting out.

Total| |
Float| [ Mar 12 | Mar 21 | War 28

Activity Name
Apr04 | Apr i1 [ Apr18 | Apr25 [ May 02 [ May 09
EEDRDEGEENPRGEE Db GEE DL DRGEEC kDR GEE DRl GEEINDRGEE iRt GEEDRDNGE

= WINDOW 7 4 15-Mar-04 08:00 A | 04-May-04 16:00
Project Commencement 000 000 100% 15-Mar-04 08:00 A % Project Gommencemeant
Set Out & Excavate 6.00 300 50% 15-Mar-04 08:00 A | 30-Mar-04 16:00  -4.00 ot Out & Excavate
Formwork 500 500 0% 31-Mar-04 08:00 | 0B-Apr-04 16:00 | -4.00 Formwork
=
Information Release 0.00 0.00 0% 25-Mar-04 16:00* | 0.00 é_wﬁm io Release
Fabrication Reinforcement Bars| 10.00  10.00 0% 07-Apr-04 08:00  20-Apr-04 16:00  -4.00 Fabrication Reinforcement |
Concrete Pour 4.00 4.00 0% 21-Apr-04 08:00  26-Apr-04 16:00 | 4.00 Concrete Pour
Apply Waterproof Finish 5.00 5.00 0% 27-Apr-04 08:00  04-May-04 16:00 | -4.00 Apply Wate
Project Completion 0.00 0.00 0% 04-May-04 16:00* | -4.00 o Project Cor
_, DELAY EVENTS 5.00 0.00 15-Mar-04 08:00 A 24-Mar-04 08:00 -1.00
COD-1: Additional Work Caused | 0.00 0.0 0% 23-Mar-04 08:00 A | 24-Mar-04 08:00 | -1.00 B CD-1. Additional Work Caused by Error in Setting Out
by Error in Setting Out
NED-1: Contractor's Low 0.00 0.00 100% 15-Mar-04 08:00 A 17-Mar-04 08:00 A E MED-1: Contractors Low Progress
Progress
NED-2: Contractor's Delay on 0.00 0.00 100% 17-Mar-04 08:00 A | 19-Mar-04 08:00 A :,i MED-2: Contractor's Delay on Excavation Caused by Rain
Excavation Caused by Rain

Figure 34 Updated Program for Window 7

Figure 35 shows the float paths to Project Completion milestone on the updated
program. Float Path 1 was not changed in this update and the delays that occurred
on this path had an impact on the Project Completion milestone by 7 calendar days.
However, Float Path: 2, which contains the created delay event of CD-1: Additional
Work Caused by Error in Setting Out, also delayed the project with a concurrent
effect. Since the total float of the delay event is -1 days, it has an impact on the
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project completion by 1 working day, which pushes the project completion date to
28-Apr-04.

Activity Name Original| Remaining | Physical % | Start Finish Total| |

War 12 | War 21 | Mar 28 | Apr 04 | Apr 11 | Apr 18 | Apr 25 | Way 02 | Way 09
EEINDRAGEED N LGEEDi ERGEE I EhGEE R ERGEE IN Tl GEE IR GEE D R AGEEDRRRGE

16-Mar-04 08:00 A | 04-May-04 16:00 | -4.00

Set Out & Excavate 6.00 3.00 50% | 15-Mar-04 08:00 A 30-Mar-04 16:00  -4.00 ot Out & Excavate
=
Farmwork 5.00 5.00 0% 31-Mar-04 08:00  06-Apr-04 16:00 | -4.00 M - ormwork

Fabrication Reinforcement Bars 10.00 10.00 0% 07-Apr-04 08:00 20-Apr-04 16:00 -4.00 Fabrication Reinfarcement |
Caoncrete Pour 4.00 4.00 0% 21-Apr-04 08-:00  26-Apr-04 16:00  -4.00 Concrete Pour
=
Apply Waterproof Finish 500 500 0% 27-Apr-04 08:00  04-May-04 16:00  -4.00 Apply Wate
Project Completion 0.00 0.00 0% 04-May-04 16:00% | -4.00 Project Con
&
- 23-Mar-04 08:00 A | 24-Mar-04 08:00
CD-1: Additional Work Caused ~ 0.00  0.00 0% 23-Mar-04 08:00 A 24-Mar-04 08:00  -1.00 B CD-1: Additional Work Caused by Error in Setting Out

by Error in Setting Out

ww- 25-Mar-04 16:00 | 25-Mar-04 16:00 w

Information Release 0.00 0.00 0% 25-Mar-04 16:00* | 0.00 § Information Release

Figure 35 Float Paths of Updated Program for Window 7

The results of Window 7 of the delay analysis are shown in a summary format in
Figure 36. In the path from Set Out & Excavate to Project Completion, there is a 7-
calendar-day non-excusable delay coming from Float Path 1. There is also a 1-day
compensable delay in the same path coming from Float Path 2. Due to that, there is
a concurrent effect of a 1-day non-excusable delay and compensable delay on the
Project Completion milestone. Whenever a non-excusable delay and compensable
delay have a concurrent effect, the delay is considered to be an excusable delay,

which gives entitlement to extension of time but no entitlement to prolongation costs.

TIME SLICE WINDOWS ANALYSIS RESULTS - WINDOW 7

Forecast
As- Complet Forecast o\ mulative Delays e g g g oy g g e e g Rog o e o e o s
path Impacted Delay Event Planned Dat © |Complet "i&é“"ﬁ%%%%%‘ﬁ%lﬁlﬁlﬁ‘ﬁﬁlﬁ]
2 Activity Elay Even complet. | 2o Date This 23322 2(2 2| 2| 2| 2| 2 2| 2| 2| 2
pate |V lwindow |Tot| D | €D [NeD|R|R|RIR 2 8| B| 2| 514|584 S5 2

Window,

Set Out & Exc.to |Set Out & CD-1: Add. Work C d
et Out & Exc.to |32t Ou o Work Laused] 27-apr-04|04-May-04|0a-May-04| 7 |0 [ 1 | 6 {_4*“-‘13?”04
Project Comp Excavate by Error in Setting

Info. Release to  |MNo Impact
Project Comp. This Window

Mo Delay This Window | 27-Apr-04 ( 37-Apr-04 |37-Apr-04 | 0 | O (O | ©

-Non-ExcusahleDelav(NED) I:lExcusableDelav(ED] l:lCompensahleDelav[CD) 4 Contractual Project Completion Milestone

Figure 36 Time Slice Windows Analysis Results for Window 7
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3.2.1.8 Window 8 — From 24 March 2004 08:00 to 25 March 2004 08:00

As also shown in Figure 12, the daily progress records for 24-Mar-04 were as

follows:

e The Contractor reported that Set Out & Excavate activity progress is
hampered due to heavy rain and water had to be pumped from excavation.
The cumulative percentage of completed activity is reported as 55%.

e The Contractor reported that the effect of the setting out problem is still

ongoing.

Since the cumulative progress of Set Out & Excavation is 55% and the planned
duration of the activity was 6 days, the earned duration of the activity is calculated
as 3.3 days. Thus, the estimated remaining duration is updated in the program as 2.7
days. As previously discussed, maintaining progress under rainy weather conditions
is the contractual responsibility of the Contractor. This makes the delay attributable

to the Contractor and is therefore a non-excusable delay.

Figure 37 shows the updated program for Window 8. The project completion date is
shifted to 05-May-04, which means there is a delay of 1 calendar day compared to
the previous window, and a delay of 8 calendar days compared to the as-planned
program. The critical delay occurred due to low progress of the Set Out & Excavate
activity caused by rainy weather. Activity related to this non-excusable delay event
can be seen in the updated program as NED-3: Contractor’s Delay on Excavation
Caused by Rain. The delay event is linked with the Set Out & Excavate activity, as

it impacted the progress of excavation.
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Activity Name Original| Remaining | Physical % | Start Finish Total| |

Duration | Duration| Complete Float
= WINDOW 8 L 15-Mar-04 08:00 A | 05-May-04 13:36
Project Commencement 0.00 0.00 100% 15-Mar-04 08:00 A
Set Qut & Excavate 6.00 270 55% 15-Mar-04 08:00A 31-Mar-04 1336  4.70
Farmwork 5.00 5.00 0% 31-Mar-04 13:36 | 07-Apr-04 13:36 470
Information Release 0.00 0.00 0% 25-Mar-04 16:00*  0.00
Fabrication Reinforcement Bars . 10.00 10.00 0% 07-Apr-04 13:36  21-Apr-04 13:36 -4.70
Concrete Pour 4.00 4.00 0% 21-Apr-04 13:36  27-Apr-04 13:36 -4.70
Apply Waterproof Finish 5.00 5.00 0% 27-Apr-04 13:36 | 05-May-04 13:36 4.70
Project Completion 0.00 0.00 0% 05-May-04 13:36*  4.70 o & Project Ca
—, DELAY EVENTS 6.00 0.00 15-Mar-04 08:00 A 25-Mar-04 08:00  -2.00
CD-1: Additional Work Caused 0.00 0.00 0% 23-Mar-04 08:00 A 25-Mar-04 08:00  -2.00 B D-1- Additional Work Caused by Eror'in Setting Qut
by Error in Setting Out
MNED-1: Contractor's Low 0.00 0.00 100% 15-Mar-04 08:00 A 17-Mar-04 08:00 A E MED-1{ Contractor's Low Progress
Progress
MED-2: Contractor's Delay on 0.00 0.00 100% 17-Mar-04 08:00 A | 19-Mar-04 08:00 A .:.i NED{2: Contractor's Delay on Excavation Caused by Rain
Excavation Caused by Rain
NED-3: Contractor's Delay on 000 000  100% 24-Mar-04 0800 A |25-Mar-04 08:00 | -4 70 B NED-3: Contractor's Delay on Excavation Caused by Rair
Excavation Caused by Rain

Figure 37 Updated Program for Window 8

Figure 38 shows the float paths to Project Completion milestone on the updated
program. Float Path 1, which contains NED-3: Contractor’s Delay on Excavation
Caused by Rain, delays the project completion milestone date to 05-May-04, which
means an 8-calendar-day delay compared to the as-planned program. In addition to
that, Float Path 2, which contains the created delay event of CD-1: Additional Work
Caused by Error in Setting Out, delays the project with a concurrent effect. Since the
total float of the delay event is -2 days, it has a 2 working day impact on the schedule.

Activity Name Qriginal | Remaining | Physical % | Start
Duration | Duration

NED-3: Contractor's Delay on 0.00 . 100% 24-Mar-04 08:00 A | 25-Mar-04 08:00

Excavation Caused by Rain

Set Out & Excavate 6.00 270 558% 15-Mar-04 08:00 A 31-Mar-04 13:36

Formwork 5.00 5.00 0% 31-Mar-04 13:36 | 07-Apr-04 13:36

Fabrication Reinforcement Bars | 10.00 10.00 0% 07-Apr-04 13:36 | 21-Apr-04 13:36 -4.70 Fabrication Reinforcement
=

Concrete Pour 4.00 4.00 0% 21-Apr-04 13:36  27-Apr-04 1336  -4.70 Concrete Pour

=

Apply Waterproof Finish 5.00 5.00 0% 27-Apr-04 13:36  05-May-04 13:36  4.70 Apply Wat

Project Completion 0.00 0.00 0% 05-May-04 13:36*  4.70 o ¥ Project Co

CD-1: Additional Work Caused 0.00 0.00 0% 23-Mar-04 08:00 A | 25-Mar-04 08:00  -2.00 B CD-1: Additional Work Caused by Errorin Setting Out

by Error in Setting Out

Information Release 0.00 000 0% 25-Mar-04 16:00* | 0.00 % Information Release

Figure 38 Float Paths of Updated Program for Window 8
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The results of Window 8 of the delay analysis are shown in a summary format in
Figure 39. In the path from Set Out & Excavate to Project Completion, there is an 8-
calendar-day non-excusable delay coming from Float Path 1 caused by delay event
NED-3: Contractor’s Delay on Excavation Caused by Rain. There is also a
compensable delay of 2 calendar days in the same path which is coming from Float
Path 2, caused by delay event CD-1: Additional Work Caused by Error in Setting
Out. Due to that, there is a concurrent effect of a 2-calendar-day non-excusable delay
and compensable delay on the Project Completion milestone. Whenever non-
excusable delay and compensable delay have a concurrent effect, the is considered
to be an excusable delay, which gives entitlement to extension of time but not to

prolongation costs.

TIME SLICE WINDOWS ANALYSIS RESULTS - WINDOW 8

As- Forecast Forecast
Impacted Flanned Camplet. Complet
Path Activity Delay Event Complet. |02t Date This
Date F‘r_e‘”ws Window |Tot|cD | ED NED|
Window

Set Out & Exc. to |Set Out & MNED-3: Contr. Delay B
Rl Onr- B8 3V EKE- | 57 Apr-04|04-May-04(05-May-04| 8 | 0 | 2 | 6 C_DS-Man,r-oa
Project Comp Excavate CD-1: Error in Setting

Info. Release to  |Mo Impact
Project Comp. This Window

Cumulative Delays

27-Apr-04
28-Apr-04
29-Apr-04
30-Apr-04
01-May-04
02-May-04
03-May-04
04-Iay-04
05-May-04
06-May-04
07-May-04
08 May-04
09-May-04
10-May-04
11-May-04
12-May-04
13- May-04

Mo Delay This Window | 27-Apr-04 [ 37-Apr-04 |27-Apr-04 | O | O (O | ©

-Non-Excusable Delay (MED) l:lExcusahle Delay (ED) l:lCompensableDelav(CD) 4 Contractual Project Completion Milestone

Figure 39 Time Slice Windows Analysis Results for Window 8

3.219 Window 9 — From 25 March 2004 08:00 to 30 March 2004 08:00

25-Mar-04 was a working day, and 26-Mar-04, 27-Mar-04, 28-Mar-04 and 29-Mar-
04 were non-working days. As also shown in Figure 12, the daily progress records

for 25-Mar-04 were as follows:

e The Contractor reported that Set Out & Excavate activity progress has been
stopped due to heavy rain water having to be pumped from the excavation.
The cumulative percentage of completed activity is reported as 55%.
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e The Contractor reported that correction measures for the setting out problem
were being continued.

e The Contractor had continued pumping the water out of the excavation
during non-working days.

e Information Release activity, which falls under the responsibility of the
Employer and is related to the release of rebar schedules, has been delayed.
According to the as-planned schedule, the Information Release should have
been done 25-Mar-04.

Since the cumulative progress of Set Out & Excavate is 55% and the planned
duration of the activity was 6 days, the earned duration of the activity is 3.3 days.
Hence, the estimated remaining duration is updated in the program as 2.7 days. As
previously discussed, maintaining progress under rainy weather conditions is the
contractual responsibility of the Contractor. Thus, the delay is attributable to the
Contractor and is categorized as a non-excusable delay. According to the Contract
Document, failure to supply information drawings or details in due time is at the
Employer’s Risk. Due to that, delay on activity of Information Release is defined as

Employer’s delay and the type of the delay is compensable delay.

Figure 40 shows the updated program for Window 9. The project completion date is
shifted to 06-May-04, which means there is a 1-calendar-day delay compared to the
previous window and a delay of 9 calendar days compared to the as-planned
program. The critical delay occurred due to stoppage in Set Out & Excavate activity
caused by heavy rain. Furthermore, a delay event activity is created for Employer’s
delay on Information Release activity as CD-2: Delay in Rebar Schedules Release
and is linked with Information Release activity to be seen in the correct float path to
analyze the impact of the delay on project completion milestone. The relationship
between CD-2: Delay in Rebar Schedules Release delay event and Information
Release activity is created as finish to start plus one day lag to reflect the delay

accurately on Information Release activity which is a milestone.
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Activity Name Original| Remaining | Physical % | Start Finish Total ||

Durat Duration| Complet Fioat| [ Mar 14 | War 21 | War 28 | Apr 04 | Apr 11 | Apr 18 | Apr25 | May 02 | May 09
il il It il 5 R ORG S E R G RN RN GEEDEOR GG U DNGEED OV GEETNONEE
z WINDOW 9 . 15-Mar-04 08:00 A | 06-May-04 13:36
Project Commencement 0.00 0.00 100% 15-Mar-04 08:00 A _é Project Commdncement
Set Out & Excavate 6.00 270 55% 15-Mar-04 08:00 A 01-Apr-04 13:36 570 ot Out & Excavate
=
Formwork 5.00 5.00 0% 01-Apr-04 13:36  08-Apr-04 13:36 | -5.70 Formwork
Infarmation Release 0.00 0.00 0% 30-Mar-04 16:00 | -1.00 3 [P infbrmation Release
Fabrication Reinforcement Bars 10.00 10.00 0% 08-Apr-04 13:36  22-Apr-04 1336 570 Fabrication Reinforcemer
——
Caoncrete Pour 4.00 4.00 0% 22-Apr-04 13:36  28-Apr-04 13:36  -570 Concrete Pour
=
Apply Waterproof Finish 5.00 500 0% 28-Apr-04 13:36  06-May-04 13:36 | -5.70 Apply Wi
Project Completion 0.00 0.00 0% 06-May-04 13:36* | -5.70 . & Project C
_ DELAY EVENTS 6.00 0.00 15-Mar-04 08:00 A 30-Mar-04 08:00  -1.00
CD-1: Additional Work Caused 0.00 0.00 0% 23-Mar-04 08:00 A 30-Mar-04 08:00 -3.00 .:._. CD-1: Additional Work Caused by Error in Setting C
by Error in Setting Qut .
CD-2: Delay in Rebar 0.00 0.00 0% 26-Mar-04 08:00 A 30-Mar-04 03:00 | -1.00 B CD-2: Delay in Rebar Schedules Release
Schedules Release
NED-1: Contractor's Low 0.00 0.00 100% 15-Mar-04 08:00 A 17-Mar-04 08:00 A ! MED-1: Contfactor's Low Progress
Progress
NED-2: Contractor's Delay on 0.00 0.00 100% 17-Mar-04 08:00 A 19-Mar-04 08:00 A =.i MNED-2: Coptractor's Delay on Excavation Caused by Rain
Excavation Caused by Rain
NED-3: Contractor's Delay on 0.00 0.00 100% 24-Mar-04 08:00 A 30-Mar-04 08:00 | -5.70 BN [|ED-3: Contractor's Delay on Excavation Caused b
Excavation Caused by Rain

Figure 40 Updated Program for Window 9

Figure 41 shows the float paths to Project Completion milestone on the updated
program. Float Path 1, which contains NED-3: Contractor’s Delay on Excavation
Caused by Rain, delays the project completion milestone date to 06-May-04 which
means a 9-calendar-day delay compared to the as-planned program. In addition to
that, Float Path 2, which contains delay event of CD-1: Additional Work Caused by
Error in Setting Out, also delays the project with a concurrent effect. Since the total
float of the delay event is -3 days, it has a schedule impact of 3 working days, which
pushes the project completion date to 30-Apr-04. Furthermore, Float Path 3, which
contains the delay event of CD-2: Delay in Rebar Schedules Release, also delays the
project with a concurrent effect. Since the total float of the delay event is -1 days, it
has a schedule impact of 1 working day, which pushes the project completion date
to 28-Apr-04.
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Activity Name Original | Remaining | Physical % | Start

Duration | Duration

15-Mar-04 08:00 A | 06-May-04 13:36 | -5.70

MNED-3: Contractor's Delay an 0.00 0.00 100% 24-Mar-04 08:00 A 30-Mar-04 08:00 570/| HEEEEM wE(3- Contractor's Delay on Excavation Caused b

Excavation Caused by Rain
Set Out & Excavate 6.00 270 55% 15-Mar-04 08:00 A 01-Apr-04 13:36 -5.70 ot Out & Excavate
=
Formwork 5.00 5.00 0% 01-Apr-04 13:36 | 08-Apr-04 1336  -5.70 == Formwork
Fabrication Reinforcement Bars| 10.00)  10.00 0% 08-Apr-04 13:36  22-Apr-04 13:36 570 Fabrication Reinforcemer
Concrete Pour 4.00 4.00 0% 22-Apr-04 13:36  28-Apr-04 13:36 670 Concrete Pour
—

Apply Waterproof Finish 5.00 5.00 0% 28-Apr-04 13:36  06-May-04 13:36  -5.70 Apply W
Project Completion 0.00 0.00 0% 06-May-04 13-36" 670 - &' Project C

w- 00 A | 30-Mar-04 08:00
CD-1: Additional Work Caused 0.00 0.00 0% 23-Mar-04 03:00 A 30-Mar-04 08:00 -3.00 :._E-W: {dditional Work Caused by Error in Setting (
by Error in Setting Out

- 26-Mar-04 08:00 far-04 16:00
CD-2: Delay in Rebar 0.00 0.00 0% 26-Mar-04 08:00 A | 30-Mar-04 08:00  -1.00 CD-2 Pelay in Rebar Schedules Release
Schedules Release
Information Release 0.00 0.00 0% 30-Mar-04 16:00  -1.00 3 d Information Release

Figure 41 Float Paths of Updated Program for Window 9

The results of Window 9 of the delay analysis are shown in a summary format in
Figure 42. In the path from Set Out & Excavate to Project Completion, there is a
9-calendar-day non-excusable delay coming from Float Path 1 that is caused by delay
event NED-3: Contractor’s Delay on Excavation Caused by Rain. Moreover, there
is also a 3-calendar-day compensable delay in the same path, which is coming from
Float Path 2, caused by delay event CD-1: Additional Work Caused by Error in
Setting Out. Due to that, there is a concurrent effect of a 3-calendar-day non-
excusable delay and a compensable delay on the Project Completion milestone.
Whenever a non-excusable delay and a compensable delay have a concurrent effect,
the delay is considered an excusable delay, which gives entitlement to extension of
time but not to prolongation costs. Furthermore, in the path from Information Release
to Project Completion, there is a 1-calendar-day compensable delay which is coming
from Float Path 3, which is caused by delay event CD-2: Delay in Rebar Schedules

Release.
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TIME SLICE WINDOWS ANALYSIS RESULTS - WINDOW 9
Forecast
As- Complet. Forecast  |oymulative pelays| 2| 2| 2| 2| 2| 2| 22| 2| 2| 2| 222|222
path Impacted Delay Event Planned ot Complet Eﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ]
a elay Even ate
Activity v Complet. i Date This NEHEEEEEEEEEEEEEEE
Date Previous |y :ndow |Tot| CD | ED [NED|R| | | &) 2| S| &| 5| 4| 4| 5| 8| |2(2| 3|4
Window
SetFJut&Exc.tD Set Out & NED-S.CUnt_r. De\a_v Exc 27-Apr-02 | 05-May-04| 06-Mzy-04| © olsles C_OE—ME\,I-DQ
Project Comp. Excavate CD-1: Error in Setting
Info. Rel ke Inf ti CD-2: Delay in Reb
nho. ReiEassto | marmatien Ay INRENAT | 27-Apr-04| 27-Apr-04 | 28-Apr-02 | 1 | 1 | 0 | O {IZS—Apr-M-
Project Comp. Release Schedules Release

-Non-ExcusabIe Delay (NED) l:lExcusahle Delay (ED) l:lCompensahleDelav(CD) ’ContractualProjectCompIet’\on Milestone

Figure 42 Time Slice Windows Analysis Results for Window 9

3.2.1.10 Window 10 — From 30 March 2004 08:00 to 31 March 2004 08:00

As also shown in Figure 12, the daily progress records for 30-Mar-04 were as

follows:

e Excavations collapsed due to pump failure. The cumulative percentage of
completed Set Out & Excavate activity dropped from 55% to 40% due to
collapsed excavations.

e Additional work caused by the setting out error was continued. Excavation is
recommenced in the new area.

e Rebar schedules are still not released by the Employer.

The cumulative progress of Set Out & Excavate dropped to 40% and consequently
the earned duration of the activity dropped to 2.4 days. Hence, the estimated
remaining duration of the activity is updated in the program as 3.6 days. According
to the Contract Document, supplying labor, a plant, and materials falls under the
responsibility of the Contractor. Furthermore, maintenance of the plants such as
pumps also falls within the Contractor’s scope of work. Therefore, the delay caused
by pump failure is attributable to the Contractor and the delay type is non-excusable
delay.

Figure 43 shows the updated program for Window 10. The project completion date
is shifted to 10-May-04, which means there is a 4-calendar-day delay compared to

the previous window and a 13-calendar-day delay compared to the as-planned
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program. The critical delay occurred due to the collapsed excavation that affected
the Set Out & Excavate activity. An activity representing this non-excusable delay
event is created as NED-4: Rework Caused by Collapsed Excavation and is linked
with Set Out & Excavate activity to show the cause-and-effect relationship in the
updated program. Furthermore, the effect of delay events CD-1: Additional Work
Caused by Error in Setting Out and CD-2: Delay in Rebar Schedules Release

continues.
Activity Name: Original| Remaining | Physical % | Start i Total| | Tiaria THaraT [Wiars [ Aprod [ Ao 7 | Aarie | Aproe [iiay 0 |Wiay 58
Durati Durat Complet Mar ar hlar pr pr pr pr25 | Ma a!
uren) e ol S G EE 0 GEEDY DR GERDNDUEE0) 01 GEEDR DN GEE D GE BTN U GERUNLAGE
= WINDOW 10 37. i 5-Mar-| 1 10-May-04 1248 |-
Project Commencement . . 100% 15-Mar-04 08:00 A _§ Project Commerjcement
Set Qut & Excavate 6.00 3.60 40% 15-Mar-04 08:00 A | 05-Apr-04 1248 -7.60 ot Out & Excavate
Formwaork 5.00 5.00 0% 05-Apr-04 12:48  12-Apr-04 1248 -7.60 Formwork
Information Release 0.00 0.00 0% 31-Mar-04 16:00  -2.00 . [ informatian Release
Fabrication Reinforcement Bars| 10.00  10.00 0% 12-Apr-04 12:48  26-Apr-04 1248 -7.60 Fabrication Reinforce
—
Concrete Pour 4.00 4.00 0% 26-Apr-04 12:48  30-Apr-04 1248 -7.60 Concrete Pour
—
Apply Waterproof Finish 500 500 0% 30-Apr-04 12:48 10-May-04 12:48  -7.60 Apph
Project Completion 000 0.00 0% 10-May-04 12:48 -7 60 ° & Proje
_ DELAY EVENTS 6.00 0.00 15-Mar-04 08:00 A 31-Mar-04 08:00 -2.00
CD-1: Additional Work Caused | 0.00 0.00 0% 23-Mar-04 08:00 A |31-Mar-04 08:00  -4.00 % CD-1- Additional Work Caused by Emor in Satting
by Error in Setting Out
CD-2: Delay in Rebar 0.00 0.00 0% 26-Mar-04 08:00 A | 31-Mar-04 08:00 -2.00 5 CD-2: Delay in Rebar Schedules Release
Schedules Release
NED-1: Contractor's Low 0.00 0.00 100% 15-Mar-04 08:00 A 17-Mar-04 08:00 A 1:. MED-1: Contractor's Low Progress
Progress
MED-2: Contractor's Delay on 0.00 0.00 100% 17-Mar-04 05:00 A | 19-Mar-04 08:00 A .:.i NED-2: Corftractor's Delay on Excavation Caused by Rain
Excavation Caused by Rain
MNED-3: Contractor's Delay on 0.00 0.00 100% 24-Mar-04 08:00 A 30-Mar-04 08:00 A =.= MED-3: Contractor's Delay on Excavation Caused b
Excavation Caused by Rain
NED-4: Rework Caused by 0.00 0.00 0% 30-Mar-04 08:00 A | 31-Mar-04 08:00  -7.60 B NED-4: Rework Caused by Collapsed Excavation
Collapsed Excavation

Figure 43 Updated Program for Window 10

Figure 44 shows the float paths to Project Completion milestone on the updated
program. Float Path 1, which contains NED-4: Rework Caused by Collapsed
Excavation, delays the Project Completion milestone date to 10-May-04, which
means a 13-calendar-day delay compared to the as-planned program. In addition to
that, Float Path 2, which contains delay event of CD-1: Additional Work Caused by
Error in Setting Out, also delays the project with a concurrent effect. Since the total
float of the delay event is -4 days, it has a schedule impact of 4 working days, which
pushes the project completion date to 04-May-04. Furthermore, Float Path 3, which

contains the delay event of CD-2: Delay in Rebar Schedules Release, also delays the
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project with a concurrent effect. Since the total float of the delay event is -2 days, it
has a schedule impact of 2 working days, which pushes the project completion date
to 29-Apr-04.

Activity Name: Original| Remaining | Physical % | Start

Duration| Duration

15-Mar-04 08:00 A | 10-May-04 12:48 | -7.60

NED-4: Rework Caused by 0.00 0.00 0% 30-Mar-04 08:00 A 31-Mar-04 08:00  -7.60 B NED-4- Rework Caused by Collapsed Excavation
Collapsed Excavation

Set QOut & Excavate 6.00 3.60 40% 15-Mar-04 08:00 A 05-Apr-04 12:48  -7.60 ot Out & Excavate
—
Formwork 500 500 0% 05-Apr-04 12:48  12-Apr-04 1248 -7 60 Formwork

Fabrication Reinforcement Bars 10 00 10.00 0% 12-Apr-04 1248 26-Apr-04 1248 -7 60 = Fabrication Reinforce
Concrete Pour 4.00 4.00 0% 26-Apr-04 12:48  30-Apr-04 12:48 -7.60 Concrete Pour
=

Apply Waterproof Finish 5.00 5.00 0% 30-Apr-04 12:48  10-May-04 12:48  -7.60 Apph
Project Completion 0.00 0.00 0% 10-May-04 12:48*  -7.60 o o Proje
CD-1: Additional Work Caused 0.00 0.00 0% 23-Mar-04 08:00 A 31-Mar-04 08:00 -4.00 I CD-1: Additional Work Caused by Error in Setting
by Error in Setting Out

26-Mar-04 08:00 A | 31-Mar-04 16:00
CD-2: Delay in Rebar A 0.00 0% 26-Mar-04 08:00A 31-Mar-04 08:00  -2.00 CD-2: Delay in Rebar Schedules Release
Schedules Release
Information Release 0.00 0.00 0% 31-Mar-04 16:00  -2.00 . o Information Release

Figure 44 Float Paths of Updated Program for Window 10

The results of Window 10 of the delay analysis are shown in a summary format in
Figure 45. In the path from Set Out & Excavate to Project Completion, there is 13-
calendar-day non-excusable delay which is coming from Float Path 1 caused by
delay event NED-4: Rework Caused by Collapsed Excavation. In addition to that,
there is also a 7-calendar -day compensable delay in the same path which is coming
from Float Path 2 caused by delay event CD-1: Additional Work Caused by Error in
Setting Out. Thus, there is concurrent effect of a 7-calendar-day non-excusable delay
and compensable delay on the Project Completion milestone. Whenever non-
excusable delay and compensable delay have a concurrent effect, the delay is
categorized as an excusable delay, which gives entitlement to extension of time but
not to prolongation costs. Furthermore, in the path from Information Release to
Project Completion, there is a 2-calendar-day compensable delay which is coming
from Float Path 3 caused by delay event CD-2: Delay in Rebar Schedules Release.
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TIME SLICE WINDOWS ANALYSIS RESULTS - WINDOW 10

Forecast
il e S R EE EE EEEEEEE
path Impacted Delay Event Planned Dt Complet. s| 5| 5| 5| & 7| &| 5| 7| &| 5| &| &| 5| &| & &
a elay Even ate
Activity ¥ Complet. - Date This 35 3| 2|12|12|2) 2| 2| 2| 2| 2| 2| 2| 2| 2| =
pate [PV iyindow |Tot| D | ED |NED|R| W RIR S| 8|8 &85 5|84 S5 Y 3
Window

set Put EExc.to [SetOut & MED-4: CDIIa_psed Fxcav. 27-Apr-02 | 06-may-04|10-viay-0e| 13 | 0 | 7 5 04-May-04
Project Comp. Excavate CD-1: Error in Setting

\nfo_. Releaseto |Information |CD-2: Delay in Rebar 27-8pr-02| 28-apr-0a | 26-apr-0a | 2 slolo EIB'APFO‘L
Project Comp. Release Schedules Release

-Non-ExcusahIeDeIay(NED] I:lExcusahleDelay(EDJ l:lCDmpensableDe\a‘,r[CD] ’ContractualProjectCompIetion Milestone

Figure 45 Time Slice Windows Analysis Results for Window 10

3.2.1.11 Window 11 — From 31 March 2004 08:00 to 01 April 2004 08:00

As also shown in Figure 12, the daily progress records for 31-Mar-04 were as

follows:

e Pumping and clearing of collapsed excavation were continued. The
cumulative percentage of completed Set Out & Excavate activity is still
reported as 40%, as excavation work was not yet restarted.

e Additional work caused by the setting out error was continued.

e Rebar schedules are still not released by the Employer.

The cumulative progress of Set Out & Excavate is still 40% and consequently the
earned duration of the activity is 2.4 days. Hence, the estimated remaining duration
of the activity is updated in the program as 3.6 days. All the delay events, which

were effective in the previous window are still affective in this window.

Figure 46 shows the updated program for Window 11. The project completion date
is shifted to 11-May-04, which means there is 1-calendar-day delay compared to the
previous window and a 14-calendar-day delay compared to the as-planned program.
The critical delay occurred due to non-excusable delay event NED-4: Rework
Caused by Collapsed Excavation that affected the Set Out & Excavate activity.
Furthermore, the effect of delay events, CD-1: Additional Work Caused by Error in
Setting Out and CD-2: Delay in Rebar Schedules Release, which caused concurrent

delay to project completion are continued.
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Activity Name Original | Remaining | Physical % | Start Finigh Total| |

Durat Durat Complet Float| []Mar 12 [ Mar 21 | Mar 26 | Apr04 | Apr 11 | Apr 18 | Apr25 | Way 02 | Way 09
pen| een] e B 0 i O GG O EE R = 0N G GEE DN EE NN GEE DN
= WINDOW 11 p 15-Mar-04 08:00 A | 11-May-04 12:48
Project Commencement 0.00 0.00 100% 15-Mar-04 08:00 A 4§ Project Commengement
Set Out & Excavate 6.00 3.60 40% 15-Mar-04 08:00 A | 06-Apr-04 12:458  -8.60 ot Out & Excavate
=
Formwork 5.00 5.00 0% 06-Apr-04 1248 13-Apr-04 12:43 | -8.60 Formwork
—
Information Release 0.00 0.00 0% 01-Apr-04 16:00 | -3.00 o [ ntormbtidn Release
Fabrication Reinforcement Bars| 10.00  10.00 0% 13-Apr-04 12:48  27-Apr-04 12:458 | -8.60 Fabrication Reinforc
Concrete Pour 4.00 4.00 0% 27-Apr-04 1248  04-May-04 12:48 | -8.60 Concrete P
—
Apply Waterproof Finish 500 500 0% 04-May-04 12:48  11-May-04 12:48 860 App
=
Praject Completion 0.00 0.00 0% 1-May-04 12:48% | -8.60 ° 2 Pro
_ DELAY EVENTS 6.00 0.00 15-Mar-04 08:00 A 01-Apr-04 08:00 -3.00
CD-1: Additional Work Caused 0.00 0.00 0% 23-Mar-04 03:00 A 01-Apr-04 08:00 -5.00 CD-1: Additional Work Caused by Error in Setting
by Error in Setting Out
CD-2: Delay in Rebar 0.00 0.00 0% 26-Mar-04 08:00 A 01-Apr-04 08:00 -3.00 =W CD-2: Delay in Rebar Schedules Release
Schedules Release
NED-1: Contractor's Low 0.00 0.00 100% 15-Mar-04 08:00 A 17-Mar-04 08:00 A T.:. MNED-1: Contragtor's Low Progress
Progress
NED-2: Contractor's Delay on 0.00 0.00 100% 17-Mar-04 08:00 A | 19-Mar-04 08:00 A =.i NED-2: Contfactor's Delay on Excavation Caused by Rain
Excavation Caused by Rain
NED-3: Contractor's Delay on 0.00 0.00 100% 24-Mar-04 08:00 A 30-Mar-04 08:00 A .:.= ED-3: Contractor's Delay on Excavation Caused b
Excavation Caused by Rain
NED-4: Rework Caused by 0.00 0.00 0% 30-Mar-04 08:00 A | 01-Apr-04 08:00  -8.60 B NED-4- Rework Caused by Collapsed Excavation
Collapsed Excavation

Figure 46 Updated Program for Window 11

Figure 47 shows the float paths to Project Completion milestone on the updated
program Float Path 1, which contains NED-4: Rework Caused by Collapsed
Excavation, delays the project completion milestone date to 11-May-04, which
means a delay of 14 calendar days compared to the as-planned program. In addition,
Float Path 2, which contains delay event of CD-1: Additional Work Caused by Error
in Setting Out, also delayed the project with a concurrent effect. Since the total float
of the delay event is -5 days, it has a 5-working-day schedule impact, which pushes
the project completion date to 05-May-04. Furthermore, Float Path 3, which contains
delay event of CD-2: Delay in Rebar Schedules Release, also delayed the project
with a concurrent effect. Since the total float of the delay event is -3 days, it has a
3-working-day schedule impact, which pushes the project completion date to 30-
Apr-04.
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Activity Name Qriginal | Remaining | Physical % | Start Finish Total| |
Duration| Duration| Complete Fioat| [[#ar 12 [ War 21 | Mar 28 | Apr04 | Apr 11 | Apr 18 | Apr25 | May 02 | May 09
EINDRGEEDLGEE i B GEEIL DG EE IR i GEE i D GEE IR CRGEEORTA GEEIRDRGE

15-Mar-04 08:00 A | 11-May-04 12:48

NED-4: Rework Caused by 0.00 0.00 0% 30-Mar-04 08:00 A | 01-Apr-04 08:00  -8.60 == NED-4: Rework Caused by Collapsed Excavation
Collapsed Excavation
Set Out & Excavate 6.00 360 40% 15-Mar-04 08:00 A | 06-Apr-04 12:48  -6.60 =9"%at Out & Excavate
Formwork 500 500 0% 0B-Apr-04 12:48 | 13-Apr-04 12:48 | 860 Farmmork
—
Fabrication Reinforcement Bars | 10.00 10.00 0% 13-Apr-04 12:48  27-Apr-04 12:48 -8.60 Fabrication Reinfarc
Concrete Pour 4.00 4.00 0% 27-Apr-04 12:48  04-May-04 12:48  -8.60 Concrete Pi
=
Apply Waterproof Finish 5.00 5.00 0% 04-May-04 12:48  11-May-04 12:45 5.60 Apg
=—
Project Completion 0.00 0.00 0% 11-May-04 12:45*  -5.60 N & Pro
23-Mar-04 08:00 A [ 01-Apr-04 08:00 w
CD-1: Additional Work Caused 0.00 0.00 0% 23-Mar-04 08:00 A 01-Apr-04 08:00 -5.00 N [-1: Adgitional Work Caused by Error in Setting
by Error in Setting Out
- 26-Mar-04 08:00 A | 01-Apr-04 16:00
CD-2: Delay in Rebar 000 000 0% 26-Mar-04 08:00 A | 01-Apr-04 08:00 | -3.00 B 02 Delay in Rebar Schedules Release
Schedules Release
Infarmation Release 0.00 0.00 0% 01-Apr-04 16:00 -3.00 . 2 Information Release

Figure 47 Float Paths of Updated Program for Window 11

The results of Window 11 of the delay analysis are shown in a summary format in
Figure 48. In the path from Set Out & Excavate to Project Completion, there is a 14-
calendar-day non-excusable delay coming from Float Path 1 caused by delay event
NED-4: Rework Caused by Collapsed Excavation. There is also an 8-calendar-day
compensable delay in the same path coming from Float Path 2 caused by delay event
CD-1: Additional Work Caused by Error in Setting Out. Thus, there is a concurrent
effect of an 8-calendar-day non-excusable delay and compensable delay on the
Project Completion milestone. Whenever non-excusable delay and compensable
delay have a concurrent effect, the delay is categorized as an excusable delay.
Furthermore, in the path from Information Release to Project Completion, there is a
3-calendar-day compensable delay coming from Float Path 3 caused by delay event
CD-2: Delay in Rebar Schedules Release.
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TIME SLICE WINDOWS ANALYSIS RESULTS - WINDOW 11

Forecast
As- Forecast

Complet cumutesive oelovs| 3| 3| 313)3| 3| 3| 3| 3(3)3) 3| 3/ 3| 3| 3|3

path Impacted Delay Evert Planned Dat Complet. =| 5| 5| 5| 3| &| & 5| 5| &| B| | & 5| 5] &| &l
al ela VEn ate

Activity v complet. i Date This 7155 22| 2|2\ 2| 2| 2| 2| 2| 2| 2| 2| 2|2

Date |2V l\indow |Tot|CD | ED |NED| S| R| R 2|2 235155\ 8|S) 3|2 %|D

Window

Set Out & Exc.to [Set Out & MNED-4: Coll d E: .
€t DUt & Bxe fo ot Bu OUIEPSEd BXCAY- | 37-Apr-04|10-May-0¢|11-May-0¢| 14 | 0 | 8 | 6 05-May-04
Project Comp Excavate CD-1: Error in Setting

Info. Rel t Inf ti CD-2: Delay in Reb
ne-Releasete | information SRYINRERAr 5 Apr-04|29-Apr-04 |30-8pr-02| 3 | 3 |0 |0 Clso—Apr-M
Project Comp Release Schedules Release

-Non-Excusah\e Delay (MED) l:lEm:usable Delay (ED) I:lCDmpensable Delay (CD) ’ Contractual Project Completion Milestone

Figure 48 Time Slice Windows Analysis Results for Window 11

3.2.1.12  Window 12 — From 01 April 2004 08:00 to 02 April 2004 08:00

As also shown in Figure 12, the daily progress records for 01-Apr-04 were as

follows:

e Good progress was achieved on Set Out & Excavate activity. The cumulative
percentage of completed activity is reported by the Contractor as 55%.

e Additional work caused by setting out error were continued. Formwork to fill
the redundant excavation is carried out.

e Rebar schedules are still not released by the Employer.

The cumulative progress of Set Out & Excavate is 55% and consequently the earned
duration of the activity is 3.3 days. Hence, the estimated remaining duration of the
activity is updated in the program as 2.7 days.

Figure 49 shows the updated program for Window 12. The project completion date
is kept as 11-May-04, which means there is no delay compared to the previous
window, and a 14-calendar-day delay compared to the as-planned program. Hence,
there is no delay in the critical path in this window. In addition to that, the effect of
delay events, CD-1: Additional Work Caused by Error in Setting Out and CD-2:
Delay in Rebar Schedules Release, that caused concurrent delay are continued.
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Activity Name Qriginal | Remaining | Physical % | Start Finish Total| |

Durston| Duration| Complete Fioat| []Mar 12 [ Mar 21 | Mar 28 | Apr04 | Apr 11 | Apr 18 | Apr25 | May 02 | May 09
’ EENDRGEEININGEE DI ENGEE ILOCEE D kN GEE D KN GEEIN DRGEE AT GEE LD HEE!
= WINDOW 12 38. 3 15-Mar-04 08:00 A | 11-May-04 13:36  |-8.70
Project Commencement 0.00 0.00 100% 15-Mar-04 08:00 A _§ Praject Commencgment
Set Out & Excavate 6.00 270 558% 15-Mar-04 08:00 A 06-Apr-04 13:36 870 st Out & Excavate
=
Formwork 500 500 0% 06-Apr-04 13:36 | 13-Apr-04 13:36 | -8.70 Formwork
=
Information Release 0.00 0.00 0% 02-Apr-04 16:00 -4.00 . b, Information Release
Fabrication Reinforcement Bars| 10.00  10.00 0% 13-Apr-04 13:36  27-Apr-04 1336  -8.70 Fabrication Reinforc
Concrete Pour 4.00 4.00 0% 27-Apr-04 13:36  04-May-04 13:36  -6.70 Concrete P
=
Apply Waterproof Finish 5.00 5.00 0% 04-May-04 13:36  11-May-04 13:36  -8.70 Apg
Project Completion 0.00 0.00 0% 11-May-04 13:36* | -8.70 o Pro
_, DELAY EVENTS 6.00 0.00 15-Mar-04 08:00 A 02-Apr-04 08:00  -4.00
CO-1: Additional Work Caused|  0.00 0.0 0% 23-Mar-04 08:00 A | 02-Apr-04 08:00 | -6.00 % CD-1: Additional Work Caused by Error in Settir
by Error in Setting Out
CD-2: Delay in Rebar 000 000 0% 26-Mar-04 08:00 A | 02-Apr-04 08:00 | 400 NS CD-2: Delay in Rebar Schedulés Release
Schedules Release
NED-1: Contractor's Low 0.00 0.00 100% 15-Mar-04 08:00 A 17-Mar-04 08:00 A E MNED-1: Contractjor's Low Prograss
Progress
NED-2: Contractor's Delay on 0.00 0.00 100% 17-Mar-04 08:00 A | 19-Mar-04 08:00 A .:.i MED-2: Contrgctor's Delay on Excavation Caused by Rain
Excavation Caused by Rain
NED-3: Contractor's Delay on 0.00 0.00 100% 24-Mar-04 08:00 A 30-Mar-04 08:00 A .:.E NED-3: Contractor's Delay on Excavation Caused b
Excavation Caused by Rain
NED-4: Rework Caused by 0.00 0.00 100% 30-Mar-04 08:00 A | 01-Apr-04 08:00 A .:.i MNED-4: Rework Caused by Collapsed Excavation
Collapsed Excavation

Figure 49 Updated Program for Window 12

Figure 50 shows the float paths to Project Completion milestone on the updated
program. Float Path 1 delays the Project Completion milestone date to 11-May-04,
which means a 14-calendar-days delay compared to the as-planned program. In
addition to that, Float Path 2, which contains the delay event of CD-1: Additional
Work Caused by Error in Setting Out, also delays the project with a concurrent effect.
Since the total float of the delay event is -6 days, it has a 6-working-day schedule
impact which pushes the project completion date to 06-May-04. Furthermore, Float
Path 3, which contains the delay event of CD-2: Delay in Rebar Schedules Release,
also delays the project with a concurrent effect. Since the total float of the delay
event is -4 days, it has a 4-working-day schedule impact, which pushes the project

completion date to 04-May-04.
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Activity Name Original | Remaining | Physical % | Start Finish Total| |

Apr 04 | Apr 11 | Apr 18 | Apr2s | lay 02 | May 09
GEE DN DRGEE R E GEE i lE GEEILDREGEEREAGEERDRGE

Duration| Duration| Complete Float | || Mar 14 | Mar 21 | Mar 2;
EEIIWEEEEWEEEEEEEEE

15-Mar-04 08:00 A | 11-May-04 13:36 | -8.70

Set Out & Excavate 6.00 2.70 55% 15-Mar-04 08:00 A | 06-Apr-04 13:36 -8.70 ot Out & Excavate
=
Farmwork 500 500 0% 06-Apr-04 13:36 13-Apr-04 13:36 870 Formwork
—
Fabrication Reinforcement Bars | 10.00 10.00 0% 13-Apr-04 13:36 | 27-Apr-04 13:36 -8.70 Fabrication Reinforc

Concrete Pour 4.00 4.00 0% 27-Apr-04 13:36  04-May-04 13:36  -8.70

Concrete P

Apply Waterproof Finish 5.00 5.00 0% 04-May-04 13:36  11-May-04 13:36  -8.70
Project Completion 0.00 0.00 0% 11-May-04 13:36*  -8.70

CD-1: Additional Work Caused 0.00 0.00

by Error in Setting Out
S

CD-2: Delay in Rebar 0.00 0.00
Schedules Release

Infarmation Release 0.00 0.00 0% 02-Apr-04 16:00 -4.00

. CD-1: Additional Work Caused by Error in Settir

CD-2: Ddlay in Rebar Schedules Release

»
Information Release

Figure 50 Float Paths of Updated Program for Window 12

The results of Window 12 of the delay analysis are shown in a summary format in
Figure 51. In the path from Set Out & Excavate to Project Completion, there is a 14-
calendar-day non-excusable delay coming from Float Path 1. There is also a
9-calendar-day compensable delay in the same path which is coming from Float Path
2 caused by delay event CD-1: Additional Work Caused by Error in Setting Out. Due
to that, there is a concurrent effect of a 9-calendar-day non-excusable delay and
compensable delay on the project completion milestone. Whenever non-excusable
delay and compensable delay have a concurrent effect, the delay is considered to be
an excusable delay, which gives entitlement to extension of time but not to
prolongation costs. Furthermore, in the path from Information Release to Project
Completion, there is 7-calendar-day compensable delay which is coming from Float
Path 3 caused by delay event CD-2: Delay in Rebar Schedules Release.

TIME SLICE WINDOWS ANALYSIS RESULTS - WINDOW 12

Forecast
As- Complet Forecast |cumulative pelays| 2| 2| 2| 2| 2| 2| 22| 2| 2| 2| 222|222
path Impacted Delay Event Planned Dat Complet aaaag%%ggg%%gg%%m
@ Activity clay bven Complet. PE < Date This R HEERE
Date “';fw:'us window |Tot|CD | ED [NED|wi M|~ @ B 5| S| S| 5| 8|5 8| 8| 2|3 5|2

indow

Set Flut & Exc.to |Set Out & CD-1: Adt_:l. Wor_k Caused 27-Apr-04 | 11-May-04| 11-May-04| 12 | 0 | 9 | 5 06-May-04
Project Comp. Excavate by Error in Setting

Info. Rel ke Inf ti CD-2: Delay in Reb

nio-Releassto | infermation SEYINFERAT 57 mpr-02| 30-Apr-04 [0a-May-04| 7 | 7 [0 | 0 :|04—May-04
Project Comp. Release Schedules Release

-Nnn-ExcusahIe Delay (NED) l:lExcusahle Delay (ED) :CnmpensahleDelav(CD) ’ContractualPrnjectCnmpIetmn Milestone

Figure 51 Time Slice Windows Analysis Results for Window 12
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3.2.1.13 Window 13 — From 02 April 2004 08:00 to 05 April 2004 08:00

02-Apr-04 was a working day, and 03-Apr-04 and 04-Apr-04 were non-working
days. As also shown in Figure 12, the daily progress records for 02-Apr-04 were as

follows:

e Good progress maintained in excavation work despite rainy weather. The
cumulative percentage of completed Set Out & Excavate activity is reported
by the Contractor as 70%.

e Additional work caused by the setting out error has been completed. Mass
concrete fill to redundant excavation is performed.

e Rebar schedules are still not released by the Employer.

The cumulative progress of Set Out & Excavate is 70% and consequently the earned
duration of the activity is 4.2 days. Hence, the estimated remaining duration of the

activity is updated in the program as 1.8 days.

Figure 52 shows the updated program for Window 13. The project completion date
is kept as 11-May-04, which means there is no delay compared to the previous
window and a 14-calendar-day delay compared to the as-planned program. Hence,
there is no delay in the critical path in this window. In addition, the effect of delay
events, CD-1: Additional Work Caused by Error in Setting Out and CD-2: Delay in
Rebar Schedules Release, which caused concurrent delay to project completion, are
continued in this window. Even though additional work caused by an error in setting
out was completed on 02-Apr-04, to see the effect of it on the float path in this
window, the delay event activity is closed on 05-Apr-04 since effect of this delay

event began to not be felt on the project on 05-Apr-04.
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Activity Name Original | Remaining | Physical % | Start Finish Total| |

Durat Durat e Fioat| [[1#ar 14 | War 21 | War 26 | Apr 04 | Apr 11 | Apr 18 | Apr 25 | May 02 | Way 09
s eeen] e i 0 i i DL O EE R 03 G GEE DN SR BN GEEDION G
= WINDOW 13 5 15-Mar-04 08:00 A | 11-May-04 14:24
Project Commencement 0.00 0.00 100% 15-Mar-04 08:00 A _§ Project Commencemdnt
Set Out & Excavate 6.00 1.80 70% 15-Mar-04 08:00 A 06-Apr-04 14:24  -8.80 ot Out & Excavate
Formwork 5.00 5.00 0% 06-Apr-04 14:24 | 13-Apr-04 14:24 | 8.80 Formwork
Information Release 0.00 0.00 0% 05-Apr-04 16:00 | -5.00 o o[ Birfermation Releass
Fabrication Reinforcement Bars| 10.00  10.00 0% 13-Apr-04 14:24  27-Apr-04 14:24 880 Fabrication Reinforc
Caoncrete Pour 4.00 4.00 0% 27-Apr-04 14:24  04-May-04 14:24 880 Concrete P
=—
Apply Waterproof Finish 5.00 5.00 0% 04-May-04 14:24  11-May-04 14:24  -3.80 ApE
=
Project Completion 0.00 0.00 0% 11-May-04 14:24* | -8.80 ° Pro
. DELAY EVENTS 6.00 0.00 15-Mar-04 08:00 A 05-Apr-04 08:00  -5.00
CD-1: Additional Work Caused | 0.00 0.00 0% 23-Mar-04 03:00 A | 05-Apr-04 08:00 | -7.00 1) 1 Additional Work Caused by Error in Se
by Error in Setting Out L]
CD-2: Delay in Rebar 0.00 0.00 0% 26-Mar-04 08:00 A | 05-Apr-04 08:00 -5.00 I D2 Delay in Rebar Schedules Release
Schedules Release
NED-1: Contractor's Low 0.00 0.00 100% 15-Mar-04 08:00 A 17-Mar-04 08:00 A ?.:. NED-1: Contractor'y Low Progress
Progress
NED-2: Contractor's Delay on 0.00 0.00 100% 17-Mar-04 08:00 A | 19-Mar-04 08:00 A :.i NED-2: Contractqr's Delay on Excavation Caused by Rain
Excavation Caused by Rain
NED-3: Contractor's Delay on 0.00 0.00 100% 24-Mar-04 08:00 A 30-Mar-04 08:00 A .:.ﬁ NED{3: Contractor's Delay on Excavation Caused b
Excavation Caused by Rain
NED-4: Rework Caused by 0.00 0.00 100% 30-Mar-04 08:00 A | 01-Apr-04 08:00 A .:.i MNED-4: Rework Caused by Collapsed Excavation
Collapsed Excavation

Figure 52 Updated Program for Window 13

Figure 53 shows the float paths to Project Completion milestone on the updated
program. Float Path 1 delays the Project Completion milestone date to 11-May-04,
which means a 14-calendar-day delay compared to the as-planned program. In
addition to that, Float Path 2, which contains delay event of CD-1: Additional Work
Caused by Error in Setting Out, also delays the project with a concurrent effect. Since
the total float of the delay event is -7 days, it has a 7-working-day schedule impact
which pushes the project completion date to 07-May-04. Furthermore, Float Path 3,
which contains delay event of CD-2: Delay in Rebar Schedules Release, also delays
the project with a concurrent effect. Since the total float of the delay event is -5 days,
it has a 5-working-day schedule impact which pushes the project completion date to
05-May-04.
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Activity Name Qriginal | Remaining | Physical % | Start

Duration | Duration

15-Mar-04 08:00 A | 11-May-04 14:24 | -8.80

Set Out & Excavate 6.00 70% 15-Mar-04 08:00 A | 06-Apr-04 14:24
Formwork 5.00 5.00 0% 06-Apr-04 14:24  13-Apr-04 14:24
Fabrication Reinforcement Bars 10.00 10.00 0% 13-Apr-04 14:24  27-Apr-04 14:24
Caoncrete Pour 4.00 4.00 0% 27-Apr-04 14:24  04-May-04 14:24
Apply Waterproof Finish 5.00 5.00 0% 04-May-04 14:24  11-May-04 14:24
Project Completion 0.00 0.00 0% 1-May-04 14:24% | -3
mm- 23-Mar-04 08:00 A | 05-Apr-04 08:00

g_CD-W Additional Work Caused by Error in S¢

CD-1: Additional Work Caused 0.00 0.00 0% 23-Mar-04 08:00 A 05-Apr-04 08:00

7.00
by Error in Setting Out
w- 26-Mar-04 08:00 A [ 05-Apr-04 16:00 w

CD-2: Delay in Rebar 0.00 0.00 0% 26-Mar-04 08:00 A | 05-Apr-04 08:00 -5.00 — CD-2{ Delay in Rebar Schedules Release
Schedules Release
Information Release 0.00 0.00 0% 05-Apr-04 16:00 | -5.00 o & T Information Release

Figure 53 Float Paths of Updated Program for Window 13

The results of Window 13 of the delay analysis are shown in a summary format in
Figure 54. In the path from Set Out & Excavate to Project Completion, there is a 14-
calendar-day non-excusable delay coming from Float Path 1. There is also a
10-calendar-day compensable delay in the same path which is coming from Float
Path 2, which is caused by delay event CD-1: Additional Work Caused by Error in
Setting Out. Due to that, there is a concurrent effect of a 10-calendar-day non-
excusable delay and compensable delay on the project completion milestone.
Whenever non-excusable delay and compensable delay have a concurrent effect, the
delay type is considered as an excusable delay, which gives entitlement to extension
of time but not prolongation costs. Furthermore, in the path from Information
Release to Project Completion, there is 8-calendar-day compensable delay coming

from Float Path 3 caused by delay event CD-2: Delay in Rebar Schedules Release.

TIME SLICE WINDOWS ANALYSIS RESULTS - WINDOW 13
Forecast
e s e E R E EEEE EE EEEIE
Impacted Planned Complet. =| 5| 5| 5| &| &| 5| & 3| 5| 5| &| &| B| B B &
Path o Delay Event Date _ Il x| 2| =
Activity Complet. i Date This HNEEE 22|22 2|2|2|2| 22|22 2
pate |7 liyingow |Tot|CD | ED |NED| NI R B 5| S 83| 5| 5| 58| E|2| |82
Window
SetFJut&Exc to [Set Out & Ch-1 Adt_:l. Wor_kCaused 27-apr-0a|11-May-04|11-vzy-0a| 12 | 0 | 10| a + D?—Mav-m-
Project Comp. Excavate by Error in Setting
Info. Rel i Inf ti CD-2: Delay in Reb
nre.Heleaseto information SlEvInRERAT | 57 apr-04|04-May-04|05-May-04| B | 8 | 0 | 0 :los—wlay-m
Project Comp Release Schedules Release

-Non-ExcusabIe Delay (MED) l:lExcusahle Delay (ED) :Compensahle Delay (CD) . Contractual Project Completion Milestone

Figure 54 Time Slice Windows Analysis Results for Window 13
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3.2.1.14 Window 14 — From 05 April 2004 08:00 to 06 April 2004 08:00

As also shown in Figure 12, the daily progress records for 05-Apr-04 were as

follows:

e The cumulative percentage of completed Set Out & Excavate activity is
reported by the Contractor as 85%.

e Rebar schedules are still not released by the Employer.

The cumulative progress of Set Out & Excavate is 85% and consequently the earned
duration of the activity is 5.1 days. Hence, the estimated remaining duration of the
activity is updated in the program as 0.9 days.

Figure 55 shows the updated program for Window 14. The project completion date
is kept as 11-May-04, which means there is no delay compared to the previous
window, and a delay of 14 calendar days compared to the as-planned program.
Hence, there is no delay in the critical path in this window. Furthermore, the work
related to delay event of CD-1: Additional Work Caused by Error in Setting Out are
completed and there is no effect on the project completion date due to this delay
event in this window. In addition, the effect of delay event CD-2: Delay in Rebar
Schedules Release that caused a concurrent delay to project completion is continued

in this window.

Figure 56 shows the float paths to the Project Completion milestone on the updated
program. Float Path 1 delays the Project Completion milestone date to 11-May-04,
which means a delay of 14 calendar days compared to the as-planned program. In
addition to that, Float Path 2, which contains the delay event of CD-2: Delay in Rebar
Schedules Release, also delays the project with a concurrent effect. Since the total
float of the delay event is -6 days, it has a 6-working-day schedule impact, which

pushes the project completion date to 06-May-04.
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Activity Name Qriginal | Remaining | Physical % | Start Finish Total| |
Duration| Duration| Complete Float

25

War 14 | War 21 | Mar 28 | Apr 04 | Apr 11 | Apr 18 | Apr25 | Hay 02 | May 09
EENRDRGEEININGEE D i ENGEE Ik NG EE D kN GEE D KN GEEIN DRGEE AT GEE LT HEE!

= WINDOW 14 . 15-Mar-04 08:00 A | 11-May-04 15:12
Project Commencement 0.00 0.00 100% 15-Mar-04 08:00 A _§ Praject Commencemerjt
Set Out & Excavate 6.00 090 85% 15-Mar-04 08:00 A 06-Apr-04 15:12 890 $et Out & Excavate
Formwork 500 500 0% 06-Apr-04 15:12 | 13-Apr-04 1512 | -8.90 Formwork
= :
Infarmation Release 0.00 0.00 0% 06-Apr-04 16:00 -6.00 . o & mation Release
Fabrication Reinforcement Bars| 10.00  10.00 0% 13-Apr-04 1512 27-Apr-04 1512  -8.90 Fabrication Reinforc
Concrete Pour 4.00 4.00 0% 27-Apr-04 15:12  04-May-04 15:12 | -5.90 Concrete P
=
Apply Waterproof Finish 5.00 5.00 0% 04-May-04 15:12  11-May-04 15:12  -5.90 Apt
Project Completion 0.00 0.00 0% 11-May-04 15:12* | -8.90 o Pro
_, DELAY EVENTS 6.00 0.00 15-Mar-04 08:00 A 06-Apr-04 08:00  -6.00
CD-1° Additional Work Caused 0.0 000  100% 23-Mar-04 08-00 A |05-Apr-04 08-00 A %E{M: Additional Waork Caused by Error in St
by Error in Setting Out
CD-2° Delay in Rebar 0.00 000 0% 26-Mar-04 08:00 A | 06-Apr-04 08:00 | 600 I [)-7- Delay in Rebar Schedules Release
Schedules Release
NED-1: Contractor's Low 0.00 0.00 100% 15-Mar-04 08:00 A 17-Mar-04 08:00 A E MED-1: Contractors [ow Progress
Progress
NED-2: Contractor's Delay on 0.00 0.00 100% 17-Mar-04 08:00 A | 19-Mar-04 08:00 A .:.i MED-2: Contractors Delay on Excavation Caused by Rain
Excavation Caused by Rain
NED-3: Contractor's Delay on 0.00 0.00 100% 24-Mar-04 08:00 A 30-Mar-04 08:00 A .:.E NED-3: Contractor's Delay on Excavation Caused b
Excavation Caused by Rain
NED-4: Rework Caused by 0.00 0.00 100% 30-Mar-04 08:00 A | 01-Apr-04 08:00 A .:.i MNED-4: Rework Caused by Collapsed Excavation
Collapsed Excavation

Figure 55 Updated Program for Window 14

Activity Name Original | Remaining | Physical % | Start

Duration

38.90 15-Mar-04 08:00 A

Set Out & Excavate 6.00 85% 15-Mar-04 03:00 A 06-Apr-04 15:12
Formwork 5.00 5.00 0% 06-Apr-04 15:12 13-Apr-04 15:12
Fabrication Reinforcement Bars  10.00 10.00 0% 13-Apr-04 1512 27-Apr-04 15:12
Concrete Pour 4.00 4.00 0% 27-Apr-04 1512 04-May-04 15:12
Apply Waterproof Finish 5.00 500 0% 04-May-04 15:12  11-May-04 15:12
Project Completion 0.00 0.00 0% 1-May-04 15:12*
I
CD-2: Delay in Rebar 0.00 0.00 0% 26-Mar-04 08:00 A 06-Apr-04 05:00 — CD - Delay in Rebar Schedules Release
Schedules Release ‘ﬁ :
Information Release 0.00 0.00 0% 06-Apr-04 16:00 | -6.00 o ‘l:n_fnrmatinn Release

Figure 56 Float Paths of Updated Program for Window 14

The results of Window 14 of the delay analysis are shown in a summary format in
Figure 57. In the path from Set Out & Excavate to Project Completion, there was no
delay in this window and the results are reported the same as in the previous window.
In addition, in the path from Information Release to Project Completion, there is a
9-calendar-day compensable delay coming from Float Path 3 caused by delay event

CD-2: Delay in Rebar Schedules Release.
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TIME SLICE WINDOWS ANALYSIS RESULTS - WINDOW 14

Forecast
b | e [P cumuiaive Delavs| 3] 3( 3/ 331313 3 3] 2 8] 313] 3] 3 2| 2
path Impacted Delay Evert Planned Dat Complet. = 5| 5| a| & 5| 3| 5| 5| &| &| 5| 5| 5| 5| &| &
a ela Ven ate
Activity v Complet. Previ Date This e e e e e e e e e dEJ 2| Z2|Z2|2|2
Date TEVIOUS \yindow  |Tot| €D | ED [NED| || & @ 3| 3| 2| 2| 5| 8] 5|2 2| 2| 2| 2|2
Window,
Set Out & Exc.to |Set Out &
S No Delay This Window |27-Apr-04|11-May-04|11-May-04| 12| 0 |10 4 + 0?-May-04-
Project Comp Excavate
Info. Rel t Infi i CD-2: Delay in Reb
S ElayINREDAr | 57 Apr-04|05-May-04|06-May-04| 3 | 2 [0 | 0 :IUE—May-m
Project Comp. Release Schedules Release

-Non-ExcusahleDe\av[NED] l:lExcusahle Delay (ED) l:lCompensahleDe\av[CD] 4 Contractual Project Completion Milestone

Figure 57 Time Slice Windows Analysis Results for Window 14

3.2.1.15 Window 15 - From 06 April 2004 08:00 to 07 April 2004 08:00

As also shown in Figure 12, the daily progress records for 06-Apr-04 were as

follows:

e Excavations completed. The cumulative percentage of completed Set Out &
Excavate activity is reported by the Contractor as 100%.

e Rebar schedules are still not released by the Employer.

Figure 58 shows the updated program for Window 15. The project completion date
is kept as 11-May-04, which means there is no delay compared to the previous
Window and a delay of 14 calendar days compared to the as-planned program.
Hence, there is no delay in the critical path in this window. The Set Out & Excavate
activity is completed, and Formwork activity is ready to be started. In addition to
that, the effect of delay event CD-2: Delay in Rebar Schedules Release that caused

concurrent delay to project completion is continued in this window.

Figure 59 shows the float paths to Project Completion milestone on the updated
program. Float Path 1 delays the project completion milestone date to 11-May-04,
which means a 14-calendar-day delay compared to the as-planned program. In
addition, Float Path 2, which contains delay event of CD-2: Delay in Rebar
Schedules Release, also delays the project with a concurrent effect. Since the total
float of the delay event is -7 days, it has a 7-working-day schedule impact, which

pushes the project completion date to 07-May-04.
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Activity Name

Original | Remaining | Physical %

= WINDOW 15 . 15-Mar-04 08:00 A
Project Commencement 0.00 0.00 100% 15-Mar-04 08:00 A 4§ Project Commencement]
Set Out & Excavate 6.00 0.00 100% 15-Mar-04 08:00 A | 06-Apr-04 16:00 A ot Out & Excavate
Formwork 5.00 5.00 0% 07-Apr-04 08:00 | 13-Apr-04 16:00 | -9.00 Formwork
Information Release 0.00 0.00 0% 07-Apr-04 16:00 | -7.00 o ¥ totmation Release
Fabrication Reinforcement Bars| 10.00  10.00 0% 14-Apr-04 08:00  27-Apr-04 16:00  -9.00 Fabrication Reinfort
Concrete Pour 4.00 4.00 0% 28-Apr-04 08:00  04-May-04 16:00 | -9.00 Concrete P
—
Apply Waterproof Finish 5.00 500 0% 05-May-04 08:00 | 11-May-04 16:00 | -9.00 Apt
=
Praject Completion 0.00 0.00 0% 11-May-04 16:00% | -9.00 o Pro
_ DELAY EVENTS 6.00 0.00 15-Mar-04 08:00 A 07-Apr-04 08:00 -7.00
CD-1: Additional Work Caused  0.00 0.00  100% 23-Mar-04 08:00 A | 05-Apr-04 08:00 A m— "1} 1 Additional Work Caused by Error in Se
by Error in Setting Out
CD-2: Delay in Rebar 0.00 0.00 0% 26-Mar-04 08:00 A 07-Apr-04 08:00 -7.00 N cD-2: Delay in Rebar Schedules Release
Schedules Release
-1: Contractor's Low X . o 15-Mar-l A -Mar- i = -1: Contractor's Lpw Progress
NED-1: G s Lt 0.00 0.00 100% 15-Mar-04 08:00 A | 17-Mar-04 08:00 A | B nED 1 C ’s Lpw P
Progress
NED-2: Contractor's Delay on 0.00 0.00 100% 17-Mar-04 08:00 A | 19-Mar-04 08:00 A =.i NED-2: Contractor's Delay on Excavation Caused by Rain
Excavation Caused by Rain
NED-3: Contractor's Delay on 0.00 0.00 100% 24-Mar-04 08:00 A 30-Mar-04 08:00 A .:.= NED-3:| Contractor's Delay on Excavation Caused b
Excavation Caused by Rain
NED-4: Rework Caused by 0.00 0.00 100% 30-Mar-04 08:00 A | 01-Apr-04 08:00 A .:.i NED4: Rework Caused by Collapsed Excavation
Collapsed Excavation

Figure 58 Updated Program for Window 15

Activity Name Original | Remaining | Physical % | Start

Duration | Duration

11-May-04 16:00

Formwork 0% 07-Apr-04 05:00 13-Apr-04 16:00

Fabrication Reinforcement Bars ' 10.00 10.00 0% 14-Apr-04 058:00  27-Apr-04 16:00

Concrete Pour 4.00 4.00 0% 28-Apr-04 08:00 | 04-May-04 16:00
Apply Waterproof Finish 5.00 5.00 0% 05-May-04 08:00 | 11-May-04 16:00
Project Completion 0.00 0.00 0% 11-May-04 16:00%

ESCE

CD-2: Delay in Rebar 0.00 0.00 0% 26-Mar-04 08:00 A 07-Apr-04 08:00 -7.00 CD-P: Delay in Rebar Schedules Release
Schedules Release

Infarmation Release 0.00 0.00 0% 07-Apr-04 16:00 -7.00 g Information Release

@

Figure 59 Float Paths of Updated Program for Window 15

The results of Window 15 of the delay analysis are shown in a summary format in
Figure 60. In the path from Set Out & Excavate to Project Completion, there was no
delay in this window and the results are reported the same as those of the previous
window. In addition, in the path from Information Release to Project Completion,
there is a compensable delay of 10 calendar days coming from Float Path 3, which

is caused by delay event CD-2: Delay in Rebar Schedules Release.
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TIME SLICE WINDOWS ANALYSIS RESULTS - WINDOW 15

Forecast
il e R B EEE R EE EEEEEE
path Impacted Delay Event Planned st Complet = s| 5| 5| 5| #| | 5| 7| & & | &| 5| &| 5| &
a elay Even ate
Activity v Complet. | % Date This 313121212121313131212 3131212 2 2
Date m::ev‘;uus Window |Tot|CD | ED [NED|~i| [ | Bl S| 8| 2| 88| 5| B 8|2 2| 2|2
indow

Set Out & Exc.to |Set Qut &

N Mo Delay This Window |27-Apr-04 (11-May-04|11-May-04| 14 | O (10| 4
Project Comp. Excavate

*

27-Apr-04 |06-May-04|07-May-04| 10 |10 | O | O * ‘OT—Ma\,r-Od

Info. Releaseto  |Information |CD-2: Delay in Rebar
Project Comp. Release Schedules Release

-Non-ExcusahIe Delay (MED) l:lExcusahle Delay (ED) l:lCompensahleDelav(CD) ’ContractualProjectCompIet'\on Milestone

Figure 60 Time Slice Windows Analysis Results for Window 15

3.2.1.16 Window 16 — From 07 April 2004 08:00 to 08 April 2004 08:00

As also shown in Figure 12, the daily progress records for 07-Apr-04 were as

follows:

e Formwork activity started with 2 workers. The cumulative percentage of
completed Formwork activity is reported by the Contractor as 15%.

e The Contractor provided test data for Admix, which the Employer considers
to be used in the concrete for waterproofing, is provided to Employer.

e Rebar schedules are still not released by the Employer.

Since the cumulative progress of Formwork activity is 15% and the planned duration
of the activity was 5 days, the earned duration of the activity is 0.75 days. Hence, the
estimated remaining duration is updated in the program as 4.25 days. The
Contractor’s actual progress on Formwork activity is lower than the planned progress
which was 20%. The delay was caused by low performance of the Contractor

compared to the as-planned program.

Figure 61 shows the updated program for Window 16. The project completion date
is shifted to 12-May-04, which means there is a 1-calendar-day delay compared to
the previous window and a 15-calendar-day delay compared to the as-planned
program. The critical delay occurred due to low performance of the Contractor on
Formwork activity. An activity representing this non-excusable delay event is

created as NED-5: Contractor’s Low Progress on Formwork Activity. The delay
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event is linked with Formwork activity as it is the cause of the delay that occurred in
Formwork activity. Furthermore, the effect of delay event CD-2: Delay in Rebar

Schedules Release that caused concurrent delay to project completion is continued

in this window.

Activity Name: Qriginal | Remaining | Physical % | Start Finish Total| | wiaria Tiiar = Tiiar3e | Aproa T Aar i T Apr e [ A2 Tiiay 02 [iav 9
Duration| Duration| Complete Float Mar Mar War pr pr pr pr2s |hla Ma
EDLD GEEONDNGEEDT B GEEN LT KCEE DY ERGEE Dl DiGEE LDNGEEDDE GEEDNDREE!

= WINDOW 16 3.25 15-Mar-04 08:00 A | 12-May-04 10:00

Project Commencement 0.00 0.00 100% 15-Mar-04 08:00 A % Project Commencemant

Set Out & Excavate 600 000  100% 15-Mar-04 08:00 A 0B-Apr-04 16:00 A |~ .. .\ i 8 Excavate

=]
Farmwaork 5.00 4.25 15% 07-Apr-04 08:00 A 14-Apr-04 10:00 | -9.25 Formwork
—

Information Release 0.00 0.00 0% 08-Apr-04 16:00 | -8.00 . [ rmation Release

Fabrication Reinforcement Bars 10.00  10.00 0% 14-Apr-04 10:00  28-Apr-04 10:00  -9.25 Fabrication Reinfor

Concrete Pour 4.00 4.00 0% 28-Apr-04 10:00  05-May-04 10:00 | -9.25 Concrete F

—
Apply Waterproof Finish 5.00 500 0% 05-May-04 10:00  12-May-04 10:00  -9.25 Ap
=

Project Completion 0.00 0.00 0% 12-May-04 10:00% | -9.25 . a2 Pr
. DELAY EVENTS 14.00 0.00 15-Mar-04 08:00 A 08-Apr-04 08:00  -8.00

CD-1: Additional Work Caused 0.00 0.00 100% 23-Mar-04 08:00 A 05-Apr-04 08:00 A _63-1: Additional Work Caused by Error in S¢

by Error in Setting Out L]

CD-2: Delay in Rebar 0.00 0.00 0% 26-Mar-04 08:00 A 08-Apr-04 08:00 | -8.00 CD-2: Delay in Rebar Schedules Release

Schedules Release

NED-1- Contractor's Low 0.00 0.00 100% 15-Mar-04 08:00 A 17-Mar-04 08:00 A E NED-1: Contractor's Lo Progress

Progress

MED-2: Contractor's Delay on 0.00 0.00 100% 17-Mar-04 08:00 A 19-Mar-04 08:00 A .:.i NED-2: Contractar's Pelay on Excavation Caused by Rain

Excavation Caused by Rain

MED-3: Contractor's Delay on 0.00 0.00 100% 24-Mar-04 03:00 A 30-Mar-04 08:00 A :,ﬁ MED{3: Contractor's Delay on Excavation Caused b

Excavation Caused by Rain

MNED-4: Rework Caused by 0.00 0.00 100% 30-Mar-04 08:00 A 01-Apr-04 08:00 A .:.i NED4: Rework Caused by Collapsed Excavation

Collapsed Excavation L]

NED-5: Contractor's Low 0.00 0.00  100% 07-Apr-04 08:00 A 03-Apr-04 08:00 | -3.25 B NED-5: Contractor's Low Progress on Fai

Progress on Formwork Activity

Figure 61 Updated Program for Window 16

Figure 62 shows the float paths to Project Completion milestone on the updated
program. Float Path 1, which contains NED-5: Contractor’s Low Progress on
Formwork Activity, delays the Project Completion milestone date to 12-May-04,
which means a delay of 15 calendar days delay to as-planned program. Furthermore,
Float Path 2, which contains delay event CD-2: Delay in Rebar Schedules Release,
also delays the project with a concurrent effect. Since the total float of the delay
event is -8 days, it has an 8-working-day schedule impact, which pushes the project

completion date to 10-May-04.
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Activity Name:

Formwaork

Concrete Pour

NED-5: Contractor's Low
Progress on Formwork Activity

Apply Waterproof Finish

Project Completion

CD-2: Delay in Rebar
Schedules Release
Information Release

Original| Remaining | Physical % | Start Finish Total| |
Duration| Duration| Complete Float

0.00

5.00

Fabrication Reinforcement Bars| 10.00

4.00

500

000

0.00

0.00

0.00

425

10.00

4.00

500

0.00

0.00

0.00

07-Apr-04 08:00 A [12-May-04 10:00

100% 07-Apr-04 08:00 A 08-Apr-04 08:00  -9.26

15% 07-Apr-04 08:00 A | 14-Apr-04 10:00  -9.25

0% 14-Apr-04 10:00  28-Apr-04 10:00 -9.25
0% 28-Apr-04 10:00  05-May-04 10:00 925
0% 05-May-04 10-:00 | 12-May-04 10-00 -9.25
0% 12-May-04 10-00"  -9.25

26-Mar-04 08-00 A [ 08-Apr-04 16-00

0% 26-Mar-04 05:00 A 08-Apr-04 08:00  -5.00

0% 08-Apr-04 16:00  -5.00

Figure 62 Float Paths of Updated Program for Window 16

Mar 1 | War 21 | Mar 28 | Apr 04 | Apr 11 | Apr 18 | Apr25 | May 02 | May 09
SEDEDEGEED iR UGEEDR Ei GEE DN GEEDR R G EON i GEED R GEEDE I iGEEDNR LGE

MNED-5: Contractor's Low Progress on For

co

Formwork

Fabrication Reinfor
Concrete F
Ap

o P

-2: Delay in Rebar Schedules Release

Information Release

The results of Window 16 of the delay analysis are shown in a summary format in

Figure 63. There is a 1-calendar-day non-excusable delay on the Project Completion

milestone in this window, which increased the cumulative delay to 15 calendar days

on the path from Set Out & Excavate to Project Completion, as shown in Float Path

1. Furthermore, there is also a compensable delay of 13 calendar days on the path

from Information Release to Project Completion.

TIME SLICE WINDOWS ANALYSIS RESULTS - WINDOW 16

Forecast
As- Complet Forecast Cumulative Delays 2122122121221 2| 2222|212 2| g
path Impacted Delay Event Planned Dat "~ |Complet. 'ﬂ'ﬂﬁ'ﬁﬁﬁﬁﬁﬁ%ﬁﬁﬁﬁﬁﬁﬁl
s Activity clay tven Complet. |0 Date This 355 2| 2|2 |2\ 2| 2| 2| 2| 2| 2 | 2| 2| 2| 2
pate |75 liyingow |Tot| | €D NED| R IR Bl S| S| G| 34| 8|5 B|G| 2|2 2|4
Window
SetOut&Excto | o |NED-5:Contractor'slow |, o oo li ) ay-04|12-May-0a] 15 | 0 |10 5 + 0?—Ma~,r-04-
Project Comp Progress on Formwork
Info. Rell t Inf ti CD-2: Delay in Reb
nio-helease to | niormation C1aVINREDAC | 57 Apr-04 |07-May-04|10-May-04| 13 | 13 | 0 | © + 10—May—04|
Project Comp Release Schedules Release

-Non-Excusah\e Delay (MED) l:lEm:usable Delay (ED) I:lCDmpensable Delay (CD) ’ Contractual Project Completion Milestone

Figure 63 Time Slice Windows Analysis Results for Window 16

3.2.1.17 Window 17 — From 08 April 2004 08:00 to 09 April 2004 08:00

As also shown in Figure 12, the daily progress records for 08-Apr-04 were as

follows:
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e The actual progress of Formwork activity was lower than planned. The
Contractor planned to add more resources to the work. The cumulative
percentage of completed Formwork activity is reported by the Contractor as
30%.

e Rebar schedules are still not released by the Employer.

Since the cumulative progress of Formwork activity is 30% and planned duration of
the activity was 5 days, the earned duration of the activity is 1.5 days. Hence, the

estimated remaining duration is updated in the program as 3.5 days.

Figure 64 shows the updated program for Window 17. The project completion date
is kept as 12-May-04 which means there is no critical delay compared to the previous
window, and 15 calendar days delay compared to the as-planned program.
Furthermore, the effect of delay event CD-2: Delay in Rebar Schedules Release that

caused concurrent delay to project completion is continued in this window.

Activity Name Original| Remaining | Physical % | Start

Duration| Duration

= WINDOW 17 395 S 15-Mar-04 08:00 A | 12-May-04 12:00 |95

pr 25 | Way 02 | Way 09
ECEENEOEEE

RS

Project Commencement 100% 15-Mar-04 08:00 A
Set Out & Excavate 6.00 0.00 100% 15-Mar-04 08:00 A 06-Apr-04 16:00 A
Formwork 5.00 350 30% 07-Apr-04 08:00 A 14-Apr-04 12:00 -9.50
Information Release 0.00 0.00 0% 09-Apr-04 16:00 -9.00
Fabrication Reinforcement Bars 10.00 10.00 0% 14-Apr-04 12:00  28-Apr-04 12:00 -9.50
Concrete Pour 4.00 4.00 0% 28-Apr-04 12:00  05-May-04 12:00 | -9.50
Apply Waterproof Finish 5.00 5.00 0% 05-May-04 12:00  12-May-04 12:00 | -9.50
Project Completion 0.00 0.00 0% 12-May-04 12:00* | -9.50
_ DELAY EVENTS 14.00 0.00 15-Mar-04 08:00 A 09-Apr-04 08:00  -9.00
CD-1: Additional Work Caused 0.00 0.00 100% 23-Mar-04 08:00 A 05-Apr-04 08:00 A __I:-1: Additional Work Caused by Error in S¢
by Error in Setting Out
CD-2: Delay in Rebar 0.00 0.00 0% 26-Mar-04 08:00 A 09-Apr-04 08:00 -9.00 CD-2: Delay in Rebar Schedules Releas
Schedules Release
MED-1: Contractor's Low 0.00 0.00 100% 15-Mar-04 08:00 A 17-Mar-04 08:00 A E MNED-1: Contractor's Low Progress
Progress
NED-2: Contractor's Delay on 0.00 0.00 100% 17-Mar-04 08:00 A 19-Mar-04 08:00 A =.i NED-2: Contractar's Dielay on Excavation Caused by Rain
Excavation Caused by Rain
NED-3: Contractor's Delay on 0.00 0.00 100% 24-Mar-04 08:00 A 30-Mar-04 08:00 A .:.= MNED{3: Cpntractor's Delay on Excavation Caused b
Excavation Caused by Rain
NED-4: Rework Caused by 0.00 0.00 100% 30-Mar-04 08:00 A 01-Apr-04 08:00 A .:.i NED-4:| Rework Caused by Collapsed Excavation
Collapsed Excavation [ |
NED-5: Contractor's Low 0.00 0.00 0% 07-Apr-04 08:00 A 09-Apr-04 08:00 -9.50 B NED-5- Contractor's Low Progress on Fe
Progress on Formwork Activity

Figure 64 Updated Program for Window 17
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Figure 65 shows the float paths to Project Completion milestone on the updated
program. Float Path 1, which contains NED-5: Contractor’s Low Progress on
Formwork Activity, delays the project completion date to 12-May-04, and this means
there is a 15-calendar-day delay compared to the as-planned program. Float Path 2,
which contains delay event of CD-2: Delay in Rebar Schedules Release, also delays
the project with a concurrent effect. Since the total float of the delay event is -9 days,

it has a 9 working day impact that pushes the project completion date to 11-May-04.

Activity Name Original | Remaining | Physical % | Start Total| |
D Fioat| || Mar 14

MED-5: Contractor's Low 0.00 0.00 0% 07-Apr-04 08:00 A 09-Apr-04 08:00
Progress on Formwork Activity
Formwaork 5.00 3.80 30% | 07-Apr-04 08:00 A 14-Apr-04 12:00  -9.50
=
Fabrication Reinforcement Bars 10.00 10.00 0% 14-Apr-04 12:00  28-Apr-04 12:00 -9.50
Concrete Pour 4.00 4.00 0% 28-Apr-04 12:00  05-May-04 12:00  -9.50
Apply Waterproof Finish 5.00 5.00 0% 05-May-04 12:00  12-May-04 12:00  -9.50
Project Completion 0.00 0.00 0% 12-May-04 12:00* | -9.50
CD-2: Delay in Rebar 0.00 0.00 0% 26-Mar-04 08:00 A 09-Apr-04 08:00 -9.00 CDP-2: Delay in Rebar Schedules Releas
Schedules Release
Information Release 0.00 0.00 0% 09-Apr-04 16:00 | -9.00 . mfmmawn Release

Figure 65 Float Paths of Updated Program for Window 17

The results of Window 17 are shown in a summary format in Figure 66. There is no
critical delay on critical path which is the path from Set Out & Excavate to Project
Completion in this window. Therefore, the overall delay on project completion is
kept same as previous window as 15 calendar days. Furthermore, there is also a 14-

day compensable delay on the path from Information Release to Project Completion.

TIME SLICE WINDOWS ANALYSIS RESULTS - WINDOW 17
Forecast IR E S R E R R R R R E A A B
As- Complet Forecast e mulative Delays| S| a| S| a| | s| &S| a| || 8| a|a|a| | a
path Impacted Delay Event Planned et  |complet "i&éé‘ﬁf“?%%%‘ﬁ%%%lﬁ%ﬁlﬁ]
= Activity elay tven Complet. |~o Date This EEEEEEEEEEEEEEEE
Date |75 |window |Tot| cD | ED NED|R| 8| R R 2| S| 3| | 5| 5| S| & &S| 3|2
Window
Set Out & Exc. t MED-5: Contractor's L
EF DU S e 0 e ok ONIrACctors Lo | 5o Apr-04|12-May-04|12-May-04| 15 | 0 |10 5 * 0?—May—04-
Project Comp Progress on Formwork
Info. Rel t Inf ti CD-2: Delay in Reb
no. Releaseto | Information BV INREDAT 5o Apr-04|10-May-04|11-May-04| 14 |14 | 0 | 0 * ll—May—Utl‘
Project Comp. Release Schedules Release

-Non-Excusable Delay (MED) l:lExcusahle Delay (ED) l:lCompensableDelav(CD) 4 Contractual Project Completion Milestone

Figure 66 Time Slice Windows Analysis Results for Window 17
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3.2.1.18 Window 18 — From 09 April 2004 08:00 to 12 April 2004 08:00

09-Apr-04 was a working day, and 10-Apr-04 and 11-Apr-04 were non-working
days. As also shown in Figure 12, the daily progress records for 09-Apr-04 were as

follows:

e 2 new workers started working on the Formwork activity. Good progress was
achieved. The cumulative percentage of completed Formwork activity is
reported by the Contractor as 60%.

e Rebar schedules are still not released by the Employer.

Since the cumulative progress of Formwork activity is 60% and the planned duration
of the activity was 5 days, the earned duration of the activity is 3 days. Hence, the

estimated remaining duration is updated in the program as 2 days.

Figure 67 shows the updated program for Window 18. The project completion date
is kept as 12-May-04, which means there is no critical delay compared to the
previous window and a 15-calendar-day delay compared to the as-planned program.
However, there is a change in the critical path of the project. The critical path of the
project is from Information Release to Project Completion in this window due to the
delay caused by CD-2: Delay in Rebar Schedules Release. Formwork activity is
accelerated by the Contractor as new resources are added to the activity in this
Window. Hence, the finish date of the activity is reduced by 1 day compared to the

previous window.

Figure 68 shows the float paths to Project Completion milestone on the updated
program. Float Path 1, which contains CD-2: Delay in Rebar Schedules Release,
delays the Project Completion milestone date to 12-May-04, which means a
15-calendar-day delay compared to the as-planned program. Furthermore, Float Path
2, which contains Formwork activity, also delays the project with a concurrent effect.
Since the total float of the delay event is -9 days, it has a 9-working-day schedule
impact, which pushes the project completion date to 11-May-04. The non-excusable

delay occurring in the Formwork activity due to low progress is eliminated in this
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window, as the forecasted duration of the activity is 5 days which is same as the

planned duration.

Activity Name Original | Remaining | Physical % | Start Finish Totai| |
Duration| Duration| Complete Float

o WINDOW 18 z 15-Mar-04 08:00 A | 12-May-04 16:00 |-10.00|

War
EEND|

14 | War 21 ] War 28 | Apr 04 | Apr 11 | Apr 18 | Apr 25 | May 02 | Way 03
RGEEDN PRGEE N GEED NN GEE DY L GEED KO GEE N PRGEE D i EiGEEILERGE!

Project Commencement 0.00 0.00 100% 15-Mar-04 08:00 A _é Project Commencement
Set Out & Excavate 6.00 0.00 100% 15-Mar-04 08:00 A 06-Apr-04 16:00 A = Bot Dut & Excavate
Formwork 5.00 2.00 60% | 07-Apr-04 08:00 A 13-Apr-04 16:00 -9.00 _;i_ Formwork
Information Release 0.00 0.00 0% 12-Apr-04 16:00  -10.00 o lo[" M Information Release
Fabrication Reinforcement Bars|  10.00  10.00 0% 15-Apr-04 08:00  28-Apr-04 16:00  -10.00 = Fabrication Reinfol
Concrete Pour 4.00 4.00 0% 29-Apr-04 08:00  05-May-04 16:00  -10.00 Concrete
=]
Apply Waterproof Finish 5.00 5.00 0% 06-May-04 08:00 12-May-04 16:00 -10.00 Ag
=
Project Completion 0.00 0.00 0% 12-May-04 16:00* -10.00 o 2 e
_ DELAY EVENTS 14.00 0.00 15-Mar-04 08:00 A 12-Apr-04 06:00 -9.00
CD-1: Additional Work Caused 0.00 0.00 100% 23-Mar-04 08:00 A 05-Apr-04 08:00 A _CD- - \additional Work Caused by Error in Se
by Error in Setting Out
CD-2: Delay in Rebar 0.00 0.00 0% 26-Mar-04 08:00 A 12-Apr-04 08:00  -10.00 CD-2: Delay in Rebar Schedules Rel
Schedules Release
NED-1: Contractor's Low 0.00 0.00 100% 15-Mar-04 08:00 A 17-Mar-04 05:00 A T.:. MED-1: Contractor's Low Prpgress
Progress
NED-2: Contractor's Delay on 0.00 0.00 100% 17-Mar-04 08:00 A 19-Mar-04 08:00 A :,i MNED-2: Contractgr's Delay on Excavation Caused by Rain
Excavation Caused by Rain
NED-3: Contractor's Delay on 0.00 0.00 100% 24-Mar-04 08:00 A 30-Mar-04 08:00 A ,:,E MED{3: Contractor's Delay on Excavation Caused b
Excavation Caused by Rain
NED-4: Rework Caused by 0.00 0.00 100% 30-Mar-04 08:00 A 01-Apr-04 08:00 A ,:,i NBD-4: Rework Caused by Collapsed Excavation
Collapsed Excavation
MNED-5: Contractor's Low 0.00 0.00 100% 07-Apr-04 08:00 A 09-Apr-04 08:00 A E NED-5: Contractor's Low Progress on Fc
Progress on Formwork Activity

Figure 67 Updated Program for Window 18

Activity Name Original| Remaining | Physical % | Start
Duration | Duration

far
EEDLD
04 16:00

CD-2: Delay in Rebar 0.00 . 0% 26-Mar-04 08:00 A 12-Apr-04 08:00
Schedules Release

-10.00 S ([)-7- Delay in Rebar Schedulas Rel

Information Release 0.00 000 0% 12-Apr-04 16:00  -10.00 & [b Information Release
@
Fabrication Reinforcement Bars 10.00 10.00 0% 15-Apr-04 08:00  28-Apr-04 16:00 -10.00 Fabrication Reinfo
—
Concrete Pour 4.00 4.00 0% 29-Apr-04 08:00 | 05-May-04 16:00 -10.00 Concrete |

Apply Waterproof Finish 5.00 500 0% 06-May-04 08:00 12-May-04 16:00 -10.00

Project Completion 0.00 0% 12-May-04 16:00 -10.00

Formwork 2.00 60% 07-Apr-04 08:00 A 13-Apr-04 16:00 -9.00

Formwaork

Figure 68 Float Paths of Updated Program for Window 18

The results of Window 18 of the delay analysis are shown in a summary format in
Figure 69. There is 15 days compensable delay on the critical path, which is the path
from Information Release to Project Completion, as it is delayed by CD-2: Delay in

Rebar Schedules Release. The 1-day delay that occurred on Formwork activity due
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to low progress in Window 16 is eliminated by the Contractor by accelerating the

activity in this window.

TIME SLICE WINDOWS ANALYSIS RESULTS - WINDOW 18
Forecast
As- complet Forecast Cumulative Delays 2121212212212 2| 2| 2| 222|222
path Impacted Delay Event Planned et Complet. 5355%%%%‘%‘%%%%%‘%%%]
@ Activity lay bven Complet |0 Date This 355 2 2|2 2|2 2| 2| 2| 2| 2 2| 2| 2| 2
Date | PN luinow |Tot|CO | ED |NEDIRI NI RIS 2818|2818 5| 8| 2|5/ = 2|2
indow
\nfct. Releaseto |Information |CD-2: Delay in Rebar 27-Apr-04 | 11-May-04| 12-May-04| 15 | 15 | 0 | 0 + 12—May—04|
Project Comp. Release Schedules Release
Set Out & Exc. t Acceleration Thi
EL DU RO e ormwork | CCE Eratien ThiS 27-Apr-04 |12-May-04|11-May-0¢| 14 | 0 |10 4 + 07-MEV-04-
Project Comp. Window

-Non-ExcusabIe Delay (MED) l:lExcusah\e Delay (ED) l:lCDmpensable Delay (CD) 0 Contractual Project Completion Milestone

Figure 69 Time Slice Windows Analysis Results for Window 18

3.2.1.19 Window 19 — From 12 April 2004 08:00 to 13 April 2004 08:00

As also shown in Figure 12, the daily progress records for 12-Apr-04 were as

follows:

e The cumulative percentage of completed Formwork activity is reported by
the Contractor as 95%. It is also reported that Fabrication Reinforcement Bars
activity is ready to be started.

e Rebar schedules are released by the Employer.

e Employer instructed the Contractor to use Admix in the concrete instead of

waterproof finish.

Since the cumulative progress of Formwork activity is 95% and planned duration of
the activity was 5 days, the earned duration of the activity is 4.75 days. Hence, the
estimated remaining duration is updated in the program as 0.25 days. According to
as-planned program, Formwork activity had to be completed to start Fabrication
Reinforcement Bars activity. Hence, finish to start with no lag time relationship was
created between these activities in the as-planned program. However, as reported by
the Contractor that Fabrication Reinforcement Bars activity is ready to be started

even though Formwork activity is not fully completed. Due to that, to reflect as-built
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logic relationship between Formwork and Fabrication Reinforcement Bars activities
is changed to finish to start with negative 0.25-day lag in the updated program for
Window 109.

Information Release activity related to rebar schedules were planned to be released
on 25-Mar-04 in the as-planned program. Finish to start with 2-day-lag relationship
was created between Information Release and Fabrication Reinforcement Bars
activities to reflect the lead time of procurement of rebars. However, the Contractor
anticipated the procurement of rebars, and Fabrication Reinforcement Bars activity
is ready to be started as stated in the daily progress records. Due to that, to reflect as-
built logic, the relationship between Information Release and Fabrication
Reinforcement Bars activities is changed to finish to start with no lag in the updated

program for Window 19.

According to the Contract Document, errors or ambiguities in description of the work
is an Employer’s risk. The Employer changed the scope of waterproofing from
waterproof finish to Admix in the concrete. This change is considered as part of
Employer’s risk as it is an ambiguity in the description of the work. Based on the
changed scope, the Contractor needed to procure Admix material to start the
Concrete Pour activity. As a result, a new compensable delay event is created in the
updated program as CD-3: Procurement of Admix Caused by Employer’s
Instruction. The created compensable delay event is then linked with Concrete Pour
activity, as Admix is required to perform this activity. Moreover, as a result of this
change of waterproofing method, Apply Waterproof Finish activity is cancelled, and
the duration of the activity is set to 0 days in the updated program. Even though
cancellation of the Apply Waterproof Finish activity has resulted in acceleration in
the program, the inclusion of Admix to Concrete Pour activity has increased the
planned duration of Concrete Pour activity. To calculate the impact of inclusion of
Admix to Concrete Pour duration, the daily progress records are analyzed. According
to daily progress records, a total of 16 concrete pours were. Three pours were done
at maximum for 2 subsequent days, which can be considered as a peak and an
unimpacted period. As a result, the Contractor would be able to complete 16 pours
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minimum in 6 working days if it were to be able to maintain the same progress, that
it achieved during peak time, throughout the duration of the activity. Therefore, the
planned duration of the Concrete Pour is revised as 6 days to reflect the full impact
of the change of scope from waterproof finish to the inclusion of Admix to the

concrete in the updated program.

Figure 70 shows the updated program for Window 19. The program is accelerated
and the project completion date is forecasted to be on 05-May-04, which means there

is an acceleration of 7 calendar days compared to the previous window.

Activity Name: Original | Remaining | Physical % | Start Finish Total[ |

Duration | Duration| Complete Float

o WINDOW 19 . 15-Mar-04 08:00 A | 05-May-04 16:00 | -5
Project Commencement 0.00 0.00 100% 15-Mar-04 08:00 A
Set Out & Excavate 6.00 0.00 100% 15-Mar-04 08:00 A | 06-Apr-04 16:00 A = Bet Olut & Excavate
Formwork 500 025 95% O07-Apr-04 08:00 A | 13-Apr-04 10:00 | -5.00 ok

—_—
Information Release 0.00 0.00 100% 12-Apr-04 16:00 A ° ¥ Information Release
Fabrication Reinforcement Bars 10.00 10.00 0% 13-Apr-04 08:00 | 26-Apr-04 16:00 | -5.00 =— Fabrication Reinfa
Concrete Pour 6.00 6.00 0% 27-Apr-04 08:00 | 05-May-04 16:00 | -5.00 | ———Concrete |
=] ;
Apply Waterproof Finish 0.00 0.00 0% 05-May-04 15:59 | 05-May-04 16:00 | -5.00 — Ar
]
Project Completion 0.00 0.00 0% 05-May-04 16:00% | -5.00 : o Pr
g

_ DELAY EVENTS 18.00 0.00 156-Mar-04 08:00 A 13-Apr-04 08:00 5.00 :
CD-1: Additional Work Caused 0.00 0.00 100% 23-Mar-04 08:00 A 05-Apr-04 08:00 A 7(3[]' - Additional Wnék Caused by Error in St
by Error in Setting Out ;
CD-2: Delay in Rebar 0.00 0.00 100% 26-Mar-04 08:00 A 12-Apr-04 08:00 A CD-2: Delay jn Rebar Schedules Rel
Schedules Release I
CD-3: Procurement of Admix 0.00 0.00 0% 12-Apr-04 08:00 A | 13-Apr-04 08:00 | 5.00 B CD-3: Procurement of Admix Cause
Caused by Employer's
MNED-1: Contractor's Low 0.00 0.00 100% 15-Mar-04 08:00 A 17-Mar-04 08:00 A 1:. NED-1: Contractor's Low Progress
Progress
NED-2: Contractor's Delay on 0.00 0.00 100% 17-Mar-04 08:00 A 19-Mar-04 08:00 A .:.i NED-2: Contractd's Delay|on Excavation Caused by Rain
Excavation Caused by Rain
NED-3: Contractor's Delay on 0.00 0.00 100% 24-Mar-04 08:00 A 30-Mar-04 08:00 A .:.ﬁ MED{3: Contractor's Delay on Excavation Caused b
Excavation Caused by Rain
NED-4: Rework Caused by 0.00 0.00 100% 30-Mar-04 08:00 A 01-Apr-04 08:00 A .:.i NED-4: Rework Caused by Collapsed Excavation
Collapsed Excavation
NED-5: Contractor's Low 0.00 0.00 100% 07-Apr-04 08:00 A 09-Apr-04 08:00 A i:. MNED-5: Contractor's Low Progress on Ft
Progress on Formwork Activity

Figure 70 Updated Program for Window 19

Figure 71 shows the float paths to the Project Completion milestone. Float Path 1
starts with Formwork activity that is included in the path from Set Out & Excavate
to Project Completion. Even though Information Release activity is not shown on
the float path view as the completed activities are not part of it, delay on the path
from Information Release to Project Completion also has pushed the completion to
05-May-04 because Information Release activity was only completed by the

Employer on 12-Apr-04 and successive activity Fabrication Reinforcement Bars is
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forecasted to start on 13-Apr-04. Hence, the start date of Fabrication Reinforcement
Bars activity is not only driven by Formwork activity but also Information Release
activity. Float Path 2, which contains CD-3: Procurement of Admix Caused by
Employer’s Instruction, did not cause any concurrent delay on contractual project
completion date in this window as the total float of the activity that represents the

delay event is 5 days.

Float| [T War 14 [ War 21 | War 28 | Apr04 | Apr 11 | Apr 18 | Apr 25 [ May 02 | Way 09
EEDRDEGEEDRDLGEED TN IGEEINDRGEEDN Bl GEEDN Bl GEENLENGEEDEN GEEN IR LGE]

Formwork

95% O7-Apr-04 08:00A 13-Apr-04 1000 | -5 — ok

Fabrication Reinforcement Bars | 10.00 10.00 0% 13-Apr-04 08:00  26-Apr-04 16:00  -5.00 =, Fabrication Reinfo

Concrete Pour 6.00 6.00 0% 27-Apr-04 08:00  05-May-04 16:00 -5.00 Concrete |
—

Apply Waterproof Finish 0.00 0.00 0% 05-May-04 15:59  05-May-04 16:00  -5.00 — A

Project Completion 0.00 0.00 0% 05-May-04 16:00* -5.00

CD-3 Procurement of Admix CD-3: Procurement of Admix Cause

Caused by Employer's

Figure 71 Float Paths of Updated Program for Window 19

The results of Window 19 of the delay analysis are shown in a summary format in
Figure 69. There is 5-working-day and consequently a 7-calendar-day acceleration
in this window. In summary, a 5-working-day acceleration is achieved through the
cancellation of the Apply Waterproof Finish activity. However, as a result of a scope
change to add Admix into the concrete, the planned duration of Concrete Pour
activity is increased by 2 days. Furthermore, a 2-day acceleration is done by the
Contractor in anticipation of the rebar procurement. Thus, the project completion is
accelerated 5 working days compared to the previous window. The excusable delay
that was reported in the previous windows on the path from Set Out & Excavate to
Project Completion was a result of the concurrency of several non-excusable delay
events and compensable delay event of CD-1: Additional Work Caused by Error in
Setting Out. Since the activities in the path Set Out & Excavate are accelerated, it
also reduced the impact of the compensable delay event of CD-1: Additional Work
Caused by Error in Setting Out on the Project Completion milestone. Hence, the

impact of excusable delay that was reported on the project completion date was also
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partially mitigated. A calculation of the impact of excusable delays on the project is
carried out based on the difference between actual completion dates of Set Out &
Excavate activity and CD-1: Additional Work Caused by Error in Setting Out, which
is calculated as 2 working days. If non-excusable delays had not occurred on the Set
Out & Excavate activity, the start date of the Formwork activity would have been 2
working days earlier than the actual start date, and thus the impact on Project
Completion milestone would be 2 working days less. As the path from Set Out &
Excavate to Project Completion has delayed the project completion to 05-May-04,
the impact of excusable delays on this path is calculated by deducting 2 working
days from 05-May-04, which results in 30-Apr-04 as 01-May-04, 02-May-04 and
03-May-04 are non-working days.

TIME SLICE WINDOWS ANALYSIS RESULTS - WINDOW 19
Forecast

As- Complet Forecast Cumulative Delays 21222222222 2|2|2[2| 2| 2| T
path Impacted Delay Event Planned Dat © |Complet Lu"ﬂ"i"ﬁ‘ﬁ‘ﬁf“?‘ﬁ‘ﬁ%‘ﬁ‘ﬁ%%‘ﬁﬁlﬁl
2 Activity Elay Even complet. |~ Date This EEEEEEEEEEEEEEEE
Date |75 lyyingow |Tot|cD | ED |neD| NI RIRIR 2 28| 3 5|45 8|S 5| 2| 2|5

Window

Set Out & Exc. t Acceleration Thi
FLEUNS EEE L eormuork | oCF Eraven This 27-Apr-04 | 11-May-04|05-May-04| 8 | 0 | 3 | 5 C-os—May-m
Project Comp Window

Info. Release to  |Information |Acceleration This
Project Comp Release Window

27-Apr-04 |12-May-04|05-May-04| 8 [ 8 | O | O 05-May-04

-Non-Excusah\e Delay (MED) l:lEm:usable Delay (ED) I:lCDmpensable Delay (CD) ’ Contractuzl Project Completion Milestone

Figure 72 Time Slice Windows Analysis Results for Window 19

3.2.1.20 Window 20 — From 13 April 2004 08:00 to 14 April 2004 08:00

As also shown in Figure 12, the daily progress records for 13-Apr-04 were as

follows:

e Formwork activity is completed.

e Fabrication Reinforcement Bars activity is started. The cumulative
percentage of completed activity is reported as 10%.

e A purchase order is placed for Admix. The expected delivery date is 22-Apr-
04.
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Since the cumulative progress of Fabrication Reinforcement Bars activity is 10% and
planned duration of the activity was 10 days, the earned duration of the activity is 1

day. Hence, the estimated remaining duration is updated in the program as 9 days.

Figure 73 shows the updated program for Window 20. The project completion date
is kept as 05-May-04, which means there is no critical delay compared to the
previous window, and an 8-calendar-day delay compared to the as-planned program.
Furthermore, the effect of compensable delay event CD-3: Procurement of Admix

Caused by Employer’s Instruction is continued.

Activity Name Original| Remaining| Physical % | Start
Duration| Duration Float | ||| har 14 | M.

ar 21 | Mar 28 | Apr04 | Ap
EEDRDEGEE DR RGEE DT DRGEENRTREEEDK

r 11
BRGEEDE

A

T 18 | Apr 25 | Way 02 | May 09
EiGEEDLRRGEE D DEGEEDRDREE!

= WINDOW 20 5. 15-Mar-04 08:00 A | 05-May-04 16:00
Project Commencement L . 100% 15-Mar-04 08:00 A _§ Project Commencement
Set Out & Excavate 6.00 0.00 100%  15-Mar-04 08:00 A | 06-Apr-04 16:00 A ’ﬂu & Excavate
=
Formwork 500 000  100% O7-Apr-04 08:00 A 13-Apr-04 10:00 A Formwork
—
Information Release 0.00 0.00 100% 12-Apr-04 16:00 A o I® |nformation Release
Fabrication Reinforcement Bars|  10.00 9.00 10% 13-Apr-04 08:00 A | 26-Apr-04 16:00 | -5.00 Fabrication Reinfarce
Concrete Pour 6.00 6.00 0% 27-Apr-04 08:00  05-May-04 16:00 | -5.00 ; ancrate |
Apply Waterproof Finish 0.00 0.00 0% 05-May-04 15:59 | 05-May-04 16:00  -5.00 "Apply Wat
=
Project Completion 0.00 0.00 0% 05-May-04 16:00* | -5.00 o Project Cc
_, DELAY EVENTS 18.00 0.00 15-Mar-04 08:00 A 14-Apr-04 08:00  4.00
CD-1: Additional Work Caused 0.00 0.00 100%  23-Mar-04 08:00 A | 05-Apr-04 08:00 A TIDr - Additional Wnék Caused by Error in St
by Error in Setting Out
CD-2: Delay in Rebar 0.00 0.00 100%  26-Mar-04 08:00 A | 12-Apr-04 08:00 A D-2: Delay in Rebar Schedules Rel
Schedules Releasse | | . 0 s i
CD-3: Procurement of Admix 0.00 0.00 0% 12-Apr-04 08:00 A  14-Apr-04 08:00 4.00 B CD-3: Procurement of Admix Caus
Caused by Employer's
MNED-1: Contractor's Low 0.00 0.00 100% 15-Mar-04 08:00 A 17-Mar-04 08:00 A E NED-1: Contractor'q Low Progress
Progress
MNED-2: Contractor's Delay on 0.00 0.00 100% 17-Mar-04 08:00 A | 19-Mar-04 08:00 A :.i MNED-2: Contractdr's Delay gn Excavation Caused by Rain
Excavation Caused by Rain
MED-3: Contractor's Delay on 0.00 0.00 100% 24-Mar-04 08:00 A 30-Mar-04 08:00 A .:.ﬁ MED{3: Contragter's Delay on Excavation Caused b
Excavation Caused by Rain
NED-4: Rework Caused by 0.00 0.00 100% 30-Mar-04 08:00 A | 01-Apr-04 08:00 A :i NED-4: Rewark Caused by Collapsed Excavation
Collapsed Excavation
NED-5: Contractor's Low 0.00 0.00 100% 07-Apr-04 08:00 A 09-Apr-04 08:00 A E NED-5: Contractor's Low Progress on Ft
Progress on Formwork Activity

Figure 73 Updated Program for Window 20

Figure 74 shows the float paths to the Project Completion milestone on the updated
program. Float Path 1, the most critical path of the project, starts with a Fabrication
Reinforcement Bars activity that had a delayed start due to both a delay in the
completion of Formwork and Information Release activities. Float Path 2, which

contains CD-3: Procurement of Admix Caused by Employer’s Instruction, did not
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cause any concurrent delay on the contractual project completion date as total float

of the activity representing the delay event is 4 days.

Activity Name Original| Remaining | Physical % | Start

Duration | Duration

11 | Apr 18 | Apr25 | May 02 | May 09
IGEEDNEEGEEINDRGEEDE B GEEIDRGE]

13-Apr-04 08:00 A | 05-May-04 16:00 | -5.00

Fabrication Reinforcement Bars'  10.00 10% 13-Apr-04 08:00 A 26-Apr-04 16:00 Fabrication Reinforc:

Concrete Pour 6.00 6.00 0% 27-Apr-04 08:00  05-May-04 16:00 -5.00 oncrete |

Apply Waterproof Finish 0.00 0.00 0% 05-May-04 15:59  05-May-04 16:00 -5.00 "Apply Wa
Project Completion 0.00 0.00 0% 05-May-04 16:00* -5.00

CD-3: Procurement of Admix 0.00 0.00 0% 12-Apr-04 08:00 A 14-Apr-04 08:00 4.00 CD-3: Procurement of Admix Caus
Caused by Employer's

Figure 74 Float Paths of Updated Program for Window 20

Project Ct

G |

The results of Window 20 of the delay analysis are shown in a summary format in
Figure 75. There is no critical delay on the critical path, which is the path from Set
Out & Excavate to Project Completion in this window. Due to that, the overall delay
on project completion was kept the same as the previous window as 8 calendar days.
Furthermore, there is also an 8-day concurrent compensable delay on the path from

Information Release to Project Completion.

TIME SLICE WINDOWS ANALYSIS RESULTS - WINDOW 20

Forecast
As- Complet Forecast Cumulative Delays 2212122121212 2122|222 2| 2|2
path Impacted Delay Event Flanned Dat © |Complet. Eﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ]
s Activity ey tven Complet PE < Date This HEEEHEEEEEEEEEEERE
Date “:_EV;DUS Window |Tot-|CD | ED |NED|ni|ei|ei| )| SIS S| 3| 8| 5| 5|88 2|25 2

indow

Info. Release to  |Fabrication

A Mo Delay This Window | 27-Apr-04 |05-May-04|05-May-04( 8 [ 8 |0 | O
Project Comp. Rebars

05-May-04

Set Out & Exc. to |Fabricati
Et DUt S Bre-te | PERNEENEN o Delay This Window | 27-Aor-04|05-May-04{05-May-04| 8 | 0 | 3 | 5 C-US-l\-“‘rl‘f-04
Project Comp. Rebars

-Non-ExcusahIe Delay (MED) l:lExcusah\e Delay (ED) l:ltompensahle Delay (CD) . Contractual Project Completion Milestone

Figure 75 Time Slice Windows Analysis Results for Window 20

3.2.1.21 Window 21 — From 14 April 2004 08:00 to 15 April 2004 08:00

As also shown in Figure 12, the daily progress records for 14-Apr-04 were as

follows:
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e The cumulative percentage of completed Fabrication Reinforcement Bars
activity is reported as 20%.

e Admix is not yet delivered to the site.

Since the cumulative progress of Fabrication Reinforcement Bars activity is 20% and
planned duration of the activity was 10 days, the earned duration of the activity is 2
days. Hence, the estimated remaining duration is updated in the program as 8 days.

Figure 76 shows the updated program for Window 21. The project completion date
is kept as 05-May-04, which means there is no critical delay compared to the
previous window and an 8-calendar-day delay compared to the as-planned program.
Furthermore, the effect of compensable delay event CD-3: Procurement of Admix

Caused by Employer’s Instruction is continued.

Original | Remaining | Physical % | Start Total| |
Mar 14 | Mar 21 | Mar 2& | Apr04 | Apr
BB GEE D0 RGEEDT D EGEEIRRECEEIRN

Activity Name

1 [ Apr 18 | Apr 25 [ Way 02 | May 05
GEEDEBEGEEDNIECEEDERRGEEDEDRGE

z WINDOW 21 g 15-Mar-04 08:00 A | 05-May-04 16:00 |-
Project Commencement 0.00 0.00 100% 15-Mar-04 08:00 A _§ Project Commencement
Set Out & Excavate 600 000  100% 15-Mar-04 08:00 A |06-Apr-04 16:00 A ‘ﬂm & Excavate
=
Formwork 5.00 0.00 100% | 07-Apr-04 08:00 A | 13-Apr-04 10:00 A Formwark
—_—
Information Release 0.00 0.00 100% 12-Apr-04 16:00 A o 12 | dformation Release
Fabrication Reinforcement Bars| 10.00 6.00 20% 13-Apr-04 08:00 A | 26-Apr-04 16:00 | -5.00 Fabrication Reinforce
Concrete Pour 6.00 6.00 0% 27-Apr-04 08:00  05-May-04 16:00 -5.00 | ancrete |
Apply Waterproof Finish 0.00 0.00 0% 05-May-04 15:59 | 05-May-04 16:00  -5.00 "Apply Wat
—
Project Completion 0.00 0.00 0% 05-May-04 16:00* | -5.00 o Praject Ce
_ DELAY EVENTS 18.00 0.00 15-Mar-04 08:00 A 15-Apr-04 08:00 3.00
CD-1: Additional Work Caused 0.00 0.00 100%  23-Mar-04 08:00 A | 05-Apr-04 08:00 A 7CD- - Additional Wn:{k Caused by Errorin S
by Ermror in Setting Out
CD-2: Delay in Rebar 0.00 0.00 100% 26-Mar-04 08:00 A | 12-Apr-04 08:00 A Cp-2: Delay in Rebar Schedules Rel
Schedules Release | e :
CD-3: Procurement of Admix 0.00 0.00 0% 12-Apr-04 08:00 A | 15-Apr-04 08:00 3.00 B CD-3: Procurement of Admix Cau
Caused by Employer's
MED-1: Contractor's Low 0.00 0.00 100% 15-Mar-04 08:00 A 17-Mar-04 08:00 A i.:. MNED-1: Contractor'y Low Progress
Progress
MED-2: Contractor's Delay on 0.00 0.00 100% 17-Mar-04 08:00 A | 19-Mar-04 08:00 A .:.i MNED-2: Contractdr's Delay ofi Excavation Caused by Rain
Excavation Caused by Rain
MNED-3: Contractor's Delay on 0.00 0.00 100% 24-Mar-04 08:00 A 30-Mar-04 08:00 A =.ﬁ MED{3: Contractor's Delay on Excavation Caused b
Excavation Caused by Rain
NED-4: Rework Caused by 0.00 0.00 100%  30-Mar-04 08:00 A ' 01-Apr-04 08:00 A .:.i NED-4: Rework Caused by Collapsed Excavation
Collapsed Excavation
MNED-5: Contractor's Low 0.00 0.00 100% 07-Apr-04 08:00 A | 09-Apr-04 08:00 A i.:. MED{5: Contractor's Low Progress on Ft
Progress on Formwork Activity

Figure 76 Updated Program for Window 21

Figure 77 shows the float paths to Project Completion milestone on the updated

program. Float Path 1, the most critical path of the project, starts with Fabrication
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Reinforcement Bars activity that had a delayed start due to both a delay in the
completion of Formwork and Information Release activities. Float Path 2, which
contains CD-3: Procurement of Admix Caused by Employer’s Instruction, did not
cause any concurrent delay on the contractual project completion date as total float

of the activity representing the delay event is 3 days.

Activity Name

Original | Remaining | Physical % | Start
Duration | Duration

Fioat| [[Mar 12 T &

Mar 21 | Mar 28 [ Apr 04 | Apr 11 | Apr 18 | Apr 25 | May 02 | Way 09 | May 16
EEDL R GEED DR GEED i ERGE E LT LGEEDE BRGERD L ERGEED LT RGEEDERGEED Ll NGEE LI RGE!

13-Apr-04 08:00 A |05-May-04 16:00 |(-5.00

Fabrication Reinforcement Bars | 10.00 20% 13-Apr-04 08:00 A | 26-Apr-04 16:00

=————+ Fabrication Reinforcement B

Concrete Pour 6.00 6.00 0% 27-Apr-04 08:00 | 05-May-04 16:00 | -5.00 T concrete Pour
Apply Waterproof Finish 0.00 0.00 0% 05-May-04 15:59 | 05-May-04 16:00 | -5.00 'Apply Waterproof
Project Completion 0.00 0.00 0% 05-May-04 16:00% | -5.00 2 Project Completiol

CD-3: Procurement of Admix 0.00 0.00 0% 12-Apr-04 08:00 A | 15-Apr-04 08:00 3.00 CD-3: Procurement of Admix Caused by |
Caused by Employer's

Figure 77 Float Paths of Updated Program for Window 21

ww- 12-Apr-04 08:00 A | 15-Apr-04 08:00 w
=

The results of Window 21 of the delay analysis are shown in a summary format in
Figure 78. There is no critical delay on the critical path, which is the path from Set
Out & Excavate to Project Completion in this window. Due to that, the overall delay
on project completion is kept the same as the previous window as 8 calendar days.
Furthermore, there is also an 8-day concurrent compensable delay on the path from

Information Release to Project Completion.

TIME SLICE WINDOWS ANALYSIS RESULTS - WINDOW 21

Forecast
As- Complet Forecast Cumulative Delays 2212121212212 212|222 2| 2| 2| g
path Impacted Delay Event Planned Dat Complet. aaaagggggggagggam
@ Activity elayEven Complet. |0 Date This =15 22|12 |2 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2
oete [MVUS \window |Tor| €D ED INED| I RIR) R 5188 1885 8) 82153 2

indow

Set Out & Exc. to |Fabricati

EtOut & Exe-to \TEBrICEHON no Delay This Window |27-Apr-04 |05-May-04|05-May-04| 8 | 0 | 3 | 5 C-05-M9¥’-04
Project Comp Rebars

info. Release to | Fabricati

nto-REeaseto |FaBrIEAtoN yg Delay This Window |27-Apr-04 |05-May-04(05-May-04| 8 | 8 | 0 | © :Ios-mw-ua
Project Comp. Rebars

-Nnn-ExcusahIeDelav(NED] :lExcusahleDe\av(ED] :l(:nmpensahle Delay (CD) ’Cnntractua\Prn]ectcumplet'\nn Milestone

Figure 78 Time Slice Windows Analysis Results for Window 21

109



3.2.1.22 Window 22 — From 15 April 2004 08:00 to 16 April 2004 08:00

As also shown in Figure 12, the daily progress records for 15-Apr-04 were as

follows:

e The cumulative progress of Fabrication Rebars activity is reported as 30%.

e Admix has not yet been delivered to the site.

Since the cumulative progress of Fabrication Reinforcement Bars activity is 30% and
the planned duration of the activity was 10 days, the earned duration of the activity
is 3 days. Thus, the estimated remaining duration is updated in the program as 7 days.

Figure 79 shows the updated program for Window 22. The project completion date
is kept as 05-May-04, which means there is no critical delay compared to the
previous window, and an 8-calendar-day delay compared to the as-planned program.
Furthermore, the effect of compensable delay event CD-3: Procurement of Admix

Caused by Employer’s Instruction is continued.

Activity Name: Original | Remaining | Physical % Start Finish Total| |

Durat Durat Complet Float | []19ar 14 | War 21 | War 26 | Apr 04 | Apr 11 | Apr 18 | Apr 25 | May 02 | Hay 09
s ueen) e B ¢ D0 D G E DN NG EED TN GE £V eSO N DA GEE DTG

= WINDOW 22 3. 15-Mar-04 08:00 A | 05-May-04 16:00

Project Commencement 0.00 0.00 100% 15-Mar-04 08:00 A _§ Project Commencement

Set Out & Excavate 6.00 000  100% 15-Mar-04 08:00 A | 06-Apr-04 16:00 A ‘ﬂm Evcavate

=
Formwork 500 000  100% 07-Apr-04 08:00 A 13-Apr-04 10:00 A Fhrmwork
—

Information Release 0.00 0.00 100% 12-Apr-04 16:00 A o I |nfbrmation Release

Fabrication Reinforcement Bars| 10.00 7.00 30% 13-Apr-04 08:00 A 26-Apr-04 16:00 | -5.00 Fabrication Reinforce

Concrete Pour 6.00 6.00 0% 27-Apr-04 08:00 | 05-May-04 16:00  -5.00 : oncrete |

Apply Waterproof Finish 0.00 0.00 0% 05-May-04 15:59 | 05-May-04 16:00  -5.00 "Apply Wat

—

Project Completion 0.00 0.00 0% 05-May-04 16:00* | -5.00 o Praject Ce
_, DELAY EVENTS 18.00 0.00 15-Mar-04 08:00 A 16-Apr-04 08:00  2.00 '

CD-1: Additional Work Caused 0.00 0.00 100%  23-Mar-04 08:00 A | 05-Apr-04 08:00 A 7CD- - Addiftional Work Caused by Error in S¢

by Error in Setting Out

CD-2: Delay in Rebar 0.00 0.00 100% 26-Mar-04 08:00 A | 12-Apr-04 08:00 A CO-2: Delay jn Rebar Schedules Rel

Schedules Releasse | e ;

CD-3: Procurement of Admix 0.00 0.00 0% 12-Apr-04 08:00 A | 16-Apr-04 08:00 2.00 B CD-3: Procurement of Admix Ca

Caused by Employer's

MNED-1: Contractor's Low 000 0.00 100% 15-Mar-04 08:00 A 17-Mar-04 08:00 A i.:. NED-1: Contractor'q Low Progress

Progress

MNED-2: Contractor's Delay on 0.00 0.00 100% 17-Mar-04 08:00 A | 19-Mar-04 08:00 A :,i NED-2: Contractdr's Delay on [Excavation Caused by Rain

Excavation Caused by Rain

MED-3: Contractor's Delay on 0.00 0.00 100% 24-Mar-04 08:00 A 30-Mar-04 03:00 A =.= MED{3: Contractg's Delay on Excavation Caused b

Excavation Caused by Rain

NED-4: Rework Caused by 0.00 0.00 100%  30-Mar-04 08:00 A ' 01-Apr-04 08:00 A .:.i NED-4: Reworld Caused by Collapsed Excavation

Collapsed Excavation

MNED-5: Contractor's Low 0.00 0.00 100% 07-Apr-04 08:00 A | 09-Apr-04 08:00 A i.:. MWED-§: Contractor's Low Progress on Ft

Progress on Formwork Activity

Figure 79 Updated Program for Window 22

110



Figure 80 shows the float paths to the Project Completion milestone on the updated
program. Float Path 1, the most critical path of the project, starts with the Fabrication
Reinforcement Bars activity that had a delayed start due to both delay in the
completion of Formwork and Information Release activities. Float Path 2, which
contains CD-3: Procurement of Admix Caused by Employer’s Instruction, did not
cause any concurrent delay on the contractual project completion date, as total float

of the activity representing the delay event is 2 days.

Original | Remaining | Physical % | Start Total| |
Duration | Duration

Activity Name

05-May-04 16:00 |-5.00

13-Apr-04 08:00 A

Fabrication Reinforcement Bars 10.00 30% 13-Apr-04 08:00 A | 26-Apr-04 16:00
Concrete Pour 6.00 6.00 0% 27-Apr-04 08:00  05-May-04 16:00 -5.00

Apply Waterproof Finish 0.00 0.00 0% 05-May-04 15:59  05-May-04 16:00  -5.00

Project Completion 0.00 0.00 0% 05-May-04 16:00* | -5.00 < Project Cc

ﬂ- 12-Apr-04 08:00 A | 16-Apr-04 08-00
-

CD-3: Procurement of Admix 0.00 0.00 0% 12-Apr-04 08:00 A | 16-Apr-04 08:00 2.00 CD-3: Procurement of Admix Ca
Caused by Employer's

Figure 80 Float Paths of Updated Program for Window 22

The results of Window 22 of the delay analysis are shown in a summary format in
Figure 81. There is no critical delay on the critical path, which is the path from Set
Out & Excavate to Project Completion in this window. Hence, the overall delay on
project completion is kept the same as previous window as 8 calendar days. There is
also a concurrent compensable delay of 8 days on the path from Information Release

to Project Completion.

TIME SLICE WINDOWS ANALYSIS RESULTS - WINDOW 22

Forecast

As- Complet Forecast Cumulative Delays 2122122121222 2|2|2|2|2|2|2| g
path Impacted Delay Event Planned Dat © |Complet. 'ﬂ'ﬂﬁ'ﬁﬁﬁﬁﬁﬁ%ﬁﬁﬁﬁﬁﬁﬁl
s Activity clay tven Complet Pa < Date This HHEEEEEEHEEREEEEE
Date “;'tzv‘;ous window |Tot-|CD | ED |NED|ni|ni| o) | S| S| S| 2| 5| 5| 5| 8| 2| 2| 2| 2|5

indow

Set Out & Exc.to |Fabrication |\ o\ thic window |27-apr-0a |05-May-02|os-may-0a| 8 | 0 | 3 | s C-OS-May-Od
Project Comp Rebars
Info. Release to |Fabrication |\ o\ this Window | 27-Apr-0d |05-May-0¢|05-May-04| 8 | 8 | 0 | © :IDS—MEW-D&
Project Comp Rebars

-Non—Excusab\e Delay (NED) l:lEm:usable Delay (ED) I:lCDmpensable Delay (CD) 4 Contractual Project Completion Milestone

Figure 81 Time Slice Windows Analysis Results for Window 22
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3.2.1.23 Window 23 — From 16 April 2004 08:00 to 17 April 2004 08:00

As also shown in Figure 12, the daily progress records for 16-Apr-04 were as

follows:

e The cumulative progress of Fabrication Rebars activity is reported as 40%.

e Admix is not yet delivered to the site.

Since the cumulative progress of Fabrication Reinforcement Bars activity is 40% and
planned duration of the activity was 10 days, the earned duration of the activity is 4
days. Hence, the estimated remaining duration is updated in the program as 6 days.

Figure 82 shows the updated program for Window 23. The project completion date
is kept as 05-May-04, which means there is no critical delay compared to the
previous window, and a delay of 8 calendar days compared to the as-planned
program. Furthermore, the effect of compensable delay event CD-3: Procurement of

Admix Caused by Employer’s Instruction is continued.

Activity Name Original| Remaining | Physical % | Start Finish Total| |

Duration| Duration| Complete Float 128 [ Apr04 [ Apr 11 [ Apr 18 | Apr25 [ May 02 [ May 09
& Di D GEE DD NG EEDE BEGE ER Ui GEE D DG EEDE i GEELTREE]
= WINDOW 23 A 15-Mar-04 08:00 A | 05-May-04 16:00 |-
Project Commencement 0.00 0.00 100% 15-Mar-04 08:00 A % Project Commencement
Set Out & Excavate 600  0.00  100% 15-Mar-04 08:00 A 06-Apr-04 16:00 A ‘ﬂm &|Excavate
Formwaork 5.00 0.00 100% |07-Apr-04 08:00 A 13-Apr-04 10:00 A Fofmwork
—
Information Release 0.00 0.00 100% 12-Apr-04 16:00 A o :g Information Releasée
Fabrication Reinforcement Bars|  10.00 6.00 40% [13-Apr-04 06:00 A 26-Apr-04 16:00  -5.00 Fabrication Reinforc:
Concrete Pour 6.00 6.00 0% 27-Apr-04 08:00  05-May-04 16:00 -5.00 : oncrete |
Apply Waterproof Finish 0.00 0.00 0% 05-May-04 15:59 | 05-May-04 16:00 -5.00 ‘Apply Wa
—
Project Completion 0.00 0.00 0% 05-May-04 16:00* -5.00 o Praject Ce
_, DELAY EVENTS 18.00 0.00 15-Mar-04 08:00 A 19-Apr-04 08:00  1.00 :
CD-1: Additional Work Caused 0.00 0.00 100% 23-Mar-04 08:00 A 05-Apr-04 08:00 A 7CD- - Additjonal Wotk Caused by Error in S
by Error in Setting Qut
CD-2: Delay in Rebar 0.00 0.00 100% 26-Mar-04 08:00 A 12-Apr-04 08:00 A CD-p: Delay in Rebar Schedules Rel
Schedules Release | e :
CD-3: Procurement of Admix 0.00 0.00 0% 12-Apr-04 08:00 A 19-Apr-04 08:00 1.00 B CD-3: Procurement of Admix
Caused by Employer's
MNED-1: Contractors Low 0.00 0.00 100% 15-Mar-04 08:00 A 17-Mar-04 08:00 A E MNED-1: Contractor'y Low Progras
Progress
MED-2: Contractor's Delay on 0.00 0.00 100% 17-Mar-04 08:00 A 19-Mar-04 08:00 A =.i MNED-2: Contractgr's Delay on Excavation Caused by Rain
Excavation Caused by Rain
MNED-3: Contractor's Delay on 0.00 0.00 100% 24-Mar-04 08:00 A 30-Mar-04 08:00 A .:.= NED{3: Contractor]s Delay on Excavation Caused b
Excavation Caused by Rain
MNED-4: Rewark Caused by 0.00 0.00 100% 30-Mar-04 08:00 A 01-Apr-04 08:00 A .:.i NED-4: Rework Caused by Collapsed Excavation
Collapsed Excavation
MED-5: Contractor's Low 0.00 0.00 100% 07-Apr-04 08:00 A 09-Apr-04 08:00 A 1: MED-5: Contractor's Low Progress on Fi
Progress on Formwork Activity

Figure 82 Updated Program for Window 23
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Figure 83 shows the float paths to Project Completion milestone on the updated
program. Float Path 1, the most critical path of the project, starts with Fabrication
Reinforcement Bars activity that had a delayed start due to both a delay in the
completion of Formwork and Information Release activities. Float Path 2, which
contains CD-3: Procurement of Admix Caused by Employer’s Instruction, did not
cause any concurrent delay on contractual project completion date as total float of

the activity representing the delay event is 1 day.

Activity Name: Original | Remaining | Physical % | Start i Total| |
Duration | Duration Float| || Mar 14 | K

13-Apr-04 08:00 A | 05-May-04 16:00 |-5.00

Fabrication Reinforcement Bars | 10.00 A 40% 13-Apr-04 08:00 A | 26-Apr-04 16:00

Caoncrete Pour 6.00

0% 27-Apr-04 08:00  05-May-04 16:00 -5
Apply Waterproof Finish 0.00 0.00 0% 05-May-04 15:59 | 05-May-04 16:00  -5.00

Project Completion 0.00 0.00 0% 05-May-04 16:00* | -5.00

CD-3: Procurement of Admix 000 000 0% 12-Apr-04 08:00 A | 19-Apr-04 08:00  1.00 " CD-3: Procurement of Admix

Caused by Employer's

Figure 83 Float Paths of Updated Program for Window 23

The results of Window 23 of the delay analysis are shown in a summary format in
Figure 84. There is no critical delay on the critical path, which is the path from Set
Out & Excavate to Project Completion in this window. Therefore, the overall delay
on project completion from the previous window is maintained as 8 calendar days.
Furthermore, there is also a concurrent compensable delay of 8 days on the path from

Information Release to Project Completion.

TIME SLICE WINDOWS ANALYSIS RESULTS - WINDOW 23

Forecast

As- Complet Forecast Cumulative Delays 2122122121222 2|2|2|2|2|2|2| g
path Impacted Delay Event Planned Dat © |Complet. 'ﬂ'ﬂﬁ'ﬁﬁﬁﬁﬁﬁ%ﬁﬁﬁﬁﬁﬁﬁl
s Activity clay tven Complet Pa < Date This HHEEEEEEHEEREEEEE
Date “;'tzv‘;ous window |Tot|CD | ED |NED| n| ||l 5| S| 3| 38| 8| 5| 8| 8| 2|32 2

indow

Set Out & Exc.to |Fabrication |\ o\ thic window |27-apr-0a |05-May-02|os-may-0a| 8 | 0 | 3 | s C-OS-May-Od
Project Comp Rebars
Info. Release to |Fabrication |\ o\ this Window | 27-Apr-0d |05-May-0¢|05-May-04| 8 | 8 | 0 | © :IDS—MEW-D&
Project Comp Rebars

-Non—Excusab\e Delay (NED) l:lEm:usable Delay (ED) I:lCDmpensable Delay (CD) 4 Contractual Project Completion Milestone

Figure 84 Time Slice Windows Analysis Results for Window 23
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3.2.1.24  Window 24 — From 17 April 2004 08:00 to 18 April 2004 08:00

Even though 17-Apr-04 was a non-working day, the Contractor has worked to
accelerate the program. As also shown in Figure 12, the daily progress records for
17-Apr-04 were as follows:

e The cumulative progress of Fabrication Rebars activity is reported as 55%.

Since the cumulative progress of Fabrication Reinforcement Bars activity is 55% and
the planned duration of the activity was 10 days, the earned duration of the activity

is 5.5 days. Hence, the remaining duration is updated in the program as 4.5 days.

Figure 85 shows the updated program for Window 24. The project completion date
is changed to an earlier date because work was done on a non-working day on
Fabrication Reinforcement Bars, as 04-May-04. Hence, there is an acceleration of 1
calendar day compared to the previous window, and a delay of 7 calendar days
compared to the as-planned program. Furthermore, the effect of compensable delay

event CD-3: Procurement of Admix Caused by Employer’s Instruction is continued.

Activity Name: Original | Remaining | Physical % | Start
Duration Float | | Mar 14 | ¥

jiar 21 | War 28 | Apr 04 | Apr 11 | Apr 18 | Apr 25 | Way 02 | May 09
EINDRGEED R RGEE iR G E IR ER T GE D AT GEE IR NGEEIR i GEEN R RGE!

= WINDOW 24
Project Commencement 0.00 0.00 100% 15-Mar-04 08:00 A % Project Commencement
Set Out & Excavate 6.00 0.00 100% 15-Mar-04 0800 A | 06-Apr-04 16-00 A 'ﬂm & Excavate
=
Farmwork 5.00 0.00 100% 07-Apr-04 08:00 A | 13-Apr-04 10:00 A Fortwork
—
Information Release 0.00 0.00 100% 12-Apr-04 16:00 A o I¥ |nfortation Release
Fabrication Reinforcement Bars | 10.00 4.50 55% 13-Apr-04 08:00 A 23-Apr-0412:00  -3.50 Fabrication Reinforce
Concrete Pour 6.00 6.00 0% 23-Apr-04 12:00  04-May-04 12:00 -350 Concrete |
Apply Waterproof Finish 0.00 0.00 0% 04-May-04 11:59 | 04-May-04 12:00 -3.50 " Apply Wat
Project Completion 0.00 0.00 0% 04-May-04 12:00* -3.50 . > Project Co
. DELAY EVENTS 18.00 0.00 15-Mar-04 08:00 A 19-Apr-04 08:00  1.00
CD-1: Additional Work Caused 0.00 0.00 100% 23-Mar-04 08:00 A | 05-Apr-04 08:00 A _CDr - Additi na\iWUrk Caused by Error in Se
by Error in Setting Out !
CD-2: Delay in Rebar 0.00 0.00 100% 26-Mar-04 08:00 A | 12-Apr-04 08:00 A CD-2t Delay in Rebar Schedules Rel:
Schedules Release
CD-3: Procurement of Admix 000 000 0% 12-Apr-04 08:00 A 19-Apr-04 08:00 | 1.00 NN CD-3: Procurement af Admix
Caused by Employer's
MNED-1: Contractor's Low 0.00 0.00 100% 15-Mar-04 08:00 A 17-Mar-04 08:00 A E NED-1: Contractor'y Low Progress
Progress
MED-2: Contractor's Delay on 0.00 0.00 100% 17-Mar-04 08:00 A 19-Mar-04 08:00 A ,:,i MED-2: Contractg’s Delay on Ecavation Caused by Rain
Excavation Caused by Rain
MED-3: Contractor's Delay on 0.00 0.00 100% 24-Mar-04 08:00 A 30-Mar-04 08:00 A .:.E NED{3: Contractors Delay on Excavation Caused b
Excavation Caused by Rain
NED-4: Rework Caused by 0.00 0.00 100% 30-Mar-04 08:00 A | 01-Apr-04 08:00 A .:.i NED-4: Rework Claused by Collapsed Excavation
Collapsed Excavation
NED-5: Contractor's Low 0.00 0.00 100% 07-Apr-04 08:00 A |09-Apr-04 08:00 A T:. NED-5: Contractor's Low Progress on Ft
Progress on Formwork Activity

Figure 85 Updated Program for Window 24
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Figure 86 shows the float paths to the Project Completion milestone on the updated
program. Float Path 1, the most critical path of the project, starts with Fabrication
Reinforcement Bars activity that had a delayed start due to a delay in both the
completion of Formwork and Information Release activities. Fabrication
Reinforcement Bars activity is accelerated by 1 calendar day compared to the
previous window. Float Path 2, which contains CD-3: Procurement of Admix Caused
by Employer’s Instruction, did not cause any concurrent delay on the contractual
project completion date, as the total float of the activity representing the delay event
is 1 day.

Activity Name: Original| Remaining | Physical % | Start

Duration Duration

Fioat| [ Har 12 1
EEREEGEEL]

13-Apr-04 08:00 A | 04-May-04 12:00 | -3.50

Fabrication Reinforcement Bars | 10.00 -3.50

55% 13-Apr-04 08:00 A 23-Apr-04 12:00
Concrete Pour 6.00 6.00 0% 23-Apr-04 12:00  04-May-04 12:00 -3.50 : ~ Concrete |

Apply Waterproof Finish 0.00 0.00 0% 04-May-04 11:59  04-May-04 12:00 -3.50

Project Completion 0.00 0.00 0% 04-May-04 12:00" -3.50 % Project Cc
mm- 12-Apr-04 08:00 A | 19-Apr-04 08:00

CD-3: Procurement of Admix 0.00 0.00 0% 12-Apr-04 08:00 A 19-Apr-04 08:00 1.00 "(-:D—B: Procurement of Admix

Caused by Employer's

Figure 86 Float Paths of Updated Program for Window 24

The results of Window 24 of the delay analysis are shown in a summary format in
Figure 87. Both paths, which are from Set Out & Excavate to Project Completion
and from Information Release to Project Completion, contain Fabrication
Reinforcement Bars activity. Hence, as a result of the acceleration in Fabrication
Reinforcement Bars activity by one day, the delays on both of these paths are reduced
by one day. Accordingly, the critical delay is reduced to 7 calendar days in this

window.
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TIME SLICE WINDOWS ANALYSIS RESULTS - WINDOW 24
Forecast
As- Complet. Forecast o, mylative Delays 3 22|12 3 3. 3 3 g 3 3. a g g 3. 2 a
path Impacted Delay Event Planned st Complet. = sl 5 5 &l | 5| 2| & 2| &| & 5| & ﬁl
a elay Even ate
Activity ¥ Complet. - Date This 3332|212 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| =
pate  |PTEVIOUS yingow |Tot| CO | €D [NED| R\ H| RIS B 8| A& 8|4 5| 8|4 S5 4|2
Window
Set Flut& Exc.to |Fabrication Ac_celeratlon This 27-Apr-0a | 05-May-04|0a-may-0a| 7 | 0 | 2 | 5 C-Od—May-Od
Project Comp. Rebars Window
Info. Rel ko Fabricati Acceleration Thi
nio-neleaseto | rabrication | Acce eration This 27-Apr-04|05-May-04|0a-May-04| 7 | 7 |0 | 0 :Ioal—wlay-m
Project Comp. Rebars Window

-Non-ExcusahIe Delay (MED) l:lExcusahle Delay (ED) l:lCompensahleDelav(CD) ’ContractualProjectCompIet'\on Milestone

Figure 87 Time Slice Windows Analysis Results for Window 24

3.2.1.25 Window 25— From 18 April 2004 08:00 to 19 April 2004 08:00

Even though 18-Apr-04 was non-working day, the Contractor has worked to
accelerate the program. As also shown in Figure 12, the daily progress records for
18-Apr-04 were as follows:

e The cumulative percentage of completed Fabrication Reinforcement Bars
activity is reported as 70%.

e Admix has not yet been delivered to the site.

Since the cumulative progress of Fabrication Reinforcement Bars activity is 70% and
the planned duration of the activity was 10 days, the earned duration of the activity
is 7 days. Hence, the estimated remaining duration is updated in the program as 3

days.

Figure 88 shows the updated program for Window 25. The project completion date
is brought to an earlier date due to work being done on a non-working day as well as
the high progress achieved on Fabrication Reinforcement Bars, as 29-Apr-04. This
results in a 2-working-day and consequently a 5-calendar-day acceleration compared
to the previous window, since 01-May-04, 02-May-04, and 03-May-04 were non-
working days. Furthermore, the effect of compensable delay event CD-3:

Procurement of Admix Caused by Employer’s Instruction is continued.
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Activity Name: Original | Remaining | Physical % | Start Finish Total

Durat Durati Complet Float Mar 14 | Mar 21 | Mar 28 | Apr 04 [ Apr 11 | Apr18 | Apr25 | May 02 | May 09
Jreen) o] comee > 08 GEE D GUGEE D0 DGEEDY DR GREDN DI GEET0E
= WINDOW 25 I 15-Mar-04 08:00 A | 29-Apr-04 16:00
Project Commencement 0.00 0.00 100% 15-Mar-04 08:00 A % Project Commencement
Set Out & Excavate 500 000  100% 15-Mar-04 08:00 A 0B-Apr-04 16:00 A 'ﬂm & Ekcavate
=
Farmwork 5.00 0.00 100% | 07-Apr-04 08:00 A 13-Apr-04 10:00 A Formwork
—
Information Release 0.00 0.00 100% 12-Apr-04 16:00 A o I |nformation Release
Fabrication Reinforcement Bars | 10.00 3.00 T0% | 13-Apr-04 08:00 A 21-Apr-04 16:00  -2.00 Fabrication Reinforceme
Concrete Pour 6.00 6.00 0% 22-Apr-04 08:00  29-Apr-04 16:00  -2.00 Concrete Pt
Apply Waterproof Finish 0.00 0.00 0% 29-Apr-04 15:59  29-Apr-04 16:00  -2.00 © Apply Wate
Project Completion 0.00 0.00 0% 29-Apr-04 16:00*  -2.00 N < Project Conr
_, DELAY EVENTS 18.00 0.00 15-Mar-04 08:00 A 19-Apr-04 08:00 1.00
CD-1: Additional Work Caused 0.00 0.00 100% 23-Mar-04 08:00 A 05-Apr-04 08:00 A _CDr - Additiod a:l ‘Work Caused by Error in Se
by Error in Setting Out ;
CD-2: Delay in Rebar 0.00 0.00 100% 26-Mar-04 08:00 A 12-Apr-04 08:00 A CD-2:|Delay in Rebar Schedules Rel¢
Schedules Release :
CD-3: Procurement of Admix 000  0.00 0% 12-Apr-04 08:00 A 19-Apr-04 08:00 1.0 NS CD-3: Procurement of Admix
Caused by Employer's
NED-1: Contractor's Low 0.00 0.00 100% 15-Mar-04 08:00 A 17-Mar-04 03:00 A 1: MNED-1: Contractor'y Low Progress
Progress
NED-2: Contractor's Delay on 0.00 0.00 100% 17-Mar-04 08:00 A 19-Mar-04 08:00 A .:.i MNED-2: Contractdr's Delay on Excavation Caused by Rain
Excavation Caused by Rain
MNED-3: Contractor's Delay on 0.00 0.00 100% 24-Mar-04 08:00 A 30-Mar-04 08:00 A .:.ﬁ NED{3: Contractor's Delay on Excavation Caused b
Excavation Caused by Rain
MED-4: Rewark Caused by 0.00 0.00 100% 30-Mar-04 08:00 A 01-Apr-04 08:00 A ,:,i MED-4: Rework Cqused by Collapsed Excavation
Collapsed Excavation
MED-5: Contractor's Low 0.00 0.00 100% 07-Apr-04 08:00 A 09-Apr-04 08:00 A 1:. MED-5: Contractor's Low Progress on Fc
Progress on Formwork Activity

Figure 88 Updated Program for Window 25

Figure 89 shows the float paths to Project Completion milestone on the updated
program. Float Path 1 starts with Fabrication Rebars activity that had a delayed start
due to delays in both the completion of Formwork and Information Release
activities. Fabrication Rebars activity is accelerated by 2 working days, and the finish
date of the activity is brought from 23-Apr-04 to 21-Apr-04, compared to the
previous window. Float Path 2, which contains CD-3: Procurement of Admix Caused
by Employer’s Instruction, did not cause any concurrent delay on the contractual

project completion date as the total float of the delay event activity is 1 day.

Original | Remaining | Physical % | Start Total| |
Duration | Duration

Activity Name

13-Apr-04 08:00 A

29-Apr-04 16:00

Fabrication Reinforcement Bars 10.00 70% 13-Apr-04 08:00 A | 21-Apr-04 16:00

Concrete Pour 6.00 6.00 0% 22-Apr-04 08:00  29-Apr-04 16:00 | -2.00 Concrete P

Apply Waterproof Finish 0.00 0.00 0% 29-Apr-04 15:59  29-Apr-04 16:00 | -2.00 1 Apply Wate

Project Completion 0.00 0.00 0% 29-Apr-04 16:00° | -2.00

CD-3: Procurement of Admix 0.00 0.00 0% 12-Apr-04 08:00 A | 19-Apr-04 08:00 1.00 CD-3: Procurement of Admix
Caused by Employer's

Figure 89 Float Paths of Updated Program for Window 25

< Project Con
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The results of Window 25 of the delay analysis are shown in a summary format in
Figure 90. Both paths, which are from Set Out & Excavate to Project Completion
and from Information Release to Project Completion, contain Fabrication
Reinforcement Bars activity. Hence, as a result of acceleration in Fabrication
Reinforcement Bars activity by two working days, the delays on both of these paths
are reduced by two working days. Accordingly, the critical delay is reduced to 2

calendar days in this window.

TIME SLICE WINDOWS ANALYSIS RESULTS - WINDOW 25
e Forecast E +
~ compler [ fcumutative oeiovs| 3( 3| 3| 3|3/ 3|3/ 3| 33333 53] 3| 3
path Impacted Delay Evert Planned Dat Complet. =| =| 5| 5| | 8| 5| 5| 3| 5| 5| 5| &| 8| 8| &| A
a elay Even ate
Activity v Complet. ) Date This HEZIE 122121222 22|12 22| 2|2
pate |75 lwindow |Tob| D | €D |NeD|R| KR 2|8 3| 3| E| &I 5| B| S| 2|5 2D
Window
Set Out & Exc.to |Fabricati Acceleration Thi
€t Dub & Bxc. fo | Fabrication | Acceeration This 27-Apr-D4 |04-May-04| 25-8pr-04 | 2 |0 | 0 | 2 -2‘3—Apr-04
Project Comp Rebars Window
\nfct. Release to |Fabrication AcFeIeratlon This 27-Apr-04 |0a-May-04| 25-8pr-0a | 2 [ 2 |0 | 0 DZQ*ADFM—
Project Comp Rebars Window

-Non-Excusah\e Delay (NED) l:lExcusahle Delay (ED) I:ltompensahle Delay (CD) . Contractual Project Completion Milestone

Figure 90 Time Slice Windows Analysis Results for Window 25

3.2.1.26  Window 26 — From 19 April 2004 08:00 to 20 April 2004 08:00

As also shown in Figure 12, the daily progress records for 19-Apr-04 were as

follows:

e The cumulative percentage of completed Fabrication Reinforcement Bars
activity is reported as 80%.

e Admix has not yet been delivered to the site.

Since the cumulative progress of Fabrication Reinforcement Bars activity is 80% and
the planned duration of the activity was 10 days, the earned duration of the activity
is 8 days. Hence, the estimated remaining duration is updated in the program as 2

days.

Figure 91 shows the updated program for Window 26. The project completion date

is kept as 29-Apr-04, which means there is no critical delay compared to the previous
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window and a 2-calendar-day delay compared to the as-planned program.
Furthermore, the effect of compensable delay event CD-3: Procurement of Admix

Caused by Employer’s Instruction is continued.

Activity Name Original| Remaining | Physical % | Start Finish Total| |

Dinod Durati Complet Float| []Mar 12 [ Mar 21 | Mar 26 | Apr 04 | Apr 11 | Apr 18 | Apr25 | May 02 | May 09
i e B ¢ D G DD GEE DG E BBy GEE DR QN NGEEDV BN CEE RG]
= WINDOW 26 32. 5 15-Mar-04 08:00 A|29-Apr-04 16:00  |-2.00,
Project Commencement 0.00 0.00 100% 15-Mar-04 05:00 A _§ Project Commencement
Set Out & Excavate 6.00 000 100% 15-Mar-04 08:00 A 06-Apr-04 16:00 A ’ﬂm 8 Exbavate
=
Formwork 5000 000  100% O7-Apr-04 08:00 A 13-Apr-04 10-00 A Formiork
—
Information Release 0.00 0.00 100% 12-Apr-04 16:00 A o I |nformation Release
Fabrication Reinforcement Bars| 1000 2.00 60% 13-Apr-04 08:00 A 21-Apr-04 16:00  -2.00 I [ cotion Reinforcement
Concrete Pour 6.00 6.00 0% 22-Apr-04 08:00  29-Apr-04 16:00  -2.00 oncrete Pour
—
Apply Waterproof Finish 0.00 0.00 0% 29-Apr-04 15:59  29-Apr-04 16:00  -2.00 "Apply Waterproo
Project Completion 0.00 0.00 0% 29-Apr-04 16:00*  -2.00 o Project Completi
_ DELAY EVENTS 18.00 0.00 15-Mar-04 08:00 A 20-Apr-04 08:00 0.00

CD-1: Additional Work Caused 0.00 0.00 100% 23-Mar-04 08:00 A 05-Apr-04 08:00 A _CD- - Additiongl Work Caused by Error in S
by Error in Setting Out
CD-2: Delay in Rebar 0.00 0.00 100% 26-Mar-04 08:00 A 12-Apr-04 08:00 A CD-2: Delay in Rebar Schedules Rel
Schedules Release
CD-3: Procurement of Admix 000 000 0% 12-Apr-04 08:00 A 20-Apr-04 08:00  0.00 NS CD-3: Procurement of Admi
Caused by Employer's
MNED-1: Contractor's Low 0.00 0.00 100% 15-Mar-04 08:00 A 17-Mar-04 08:00 A ! MNED-1: Contractor'y Low Progress
Progress
MNED-2: Contractor's Delay on 0.00 0.00 100% 17-Mar-04 08:00 A 19-Mar-04 08:00 A :.i NED-2: Contractgr’s Delay on Excivation Caused by Rain
Excavation Caused by Rain
MED-3: Contractor's Delay on 0.00 0.00 100% 24-Mar-04 08:00 A 30-Mar-04 08:00 A .:.ﬁ MED{3: Contractor's Delay on Excavation Caused b
Excavation Caused by Rain
MNED-4: Rework Caused by 0.00 0.00 100% 30-Mar-04 08:00 A 01-Apr-04 08:00 A :i NED-4: Rework Caysed by Collapsed Excavation
Collapsed Excavation
NED-5: Contractor's Low 0.00 0.00 100% 07-Apr-04 08:00 A 09-Apr-04 08:00A T:. MNED-5: Coptractor's Low Progress on Fi
Progress on Formwork Activity

Figure 91 Updated Program for Window 26

Figure 92 shows the float paths to Project Completion milestone on the updated
program. Float Path 1, the most critical path of the project, starts with Fabrication
Reinforcement Bars activity that had a delayed start due to a delay in both the
completion of Formwork and Information Release activities. Float Path 2, which
contains CD-3: Procurement of Admix Caused by Employer’s Instruction, did not
cause any concurrent delay on contractual project completion date as the total float
of the activity representing the delay event is 0-day.
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Original| Remaining | Physical % | Start Total| |
Duration | Duration Mar 14 | Mar 21 | Mar 28 | Ap
BB D EGEENRTRGEENERRGEEI NI LGEEDRD

Activity Name

13-Apr-04 08:00 A [29-Apr-04 16:00

Fabrication Reinforcement Bars ' 10.00 80% 13-Apr-04 03:00 A | 21-Apr-04 16:00
Concrete Pour 6.00 6.00 0% 22-Apr-04 08:00  29-Apr-04 16:00 | -2.00
Apply Waterproof Finish 0.00 0.00 0% 29-Apr-04 15:58  29-Apr-04 16:00 | -2.00
Project Completion 0.00 0.00 0% 29-Apr-04 16:00% | -2.00

mﬂ- 12-Apr-04 08:00 A | 20-Apr-04 08.00

0.00 0.00 0% 12-Apr-04 08:00 A | 20-Apr-04 08:00 000 S CD-3: Procurement of Admi

< Project Completii

CD-3: Procurement of Admix
Caused by Employer's

Figure 92 Float Paths of Updated Program for Window 26

The results of Window 26 of the delay analysis are shown in a summary format in
Figure 93. There is no critical delay on critical path, which is the path from Set Out
& Excavate to Project Completion in this window. Thus, the overall delay on the
project completion is kept the same as the previous window as 2 calendar days.
Furthermore, there is also a 2-day concurrent compensable delay on the path from

Information Release to Project Completion.

TIME SLICE WINDOWS ANALYSIS RESULTS - WINDOW 26

Forecast
As- Complet. Forecast |eymulative Delays | 3| 3| 3| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2( 2|2\ 2|2
path Impacted Delay Evert Planned Dt Complet. Eﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ]
a elay Even ate
Activity Y Complet. - Date This 35 2 2|2|12|12|2| 2| 2| 2|2 2|2 2| 2
pate  |PTEVIOUS yindow |Tot| D | ED |NED|R| IR E| 2| 8| G| 3|8 S| 5|8 4| 5 8 A
Window

Set OUt & Fxc_to |Fabricati
€ OUT & BXE-To | PEBACATON |y Delay This Window | 27-Apr-04 | 20-Apr-04 | 20-8pr0a| 2 |0 | 0 | 2 -29-Apr-u4
Project Comp. Rebars

Info. Release to|Fabrication |\ o \o This Window |27-apr-0a | 26-Apr-0a | 20-npr0a | 2 | 2 |0 | o EIZS—AFJ[-(M-
Project Comp. Rebars

-Non-Excusahle Delay (MED) l:lExcusah\e Delay (ED) I:lCDmpensahle Delay (CD) 4 Contractual Project Completion Milestone

Figure 93 Time Slice Windows Analysis Results for Window 26

3.2.1.27 Window 27 — From 20 April 2004 08:00 to 21 April 2004 08:00

As also shown in Figure 12, the daily progress records for 20-Apr-04 were as

follows:

e The cumulative percentage of completed Fabrication Reinforcement Bars

activity is reported as 87%.

120



e Admix is not yet delivered to the site.

Since the cumulative progress of Fabrication Reinforcement Bars activity is 87% and
the planned duration of the activity was 10 days, the earned duration of the activity
is 8.7 days. Hence, the estimated remaining duration is updated in the program as 1.3
days. The planned daily progress of the activity was 10% and the achieved daily
progress was 7%. Due to that, there is a Contractor delay caused by the low progress
on the Fabrication Reinforcement Bars activity in this window. An activity
representing the delay event is created as NED-6: Contractor's Low Progress on

Fabrication Reinforcement Bars.

Figure 94 shows the updated program for Window 27. The project completion date
is shifted to 30-Apr-04, which means there is a delay of 1 calendar day compared to
the previous window and a delay of 3 calendar days compared to the as-planned
program. The critical delay occurred due to non-excusable delay event NED-6:
Contractor’s Low Progress on Fabrication Reinforcement Bars. Furthermore, the
effect of compensable delay event CD-3: Procurement of Admix Caused by

Employer’s Instruction is continued.

Figure 95 shows the float paths to the Project Completion milestone on the updated
program. Float Path 1, which contains NED-6: Contractor’s Low Progress on
Fabrication Reinforcement Bars, delays the project completion milestone date to 30-
Apr-04, which means a 3-calendar-day delay compared to the as-planned program.
Float Path 2, which contains CD-3: Procurement of Admix Caused by Employer’s
Instruction, also cause a concurrent delay on the contractual project completion date
as the total float of the activity representing the delay event is -1 day, which pushes

the Project Completion milestone to 28-Apr-04.
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Activity Name

= WINDOW 27

Project Commencement
Set Out & Excavate
Formwaork
Information Release
Fabrication Reinforcement Bars
Concrete Pour
Apply Waterproof Finish
Project Completion

_ DELAY EVENTS

CD-1: Additional Work Caused
by Error in Setting Out

CD-2: Delay in Rebar
Schedules Release

CD-3: Procurement of Admix
Caused by Employer's
NED-1: Contractor's Low
Progress

MED-2: Contractor's Delay on
Excavation Caused by Rain
MED-3: Contractor's Delay on
Excavation Caused by Rain
NED-4: Rework Caused by
Collapsed Excavation

NED-5: Contractor's Low
Progress on Formwork Activity
NED-6- Contractor's Low
Progress on Fabrication

Original | Remaining | Physical %

Duration

0.00

6.00

500

0.00

10.00

6.00

0.00

0.00

24.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

1.30

6.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

Start
Complete

15-Mar-04 08:00 A
100% 15-Mar-04 08:00 A
100% 15-Mar-04 08:00 A
100% 07-Apr-04 08:00 A
100%
§7% 13-Apr-04 06:00 A
0% 22-Apr-04 10:24
0% 30-Apr-04 10:23

0%

15-Mar-04 08:00 A
100% 23-Mar-04 08:00 A
100% 26-Mar-04 08:00 A
0% 12-Apr-04 08:00A
100% 15-Mar-04 08:00 A
100% 17-Mar-04 08:00 A
100% 24-Mar-04 08:00 A
100% 30-Mar-04 08:00 A
100% 07-Apr-04 08:00 A

0% 20-Apr-04 08:00 A

Finigh

30-Apr-04 10:24

06-Apr-04 16:00 A
13-Apr-04 10:00 A
12-Apr-04 16:00 A
22-Apr-04 10:24
30-Apr-04 10:24
30-Apr-04 10:24
30-Apr-04 10:24*
21-Apr-04 08:00
05-Apr-04 08:00 A
12-Apr-04 08:00 A
21-Apr-04 08:00
17-Mar-04 08:00 A
19-Mar-04 08:00 A
30-Mar-04 03:00 A
01-Apr-04 08:00 A
09-Apr-04 08:00 A

21-Apr-04 08:00

Figure 94 Updated Program for Window 27

Activity Name

MED-6: Contractar's Low
Progress on Fabrication
Fabrication Reinforcement Bars
Concrete Pour

Apply Waterproof Finish

Project Completion

CD-3: Procurement of Admix
Caused by Employer's

Original| Remaining | Physical % | Start

Duration

000

10.00

6.00

000

0.00

0.00

Duration

1.30

6.00

0.00

0.00

0.00

13-Apr-04 0
0% 20-Apr-04 03:00 A
87%  13-Apr-04 08:00 A
0% 22-Apr-04 10:24
0% 30-Apr-04 10-23

0%

0% 12-Apr-04 08:00 A

21-Apr-04 08:00
22-Apr-04 10:24
30-Apr-04 10:24
30-Apr-04 10:24

30-Apr-04 10:24%

21-Apr-04 08:00

Total

-2.30

-230

-2.30

-1.00

-230

-1.00

—§ Project Commencement

=

@

‘ﬂm & Exchvate
=
Formwork

4 [ War 21 | ar 28 | Apr 04 | Apr 11 | Ap
EGEENRDRGEENRORGEEILEGEEDRERGEED

3 Informatjon Release

| — Fabrication Reinforcemen

iﬁmmm
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Y
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B MED-6: Contractor's Low P

Figure 95 Float Paths of Updated Program for Window 27

B NED-6: Contractor's Low F

Fabrication Reinforcemen
———"Concrete Pour
Apply Waterprot

=)

o < Project Complet

CD-3: Procurement of Adr

The results of Window 27 of the delay analysis are shown in a summary format in

Figure 96. There is a 1-day critical delay on the Project Completion milestone caused

by a non-excusable delay event that affected the both the path from Set Out &

Excavate to Project Completion and from Information Release to Project

Completion. In addition to these, there is also a 1-day concurrent compensable delay

related to the procurement of Admix on the path from Employer’s Instruction to

Project Completion.
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TIME SLICE WINDOWS ANALYSIS RESULTS - WINDOW 27

Forecast

As- Complet. Forecast loymulative Delays| 3| 3[ 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2|2
path Impacted Delay Event Planned st Complet Eﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ]
a elay Even ate

Activity v Complet. | °* Date This 313121212121312131212 21312 2| 2 2

Date “'fv:'”s window |Tot-|CD | ED |NED| il e || 51 5| 5| 2| 5| 5| 5| 8| 8| 2| 3| S| 2

indow

set Flut & Exc.to |Fabrication |NED-6: Contractor Low 27-Apr-0a| 29-apr-04 | 30-apr-02 | 3 | 0 | 0 | 3 -30_m:“_04
Project Comp. Rebars Progress on Rebar Work

Info. Rel ke Fabricati MED-6: Contractor L
o REEasetn | ranrication OrAcior LW | 57-apr-04| 29-Apr-04 |30-Apr-02 | 3 | 2 [0 | 1 Dso—Apr-m
Project Comp. Rebars Progress on Rebar Work

EI’\’IF_I|D‘{EF Inst. to [Concrete CD-S_: Procurement of 27-Apr-04| 27-Apr-04 | 28-Apr-04 | 1 1 0 o {IZS’APFU‘L
Project Comp Pour Admix

-Nnn-ExcusahIeDelav(NED) :lExcusahleDelav(ED] l:lcumpensahlenelav[(:n) ’ContractualPrnjectcumplet'\nn Milestone

Figure 96 Time Slice Windows Analysis Results for Window 27

3.2.1.28 Window 28 — From 21 April 2004 08:00 to 22 April 2004 08:00

As also shown in Figure 12, the daily progress records for 21-Apr-04 were as

follows:

e Cumulative percentage of completed Fabrication Rebars activity is reported
as 95%.

e Admix is not yet delivered to site.

Since the cumulative progress of Fabrication Reinforcement Bars activity is 95%,
the estimated remaining duration is updated in the program as 0.5 days. The planned
daily progress of the activity was 10% and the achieved daily progress was 8%. Due
to that, NED-6: Contractor’s Low Progress on Fabrication Rebars delay event

continued in this window.

Figure 97 shows the updated program for Window 28. The project completion date
is kept as 30-Apr-04, which means that there is no critical delay compared to the
previous window and a 3-calendar-day delay compared to the as-planned program.
Furthermore, the effect of compensable delay event CD-3: Procurement of Admix

Caused by Employer’s Instruction is continued.

Figure 98 shows the float paths to Project Completion milestone. Float Path 1, which
contains NED-6: Contractor’s Low Progress on Fabrication Reinforcement Bars,

delays the Project Completion milestone date to 30-Apr-04, which means a
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3-calendar-day delay compared to the as-planned program. Float Path 2, which
contains CD-3: Procurement of Admix Caused by Employer’s Instruction, also cause
a concurrent delay on the project completion date as the total float of the activity
representing the delay event is -2 days, which pushes the project completion

milestone to 29-Apr-04.

Activity Name Original | Remaining | Physical % | Start Finish Total
Duration| Duration| Complete Float
= WINDOW 28 Yy i 15-Mar-04 08:00 A|30-Apr-04 12:00
Project Commencement 0.00 0.00 100% 15-Mar-04 08:00 A % Project Commencement
Set Out & Excavate 600  0.00  100% 15-Mar-04 08:00 A 06-Apr-04 16:00 A 'ﬂm & Excalate
=
Farmwork 5.00 0.00 100% | 07-Apr-04 03:00 A 13-Apr-04 10:00 A Formwolk
—_—
Information Release 0.00 0.00 100% 12-Apr-04 16:00 A o 12 |nformation Release
Fabrication Reinforcement Bars | 10.00 0.50 95% 13-Apr-04 08:00 A 22-Apr-04 12:00  -2.50 Fabrication Reinforcemer
Concrete Pour 6.00 6.00 0% 22-Apr-04 12:00  30-Apr-04 12:00  -250 oncrete Pour
Apply Waterproof Finish 0.00 0.00 0% 30-Apr-04 11:59  30-Apr-04 12:00  -2.50 ‘Apply Waterpro
e
Project Completion 0.00 0.00 0% 30-Apr-04 12:00*  -2.50 o Praject Complet
_ DELAY EVENTS 24.00 0.00 15-Mar-04 08:00 A 22-Apr-04 08:00  -2.00
CD-1: Additional Work Caused | 0.00 0.00 100%  23-Mar-04 08:00 A 05-Apr-04 08:00 A _CD— Additiongl YVork Caused by Error in St
by Error in Setting Out
CD-2: Delay in Rebar 0.00 0.00 100%  26-Mar-04 08:00 A 12-Apr-04 08:00 A CD-2: Delay in Rebar Schedules Rel
Schedules Release [
CD-3: Procurement of Admix 0.00 0.00 0% 12-Apr-04 08:00A 22-Apr-04 08:00  -200 I ©[)-3: Procurement of Ad
Caused by Employer's
NED-1: Contractor's Low 0.00 0.00 100% 15-Mar-04 08:00 A 17-Mar-04 08:00 A 1.: NED-1: Contractor's Low Frogress
Progress
NED-2: Contractor's Delay on 0.00 0.00 100% 17-Mar-04 08:00 A 19-Mar-04 08:00 A .:.i NED-2: Contractgr's Delay on Excavjtion Caused by Rain
Excavation Caused by Rain
NED-3: Contractor's Delay on 0.00 0.00 100% 24-Mar-04 08:00 A 30-Mar-04 08-00 A .:.ﬁ NED3: Contractor's Delgy on Excavation Caused b
Excavation Caused by Rain
WED-4: Rework Caused by 0.00 0.00 100% 30-Mar-04 08:00 A 01-Apr-04 08:00 A .:.i MED-4: Rework Causgd by Collapsed Excavation
Collapsed Excavation
MED-5: Contractor's Low 0.00 0.00 100% 07-Apr-04 08:00A 09-Apr-04 08:00 A 1:. ED-5: Contfactor's Low Progress on Fu
Progress on Formwork Activity
INED-6: Contractor's Low 0.00 0.00 0% 20-Apr-04 058:00 A 22-Apr-04 08:00 -2.50 =8 NED-6: Contractor's Low
Progress on Fabrication

Figure 97 Updated Program for Window 28

Original | Remaining | Physical % | Start Total ||
Duration | Duration

Activity Name:

13-Apr-04 08:00 A |30-Apr-04 12:00

NED-5: Contractor's Low
Progress on Fabrication
Fabrication Reinforcement Bars | 10.00 0.50 95% 13-Apr-04 08:00 A 22-Apr-04 12:00  -2.50

0% 20-Apr-04 08:00 A 22-Apr-04 08:00

Concrete Pour 6.00 6.00 0% 22-Apr-04 12:00  30-Apr-04 12:00  -2.50

Apply Waterproof Finish 0.00 0.00 0% 30-Apr-04 11:59 30-Apr-04 12:00 -2.50 ‘Apply Waterprog

Project Completion 0.00 0.00 0% 30-Apr-04 12:00* | -2.50

000 0.00 0% 12-Apr-04 08:00 A 22-Apr-04 08:00  -2.00

<> Project Complet

CD-3: Procurement of Admix CD-3- Procurement of Ad

Caused by Employer's

Figure 98 Float Paths of Updated Program for Window 28
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The results of Window 28 of the delay analysis are shown in a summary format in
Figure 99. There is no change on the project completion date compared to the
previous window which had 3 calendar days delay. Furthermore, there is also a
2-day concurrent compensable delay related to the procurement of Admix on the

path from the Employer’s Instruction to Project Completion.

TIME SLICE WINDOWS ANALYSIS RESULTS - WINDOW 28

Forecast
As- Complet. Forecast oymulative Delays | 3| 2| 2| 2| 2| 2| 2| 2| 2| 2( 2| 2| 2| 2| 2| 2|2
path Impacted Delay Evert Planned Dat Complet. Eaaaﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁl
a elay Even ate
Activity v Complet. i Date This 115 2| 2|2|2|2| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2
Date  [TTVIOUS \yindow |Tot| D | ED |NED| NN RS2 81 5| | 5|5 5| BIE) 23| 5
Window

Set Out B Exc. to |Fabricati NED-6: Contractor L
FtEUL R e fo | anrication OMractar oW | 59-apr-04| 30-Apr-04 [30-4pr-04 | 3 [0 | 0 | 3 -30—Apr-04
Project Comp. Rebars Progress on Rebar Work|

Info. Rel t Fabricati NED-&: Contractor L
nie-Release to | Fabrication ONIrEEROrLow 5o apr-04|30-Apr-04 |30-8pr-02| 3 [ 2 [0 | 1 DBO—Apr—M
Project Comp. Rebars Progress on Rebar Work|

Em;}lo‘,rer Inst. to [Concrete CD-3_ Procurement of 27-Apr-04 | 28-Apr-02 | 29-8pr-02 | 2 | 2 olo DZQ—APT'U"L
Project Comp Pour Admix

-Non-ExcusahIeDelav[NED] I:lExcusahleDe\av{ED] I:ltompensahle Delay (CD) ’Contractua\PrD]ectCompIet’\on Milestone

Figure 99 Time Slice Windows Analysis Results for Window 28

3.2.1.29 Window 29 — From 22 April 2004 08:00 to 23 April 2004 08:00

As also shown in Figure 12, the daily progress records for 22-Apr-04 were as

follows:

e Fabrication Reinforcement Bars activity is completed. The cumulative
percentage of completed Fabrication Reinforcement Bars activity is reported
as 100%.

e Admix has been delivered to site.

Figure 100 shows the updated program for Window 29. The project completion date
is kept as 30-Apr-04, which means there is no critical delay compared to the previous
window, and a 3-calendar-day delay compared to the as-planned program. Even
though Admix is delivered to the site, the effect of delay event CD-3: Procurement
of Admix Caused by Employer’s Instruction continued. Concrete Pour activity could

only be started on 23-Apr-04, as Admix was delivered on 22-Apr-04.
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Figure 101 shows the float paths to the Project Completion milestone on the updated
program. Float Path 1, the most critical path of the project, starts with Concrete Pour
activity that had a delayed start date due to a delay in both the completion of
Fabrication Reinforcement Bars and CD-3: Procurement of Admix Caused by

Employer’s Instruction activities.

Activity Name: Original | Remaining | Physical % | Start Finish Total| | T3 THiar 5T THar 38 | Aar 58 | Aer T | Aar 8 [Apr o THiay 53 ey 8
Durat Durat Complet Float ar ar pr pr pr pr 25 | Ma e
Lreen] ureen] eomeer il 5 D0 G2 O GEE 1B (UG E B0 0 GEEDY DR GE 0N RGEE DR GEE NOCE
= WINDOW 29 1 15-Mar-04 08:00 A | 30-Apr-04 16:00
Project Commencement 000 0.00 100% | 15-Mar-04 08:00 A % Project Commencement
Set Out & Excavate 6.00 0.00 100%  15-Mar-04 08-00 A 06-Apr-04 16:00 A ’%gm & Excavhte
==
Formwork 5.00 0.00 100% | 07-Apr-04 03:00 A | 13-Apr-04 10:00 A Formworl
Information Release 0.00 0.00 100% 12-Apr-04 16:00 A o ¥ Informatioh Release
Fabrication Reinforcement Bars| 10.00  0.00|  100%  13-Apr-04 08:00 A | 22-Apr-04 16:00 A |~ I . ication Reinforcemer
Concrete Pour 6.00 6.00 0% 23-Apr-04 08:00  30-Apr-04 16:00 | -3.00 oncrete Pour
=]
Apply Waterproof Finish 0.00 0.00 0% 30-Apr-04 15:59  30-Apr-04 16:00 | -3.00 "Apply Waterprai
Project Completion 0.00 0.00 0% 30-Apr-04 16:00 | -3.00 R Project Complet
_ DELAY EVENTS 2400 0.00 15-Mar-04 08:00 A 22-Apr-04 16:00 A

CD-1: Additional Work Caused 0.00 0.00 100% 23-Mar-04 08:00 A | 05-Apr-04 08:00 A _CD- Additional| VWork Caused by Error in S¢
by Error in Setting Out
CD-2: Delay in Rebar 0.00 0.00 100% 26-Mar-04 08:00 A 12-Apr-04 08:00 A CD-2: Dglgy in Rebar Schedules Rel
Schedules Release
CD-3- Procurement of Admix 000 000  100% 12-Apr-04 08:00 A |22-Apr-04 16:00 A e )3 Procurzment of Ad
Caused by Employer's
MNED-1: Contractor's Low 0.00 0.00 100% 15-Mar-04 08:00 A 17-Mar-04 08:00 A i.:. MED-1: Contractor'y Low Hrogress
Progress
MNED-2: Contractor's Delay on 0.00 0.00 100% 17-Mar-04 08:00 A | 19-Mar-04 08:00 A =.i MNED-2: Contractdr's Delay on Excavafion Caused by Rain
Excavation Caused by Rain
NED-3: Contractor's Delay on 0.00 0.00 100% 24-Mar-04 08:00 A 30-Mar-04 08:00 A :.= MED{3: Corttractor's Delay on Excavation Caused b
Excavation Caused by Rain
MNED-4: Rewark Caused by 0.00 0.00 100% 30-Mar-04 08:00 A | 01-Apr-04 08:00 A .:.i NED-4: Rewark Causedl by Collapsed Excavation
Collapsed Excavation
MED-5: Contractor's Low 0.00 0.00 100% 07-Apr-04 08:00 A | 09-Apr-04 08:00 A T.:. ED-5: Contrgctor's Low Progress on Fr
Progress on Formwork Activity
MNED-6: Contractor's Low 0.00 0.00 100% 20-Apr-04 08:00 A | 22-Apr-04 16:00 A g NED-6: Contractor's Low
Progress on Fabrication

Figure 100 Updated Program for Window 29

Activity Name Original | Remaining | Physical % | Start Finish Total| |
Duration| Duration| Complete Float

Mar 14 | War 21 | Mar 28 [ Apr 04 | Apr 11 | Apr18 | Apr 25 | May 02 May 09
RS SRR A A S AR A ST A RS

23-Apr-04 08:00 | 30-Apr-04 16:00
Concrete Pour 6.00 6.00 0% 23-Apr-04 08:00  30-Apr-04 16:00  -3.00 o Concrete Pour
=]
Apply Waterproof Finish 0.00 0.00 0% 30-Apr-04 15:59  30-Apr-04 16:00 -3.00 'Apply Waterpro
Project Completion 0.00 0.00 0% 30-Apr-04 16:00* | -3.00 o 3 Project Complet

Figure 101 Float Paths of Updated Program for Window 29

The results of Window 29 of the delay analysis are shown in a summary format in
Figure 102. Impacts of paths from Set Out & Excavate to Project Completion and
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Information Release to Project Completion are same as the previous window, which
was a 3-calendar-day delay on project completion. However, from Employer
Instruction to Project Completion path was delayed 1 day compared to the previous
window and the cumulative compensable critical delay on the path has become 3

TIME SLICE WINDOWS ANALYSIS RESULTS - WINDOW 29
Forecast
As- Complet Forecast |cymulative Delays A R=q et oo oo e fed o oo g g o o e e o s
path Impacted Delay Event Planned Dat Complet Eﬁﬁﬁﬁﬁﬁﬁ%‘ﬁﬁﬁ%ﬁﬁﬁﬁ]
@ Activity clay tven Complet |0 Date This I 2|2|2|2|2 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2
N e e e L R R E EE E EE R E EEE B
indow

Set Out & Exc.to |Fabricati MED-6: Contractor L
ek DUk & b to | Fabrication Onractor LW |, apr-04|30-Apr-04 |30-Apr-02 | 3 |0 |0 | 3 -SO—Apr-04
Project Comp. Rebars Progress on Rebar Work

Info. Rel ke Fabricati MNED-6: Contractor L
nho. REEasetn | ranrication OrAcior LW | 57-Apr-04|30-Apr-04 |30-Apr-04 | 3 | 2 [0 | 1 DSO—Apr-m
Project Comp. Rebars Progress on Rebar Work

Emg?lnver Inst. to |Concrete CD-E_‘ Procurement of 27-Apr-02 | 29-Apr-04 | 30-Apr-04 | 3 3 o 0 CI3U-API-U4
Project Comp. Pour Admix

-Non-ExcusahleDelav(NED) I:lExcusableDelav(ED] l:lCompensahleDelav[CD) ‘ContractualPro]ectCompIet'\on Milestone

Figure 102 Time Slice Windows Analysis Results for Window 29

3.2.1.30 Window 30 — From 23 April 2004 08:00 to 26 April 2004 08:00

23-Apr-04 was a working day, and 24-Apr-04 and 25-Apr-04 were non-working
days. As also shown in Figure 12, the daily progress records for 23-Apr-04 were as

follows:

e The cumulative percentage of completed Concrete Pour activity is reported
as 15%.

Since the cumulative progress of Concrete Pour activity is 15% and the planned
duration of the activity was 6 days, the earned duration of the activity is 0.9 days.
Hence, the estimated remaining duration is updated in the program as 5.1 days. The
planned daily progress of the activity was 16.7% and the achieved daily progress was
15%. Due to that, there is a Contractor delay caused by the low progress on the

Concrete Pour activity in this window. An activity representing the delay event is
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created as NED-7: Contractor’s Low Progress on Concrete Pour Activity and linked

with Concrete Pour activity, as the delay event affected this activity.

Figure 103 shows the updated program for Window 30. The project completion date
is shifted to 04-May-04, which means that there is 4-calendar-day delay compared
to the previous window and a 7-calendar-day delay compared to the as-planned
program. The critical delay occurred due to a non-excusable delay event NED-7:
Contractor’s Low Progress on Concrete Pour Activity. Even though the delay was
working day, the effect of the delay on the Project Completion milestone was 4

calendar days due to the non-working days of 01-May, 02-May, and 03-May.

Activity Name Original | Remaining | Physical % | Start Total| |

War 14 | Mar 21 | Mar 28 [ Apr 04 | Apr 11 | Apr18 | Apr 25 | May 02 | Hay 05
BB GEE DN RGEEDT D RGEEDEREGE Bl R GEEDE DE G EEN Nl EEEED ERGEEDEDECE

= WINDOW 30 33. 5. 15-Mar-04 08:00 A | 04-May-04 08:48 |-
Project Commencement 0.00 0.00 100% 15-Mar-04 08:00 A % Project Commencement
Set Out & Excavate 800  0.00  100% 15-Mar-04 08:00 A |06-Apr-04 16:00 A ‘ﬂm & Excavate
=
Formwork: 5.00 0.00 100% | 07-Apr-04 05:00 A | 13-Apr-04 10:00 A Formwork
—_—
Information Release 0.00 0.00 100% 12-Apr-04 16:00 A o [¥ Information Rélease
Fabrication Reinforcement Bars| 10.00 0.00 100% 13-Apr-04 08:00 A | 22-Apr-04 16:00 A [ | cotion Reinforcemer
Concrete Pour 6.00 510 15% 23-Apr-04 08:00 A 04-May-04 08:48 | -3.10 oncrete Py
=]
Apply Waterproof Finish 0.00 0.00 0% 04-May-04 05:47  04-May-04 0848 | -3.10 | ‘Apply Wate
Project Completion 0.00 0.00 0% 04-May-04 08:48* | -3.10 ) Praject Con
_ DELAY EVENTS 26.00 0.00 15-Mar-04 08:00 A 26-Apr-04 08:00 -3.10
CD-1: Additional Work Caused 0.00 0.00 100% 23-Mar-04 08:00 A | 05-Apr-04 08:00 A 7CD- Additionall Work Caused by Error in S¢
by Ermror in Setting Out
CD-2: Delay in Rebar 0.00 0.00 100% 26-Mar-04 08:00 A | 12-Apr-04 08:00 A CD-2: Delay i Rebar Schedules Rel
Schedules Release
CD-3: Procurement of Admix 000 0.00 100% 12-Apr-04 08:00 A | 22-Apr-04 16:00 A g CI)-3- Procurement of Ad
Caused by Employer's
MED-1: Contractor's Low 0.00 0.00 100% 15-Mar-04 08:00 A 17-Mar-04 08:00 A i.:. MED-1: Contractor'y Low Hrogress
Progress
MED-2: Contractor's Delay on 0.00 0.00 100% 17-Mar-04 08:00 A | 19-Mar-04 08:00 A .:.i MNED-2: Contractdr's Delay on Excapation|Caused by Rain
Excavation Caused by Rain
MED-3: Contractor's Delay on 0.00 0.00 100% 24-Mar-04 08:00 A 30-Mar-04 08:00 A =.= MNED\{3: Corftractor's Dglay on Excavation Caused b
Excavation Caused by Rain
NED-4: Rework Caused by 0.00 0.00 100%  30-Mar-04 08:00 A ' 01-Apr-04 08:00 A .:.i NED-4: Rwork Cauged by Collapsed Excavation
Collapsed Excavation
MNED-5: Contractor's Low 0.00 0.00 100% 07-Apr-04 08:00 A | 09-Apr-04 08:00 A E ED-5: Contractgr's Low Progress on Ft
Progress on Formwork Activity
MED-6: Contractor's Low 0.00 0.00 100% 20-Apr-04 08:00 A | 22-Apr-04 16:00 A % MNED-6: Contractor's Low
Progress on Fabrication
NED-T: Contractor's Low 0.00 0.00 0% 23-Apr-04 08:00 A | 26-Apr-04 08:00 | -3.10 B NED-7* Contractor's
Progress on Concrete Pour

Figure 103 Updated Program for Window 30

Figure 104 shows the float paths to Project Completion milestone on the updated
program. Float Path 1, which contains NED-7: Contractor’s Low Progress on
Concrete Pour Activity, delays the project completion milestone date to 04-May-04,

which means a 7-calendar-day delay compared to the as-planned program.
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Original| Remaining | Physical % | Start Finish Total| |
Duration  Duration

Activity Name

23-Apr-04 08:00 A | 04-May-04 08:48 | -3.10

MED-7: Contractor's Low A . 0% 23-Apr-04 08:00 A 26-Apr-04 08:00
Progress on Concrete Pour
Concrete Pour A 3 18% 23-Apr-04 08:00 A 04-May-04 08:48 -3

Apply Waterproof Finish 0.00 0.00 0% 04-May-04 08:47 04-May-04 08:48 310 I Apply Wate

Project Completion 0.00 0.00 0% 04-May-04 08:48* -3.10 Project Con

Figure 104 Float Paths of Updated Program for Window 30

The results of Window 30 of the delay analysis are shown in a summary format in
Figure 105. There is a 1-working-day and consequently a 4-calendar-day non-
excusable delay on the Project Completion milestone in this window. Since Concrete
Pour activity is included in all the paths of the project, the 4-calendar-day delay that

occurred in this window is shown in all the paths.

TIME SLICE WINDOWS ANALYSIS RESULTS - WINDOW 30
Forecast
As- Complet. Forecast Cumulative Delays | 2| 2| | 2| 22| 2| 2| 2| 2| 2| 22|22 2(2
path Impacted Delay Event Planned ot Complet. Eﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ]
a elay Even ate
Activity v Complet. | % Date This 21312 2121212121213 1313121213 3|2
Date r_evmus window |Tot-|CD | ED [NED|mfcai || 2| 3| 2| 2|8 E| 5| 2| 8| 2|2 2|2
Window
Set FJut&Exc.tD Concrete NED-7: Contractor's Low 27-Apr-04 | 30-apr-04 |oa-May-04| 7 | 0 | 0 | 7 _04_“'|,.|E“"_04
Project Comp. Pour Progress on Concrete
\nfct. Releaseto  |Concrete NED-7: Contractor's Low 27-Apr-04| 30-apr-0a |oa-may-04| 7 | 2 | o | 5 E-Od—May-Dd
Project Comp. Pour Progress on Concrete
Empl Inst. to [C i NED-7: Contractor's L
mplayer Inst. to |Concrete ONHrActors Lo 7 apr-04| 30-Apr-04 |04-May-04| 7 [ 3 | 0 | 2 C-D4~May-04
Project Comp. Pour Progress on Concrete

-Non-ExcusabIe Delay (MED) l:lExcusah\e Delay (ED) l:lCDmpensable Delay (CD) 0 Contractual Project Completion Milestone

Figure 105 Time Slice Windows Analysis Results for Window 30

3.2.1.31  Window 31 — From 26 April 2004 08:00 to 27 April 2004 08:00
As also shown in Figure 12, the daily progress records for 26-Apr-04 were as
follows:

e The cumulative percentage of completed Concrete Pour activity is reported
as 20%.

Since the cumulative progress of Concrete Pour activity is 20% and planned duration
of the activity was 6 days, the earned duration of the activity is 1.2 days. Hence, the
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estimated remaining duration is updated in the program as 4.8 days. The planned
daily progress of the activity was 16.7% and the achieved daily progress was 5%.
Due to that, the effect of non-excusable delay event NED-7: Contractor’s Low

Progress on Concrete Pour Activity is continued.

Figure 106 shows the updated program for Window 31. The project completion date
is kept as 04-May-04, which means there is no delay compared to the previous
window, and 7-calendar-day delay compared to the as-planned program. Even
though the total float of the Project Completion milestone is reduced from -3.1 days

to -3.8 days, it did not have an impact on the Project Completion date.

Figure 107 shows the float paths to the Project Completion milestone on the updated
program. Float Path 1, which contains NED-7: Contractor’s Low Progress on
Concrete Pour Activity, delays the project completion milestone date to 04-May-04,
which means a delay of 7 calendar days compared to the as-planned program.

Total ||
Float | [ Mar 14 | &

Activity Name Original | Remaining | Physical % | Start

Mar 21 | Mar 28 | Apr 04 | Apr 11 | Apr 18 | Apr 25 | Way 02 | May 09
& Dl GEE IR L GEEDR T A GE E IR TR GEED RRR GEEDR TR GEE N R GEEDET AGEEIRTRGE

= WINDOW 31 33 ! 15-Mar-04 08:00 A | 04-May-04 14:24 | -
Project Commencement 0.00 0.00 100% 15-Mar-04 08:00 A % Project Commencement
Set Out & Excavate 600  0.00)  100% 15-Mar-04 08:00 A | 06-Apr-04 16:00 A ‘%ﬁm & Excavate
Formwaork: 5.00 0.00 100% | 07-Apr-04 08:00 A | 13-Apr-04 10:00 A Formwork
—
Information Release 000 0.00 100% 12-Apr-04 16:00 A ° [ Information Release
Fabrication Reinforcement Bars| 10.00  0.00|  100% | 13-Apr-04 08:00 A | 22-Apr-04 16:00 A | I | ation Reinforcemer
Concrete Pour 6.00 4.80 20% 23-Apr-04 08:00 A | 04-May-04 14:24  -3.80 oncrete P
Apply Waterproof Finish 0.00 0.00 0% 04-May-04 14:23  04-May-04 14:24 | -3.80 "Apply Wate
Project Completion 0.00 0.00 0% 04-May-04 14:24% | -3.80 Project Cor
. DELAY EVENTS 26.00 0.00 15-Mar-04 08:00 A 27-Apr-04 08:00  -3.80
CD-1: Additional Work Caused 0.00 0.00 100%  23-Mar-04 08:00 A 05-Apr-04 08:00 A _CDr Additional| Work [Caused by Error in St
by Error in Setting Out
CD-2: Delay in Rebar 0.00 0.00 100% 26-Mar-04 08:00 A 12-Apr-04 08:00 A CD-2: Delay in Rebar Schedules Rel
Schedules Release
CD-3: Procurament of Admix 0.00 0.00 100% 12-Apr-04 08-00 A | 22-Apr-04 16:00 A S 03 Procursment of Ad
Caused by Employer's
MNED-1: Contractor's Low 0.00 0.00 100% 15-Mar-04 08:00 A 17-Mar-04 08:00 A ! MNED-1: Contractor'y Low Hrogress
Progress
MNED-2: Contractor's Delay on 0.00 0.00 100% 17-Mar-04 08:00 A | 19-Mar-04 08:00 A :.i NED-2: Contractgr’s Delpy on Excapation Caused by Rain
Excavation Caused by Rain
MED-3: Contractor's Delay on 0.00 0.00 100%  24-Mar-04 08:00 A 30-Mar-04 08:00 A :.ﬁ MED{3: Contractor's Delay on|Excavation Caused b
Excavation Caused by Rain
NED-4: Rework Caused by 0.00 0.00 100% 30-Mar-04 08:00 A | 01-Apr-04 08:00 A ,:,i NED-4: Rework Cauged by [Collapsed Excavation
Collapsed Excavation
MED-&: Contractor's Low 0.00 0.00 100% 07-Apr-04 08:00 A | 09-Apr-04 08:00 A ! ED-5: Contractor|s Low Progress on Fr
Progress on Formwork Activity
NED-6: Contractor's Low 0.00 0.00 100% 20-Apr-04 08:00 A | 22-Apr-04 16:00 A % NED-6: Contractor's Low
Progress on Fabrication
MED-T- Contractor's Low 0.00 0.00 0% 23-Apr-04 08:00 A 27-Apr-04 08:00 -3.80 g MNED-T:- Contractor's

Progress on Concrate Pour

Figure 106 Updated Program for Window 31
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Activity Name Original| Remaining | Physical % | Start

Duration Duration

23-Apr-04 08:00 A | 04-May-04 14:24 | -3.80

MED-7- Contractor's Low
Progress on Concrete Pour
Concrete Pour 6.00 4.80 20% 23-Apr-04 08:00 A 04-May-04 14:24  -3.80

0% 23-Apr-04 08-:00 A 27-Apr-04 08-:00

Concrete P

Apply Waterproof Finish 0.00 000 0% 04-May-04 14:23  04-May-04 14:24  -3.80 Apply Wate

Project Completion 0.00 0.00 0% 04-May-04 14:24* -3.80 < Project Cor

Figure 107 Float Paths of Updated Program for Window 31

The results of Window 31 of the analysis are shown in a summary format in Figure

108. The forecasted Project Completion date is the same as that of the previous

TIME SLICE WINDOWS ANALYSIS RESULTS - WINDOW 31
Forecast
As- Complet Forecast Cumulative Delays 2122122121222 2|2|2|2|2|2|2| g
Path Impacted Delay Event Planned Dat © |Complet. 'ﬂ'ﬂﬁ'ﬁﬁﬁﬁﬁﬁ%ﬁﬁﬁﬁﬁﬁﬁl
s Activity clay tven Complet. Pa < Date This HHEEEEEEHEEREEEEE
Date "VIOUS | \indow |Tot| CD | ED NED| | | mil | 5| 8| 8| 8| 8| 8| 5| 8| 8|2 2[ 2|2
Window
Set Flut& Exc.to |Concrete NED-7: Contractor's Low 27-Apr-04 | 0a-May-04|0a-may-0a| 7 | 0 | 0 | 7 _04—Ma\r-04
Project Comp Pour Progress on Concrete
\nfct. Release to  |Concrete NED-7: Contractor's Low 27-Apr-04 | 0a-May-04|0a-may-04| 7 | 2 | 0 | 5 _ 04-May-04
Project Comp Pour Progress on Concrete
Empl Inst. to [C i MED-7: Contractor's L
mployer inst.to Lonerete ONracions LW 5 - Apr-04 [D4-May-04|0a-May-04| 7 [ 3 |0 | 2 C-mwlvlay-m
Project Comp Pour Progress on Concrete

-Non—Excusab\e Delay (NED) l:lEm:usable Delay (ED) I:lCDmpensable Delay (CD) 4 Contractual Project Completion Milestone

Figure 108 Time Slice Windows Analysis Results for Window 31

3.2.1.32  Window 32 — From 27 April 2004 08:00 to 28 April 2004 08:00

As also shown in Figure 12, the daily progress records for 27-Apr-04 were as

follows:

e The cumulative percentage of completed Concrete Pour activity is reported
as 30%.

Since the cumulative progress of Concrete Pour activity is 30%, the estimated
remaining duration is updated in the program as 4.2 days. The planned daily progress

of the activity was 16.7% and the achieved daily progress was 10%. Hence, the effect
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of non-excusable delay event NED-7: Contractor’s Low Progress on Concrete Pour

Activity is continued.

Figure 109 shows the updated program for Window 32. The project completion date
is shifted to 05-May-04, which means there is a 1-calendar-day delay compared to
the previous window and an 8-calendar-day delay compared to the as-planned
program. The critical delay occurred due to non-excusable delay event NED-7:

Contractor’s Low Progress on Concrete Pour Activity.

Activity Name Qriginal| Remaining | Physical % | Start Finish Total| | TiarTE THar 3T T Har 38 | Aarod | Apr i T Aor 78 T Asrae [iiay 03 Wy 68
Durati Durat Complet Float hlar ar Mar pr pr pr pr25 | Ma Ia!
ureon) o] o il € 5 DR S0 U G EOA0uGE S0 R GEEDN DUGEETNCNGEEDY BUGEEIN G

= WINDOW 32 34. . 15-Mar-04 08:00 A | 05-May-04 09:36

Project Commencement 0.00 0.00 100% 15-Mar-04 08:00 A % Project Commencement

Set Out & Excavate 6.00 0.00 100% 15-Mar-04 08:00 A 06-Apr-04 16:00 A ’ﬂm & Excavate

==

Formwaork 5.00 0.00 100% |07-Apr-04 08:00 A 13-Apr-04 10:00 A Formwork

Information Release 0.00 0.00 100% 12-Apr-04 16:00 A o I Information Reldase

Fabrication Reinforcement Bars| 10.00.  0.00  100% 13-Apr-04 08:00 A 22-Apr-04 16:00 A | "I | Cation Reinforcemer

Concrete Pour 6.00 4.20 30% 23-Apr-04 08:00 A 05-May-04 09:36  -4.20 oncrete F

Apply Waterproof Finish 0.00 0.00 0% 05-May-04 09:35 05-May-04 09:36  4.20 "Apply Wat

—

Project Completion 0.00 0.00 0% 05-May-04 09:36" -4.20 < Project Co
_, DELAY EVENTS 26.00 0.00 15-Mar-04 08:00 A 28-Apr-04 08:00  -4.20

CD-1: Additional Work Caused | 0.00 0.00 100% 23-Mar-04 08:00 A 05-Apr-04 08:00 A _CDr Additional| Work Gaused by Error in S

by Error in Setting Out

CD-2: Delay in Rebar 0.00 0.00 100% 26-Mar-04 08:00 A 12-Apr-04 08:00 A CD-2: Delay in Rebar Schedules Rel

Schedules Release

CD-3: Procurement of Admix 0.00 0.00 100% 12-Apr-04 08:00 A 22-Apr-04 16:00 A I 3 Frocurement of Ac

Caused by Employer's

MNED-1: Contractor's Low 0.00 0.00 100% 15-Mar-04 08:00 A 17-Mar-04 08:00 A E NED-1: Contractor's Low Hrogress

Progress

MED-2: Contractor's Delay on 0.00 0.00 100% 17-Mar-04 08:00 A 19-Mar-04 08:00 A :.i MNED-2: Contractdr's Delpy on Excapation Caused by Rain

Excavation Caused by Rain

MED-3: Contractor's Delay on 0.00 0.00 100% 24-Mar-04 08:00 A 30-Mar-04 08:00 A .:.E MNEDY3: Contractor's Delay on Excavation Caused b

Excavation Caused by Rain

MED-4: Rework Caused by 0.00 0.00 100% 30-Mar-04 08:00 A 01-Apr-04 08:00 A .:.i MNED-4: Rework Cauged by Collapsed Excavation

Collapsed Excavation

MED-56: Contractar's Low 0.00 0.00 100% O07-Apr-04 08:00 A 09-Apr-04 08:00 A E ED-5: Contractor's Law Progress on Fi

Progress on Formwork Activity

MNED-&: Contractor's Low 0.00 0.00 100% 20-Apr-04 08:00 A 22-Apr-04 16:00 A MED}E: Contractor's Low

Progress on Fabrication

MNED-7: Contractor's Low 0.00 0.00 0% 23-Apr-04 08:00 A 28-Apr-04 08:00 4.20 B8 MNED-T:- Contractor

Progress on Concrete Pour

Figure 109 Updated Program for Window 32

Figure 110 shows the float paths to Project Completion milestone on the updated
program. Float Path 1, which contains NED-7: Contractor’s Low Progress on
Concrete Pour Activity, delays the project completion milestone date to 05-May-04,

which means a delay of 8 calendar days compared to the as-planned program.
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Activity Name Original | Remaining | Physical % | Start Finish Total[ |
Duration | Duration| Complete Float

23-Apr-04 08:00 A | 05-May-04 09:36 | 4.20

NED-7: Contractor's Low 0.00 0.00 0% 23-Apr-04 08:00 A 28-Apr-04 08:00 | 4.20

Progress on Concrete Pour

Concrete Pour 6.00 420 30% 23-Apr-04 08:00 A | 05-May-04 09:36 | 4.20

Apply Waterproof Finish 0.00 0.00 0% 05-May-04 09:35  05-May-04 09:36  4.20

Project Completion 0.00 0.00 0% 05-May-04 09:36" | 4.20 < Project Co

Figure 110 Float Paths of Updated Program for Window 32

The results of Window 32 of the delay analysis are shown in a summary format in
Figure 111. Because of the delay in Concrete Pour activity caused by low progress
of the Contractor, a 1-calendar-day non-excusable delay occurred on Project
Completion milestone in this window. Since Concrete Pour activity is included in all
the paths of the project, the 1-calendar-day delay that occurred in this window is
shown in all the paths.

TIME SLICE WINDOWS ANALYSIS RESULTS - WINDOW 32
Forecast
As- Complet Forecast |cymulative pelays | S| 2| 3| 2| 22| 2| 2222|2222 2]| 2
Path Impacted pelay Event Planned Dt " |Complet La"i"i"i‘ﬁ‘ﬁ‘ﬁ%‘ﬁ‘ﬁ‘ﬁ‘ﬁ%‘ﬁlﬁﬁlﬁl
= Activity slayBven Complet. | Date This EEEEEEEEEEEEEEEE
Date | TTVIPUS lyindow |Tot|cD | ED |NED|R|RIR|F 2|2 B E|5| 45|22 2(H A
Window
SetF)ut& Exc. to |Concrete NED-7: Contractor's Low 27-pr-04 | 0a-May-04|05-May-04| 8 | 0 | 0 | & _DS—MEV-Od
Project Comp. Pour Progress on Concrete
Infct. Releaseto |Concrete NED-7: Contractor's Low 27-pr-04 | 0a-May-04|05-May-04| 8 | 2 | 0 | & _ 05-May-04
Project Comp. Pour Progress on Concrete
Em;f\over Inst. to [Concrete NED-7: Contractor's Low 27-pr-04 | 0a-May-04|05-May-04| 8 | 3 | 0 | 5 C-DS—MEV-O4
Project Comp. Pour Progress on Concrete

-Non—ExcusableDe\av(NED] I:lExcusableDelav(ED] I:lCompensab\e Delay (CD) 4 Contractual Project Completion Milestone

Figure 111 Time Slice Windows Analysis Results for Window 32

3.2.1.33  Window 33 — From 28 April 2004 08:00 to 29 April 2004 08:00

As also shown in Figure 12, the daily progress records for 28-Apr-04 were as

follows:

e The cumulative percentage of completed Concrete Pour activity is reported
as 45%.
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Since the cumulative progress of Concrete Pour activity is 45% and the planned
duration of the activity was 6 days, the earned duration of the activity is 2.7 days.
Hence, the estimated remaining duration is updated in the program as 3.3 days. The
planned daily progress of the activity was 16.7% and the achieved daily progress was
15%. Therefore, the effect of non-excusable delay event NED-7: Contractor’s Low

Progress on Concrete Pour Activity is continued.

Figure 112 shows the updated program for Window 33. The project completion date
is kept as 05-May-04, which means that there is no delay compared to the previous
window and an 8-calendar-day delay compared to the as-planned program. Even
though the total float of Project Completion milestone is reduced from -4.2 days to
-4.3 days, it did not have impact on the Project Completion date.

Activity Name Original| Remaining | Physical % | Start
Duration| Duration 2

5 [ iz 02 | May 09
GEEDEIGEEDERRGE}
= WINDOW 33 343 3.3 15-Mar-04 08:00 A | 05-May-04 10:24

Project Commencement i . 100% 15-Mar-04 08:00 A % Project Commencement
Set Out & Excavate 6.00 0.00 100% 15-Mar-04 08:00 A 06-Apr-04 16:00 A ‘ﬂm & Excavate
==
Formwork 5.00 0.00 100% |07-Apr-04 08:00 A 13-Apr-04 10:00 A Formwork
Information Release 0.00 0.00 100% 12-Apr-04 16:00 A o I Information Reledse
Fabrication Reinforcement Bars| 10.00.  0.00  100% 13-Apr-04 08:00 A 22-Apr-04 16:00 A | I olion Reinforcemer
Concrete Pour 6.00 3.30 45% | 23-Apr-04 06:00 A 05-May-04 10:24  -4.30 oncrete F
Apply Waterproof Finish 0.00 0.00 0% 05-May-04 10:23  05-May-04 10:24 430 "Apply Wat
—
Project Completion 0.00 0.00 0% 05-May-04 10:24*  -4.30 . Project Ca
_, DELAY EVENTS 26.00 0.00 15-Mar-04 08:00 A 29-Apr-04 08:00  -4.30
CD-1: Additional Work Caused | 0.00 0.00 100% 23-Mar-04 08:00 A 05-Apr-04 08:00 A _CDr Additional| Work Caused by Error in S
by Error in Setting Out
CD-2: Delay in Rebar 0.00 0.00 100% 26-Mar-04 08:00 A 12-Apr-04 08:00 A CD-2: Delay in Rébar Schedules Rel
Schedules Release
CD-3: Procurement of Admix 0.00 0.00 100% 12-Apr-04 08:00 A 22-Apr-D4 16:00 A ) 3 Frocurement of Ac
Caused by Employer's
MNED-1: Contractor's Low 0.00 0.00 100% 15-Mar-04 08:00 A 17-Mar-04 08:00 A E NED-1: Contractor's Low Hrogress
Progress
MED-2: Contractor's Delay on 0.00 0.00 100% 17-Mar-04 08:00 A 19-Mar-04 08:00 A :.i MNED-2: Contractdr's Delpy on Excapation Capsed by Rain
Excavation Caused by Rain
MED-3: Contractor's Delay on 0.00 0.00 100% 24-Mar-04 08:00 A 30-Mar-04 08:00 A .:.ﬁ MNEDY3: Contractor's Dglay on Excavation Caused b
Excavation Caused by Rain
MNED-4: Rework Caused by 0.00 0.00 100% 30-Mar-04 08:00 A 01-Apr-04 08:00 A .:.i MNED-4: Rework Cauged by Cqllapsed Excavation
Collapsed Excavation
MED-5: Caontractar's Low 0.00 0.00 100% O7-Apr-04 08:00 A 09-Apr-04 08:00 A E ED-5: Contractor's [ aw Progress on Fi
Progress on Formwork Activity
MNED-&: Contractor's Low 0.00 0.00 100% 20-Apr-04 08:00 A 22-Apr-04 16:00 A MNED-k: Contractor's Low
Progress on Fabrication
MNED-7: Contractor's Low 0.00 0.00 0% 23-Apr-04 08:00 A 29-Apr-04 08:00 4.30 B8 NED-T: Contractc

Progress on Concrete Pour

Figure 112 Updated Program for Window 33

Figure 113 shows the float paths to the Project Completion milestone on the updated

program. Float Path 1, which contains NED-7: Contractor’s Low Progress on
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Concrete Pour Activity, delays the project completion milestone date to 05-May-04,

which means an 8-calendar-day delay compared to the as-planned program.

Activity Name Original | Remaining | Physical % | Start Finish
Duration| Duration| Complete

23-Apr-04 08:00 A | 05-May-04 10:24 [ -4.30

MED-7: Contractor's Low 0.00 0.00 0% 23-Apr-04 08:00 A 29-Apr-04 08:00

Progress on Concrete Pour

Concrete Pour 6.00 330 45% 23-Apr-04 08:00 A 05-May-04 10:24

Apply Waterproof Finish 0.00 0.00 0% 05-May-04 10:23  05-May-04 10:24

Project Completion 0.00 0.00 0% 05-May-04 10:24* | 4. 2 Project Co

Figure 113 Float Paths of Updated Program for Window 33

The results of Window 33 of the delay analysis are shown in a summary format in
Figure 108. The forecasted Project Completion milestone date is the same as that of

the previous window, which was 05-May-04.

TIME SLICE WINDOWS ANALYSIS RESULTS - WINDOW 33
Forecast
As- Complet Forecast Cumulative Delays 2122|2222 2| 2|2 22|22 2| 2| T
path Impacted Delay Event Planned Dat Complet. EEEE%%‘%%%%%%‘%%%%%]
@ Activity clay bven Complet. |0 Date This 3152 2 2|2 = | 2| 2| 2| 2| 2| 2| 2| 2| 2| 2
Date Previous |y :ndow  |Tot.| €O | ED [NED|RIRIR| R 2| S| &) 2| | 5| 5] 8| 4| 2| 2|34
Window
Set Out & Exc.to |C t NED-7: Contractor's L
1 OUT & Bxe. To- | Conerete ONEractors Low | o5 spr-04 |05-May-04|05-May-04| 8 | 0 | 0 | & _US—Ma\,r-U4
Project Comp Pour Progress on Concrete
\m‘ct. Release to |Concrete NED-7: Contractor's Low 27-Apr-04 | 05-May-04|05-May-04| 8 | 2 | 0 | & _ 05-May-04
Project Comp Pour Progress on Concrete
Emp_lover Inst. to [Concrete MED-7: Contractor's Low 27-Apr-04 | 05-May-04|05-May-04| 8 | 3 ols C-OS—May-Od
Project Comp Pour Progress on Concrete

-Non—Excusab\e Delay (NED) l:lEm:usable Delay (ED) I:lCDmpensable Delay (CD) 4 Contractual Project Completion Milestone

Figure 114 Time Slice Windows Analysis Results for Window 33

3.2.1.34  Window 34 — From 29 April 2004 08:00 to 30 April 2004 08:00

As also shown in Figure 12, the daily progress records for 29-Apr-04 were as

follows:

e The cumulative percentage of completed Concrete Pour activity is reported
as 50%.

135



Since the cumulative progress of Concrete Pour activity is 50%, the estimated
remaining duration is updated in the program as 3 days. The planned daily progress
of the activity was 16.7%, and the achieved daily progress was 5%. Due to that, the
effect of non-excusable delay event NED-7: Contractor’s Low Progress on Concrete

Pour Activity is continued.

Figure 115 shows the updated program for Window 34. The project completion date
is kept as 05-May-04, which means that there is no delay compared to the previous
window, and an 8-calendar-day delay compared to the as-planned program. Even
though the total float of Project Completion milestone is reduced from -4.3 days to -

5.0 days, it did not have impact on the Project Completion date.

Activity Name: Original | Remaining | Physical % | Start Finish Total| |

Durat Duration| Complet Fioat | ([ War 14 | Mar 21 | Mar 28 | Apr 04 | Apr 11 | Apr 18 | Apr 25 | Way 02 | May 05,
sreon] uren] o il 50 D0 G O GEE 1B DG E B0 0 GEEDY DGR 0N DR GEE D NGEE NOCE
= WINDOW 34 35. 3. 15-Mar-04 08:00 A | 05-May-04 16:00
Project Commencement 000 0.00 100% 15-Mar-04 08:00 A % Project Commencemant
Set Out & Excavate 6.00 0.00 100%  15-Mar-04 08:00 A 06-Apr-04 16:00 A ‘%ﬁm & Excavate
==
Formwork 5.00 0.00 100% | 07-Apr-04 03:00 A | 13-Apr-04 10:00 A Formwork
Information Release 0.00 0.00 100% 12-Apr-04 16:00 A o ¥ Information Releade
Fabrication Reinforcement Bars| 10.00  0.00|  100%  13-Apr-04 08:00 A | 22-Apr-04 16:00 A |- I . cation Reinforcemer
Concrete Pour 6.00 3.00 50% 23-Apr-04 08:00 A 05-May-04 16:00 | -5.00 oncrete |
=]
Apply Waterproof Finish 0.00 0.00 0% 058-May-04 15:59 | 05-May-04 16:00  -5.00 "Apply Wat
Project Completion 0.00 0.00 0% 05-May-04 16:00* | -5.00 o Praject Ce
_ DELAY EVENTS 26.00 0.00 15-Mar-04 08:00 A 30-Apr-04 08:00 -5.00

CD-1: Additional Work Caused 0.00 0.00 100% 23-Mar-04 08:00 A | 05-Apr-04 08:00 A _CD- Additionall Work Caysed by Error in S¢
by Error in Setting Out
CD-2: Delay in Rebar 0.00 0.00 100%  26-Mar-04 08:00 A 12-Apr-04 08:00 A CD-2: Delay in Rebar Schedules Rel
Schedules Release
CD-3: Procurement of Admix 000 0.00 100% 12-Apr-04 08:00 A | 22-Apr-04 16:00 A g CD-3- Procurement of Ad
Caused by Employer's
MNED-1: Contractor's Low 0.00 0.00 100% 15-Mar-04 08:00 A 17-Mar-04 08:00 A E MED-1: Contractor'y Low Hrogress
Progress
MED-2: Contractor's Delay on 0.00 0.00 100% 17-Mar-04 08:00 A | 19-Mar-04 08:00 A =.i MNED-2: Contractdr's Delaty on Excapation Caused by Rain
Excavation Caused by Rain
MNED-3: Contractor's Delay on 0.00 0.00 100% 24-Mar-04 08:00 A 30-Mar-04 08:00 A =.= MNED\{3: Corftractor's Dglay on Extavation Caused b
Excavation Caused by Rain
NED-4: Rewark Caused by 0.00 0.00 100% 30-Mar-04 08:00 A | 01-Apr-04 08:00 A .:.i NED-4: Rewark Cauged by Collapsed Excavation
Collapsed Excavation
MNED-5: Contractor's Low 0.00 0.00 100% 07-Apr-04 08:00 A | 09-Apr-04 08:00 A E ED-5: Contractor's Lpw Progress on Ft
Progress on Formwork Activity
MED-6: Contractor's Low 0.00 0.00 100% 20-Apr-04 08:00 A | 22-Apr-04 16:00 A % MNED-6{ Contractor's Low
Progress on Fabrication
MNED-T: Contractor's Low 0.00 0.00 0% 23-Apr-04 08:00 A | 30-Apr-04 08:00 -5.00 BN 1\ED-7: Contract
Progress on Concrete Pour

Figure 115 Updated Program for Window 34

Figure 116 shows the float paths to the Project Completion milestone on the updated

program. Float Path 1, which contains NED-7: Contractor’s Low Progress on
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Concrete Pour Activity, delays the project completion milestone date to 05-May-04,

which means a delay of 8 calendar days compared to the as-planned program.

Activity Name Original | Remaining | Physical % | Start Finish Total |
Duration | Duration| Complete Float| || Mar 14 | I
S|
23-Apr-04 08:00 A 05-May-04 16:00 | -5.00

MED-7: Contractor's Low 0.00 0.00 0% 23-Apr-04 08:00 A |30-Apr-04 08:00  -5.00 MED-7: Contraci
Progress on Concrete Pour

Concrete Pour 6.00 3.00 50% 23-Apr-04 08:00 A 05-May-04 16:00 -5.00 Concrete |

=

Apply Waterproof Finish 0.00 0.00 0% 05-May-04 15:59  05-May-04 16:00 -5.00 "Apply Wa
Project Completion 0.00 0.00 0% 05-May-04 16:00* -5.00 F Project Cc

Figure 116 Float Paths of Updated Program for Window 34

The results of Window 34 of the analysis are shown in Figure 117. The forecasted

Project Completion date is the same as previous window, which was 05-May-04.

TIME SLICE WINDOWS ANALYSIS RESULTS - WINDOW 34

Forecast

As- Complet Forecast | cymuylative pelays | S| 2| 3| 2| 22| 2|2 22| 2|2 2| 222 F
Path Impacted pelay Event Planned Dt " |Complet La"i"i"i‘ﬁ‘ﬁ‘ﬁ%‘ﬁ‘ﬁ‘ﬁ‘ﬁ%‘ﬁlﬁﬁlﬁl
= Activity slaybven Complet. |2 Date This HEEEEEEEEEEEEEEEE
pate |75 lwindow |Tor|Co| o |nep| NI R R 2\ S| B34 8)5| &85 5S|4
Window
Set F)ut & Exc.to |Concrete NED-7: Contractor's Low 27-pr-04 | 05-May-04|05-May-04| 8 | 0 | 0 | & _DS—MEV-Od
Project Comp. Pour Progress on Concrete
Infct. Releaseto |Concrete NED-7: Contractor's Low 27-pr-04 | 05-May-04|05-May-04| 8 | 2 | 0 | & _ 05-May-04
Project Comp. Pour Progress on Concrete
Em;f\over Inst. to [Concrete MED-7: Contractor's Low 27-pr-04 | 05-May-04|05-May-04| 8 | 3 | 0 | 5 C-DS—MEV-O4
Project Comp. Pour Progress on Concrete

-Non-ExcusahleDe\av(NED] I:lExcusahleDelav(ED] I:lCompensah\e Delay (CD) 4 Contractual Project Completion Milestone

Figure 117 Time Slice Windows Analysis Results for Window 34

3.2.1.35 Window 35— From 30 April 2004 08:00 to 04 May 2004 08:00

30-Apr-04 was a working day, and 01-May-04, 02-May-04, and 03-May-04 were
non-working days. As also shown in Figure 12, the daily progress records for 30-

Apr-04 were as follows:

e The cumulative percentage of completed Concrete Pour activity is reported
as 75%.
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Since the cumulative progress of Concrete Pour activity is 75% and planned duration
of the activity was 6 days, the earned duration of the activity is 4.5 days. Hence, the
estimated remaining duration is updated in the program as 1.5 days. The planned
daily progress of the activity was 16.7% and achieved daily progress was 25%. Due
to that, the effect of non-excusable delay event NED-7: Contractor’s Low Progress

on Concrete Pour Activity has ended.

Figure 118 shows the updated program for Window 35. The project completion date
is kept as 05-May-04, which means there is no delay compared to the previous
window and an 8-calendar-day delay compared to the as-planned program. Even
though higher progress is achieved than planned, it did not prepone the Project
Completion forecast date. The acceleration achieved due to the higher progress than
planned resulted in an increase in the total float of the Project Completion milestone

from -5.0 days to -4.5 days.

Activity Name: Original| Remaining | Physical % | Start Finish Total| |
= WINDOW 35
Project Commencement 0.00 0.00 100% 15-Mar-04 08:00 A _§ Praject Commencement
Set Out & Excavate 6.00 0.00 100% 15-Mar-04 08:00 A | 06-Apr-04 16:00 A ‘ﬂm & Excavate
=
Farmwork 5.00 0.00 100% | 07-Apr-04 08:00 A | 13-Apr-04 10:00 A Formwork
—
Information Release 0.00 0.00 100% 12-Apr-04 16:00 A . 3 Information Releasée
Fabrication Reinforcement Bars 1000 0.00  100% | 13-Apr-04 08:00 A |22-Apr-04 16:00 A |~ . cation |[Reinforcemer
Concrete Pour 6.00 1.50 75% 23-Apr-04 08:00A 05-May-04 12:00  -4.50 ‘%:’jmww,
=
Apply Waterproof Finish 0.00 0.00 0% 05-May-04 11:59 | 05-May-04 12:00 -4.50 Apply Wat
Project Completion 0.00 0.00 0% 05-May-04 12:00* -4.50 o % Praject Ce
_, DELAY EVENTS 26.00 0.00 15-Mar-04 08:00 A 30-Apr-04 08:00 A
CD-1: Additional Work Caused 0.00 0.00 100%  23-Mar-04 08:00 A 05-Apr-04 08:00 A 7CD- Additional| Work Caused |by Error in S¢
by Errar in Setting Out
CD-2: Delay in Rebar 0.00 0.00 100% 26-Mar-04 08:00 A 12-Apr-04 08:00 A CD-2: Delay in Rebar Schedules Rel
Schedules Release
CD-3: Procurement of Admix 0.00 000  100% 12-Apr-04 08:00 A | 22-Apr-04 16:00 A S D)3 Broclrement of Ad
Caused by Employer's
NED-1: Contractor's Low 0.00 0.00 100% 15-Mar-04 08:00 A 17-Mar-04 03:00 A 1.: NED-1: Contractory Low Hrogress
Progress
NED-2: Contractor's Delay on 0.00 0.00 100% 17-Mar-04 08:00 A | 19-Mar-04 05:00 A .:.i NED-2: Contractgr's Delgy on Excayation Caused py Rain
Excavation Caused by Rain
NED-3: Contractor's Delay on 0.00 0.00 100% 24-Mar-04 08:00 A 30-Mar-04 08:00 A .:.= MNED{3: Corftractor's Dglay on Excavation Caused b
Excavation Caused by Rain
MNED-4: Rewark Caused by 0.00 0.00 100% 30-Mar-04 08:00 A 01-Apr-04 08:00 A .:.i NED-4: Rewaork Caused by Collapsed Excavation
Collapsed Excavation
MED-5: Contractor's Low 0.00 0.00 100% 07-Apr-04 08:00 A 09-Apr-04 08:00 A E ED-5: Contractor's Low Hrogress on Ft
Progress on Formwork Activity
MNED-6: Contractor's Low 0.00 0.00 100% 20-Apr-04 08:00 A 22-Apr-04 16:00 A MNED-6: Contractor's Low
Progress on Fabrication
NED-7: Contractor's Low 0.00 0.00 100% 23-Apr-04 08:00 A 30-Apr-04 08:00 A e NED-T: Contract
Progress on Concrete Pour

Figure 118 Updated Program for Window 35
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Figure 119 shows the float paths to the Project Completion milestone on the updated
program. Float Path 1, the most critical path of the project, starts with Concrete Pour
activity that had a delayed start date due to a delay in the completion of both
Fabrication Reinforcement Bars and CD-3: Procurement of Admix Caused by
Employer’s Instruction activities. Furthermore, Concrete Pour was delayed due to
low progress and the actual duration of the activity is increased compared to planned

duration.

Activity Name: Qriginal | Remaining | Physical % | Start

Duration | Duration

Concrete Pour i E 75% 23-Apr-04 08:00 A 05-May-04 12:00
Apply Waterproof Finish 0.00 0.00 0% 05-May-04 11:59 | 05-May-04 12:00
Project Completion 0.00 0.00 0% 05-May-04 12:00% | 4. 2 Project Co

Figure 119 Float Paths of Updated Program for Window 35

The results of Window 35 of the delay analysis are shown in a summary format in
Figure 120. The forecasted Project Completion milestone date is the same as that of
the previous window, which was 05-May-04.

TIME SLICE WINDOWS ANALYSIS RESULTS - WINDOW 35
Forecast ||| 2| 2| 2| | | | | 2 2 2 222
As- Complet Forecast Cumulative Delays [ S| S| o| S| | 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| &
Path Impacted Delay Event Planned Dat " |Complet. 'ﬂ'ﬂ'ﬂ'ﬂﬁ%ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ]
s Activity elaytven complet. |oo Date This 35 2| 2|2|2|2| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2
Date  |7IUS \yindow |Tot|CD | ED NED|R| SRR\ S| S| G| 3|55 5| B S 2| 2S5
Window
Set Out & Exc. to |Concrete No Delay This Window |27-Apr-04 |05-May-04|0s-May-04| &8 |0 | 0 | & _OS—May-Oa
Project Comp. Pour
Info. Release to  |Concrete -
) No Delay This Window |27-8pr-04 |05-May-04|05-May-04| 8 | 2 o|e 05-May-04
Project Comp. Pour
Employer Inst. to |Concrete N N
! No Delay This Window | 27-Apr-04 |05-May-04|05-May-04| 8 | 3 o|s 05-May-04
Project Comp. Pour

-Non-ExcusableDelav(NED] I:lExcusableDe\av(ED] I:lCDmpensahle Delay (CD) 4 Contractual Project Completion Milestone

Figure 120 Time Slice Windows Analysis Results for Window 35
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3.2.1.36  Window 36 — From 04 May 2004 08:00 to 05 May 2004 08:00

As shown in Figure 12, the daily progress records for 04-May-04 were as follows:
e The cumulative progress of Concrete Pour activity is reported as 100%.

Figure 121 shows the updated program for Window 36. Since Concrete Pour activity
is completed, the Project Completion milestone is also completed on 04-May-04.
The forecasted Project Completion milestone date was 05-May-04, which means
there is a 1-day acceleration compared to the previous window and a 7-calendar-day
delay compared to the as-planned program. As the project is completed in Window

36, the updated program for Window 36 can be also called the as-built program.

Total ||

Fioat| |] Mar 14 | Mar 21 | Mar 26 | Apr 04 | Apr 11 | Apr 18 | Apr 25 | May 02 | May 09
EENuTiGEEInTRGEED T DRGEE L CRGEED kN GEED kN GEEIND EGEED] iEEEI}iiEE

Activity Name Original | Remaining | Physical % | Start

Duration

= WINDOW 36 15-Mar-04 08:00 A | 04-May-04 16:00 A -
Project Commencement 0.00 0.00 100% 15-Mar-04 08:00 A _é Project Commencement
Set Out & Excavate 6.00 0.00  100% 15-Mar-04 08:00 A |06-Apr-04 16:00 A 'ﬂm & Excavate
=
Formwaork 5.00 0.00 100% 07-Apr-04 08:00A |13-Apr-04 10:00 A Formwark
=
Information Release 0.00 0.00 100% 12-Apr-04 16:00 A . ¥ Information Release
Fabrication Reinforcement Bars|  10.00 0.00  100% 13-Apr-04 08:00 A |22-Apr-04 16:00 A [ - otion Reinforcemer
=
Concrete Pour 6.00 0.00  100% 23-Apr-04 08:00 A | 04-May-04 16:00 A ’%l]cﬂmmp
=]
Apply Waterproof Finish 0.00 0.00 100% 04-May-04 16:00 A 04-May-04 16:00 A I Apply Wat
e
Project Completion 0.00 0.00 100% 04-May-04 16:00 A Praject Co
¢
- DELAY EVENTS 26.00 0.00 15-Mar-04 08:00 A 30-Apr-04 08:00 A ||
CD-1: Additional Work Caused 0.00 0.00 100% 23-Mar-04 08:00 A 05-Apr-04 08:00 A CD-1} Additional| Work Caused By Error in Se
by Error in Setting Out
CD-2- Delay in Rebar 0.00 0.00 100% 26-Mar-04 08:00 A |12-Apr-04 08:00 A CD-2: Delay in Rebar Sghedules Rel
Schedules Release
CD-3- Procurement of Admix 0.00 0.00 100% 12-Apr-04 08-00 A |22-Apr-04 16:00 A S 13- Procufement of Ad
Caused by Employer's
MNED-1: Contractor's Low 0.00 0.00 100% 15-Mar-04 08:00 A | 17-Mar-04 08:00 A 1:. MED-1: Contractorg Low Hrogress
Progress
NED-2: Contractor's Delay on 0.00 0.00 100% 17-Mar-04 08:00 A | 19-Mar-04 08:00 A .:.i MNED-2: Contractdr's Delpy on Excayation Caused by Rain
Excavation Caused by Rain
MNED-3: Contractor's Delay on 0.00 0.00 100% 24-Mar-04 08:00 A  30-Mar-04 08:00 A .:.E NED{3: Confractor's Delay on Excavatipn Caused b
Excavation Caused by Rain
MNED-4: Rework Caused by 0.00 0.00 100% 30-Mar-04 08:00 A 01-Apr-04 08:00 A .:.i MED-4: Rework Cauged by Collapsefl Excavation
Collapsed Excavation
MNED-5: Contractor's Low 0.00 0.00 100% 07-Apr-04 08:00 A 09-Apr-04 08:00 A E ED-5: Contractor's Low Prpgress on Ft
Progress on Formwaork Activity
MNED-6: Contractor's Low 0.00 0.00 100% 20-Apr-04 08:00 A  22-Apr-04 16:00 A NED-6: Confractor's Low
Progress on Fabrication
MED-7- Contractor's Low 0.00 0.00 100% 23-Apr-04 08:00 A  30-Apr-04 08:00 A e NED-7- Contract
Progress on Concrete Pour

Figure 121 Updated Program for Window 35

The results of Window 36 of the delay analysis are shown in a summary format in
Figure 122. The Project is completed on 04-May-04, with a 1-day acceleration in
Concrete Pour activity compared to the previous window. As a result, the project is

delayed by 7 calendar days compared to the contractual project completion date.
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TIME SLICE WINDOWS ANALYSIS RESULTS - WINDOW 36
Forecast |||z | =| 2| 2| 2| 2| 2| 2| =| 2| 2| =2
As- Complet Forecast Cumulative Delays | S| S| S| a| &S| a| o] o] o S| & a| &| & S| S
path Impacted Delay Event Planned Dt " |Complet &ggg%%%gg%%%%%gg%‘
s Activity elay tven Complet. [~ Date This HEEEEEEEEEEEEEEEE
Date |7 lywindow |Tot|cD | €0 |nep| K| IR R 2|8 3 3| E) &5\ S| 8|2 5| 2D
Window
Set FJut&Exc.to Concrete Ac_celeratlon This 27-Apr-04 | 05-May-04|0a-May-04| 7 | 0 | o | 7 _04—Ma\r-04
Project Comp Pour Window
Info. Rell t Ci i Acceleration Thi
nho-REEaseto | -oncrete cee eration This 27-Apr-04|05-May-04|04-May-04| 7 | 2 | 0 | 5 C_O&May-m
Project Comp Pour Window
Empl Inst. to [C 2 Acceleration Thi:
MPIOVEr NSt i | ~oncrete cee eration This 27-Apr-04|05-May-04|04-May-04| 7 | 3 | 0 | 4 C-GALMW-M
Project Comp Pour Window

-Non-Excusah\e Delay (NED) l:lExcusahle Delay (ED) I:ltompensahle Delay (CD) . Contractuzl Project Completion Milestone

Figure 122 Time Slice Windows Analysis Results for Window 36

There is concurrent compensable and non-excusable delay up to 30-Apr-04, as
shown in Figure 122. In the case of a concurrent delay, the Contractor bears the cost
risk, and the Employer bears the time risk. Hence, concurrent delays can be
considered as excusable delay since the Contractor is entitled to extension of time
but is not entitled to be compensated for the additional prolongation costs that arise
from the extension of time. Accordingly, based on the time slice windows analysis
performed for this project, the Contractor is entitled to an extension time of 3 days,
which would make the Project Completion milestone 30-Apr-04. However, the
Contractor is not entitled to be compensated for the prolongation costs incurred for
these 3 days of time extension as there is concurrent non-excusable delay as well.
Furthermore, since there are only non-excusable delays between 30-Apr-04 and 04-
May-04, the Contractor is exposed to liquidated damages for 4 days. The final results

of the time slice windows analysis are given in Figure 123.

TIME SLICE WINDOWS ANALYSIS RESULTS - FINAL

Cumulative Delays Entitlement o A e B e B B a B A B Bt Bt B R B e e =S

As-Planned |Actual ????ggggggggggggo
Completion |Completion Extensi Cost o %‘ i‘ %L %‘ == 2| 2| 2| 3| 2| 2 2 E| 2| = é‘l
Date Date Total |cD ED NED XEENSION | - mpens by E AR S R A R - RS B = R T s
of Time at'lo: exposure | [ ™| ™[ =] 2| 2 2| 2| 2| 2| 2| 2| ===~

27-Apr-04 | 04-May-04 | 7 days | 0 days | 3 days | 4 days | 3 days Odays 4 days C-Oﬂrl'\.ﬂa\,r-ﬂd

-Non-ExcusahIe Delay (NEDY) l:lExcusahle Delay (ED) l:lCDmpensahle Delay (CD) ’ Contractual Project Completion Milest

Figure 123 Final Time Slice Windows Analysis Results
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CHAPTER 4

DISCUSSIONS

4.1  Comparison of Results of Delay Analysis Methods

Table 1 shows the comparison of the results of each delay analysis method performed
in the SCL’s Great Delay Analysis Debate (2006) and time slice windows analysis

performed in this thesis on the case study project.

Table 1 Comparison of Results of Delay Analysis Methods

_ Entitlement to Exposure to Liquidated
Delay Analysis Method

Extension of Time Damages
Impacted As-Planned 7 days -
As-Planned vs. As-Built - 7 days
Collapsed As-Built - 7 days
Time Impact 3 days 4 days
Time Slice Windows 3 days 4 days

The analysis performed using each delay analysis method in the Great Delay
Analysis Debate was explained briefly and the reasons for the differences between
time slice windows analyses are discussed in the following sections. In addition, the

strengths and weaknesses of each method are revealed in the discussion.

4.1.1 Impacted As-Planned

In the Great Delay Analysis Debate (2006), the impacted as-planned method was

used on the delay scenario by the analyst who prepared the Contractor’s Claim. In
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this analysis, the selected delay causes, which were assumed to have occurred due to
the Employer, are incorporated to the as-planned program in chronological order and

the impact of each delay on Project Completion milestone is recorded by the analyst.

Firstly, the delay events of exceptional Inclement Weather & Remedials and Setting
Out Remedials, which impacted the Set Out & Excavate activity, were added to the
as-planned program to calculate the effect of these delay events, as shown in Figure
124. Due to these delay events, the Project Completion milestone was delayed to 11-
May-04.

Activity Activity Orig| Early | Early 7008
. " WAR [ APR |
o Deacription D | ek | el e TR vy gy B v B [ v P R sy g O
1000 |Project Commencement 0/ 15MARD4 /
1010 |Set Out & Excavate B|30MARDS  |0BAPRO4
1011 |Exceptional Inclement 12|16MARD4"  |02APRO4
Weather & Remedials
1012 |Setting Out Remedials 7|23MAR04* [024PR04
1020 |Fomwork S|0TAPRO4  |134PRO4
1028 |Information Release 0 [25MARD4! g

=

1030 |Fabrication WARRE (AP0 7
1040 [Concrete 4[28APR04 [ D4MAYOH — v
1050 |Apply Waterproof Finish s[osuavos  [iuavod E—— As-Fame

I OceyEvents
I pacedis-Hanned

Figure 124 Impacted As-Planned — Effect of Exceptional Weather and Setting Out
Remedials Delay Events

1060 |Project Completion 0 1MAY04

Secondly, the delay event related to late reinforcement details, which impacted the
start of Fabricate Reinforcement Bars activity, was added to the impacted as-planned
program to calculate the effect of the delay event, as shown in Figure 125. Due to

the delay event, the Project Completion milestone was delayed to 12-May-04.
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Active Activi Ori E Ea
- My e Il el AR 1 AP I Y]
0 Description Dur| Start inish e B . B T T B B T
1000 |Project Commencement 0[15MARDS
1010 |Set Qut & Excavate 6[30MARD4 | 0SAPROS 1
1011 |Exceptional Inclement Weather &| 12|16WAR04*  |02APRO4 S
Remedials
1012 |Setting Out Remedials 7[23MARD4*  |02APRO4 e - -
¥
1020 [Formwork S|0TAPRI4 13APRO4 | --E
H
1027 | Delay To Information Release 10 {25MARD4"  |0SAPRO4 == :
| B /
1028 |Information Release 0]124PR04 ° “l g
1030 |Fabricate Reinforcement Bars 10[154PR04  [234PRO4 =——-—1 7
1080 |Concrete 4|20APR04  [0sMAYD4 BBl
- — e 1 AsPhmed K
1050 | Apply Waterproof Finish S[0EMAYD4  12IAYD4 ———— /i ;
1050 |Project Completion 0 120AY04 [ macEdAsamned V7777

Figure 125 Impacted As-Planned — Effect of Delay to Information Release Delay
Event

Finally, the delay event related to the delivery of Admix that was required based on
the Employer’s Instruction to change the waterproofing system, which impacted the
start of Concrete Pour activity, was added to the impacted as-planned program to
calculate the effect of the delay event (Figure 126). There was no critical delay
reported due to the Delivery of Admix delay event, and the impacted Project
Completion milestone was kept as 12-May-04. In addition, the Contractor showed
the acceleration caused by changing the waterproofing system as Apply Waterproof
Finish activity was omitted, and Concrete Pour activity duration was actualized as 7
days instead of the as-planned duration of 4 days. Due to this acceleration, the

impacted Project Completion milestone was calculated as 10-May-04.

In summary, the analyst concluded that the as-planned impacted analysis showed
that due to the delays caused by the Employer, the project would have been
completed on 12 May had the Contractor not accelerated and mitigated the effects of
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the Employer delays. Therefore, the Contractor has claimed a full extension of time
to 04-May-04.

Activity Activity Ong| Early Early 7004
0 Description Dur| Start Finish —“E—ﬂnfa IIIII I I x : APR . . I lﬁ:
1000 |Project Commencement 0[15MAR04 [ 3 o B T,
1010 |Set Qut & Excavate 6]30MaR04  [06APRO4
1011 |Exceptional Inclement Weather &| 12[16MARDS"  |024PRO4
Remedials
1012 |Setting Out Remedials 7|23maro4s  [ozaPros
1020 |Formwork S[07TAPRO4  |13APRO4
1027 |Delay To Information Release 10{25marD4®  |09aPRO4
1026 |Information Release 0[124PR04
1030 |Fabricate Reinforcement Bars 10[154PR04  |284PR04
1040 |Concrete 4[224PR04  [0SMAY04)
1048 |Delivery of Admix (actual) 0|224PR04*
1050 |Apply Waterproof Finish S|0BMAYDS  [12MAYD4 l
: {
1053 |Placing of Concrete & Admix 7|224PR04 10MAY 04 I ey Events ) i
BN hpactsdAs Panned ¥
1080 |Project Completion 0 12MAY04 B As-BulDursion ; »
1070 |As Built Programme 24[15MARDE  [04MAY 04 r_—_r_.

Figure 126 Impacted As-Planned — Effect of Delivery of Admix Delay Event

The impacted as-planned method assesses the potential impact of delays by
incorporating them into the baseline schedule and projecting completion of
contractual milestones based on planned activity durations and relationships. Thus,
as-built program or contemporaneous program updates are not required to perform
the impacted as-planned method, which makes the method easy to understand and

implement.

The impacted as-planned method is a cause-and-effect type analysis method as it
starts with the identification and description of delay causes and then seeks to
establish their effects on a contractual milestone. Thus, most of the time, the analysis
does not contain all the delay events that occur in the project. Table 2 shows the
comparison of delay events identified during the performance of the time slice

windows analysis method and the impacted as-planned method.
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Table 2 Comparison of Delay Events in TSWA and IAP

Time Slice Windows Analysis Impacted As-Planned

Non-Excusable - NED-1: Contractor's ) )
Not Included in the Analysis
Low Progress

Non-Excusable - NED-2: Contractor's

Delay on Excavation Caused by Rain

Non-Excusable - NED-3: Contractor's Excusable - Exceptional
Delay on Excavation Caused by Rain Inclement Weather & Remedials
Non-Excusable - NED-4: Rework Caused

by Collapsed Excavation

Compensable - CD-1: Additional Work Compensable - Setting Out
Caused by Error in Setting Out Remedials

Non-Excusable - NED-5: Contractor's ) _
o Not Included in the Analysis
Low Progress on Formwork Activity

Compensable - CD-2: Delay in Rebar Compensable - Delay to

Schedules Release Information Release

Compensable - CD-3: Procure of Admix ) _
_ Compensable - Delivery of Admix
Caused by Employer Instruction

Non-Excusable - NED-6: Contractor's ) _
o Not Included in the Analysis
Low Progress on Fabrication Rebars

Non-Excusable - NED-7: Contractor's ) )
o Not Included in the Analysis
Low Progress on Concrete Pour Activity
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The contractor only analyzed the delay events that were assumed to entitle claim to
extension of time, as the types of delay events that were incorporated into the
analysis were either excusable or compensable. The non-excusable delay events
identified in time slice windows analysis are not incorporated into the analysis in the
impacted as-planned method. Since the impacted as-planned method allows the
claimant party to first identify the delay causes and then analyze the effect of the
delays, the claimant party only includes delay events that were caused by the other
party. Thus, the impacted as-planned method has a shortcoming when it comes to
assessing concurrent delays. Usually, the claimant party accepts its delay only if the
impacted project completion date is calculated to be earlier than the actual
completion date. Additionally, as delay events are selected at the beginning of the
analysis, it is not difficult to manipulate the methodology to render a favorable result

to the claimant party.

The delay caused in the Set Out & Excavate activity due to rainy weather is
categorized as a non-excusable delay. However, it was categorized as an excusable
delay, as the analyst claimed that it was reported as exceptionally inclement weather
in the impacted as-planned method. However, the Contract Document states that the
Contractor is responsible for keeping the excavations free of water. It can be
interpreted that the contractor needs to take all necessary measures to continue the
work as per the plan, even in rainy weather. In addition, no indication of
exceptionally inclement weather was made in the Contractor’s daily progress
records. It is also reported that the pumps failed, and because of that the excavations
collapsed which caused the dominant delay in Set Out & Excavate activity.
According to the Contract Document, supplying labor, plants, and materials falls
under the responsibility of the Contractor. Hence, maintaining the plants, which
would include the pumps, is also within the Contractor’s scope of work. Therefore,
the delay caused by rainy weather is categorized as a non-excusable delay in the
Time Slice Windows Analysis. In summary, the claimant party usually tries to
attribute the responsibility of the delays to the other party whenever possible

regardless of the delay analysis method. Even though the type of delay events
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impacting the Set Out & Excavate activity differ, in both analyses the effect of the
delay on Set Out & Excavate activity on the Project Completion milestone was
calculated as 11-May-04 because there were no changes in the schedule logic and
there was no compensable delay which was driving the Project Completion
milestone, as reported in Window 15. Even though the delayed project completion
date was same in both analyses, when Set Out & Excavate activity was completed,
entitlement to extension of time was different for two reasons. The first reason is due
to the differing definitions for the delay type for the Set Out & Excavate activity
delay caused by rainy weather. The second reason is that the concurrent effect on the
Project Completion milestone caused by compensable delay event CD-2: Delay in
Rebar Schedules Release, which is explained in Window 15 of time slice windows
analysis, had not yet been included in the impacted as-planned analysis. This
difference also provides evidence that the impacted as-planned method has a

weakness with regard to identifying concurrent delays.

The second delay event analyzed by the impacted as-planned method was a
compensable delay event, namely a delay on information release. The delay event
was categorized as a compensable delay during the performance of a time slice
windows analysis as well. The delay event concerning information release pushed
the project completion milestone to 12-May-04. However, the same delay event
pushed the project completion date to 05-May-04 in time slice windows analysis, as
explained in Window 19. As explained in detail below, the reason for the result
difference between the two analyses methods is the incapability of the impacted as-
planned method to consider schedule logic changes, accelerations, concurrency, and

the real-time impact of a delay event.

e In the as-planned program, there was a 2-day lag in the relationship between
Information Release and Fabrication Reinforcement Bars activities to
represent lead time of rebar procurement. However, during the execution of

the project, the procurement of rebars was anticipated by the Contractor and
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the schedule logic was changed by revising the lag time from 2 days to 0
days.

The Employer instructed the Contractor to use the Admix in the concrete
instead of waterproof finish, which resulted in an acceleration on 12-Apr-04,
which was analyzed in Window 19. However, this acceleration had not yet
been considered in the analysis with the IAP method because delay events
are inserted into the as-planned program one by one without considering the
actual status of the program when the delay event occurred.
Contemporaneous schedule updates are not used in the IAP method, which
is a weakness of the method since the real effect of a delay event can only be
analyzed according to the status of the project at the time when the delay
event occurred.

In addition to the delay caused by compensable delay that affected the
Information Release activity, there was also concurrent excusable and non-
excusable delay, as reported in Window 19 of the time slice window analysis
on the path from Set Out & Excavate to Project Completion. However, since
only selected compensable delay events are analyzed in the impacted as-
planned method, no concurrent delay was identified in the method. As
highlighted before, the impacted as-planned method cannot truly identify
concurrent delay.

The last delay event analyzed in the IAP method was related to the delay in the

delivery of Admix caused by Employer’s instruction of changing the waterproofing

system. In the IAP method, the delivery of Admix did not affect the critical path, as

Admix was delivered on 22-Apr-04 and Concrete Pour activity start was pushed to

29-Apr-04 after the impact of the delay event related to the information release of

rebars. However, Concrete Pour activity actually started on 23-Apr-04 according to

the progress records. This is also evidence to the fact that the IAP method produces

only theoretical results and does not give correct conclusions on what has happened

and what caused the delay to the project. Furthermore, the Project Completion

milestone was delayed to 12-May-04 at the end of the analysis performed by the
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impacted as-planned method despite the project having been completed on 04-May-
04. This variance is because the method does not take into account all the delay
events, mitigations, accelerations, schedule logic changes, contemporaneous records
and updated programs, the real-time effects of delay events considering the status of

the project when they occurred.

Based on the discussion and comparison of results of IAP method on the delay
scenario with TSWA performed in this thesis, strengths and weaknesses of IAP

method are summarized in Table 3.

Table 3 Strengths and Weaknesses of Impacted As-Planned Method

Strenghts Weaknesses

e Easy to understand e Produces theoretical results

e Does not require as- ¢ Relies on as-planned logic and durations
built program e Changes in program logic are ignored

e Does not require e Concentrates only on delays of other party
contemporaneously e Cannot identify concurrent delays
updated programs e Real-time impact of delay events when

e Does not require they occurred cannot be analyzed
analysis of all delay e Easy to manipulate the results
events e Difficulty to incorporate accelerations and

mitigations

e Cannot identify delays caused by loss of

productivity
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4.1.2 As-Planned vs. As-Built Method

In the Great Delay Analysis Debate (2006), as planned vs. as-built method was used
on the delay scenario by the analyst who prepared the Employer’s defense for the
Contractor’s Claim. In this analysis, as planned and as-built programs are compared
and causes of delays in each activity is identified. Afterwards, impact of delays on

project completion milestone are evaluated.

Figure 127 shows the as-planned vs. as-built analysis done by the analyst of the
Employer. The analyst has interpreted the comparison of as-planned and as-built

program as below.

e The delay occurred in Set Out & Excavate activity has caused by setting out
error and collapse of excavation due to pump failure. The analyst determined
that these delay events were attributable to the Contractor.

e |t is acknowledged that Information Release activity was delayed due to
Employer’s late supply of information. However, since Information Release
activity finished on the same date as the Formwork activity, the delay caused
by this event did not drive the start of Fabricate Reinforcement Bars activity.
Hence, the Contractor is not entitled to extension of time.

e |t is acknowledged that the instruction to use Admix instead of waterproof
finish can be considered as a variation order, which is the Employer’s risk
according to Contract Document. However, Admix was actually delivered on
the day the Contractor finished the rebar work. Hence, the delivery of Admix
did not cause any impact on the start of Concrete Pour, so the Contractor is not
entitled to extension of time.

e The Employer concluded by performing as-planned vs. as-built delay analysis
method that it did not cause any delay to project completion and due to that the
Contractor is responsible for the entire period of delay. Hence, the Employer is
entitled to deduct Liquidated Damages from the Contractor for entire period of
delay which is 7 calendar days.
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Figure 127 As-Planned vs. As-Built Method — Employer’s Defense

Four separate delay causes have been identified during time slice windows analysis
for Set Out & Excavate activity. Three out of four delay events were categorized as
non-excusable delays and one of the delay events was categorized as compensable
delay, which was CD-1: Additional Work Caused by Error in Setting Out. The result
of the analysis in Window 15, when Set Out & Excavate activity was completed,
shows that there was 14 days delay in project completion milestone and 10 days the
overall delay was excusable delay and 4 days of the overall delay was non-excusable
delay. 10 days excusable delay were reported due to concurrent effects of
compensable and non-excusable delays. It is evident that time slice window analysis
can assess impact of concurrent delays that affected the same activity. However, the
as-planned vs. as-built method simply determines the cumulative effect of all delay
events together rather than analyzing each delay event separately. Even if the setting
out error was identified as compensable delay when performing as-planned vs. as-
built method, it would not be possible to calculate the effect of compensable delay
which would be concurrent to the non-excusable delay of excavation collapse due to
pump failure because the method simply compares the as-planned vs. as-built

schedule using common sense and there is no advanced technique being applied.

As-planned vs. as-built method can detect concurrent delays to some extent as it
identifies both employer and contractor delays while comparing the programs. In the

Employer’s analysis, both delay in information release and admix delivery were
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identified as Employer’s responsibility. However, it was concluded that since these
delay events did not affect the project completion date more than other delay events,
the Contractor is not entitled to extension of time. The compensable delay events
related to Information Release and Admix were actually concurrent delays with other
non-excusable delays. SCL (2017) suggests in the Delay and Disruption Protocol
that where Contractor Delay to Completion occurs or has an effect concurrently with
Employer Delay to Completion, the Contractor’s concurrent delay should not reduce
any EOT due. Based on this suggestion, results of window 19 and window 29, which
are the windows when information release and procurement of admix were
completed respectively, had shown the concurrent delays. Later, these concurrent
delays were taken into consideration while establishing the entitlement as reported

in final results of time slice windows analysis.

As highlighted in Window 19 of the time slice windows analysis, schedule logic was
changed from the as-planned schedule. However, it was not visible in the analysis
performed using the as-planned vs. as-built method because it does not take into
consideration the relationship between activities and only compares dates and
durations of as-planned and as-built schedule activities to evaluate the delays. The
method does not even require a program developed using critical path method, and
only bar chart of as-planned and as-built schedules is considered as enough to
perform the analysis. However, in case of major changes in schedule logic between
as-planned and as-built schedules, it would almost be impossible to compare the

effect of delays.

In the time slice windows analysis, the effect on critical path is measured within
specific timeframes called windows. Due to that, the analyst must assign a delay
cause that occurred in that specific timeframe to the delayed activity, which makes
manipulation of delay causes almost impossible. On the other hand, it is easier to
make manipulation on the causes of delays on each activity if there are competing
delay events that affected the same activity or phase in as-planned vs. as-built

method.
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As-planned vs. as-built method cannot measure the impact of a delay event on
contractual milestones at the time it has occurred because it cannot track the total
float by using critical path method. Hence, the method cannot analyze the real-time
impact of delays and accelerations. Thus, it is highly possible to not to realize a delay
event that has not impacted a contractual milestone by its overall duration and has
consumed some of the total float available on the activity at the time delay event

occurred.

As explained in Window 18 of time slice windows analysis, critical path has changed
from Set Out & Excavate to Project Completion path to Information Release to
Project Completion path. Later in window 19, due to acceleration in rebar
procurement, critical path has changed again to the path from Set Out & Excavate to
Project Completion. However, critical path changes that has occurred in the project
were not detected using as-planned vs. as-built method which is one of the reasons

that it cannot analyze the real-time impact of delays and accelerations.

In summary, the method considers both planned and as-built programs to assess the
effects of delays, distinguishing and measuring delays caused by both the employer
and contractor relaying on records and common sense. Nevertheless, a significant
limitation of this method is that it only examines the overall impact of all delays
collectively, rather than evaluating each delay event separately. This method is better
to be used as a starting point, before implementing a complex method, in order to
understand the principal characteristics of the matter. Based on the discussion and
comparison of results of as-planned vs. as-built method on the delay scenario with
time slice windows analysis performed in this thesis, strengths and weaknesses of

the method are summarized in Table 4.
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Table 4 Strengths and Weaknesses of As-Planned vs. As-Built Method

Strenghts

Weaknesses

Easy to understand

Does not require
contemporaneously
updated programs

Does not require program
created with critical path
method

Considers both contractor
and employer delays
Concurrency can be
detected

Accelerations and

mitigations can be detected

Conclusions are readily
supported by as-built
records and common sense
Does not result in
theoretical contractual
milestone completion date
because it is effect-and-
cause type analysis

method.

Difficult to calculate the effect of delays
on contractual milestones as it does not
follow a structured methodology or
advanced technique

Evaluates the net impact of delays as a
whole rather than analyzing impact of
individual delay events

Difficult to calculate effect of
concurrent delays

Difficult to calculate acceleration and
mitigation effects on contractual
milestone

Difficult to analyze if as-built logic
logic altered from as-planned logic
during execution

Real-time impact of delay events when
they occurred cannot be analyzed
Relatively easy to manipulate the results
Change of critical path cannot be
identified

As-built program is required. It needs to
be created by the analyst from as-built
records, if as-built Program is not
already available.

Not suitable for complex and large scale

projects
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4.1.3 Collapsed As-Built Method

In the Great Delay Analysis Debate (2006), collapsed as-built method was used on
the delay scenario by the analyst who prepared the Engineer’s decision for the
Contractor’s Claim. In this analysis, as-built program is created using daily progress
records. Afterwards, events caused by Employer were subtracted from the as-built
program to calculate what would be the project completion date if those events had
not occurred. Hence, the Contractor is considered to be entitled to extension of time
according to the difference between actual project completion date and the project
completion date calculated at the end of the analysis conducted with collapsed as-
built method.

Figure 128 shows the as-built program created by the analyst based on daily progress
records. Only the as-built critical path was created by the analyst to perform the
analysis on the critical path and other paths were not included in the as-built program.

Collapsed as-built analysis was performed as explained below.
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Figure 128: Collapsed As-Built Method — As-Built Program

e As collapsed as-built delay analysis is a cause-and-effect type of analysis, the
analyst needs to identify which delay or acceleration events are to be
considered in the analysis. Analyst has determined to analyze the effects of
delay events that are considered to delay the critical path, and other delay

events were categorized as chaff and not included in the analysis.
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e Firstly, delay caused by Employer’s instruction to incorporate Admix in
concrete to slab was subtracted from the as-built program to measure the impact
of it. The analyst determined that concrete pour duration was increased by 1
day due to this instruction. Hence, concrete pour duration was decreased from
7 day to 6 day in the analysis. Hence, project completion date was advanced by

1 calendar day as shown in Figure 129.
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LIKELY EFFECT OF INTERVENING EVENT

Figure 129 Collapsed As-Built Method — 1st Collapse

e Secondly, the delay caused by employer’s instruction to excavate in new
location due to error in setting out was subtracted from the as-built program to
measure the effect of it on the project completion milestone. Duration of
Aborted Orig. Excavation activity, which was included in the as-built program
created by the analyst, was set to 0 days to calculate what would be the project
completion date but for this delay event caused by the Employer. Figure 130
shows that project completion date has become 27-Apr-04, which is 7 calendar

days earlier than actual completion.
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Figure 130 Collapsed As-Built Method — 2nd Collapse

e The last event analyzed was related to Employer’s instruction to omit applied
waterproof finish to slab. This event has caused acceleration in the program.
To calculate the effect of this acceleration, duration of Apply Waterproof
Finish activity was set to its as-planned duration of 5 working days. As shown
in Figure 131, the project completion date shifted to 05-May-04, which is 1
calendar day later than actual project completion date.
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Figure 131 Collapsed As-Built Method — 3rd Collapse

159



¢ In conclusion, the effects of events that actually impacted the as-built critical
path show that if those events were not occurred, the Contractor would have
completed the project 1 calendar day later than it actually did. Accordingly, the
Contractor is not entitled to receive extension of time and is liable to pay the
liquidated damages.

The collapsed as-built method is a cause-and-effect type of analysis method, as it
starts with the identification and description of delay causes and thereafter seeks to
establish their effects on a contractual milestone by subtracting them from the as-
built program or critical path. Thus, most of the time, the analysis does not contain
all the delay events that occurred in the project. Table 5 shows the comparison of
delay events identified during performance of analyses of the time slice windows
analysis method and the impacted as-planned method.

As shown in Table 5, only some of the compensable delay events are used in the
analysis performed with the CAB method. Since none of the non-excusable delay
events are analyzed, it was not possible to calculate whether there was any concurrent
delay in the project. Usually, when a party conducts a CAB analysis, the analyst
considers only the delays caused by the other party to prove the effects of the other
party’s delays on the project completion. Therefore, concurrent delays cannot be
recognized using this delay analysis and this is a weakness of the CAB method.
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Table 5 Comparison of Delay Events in

TSWA and CAB

Time Slice Windows Analysis

Collapsed As-Built

Non-Excusable - NED-1: Contractor's
Low Progress

Not Included in the Analysis

Non-Excusable - NED-2: Contractor's

Delay on Excavation Caused by Rain

Not Included in the Analysis

Non-Excusable - NED-3: Contractor's

Delay on Excavation Caused by Rain

Not Included in the Analysis

Non-Excusable - NED-4: Rework

Caused by Collapsed Excavation

Not Included in the Analysis

Compensable - CD-1: Additional
Work Caused by Error in Setting Out

Compensable - Employer's
Instruction to Excavate in New

Location

Non-Excusable - NED-5: Contractor's

Low Progress on Formwork Activity

Not Included in the Analysis

Compensable - CD-2: Delay in Rebar
Schedules Release

Not Included in the Analysis

Compensable - CD-3: Procure of
Admix Caused by Employer

Instruction

Compensable - Employer's
Instruction to Incorporate Admix in

Concrete to Slab

Non-Excusable - NED-6: Contractor's
Low Progress on Fabrication Rebars

Not Included in the Analysis

Non-Excusable - NED-7: Contractor's

Low Progress on Concrete Pour

Activity

Not Included in the Analysis
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As shown in Figure 130, during the second collapse, when the delay occurred due to
the setting out error being subtracted from the as-built critical path, the project
completion date was brought to a date that was 7 calendar days earlier. However, as
shown in Table 5, it was not only the setting out error that delayed the Set Out &
Excavate activity, but the rework caused by the collapsed excavation had also
affected it. Effects of delays on Set Out & Excavate activity had completed in
Window 13 of the TSWA, and the dominant delay was due to the rework caused by
the collapsed excavation. Thus, when the effects of the setting out error were
subtracted from the as-built critical path, there should not have been any changes to
the project completion date because of the effects of other concurrent delay events
on Set Out & Excavate activity. However, the as-built critical path that was created
to be used in the analysis did not include the activity related to the collapse of the
excavation, which caused an error in the analysis. As also evident by this example,
one of the drawbacks of the collapsed as-built method is that the analyst must create
an as-built program from the records, which is laborious and highly subjective, and

subject to errors or even manipulation.

Only the as-built critical path was created in the collapse as-built method which is
from Set Out & Excavate to Project Completion. However, as explained during
performance of TSWA in this thesis, there were also other paths which delayed the
project completion date, such as paths from Information Release to Project
Completion and from Employer’s Instruction to Project Completion. The CAB
method would not give reliable results unless all the paths that are affected by delay
events are included in the analysis. For instance, the project completion date was
brought to a date that was 7 days earlier after the subtraction of the delay event
related to the Employer’s instruction to excavate in a new location, as illustrated in
the 2nd collapse. Furthermore, the start date of the activities related to reinforcement
work and concrete pour had become 07-Apr-04 and 19-Apr-04, respectively. Since
the information release of rebar schedules had only been done by the Employer on
12-Apr-04, it would not have been possible to start reinforcement work before 13-

Apr-04. In addition to that, since Admix had only been delivered on 22-Apr-04, it
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would not be possible to start concrete pour before 23-Apr-04. Due to the fact that
the paths that include Information Release and Admix delivery activities were not
included in the as-built program used in the CAB analysis, the result of the analysis
was misleading. Generally, the analysis focuses on the as-built critical path in the
CAB method for this reason it does not yield accurate results, as the delays that

occurred on the near-critical paths are not taken into consideration.

The CAB method cannot measure the impact of a delay event on contractual
milestones at the time it has occurred because it cannot track the total float. Hence,
the method cannot analyze the real-time impact of delays and accelerations. For this
reason, it is highly possible to not to realize a delay event has not impacted a
contractual milestone by its overall duration and has consumed some of the total float

available on the activity at the time delay event occurred.

As explained in Window 18 of the time slice windows analysis, the critical path
changed from Set Out & Excavate to Project Completion path to Information Release
to Project Completion path. Later in Window 19, due to acceleration in rebar
procurement, the critical path changed again to the path from Set Out & Excavate to
Project Completion. However, critical path changes that occurred were not detected
in the CAB method. In fact, only the as-built critical path was analyzed as if there
had been a single unchanging critical path throughout the life of a project, which is

unlikely to happen in any construction project.

Concurrent delays can be detected using the CAB method only if all the activities,
whether they are on the critical path or not, are included in the as-built program that
is to be used in the analysis. However, even building an as-built critical path from
records and interpreting the as-built logic between activities is laborious and requires
a lot of assumptions, let alone the creation of a complete as-built program.
Additionally, not only the selection of other the party’s delay events but all the delay
events occurred due to both parties should be analyzed to detect concurrent delays
accurately because the analyst would not know which delay events really affected

the project completion before the performance of the analysis. Identifying all the
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delay events from the as-built records without available contemporaneous updated
programs that would show the effect of delays in each period would almost be

impossible.

Based on the discussion and comparison of results of the collapsed as-built method
on the delay scenario with time slice windows analysis performed in this thesis, the
strengths and weaknesses of the method are summarized in Table 6.

Table 6 Strengths and Weaknesses of Collapsed As-Built Method

Strenghts Weaknesses

e Performed using as-built e Produces theoritical results

program, fact based
analysis

Does not require as-
planned program
Does not require
contemporaneously
updated programs
Easy to understand
Has a methodology to
calculate the effects of

delay events

Requires subjective assumptions while
creating as-built program with logic
Easy to manipulate the results
Concentrate on delays of other party
Only selected delay events are analyzed
Cannot identify concurrent delays
Changes of critical path is ignored
Real-time impact of delay events when
they occurred cannot be analyzed
Difficult to evaluate accelerations and
mitigations

Usually only as-built critical path analyzed
and near-critical paths are not considered
If multiple paths included in the analysis,
each collapse measures only incremental
delay to the critical path, because the
completion date would not be preponed

more than closest near-critical path.
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4.1.4 Time Impact Method

In the Great Delay Analysis Debate (2006), time impact method was used on the
delay scenario by the analyst who prepared the advice to the adjudicator for the
Contractor’s Claim. In this analysis, the effect of each delay event was analyzed
chronologically taking into consideration the Contractor’s progress between the
occurrence of each event. To calculate the effect of each delay event, the program
was updated with contemporaneous records up to the start date of the delay event
and the updated project completion date was recorded. Next, activities representing
the delay event were incorporated into the program and logic linked with the
impacted activity to calculate the effect of the event on the project completion date.
The delay time between the updated program and impacted program was attributed
to the party responsible for the delay event. This process was repeated for each and
every delay event identified by the analyst to calculate the Contractor’s entitlement

to extension of time.

The analysis conducted using the time impact method is explained step by step

below.

e The first event that was taken into consideration by the analyst was Employer’s
verbal instruction to omit waterproofing finish. To calculate the effect of this
instruction at the time it is given, the program was updated to the date
instruction was received, which was 18-Mar-04. Figure 132 shows the updated
program as of the end of 17-Mar-04 and the project completion date was
postponed by 2 calendar days due to slow progress caused by bad weather,
which is considered a contractor delay. Figure 133 shows the effect of omitting
applied waterproofing at the time it was verbally instructed by the Employer.
Since the duration of the Apply Waterproof Finish activity is set to 0 days, the
project completion date was advanced by 5 working days. Hence, the
forecasted project completion date was preponed by 4 calendar days compared

to contractual date.
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The second event that was analyzed was the delay caused by setting out error
due to mistake in slab drawing. Error in the setting out was realized on 23-Mar-
04 by the Employer. Hence, the program was updated as of end of 22-Mar-04
to analyze the effect of the delay at the time it occurred as shown in Figure 134.
It is illustrated that project completion date was delayed by 1 calendar day
compared to latest update due to slow progress caused by bad weather on
excavation. However, this delay did not cause any delay on project completion
compared to contractual date, it has only reduced the available float from 4
calendar days to 3 calendar days. Figure 135 shows that the incorporation of
effect of setting out error to the updated program, project completion date was
shifted to 29-Apr-04 which is 2 calendar days later than contractual completion

date. Since setting out error has occurred due to drawing provided by the

Employer, the delay was attributed to the Employer.
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Figure 135 Time Impact Method — Effect of Setting Out Error

e The third event that was analyzed was delay of release of information related
to rebar schedules by the Employer that was required to start Fabricate
Reinforcement Bars activity. According to as-planned schedule, the
information release should have been done on 25-Mar-04 however it was not
done until 12-Apr-04. Figure 136 shows the effect of information release delay
on project completion date by pushing the start date of fabricate reinforcement
bar to 14-Apr-04 considering the lead time of rebar procurement which was
reflected as a 2 days lag between relationship of Information Release and
Fabricate Reinforcement Bars activities in the as-planned program. However,
during the execution of the project, the Contractor anticipated the procurement
of rebar that resulted as acceleration in the program. Hence, fabricate
reinforcement bars activity has started on 12-Apr-04 immediately after
completion of formwork and information release. Figure 137 shows the effect
of accelerated procurement of rebars. The forecasted project completion date

was calculated as 29-Apr-04, which is 2 calendar days later than contractual
milestone.
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Figure 137 Time Impact Method — Effect of Accelerated Rebar Procurement
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e The next event that was analyzed was related to Employer’s instruction to use
Admix in the concrete. The Employer gave the instruction to use Admix in the
Concrete on 12-Apr-04 and Admix arrived at the site on 22-Apr-04. Figure 138
shows the effect of procurement of Admix based on updated program as of end
of 11-Apr-04, which is the date delay event was started. The analyst concluded
that by the time the Admix was ordered, the concreting activity for which it
was required was not expected to commence until much later than the date on
which it was delivered. Thus, the procurement of Admix had no effect on the
project completion date. Furthermore, during the time in which the Admix was
being procured, the Contractor accelerated the Fabrication Reinforcement Bars
activity and this acceleration reduced the effect on the Project Completion

milestone from 2 calendar days to 1 calendar day, as shown in Figure 139.
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Figure 138 Time Impact Method — Effect of Procurement of Admix
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Figure 139 Time Impact Method — Effect of Accelerated Fabrication of Rebars

e The next delay event analyzed was related to delay in Concrete Pour activity.

The Concrete Pour activity had an as-planned duration of 4 days. However, the

change of scope that resulted in the inclusion of Admix into the concrete had

caused lost productivity. Hence, the duration of Concrete Pour activity

increased. According to the progress records, the Contractor made 16 concrete

pours in total, and 3 pours were made at peak, which was considered as the

baseline productivity rate. Hence, based on the determined baseline

productivity, the duration in which the Contractor could complete the activity

was calculated as 6 days. Hence, the delay event of additional time required

due to Admix was added to the updated program to show the effect on the

project completion milestone. As a result, the project completion date was

shifted to 30-Apr-04, which is 3 days later than contractual date, as shown in

Figure 140. Since the inclusion of Admix to the concrete was based on the

Employer’s instruction, the responsibility of the delay was attributed to the

Employer. However, the Contractor used a total of 7 working days for Concrete

Pour including a 1-working-day delay caused by lost productivity due to poor
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management. Figure 141 shows that the project was completed on 04-May-04,
which is 7 calendar days later than contractual date. Even though there was a
one-working-day delay on the Concrete Pour, the impact on project completion
was 4 calendar days due to non-working days.

¢ In conclusion, the Contractor was entitled to an extension of time of 3 days and

the Employer was entitled to apply liquidated damages of 4 days.
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Figure 140 Time Impact Method — Effect of Additional Time Required for Admix
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Figure 141 Time Impact Method — Effect of Lost Productivity due to Poor
Management by the Contractor

Time impact is a cause-and-effect type of analysis method as it starts with the
identification and description of delay causes and thereafter seeks to establish their
effects on a contractual milestone by incorporating them into contemporaneously
updated programs. As a result, the analysis often does not contain all the delay events
that occurred in the project. Table 7 shows the comparison of delay events identified
during performance of analyses of the TSWA method and the TIA method.
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Table 7 Comparison of Delay Events in TSWA and TIA

Time Slice Windows Analysis

Time Impact Method

Non-Excusable - NED-1: Contractor's

Low Progress

Non-Excusable - Slow Progress
Caused by Bad Weather

Non-Excusable - NED-2: Contractor's

Delay on Excavation Caused by Rain

Non-Excusable - Slow Progress
Caused by Bad Weather

Non-Excusable - NED-3: Contractor's

Delay on Excavation Caused by Rain

Not Included in the Analysis

Non-Excusable - NED-4: Rework

Caused by Collapsed Excavation

Not Included in the Analysis

Compensable - CD-1: Additional
Work Caused by Error in Setting Out

Compensable - Setting Out Error

Non-Excusable - NED-5: Contractor's

Low Progress on Formwork Activity

Not Included in the Analysis

Compensable - CD-2: Delay in Rebar
Schedules Release

Compensable - Delay in Information
Release

Compensable - CD-3: Procure of
Admix Caused by Employer

Instruction

Compensable - Procurement of
Admix

Non-Excusable - NED-6: Contractor's

Low Progress on Fabrication Rebars

Not Included in the Analysis

Non-Excusable - NED-7: Contractor's
Low Progress on Concrete Pour

Activity

Non-Excusable - Lost Productivity
due to Poor Management by the

Contractor




The first event that was analyzed was related to Employer’s verbal instruction to
omit waterproof finish in the time impact analysis. Due to the omitting of waterproof
finish, the forecasted project completion date was preponed by 4 calendar days
compared to the as-planned program. However, since the full effect of this decision
was not known when this verbal instruction was received on 18-Mar-04, omission of
waterproof finish activity was only done when the Employer’s formal instruction
received on 12-Apr-04 regarding the use of Admix in concrete rather than waterproof
finish in the time slice windows analysis. Even though it was known that there would
be an additional effect on the program after the Employer’s decision on which
waterproofing method was to be used, the analyst decided to omit waterproof activity
which would show an unrealistic forecasted project completion date. Due to this
difference between the time slice windows analysis and time impact analysis
performed on the delay scenario, results of updated programs as of end of 17-Mar-
04 were different. The forecasted project completion date in the updated program as
of end of 17-Mar-04 was 22-Apr-04 in time impact analysis and it was 30-Apr-04 in
Window 3, which is the window as of end of 17-Mar-04, of time slice windows
analysis. This is evidence that the analyst’s interpretation of the timing of the
inclusion of events to the analysis may have a significant impact on the result of the
analysis. However, this difference in incorporation of timing of acceleration did not
cause a difference in the end result of the analyses because the float created by this
acceleration would be consumed by both Contractor and Employer with a concurrent
delay without creating any additional benefit to one party in the time slice windows
analysis even if the omission of waterproofing activity was done on the updated
program as of end of 17-Mar-04.

As shown in Figure 134, there was a one-day delay on the updated program before
the effect of setting out error compared to the previous update. However, since there
was total float available in the project, this delay event only reduced the total float
available on the critical path. Hence, this delay was not categorized as a critical delay.
As evidenced by this example, time impact analysis can assess the effects of delays

at the time they occur, and it can analyze whether or not a delay is a critical one.
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Since time impact analysis is a cause-and-effect type of analysis, some delay causes
may not be included in the analysis by the analyst, which makes the method
relatively easy to manipulate. The dominant delay that affected the progress of Set
Out & Excavate activity was caused by NED-4: Rework Caused by Collapsed
Excavation delay event. The result of Window 15, when Set Out & Excavate activity
was completed, shows that there were 14 calendar days of critical delay in the path
Set Out & Excavate to Project Completion. Ten out of 14 days of this critical delay
were concurrently caused by NED-4: Rework Caused by Collapsed Excavation and
CD-1: Additional Work Caused by Error in Setting Out, and the remaining 4 days of
this critical delay were solely caused by NED-4: Rework Caused by Collapsed
Excavation delay event. However, the delay caused by the collapsed excavation,
which was the dominant delay that affected Set Out & Excavate activity, was not
included into the time impact analysis. Due to that, even though final result of time
slice windows analysis shows 3 days of excusable delay caused by concurrency of
compensable and non-excusable delays, the time impact analysis shows only 3 days
of Employer delay which is compensable delay.

The delay event related to information release was added to the updated program as
of end of 24-Mar-04, because as-planned date of information release was 25-Mar-
04. As shown in Figure 136, the critical path of the project was changed from Set
Out & Excavate to Project Completion path to Information Release to Project
Completion path as the actual release of information was on 12-Apr-04. However,
as explained in time slice windows analysis, information release had not become on
the critical path of the project until Window 18, which was updated in the program
as of end of 11-Apr-04. The difference between the timing of critical path change is
that time impact analysis calculates the impact of delay prospectively, and time slice
windows analysis calculates the impact of delay retrospectively. Thus, time impact
analysis produces theoretical results as it provides the consequences of an event on
the assumption that future activities of the program will proceed as planned. In
addition, due to impact of delays are added to the program prospectively, it may hide

some concurrent delays that occurred between two update periods. For instance, as
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explained in Window 19 of time slice windows analysis, both Formwork and
Information Release activities had driven the start date of fabrication reinforcement
bars. So that, it was reported that there was concurrent delay in Set Out & Excavate
activity which was delayed due to dominant delay caused by collapsed excavation.
However, since the impact of information release delay was included to the updated
program prospectively, the effect of this concurrent delay was missed in the time
impact analysis. Hence, even though it is possible to detect concurrent delay in time
impact analysis as it takes into account both Employer and Contractor delays, it is
difficult to recognize them in some cases where a concurrent delay is overlooked due

to prospective effect of another delay event.

As shown in Figure 137 and Figure 139, accelerations can be recognized in time
impact analysis. However, the acceleration that has been done in Formwork activity
was recognized in time slice windows analysis, which was explained in Window 18
and 19. However, it was not recognized in the time impact analysis due to the fact
that events that affected Set Out & Excavate and Formwork activities were hidden
by the prospective impact of delay of information release. Hence, even though it is
possible to detect accelerations and mitigations in time impact analysis as the
programs are updated with contemporaneous information during the analysis, it is
difficult to recognize them in some cases where effects of events in a path may be

overlooked due to prospective effect of another delay event.

Effect of Employer’s instruction of inclusion of admix to the concrete instead of
waterproofing was included into the analysis in two different phases in time impact
analysis. The delay event related to procurement of admix was included into the
updated program as of end of 11-Apr-04, as Employer’s instruction was received on
12-Apr-04. Since Admix was delivered on 22-Apr-04 and Concrete Pour was
forecasted to start on 26-Apr-04 in the updated program as of end of 11-Apr-04, it
was concluded that delivery of admix had no effect on project completion milestone.
Actually, the Admix was only delivered just before Concrete Pour activity start
which makes it on the as-built critical path of the project. This delay impact was also

missed in time impact analysis because it makes assessment of delays prospectively.
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The second delay event caused by Employer’s instruction was lost productivity
caused by inclusion of Admix in the Concrete Pour activity. In time impact analysis,
effect of lost productivity caused by inclusion of Admix in the Concrete Pour activity
was assessed on the updated program as of end of 22-Apr-23, as Concrete Pour
activity was started on 23-Apr-23. The delay on project completion milestone was
reported as 3 days in the time impact analysis as shown in Figure 140. Window 29
of time slice windows analysis, in which updated program as of end of 22-Apr-23
was considered, also shows 3 days effect on the project completion date. The main
difference is that in time slice windows analysis the concurrent delays are also
identified but in time impact analysis these concurrent delay events were not

recognized due to shortcomings of the method as explained in detail before.

The last delay event on the project was caused by Contractor in Concrete Pour
activity which pushed the finish date of Concrete Pour by one working day.
However, the effect of this delay was resulted in 4 calendar days shift in Project

Completion milestone due to non-working days.

In conclusion, in terms of entitlement to extension of time, both methods provided
the same result that the Contractor is entitled to receive 3 days extension of time.
However, as SCL (2017) recommends that when there is concurrent contractor and
employer delay, the contractor is entitled to receive extension of time but is not
entitled to be compensated for the prolongation costs. Hence, according to time
impact analysis results, the Contractor is entitled to be compensated for 3 days
prolongation costs as concurrent delay was failed to be recognized. However,
according to time slice windows analysis results, the Contractor is not entitled to be
compensated for prolongation costs because there are also non-excusable delays that
are concurrent to the compensable delay up to 30-Apr-04 as shown in final results of

the analysis at Figure 123.

The strengths and weaknesses of the time impact method are summarized in Table 8
based on the discussion and comparison of results of the time impact method on the

delay scenario with time slice windows analysis performed in this thesis.
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Table 8 Strengths and Weaknesses of Time Impact Method

Strenghts

Weaknesses

Performed contemporaneously,
considers contemporaneous
intentions

Real-time impact of delay events
when they occurred can be analyzed
Considers both contractor and
employer delays

Concurrency can be detected to
some extent

Accelerations and mitigations can be
detected to some extent

Considers changes in the critical
path

Considers program logic changes
Has a systematic approach and
structured methodology

Effect of each delay event is
individually evaluated

Total float consumption can be
tracked

Can identify the period of the
critical delay for prolongation costs

calculation

Produces theoretical results
Relatively easy to manipulate
the results

Difficult to recognize
concurrent delay

Difficult to recognize
accelerations and mitigations
Requires contemporaneously
updated programs

Time consuming and expensive
to perform

Requires detailed as-built

record keeping

179



4.2  Time Slice Windows Analysis

The basic idea of this technique is to divide total project duration into shorter time
periods, called windows, and update the program at the end of each window
according to achieved progress and contemporaneous intentions to find the effect on
a contractual milestone. Afterwards, identify the delayed activities and establish the
causation from as-built records. In this thesis, daily windows are selected to have
greater sensitivity in the analysis. Table 9 shows the evidence from the performed
time slice windows analysis on the case study project that the method can detect
important aspects related to delay analysis such as concurrent delays, accelerations,

changes in the critical path and so on.

Time slice windows analysis forces the analyst to consider actual progress and
contemporaneous intentions in a logical and chronological manner. It is difficult to
manipulate the results of the analysis because effects on milestones are calculated
based on contemporaneous update of the program as a first step and then delay causes
are derived from as-built records. It was not possible to make a manipulation of a
delay cause during the performance of time slice windows analysis on the case study
project. The program was updated each day according to progress records and was
observed that whether there was any delay to progress or not. If there was a delay to
progress, then a delay cause from the same date had to be attributed to the delay.
Thus, it was not possible to make a manipulation on the delay causes. However, the
sensitivity of the analysis would be reduced if bigger window sizes had been used in
the analysis. For instance, if window sizes were 15 days, then there would be only
one window between Window 1 and 15. Hence, in the first window Set Out &
Excavate activity would be completed. Even though the effect of the delay of Set
Out & Excavate activity would be same, concurrent delays that had happened on the
activity might not be detected and only the dominant delay cause which was collapse
of the excavation might be reported. In addition to that, the critical path change that
occurred in Window 18 would not have been realized due to the window sizes, as

the critical path was shifted once again in Window 19.
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Table 9 Evidences From Performed Time Slice Windows Analysis That It Can Deal

With Important Issues in Delay Analysis

Evidence That TSWA Can Deal With

Issues in Delay Analysis
The Issues

Concurrent Delay or Concurrent Effect Window 7 to 36

Acceleration Window 18, 19, 24, 25 and 36

Change in Critical Path Window 18 and 19

Change in Program Logic Window 19

Multiple Critical Paths Window 19 to 36

Effect of Variation Order or Scope Change Window 19 to 29

Effect of Nonworking Days Window 4, 10, 12,16, 19, 25and 30 30

Time slice windows analysis measures the real-time impact of delays when they
occurred taking into consideration the contemporaneous intentions at the time. The
effects of delay events are evaluated retrospectively, and the critical and near-critical
paths are determined contemporaneously. Hence, a change in a critical path can be
identified as the program is updated continuously based on the determined window
size with actual progress until the last window which becomes the as-built schedule.
Hence, the result of this analysis is not merely a theoretical one since it results in as-

built schedule that demonstrates the actual effects of delays.

If the as-planned program contains logical errors, the errors will be corrected while
program is being updated contemporaneously during the analysis, as the logic of the
updated program should be revised based on the actual work sequence. However,
these corrections of logical errors may result in an additional delay on milestones
due to the change of plan for the remaining work caused by these corrections. Thus,
it is crucial to verify the reasonableness and achievability of the as-planned or

updated programs before starting the time slice windows analysis.
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The period of the critical delay can be identified, as the effects of delays are measured
in the windows. It is required to know the period of critical delay to understand what
the timing of the prolongation in the project is. The time-related costs will be higher
if the critical delay occurred during the peak time of the project, as more resources
were deployed at that time. Hence, prolongation costs must be calculated according

to the period of critical delay.

Based on the above discussion and examples from time slice windows analysis
conducted for the case study project in this thesis, the strengths and weaknesses of

the method are summarized in Table 10.

Time slice windows analysis is not only a delay analysis method, but also an
important method to be used for better project and contract management. Delay and
Disruption Protocol of SCL (2017) discourages the wait-and-see approach regarding
impact of delay events and suggests that applications for an extension of time should
be made and dealt with as close in time as possible to the delay event that gives rise
to the application. This approach requires contemporaneous delay analysis during
project execution. In addition, dealing with delay matters during the project will
prevent the piling up of the delays and would help to avoid disputes between the
parties. Furthermore, contemporaneous analysis of delays would be beneficial to
identify the measures that can be taken by both Contractor and Employer to eliminate
the effects of delays. Moreover, most of the standard forms of contract, such as
FIDIC, have a clause related to the notification requirement of delays. If the timeline
stipulated in the contract related to the notification of delays is not respected, the
Contractor loses its right to claim. To notify delays on time, the Contractor needs to
be able to identify delays at the time of their occurrence. Utilizing contemporaneous
delay analysis technique during project execution would facilitate the identification
of delays and their effects at the time they occur. It is also crucial to request extension
of time from the Employer at the time the delay occurs to be able to claim costs of
constructive acceleration from the Employer in case a rightful extension of time

claim is rejected by the Employer.
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Table 10 Strengths and Weaknesses of Time Slice Windows Analysis Method

Strenghts

Weaknesses

Performed contemporaneously,
considers contemporaneous
intentions

Demonstrates actual effects of
delays rather than theoretical results
Real-time impact of delay events
when they occurred can be analyzed
Difficult to manipulate the results
Considers both contractor and
employer delays

Concurrent delays can be identified
Accelerations and mitigations can
be identified

Considers changes in the critical
path

Considers program logic changes
Allows identification of multiple
critical paths

Has a systematic approach and
structured methodology

Effect of each delay events can be
individually evaluated

Total float consumption can be
tracked

Can identify the period of the
critical delay for prolongation costs

calculation

Requires contemporanulsy
updated programs

Time consuming and
expensive to perform
Requires detailed as-built
record keeping

Requires verification of
reasonableness and
achievability of the program
logic

Sensitivity of the analysis
changes according to window

size
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Below are some examples that explain what the advantages would be of using time

slice windows analysis during the case study project for the Contractor.

The Contractor would identify the concurrent delay that occurred on Set Out
& Excavate activity due to setting out error in Window 7 and then notify the
Customer of the delay to start the claim process. Later in Window 13, once
the effect of the setting out error on the activity was finished, the Contractor
could request extension of time based on the contemporaneously updated
schedule.

The Contractor would identify the critical path change to the path from
Information Release to Project Completion due to Employer’s delay in
providing required information in Window 18 and may choose not to
accelerate the rebar procurement to keep the Employer’s delay on the critical
path and claim the entitled extension of time.

The Contractor would be able to estimate the effect of Employer’s instruction
to use Admix in the concrete instead of waterproof finish on the updated
program. Hence, the Contractor could use this opportunity to sign a variation
order with the Employer including EOT entitled at the end of Window 19.
The contractor worked on non-working days to accelerate the Fabricate
Reinforcement Bars activity, as explained in Window 24 and 25. As a result
of this acceleration, the forecasted project completion date was preponed
from 05-May-04 to 29-Apr-04, which was an acceleration of 6 calendar days.
As can be seen from Window 23, before this acceleration decision there was
not only a non-excusable delay affecting the critical path but also a
concurrent compensable delay that had the same effect on the project
completion date. If the Contractor had used the time slice windows analysis
during the project execution, it would have been able to claim extension of
time for 8 days at the end of Window 23. If the claim had been rejected by
the Employer, the Contractor’s acceleration would have been constructive
acceleration. Hence, the Contractor would be entitled to claim the costs of
acceleration from the Employer.

184



4.3

According to the results of Window 29, which was the updated program just
before Concrete Pour activity start, the Contractor was entitled to receive 3
days extension of time because of the concurrent delays caused by the
Customer. Due to that, it was crucial to be on time with the Concrete Pour
activity to avoid being exposed to liquidated damages. Thus, if the Contractor
had used time slice windows analysis during the project execution, it would
have known that being on time with the Concrete Pour activity was crucial.
However, the Contractor had a working-day delay in Concrete Pour activity.
Furthermore, the Contractor did not work on non-working days to minimize
the impact and the delay on the project completion date became 4 calendar
days. If the Contractor had performed this analysis, it would have at least
decided to work on a non-working day to keep the delay as 1 calendar day

instead of 4 calendar days.

Findings from Comparison of Delay Analysis Methods

Table 11 shows the strengths and weaknesses of commonly used delay analysis

methods based on the comparison made between the results of the delay analysis

methodologies on the same delay scenario.

It is believed that this thesis contributes to the literature as follows:

In the literature, it is observed that some researchers performed multiple
delay analyses methods on delay scenarios to compare the results (Bubshait
& Cunningham, 1998; Farrow, 2007; Kao & Yang, 2009; Al-Gahtani &
Mohan, 2011). However, delay scenarios used in their researches were
simple, had pre-determined delay events and did not address complex
situations. In this thesis, strengths and weaknesses of commonly used delay
analysis methods are derived from a relatively complex delay scenario by
comparing the results of their analyses. The delay scenario used in this thesis

contains complex situations such as identification of delay events from as-
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built records, concurrent delays, accelerations, changes in critical path,
changes in network logic, identification of multiple critical paths, variation
orders and so on. Hence, each method’s ability to detect these complex
situations is tested and results of analyses are compared to identify strengths
and weaknesses of each method.

In the literature, it is observed that time impact analysis is considered to be
most effective method in proving time-based claims (Baram, 1994; Alkass et
al., 1996; Gothand, 2003; Arditi & Pattanakitchamroon, 2006; SCL, 2006;
SCL 2017). However, some major weaknesses of TIA were detected while
comparing the results of TIA and TSWA on the delay scenario. TIA takes
into account the progress made in the project before analyzing the effect of a
delay event by both contractor and employer. Hence, the method can detect
concurrency, accelerations, mitigations, critical path changes, and program
logic changes. However, in some cases, it may overlook these important
issues, because the effects of selected delay events are incorporated into the
program, which is updated up to the start date of the delay event,
prospectively. Thus, effects of a concurrent delay, acceleration or logic
change that have occurred on another path or during different time periods of
the same path might not be identified if a delay event has not been included
in the analysis. Furthermore, a delay event that had never caused critical
delay during the execution of the project might be considered as critical in
the TIA due to prospective effect of the delay event.

It is identified that TSWA does not have the weaknesses of other commonly
used delay analysis methods. Furthermore, TSWA is not only a delay
analysis method, but also a key method for improved project and contract
management during the execution of a project. Contemporenous analysis of
delays would facilitate contractors on compliance with delay notification
requirments of contracts, mitigation of effects of delays, issuance of EOT

claims in due time, avoidance of disputes and so on.
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Table 11 Strengths and Weaknesses of Delay Analysis Methods

an)
<
Strengths / Weaknesses of Delay Analysis Methods % é 2 < =
_— a (@) ~ wn
< —
Strengths
e Methodology is easy to understand + + - - -
e Does not require as-planned program - - + - -
e Does not require as-built program + - - + 4+
e Does not require contemporaneously updated + o+ 4 i i
programs
e Does not require program created with CPM - + - - -
e Does not require analysis of all delay events S R S -
e Has an analytical methodology + - +  + o+
e Effect of each delay event is individually + i + o+ 4
evaluated
e Considers both contractor and employer delays + + + + +
e Fact based analysis - + + o+
e Demonstrates actual effects of delays rather i + i i +
than theoretical results
e Performed contemporaneously, considers L L4 s
contemporaneous intentions
e Real-time impacts (at the time) of delay events i i i + 4
can be analyzed
e Difficult to manipulate the results - = - = o+
e Critical path changes can be identified - - - o+
e Accelerations can be identified - £ £ 4
e Concurrent delays can be identified - - = o+
e Program logic changes are considered - - - + o+
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Table 11 Strengths and Weaknesses of Delay Analysis Methods (continued)

e Total float consumption can be tracked - - - +

I+

¢ Allows identification of multiple critical paths + - +

e Period of the critical delay for prolongation
costs calculation can be identified

e Can be used for improved project and contract ) i g
management during the execution of a project a

Weaknesses

e Relies on as-planned logic and durations X - - *

e Requires detailed as-built record-keeping - X X X

e Time consuming and expensive to perform - - X X

e Requires creation of logic linked as-built ) i 9 i
program

e Does not follow a structured methodology - X - -

o Evaluates the net impact of delays rather than RV i
analyzing impact of individual delay events

e Concentrates only on delays of other party X - X -

e Only selected delay events are analyzed X - X X

e Produces theoretical results X - X t

e Real-time impacts (at the time) of delay events 9 y y i
cannot be analyzed

e Easy to manipulate the results x +* x %

e Cannot analyze if as-built logic altered fromas-
planned logic during execution

e Critical path changes cannot be identified X X X *

e Accelerations cannot be identified x * £ £

e Concurrent delays cannot be identified x * x f

e Program logic changes are ignored X X X -
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Table 11 Strengths and Weaknesses of Delay Analysis Methods (continued)

e Cannot identify delays caused by loss of o + « + )
productivity B B
e Only critical path analyzed, and near-critical o+ o+ i

paths are not considered

e Not suitable for complex and large-scale
projects

e Sensitivity of the analysis changes according to

. i - - X X
window size

Note: (+) = The method contains the strength, (-): The method does not contain the
strength or weakness, (x): The method contains the weakness, (*): The method

contains the strength or weakness in some cases
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CHAPTER 5

CONCLUSION

Delays are inevitable in construction projects and have major financial consequences
such as prolongation costs and liquidated damages to contractors or delayed
operational profit to employers. Apportionment of responsibility of delays between
contractor and employer is of prime importance to define which party should
compensate the financial losses. Thus, delay analysis methods have been developed
to provide an answer to the question of which party caused the delay. However, each
method requires the performance of different types of data and may yield different
results when performed on the same case. The delay analysis methods frequently
used in the construction industry include impacted as-planned, as-planned vs. as-

built, collapsed as-built, time impact analysis and time slice windows analysis.

SCL (2006) analyzed a delay scenario using impacted as-planned, as-planned vs. as-
built, collapsed as-built, and time impact analysis. In this thesis, the same delay
scenario was analyzed using time slice windows analysis. The results of time slice
windows analysis were compared with the results of other methods. Considering the
comparison made among the results of the delay analysis methodologies on the delay

scenario, the strengths and weaknesses of each method were identified.

The impacted as-planned method appears to be the simplest method of delay analysis
as it is conducted by merely inserting selected delay events to the as-planned
program. However, the method does not yield reliable results as it ignores what
actually occurred and focuses on what might have happened. Hence, the method
produces theoretical results and may even result in a different project completion
date than the actual completion date. Moreover, it cannot identify any of the

important issues in delay analysis such as change in critical path, concurrent delays,
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acceleration, mitigation and so on. The method can only give reliable results when
there is a delay to the start date of a phase of the project, such as a delay in the

contractual commencement date or site access.

The as-planned vs. as-built method is also one of the delay analysis methods that is
simple to perform. It does not even require a CPM schedule to be performed. The
method includes a simple comparison of as-planned and as-built programs to define
what has caused the delay. It can consider both contractor and employer delays, and
it can detect concurrent delays to some extent. However, the method does not have
a structured methodology by which to calculate the effects of each delay separately.
Thus, it is recommended that as-planned vs. as-built method is better to be used as a
starting point, before implementing a complex method, to understand the principal

characteristics of the matter.

The collapsed as-built method can be used when there is no as-planned program.
However, it is also a subjective method as it includes the creation of an as-built
program from the records. As-built linkage can be easily manipulated to suit the
claimant’s case because records on the as-built relationship between activities are
never kept. The method focuses on a static critical path as if there were no changes
on the critical path during project execution. In addition to that, usually only a single
critical path is analyzed and near-critical paths are ignored, which makes it

impossible to identify concurrent delays.

The time impact analysis method does not contain most of the weaknesses of
impacted as-planned, as-planned vs. as-built, or collapsed as-built methods.
However, as a complex method it requires extensive contemporaneous records and
significant effort and time to be performed. It is also a prospective method as is the
impacted as-planned method, but it takes into account the progress made in the
project before analyzing the effect of a delay event by both contractor and employer.
Hence, the method can detect concurrency, accelerations, mitigations, critical path
changes, and program logic changes. However, in some cases, it may overlook

concurrency, accelerations, critical path changes and so on, because the impact of
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selected delay events are incorporated into the program, which is updated up to the
start date of the delay event, prospectively. Thus, effects of a concurrent delay or
acceleration that have occurred on another path might not be identified if a delay
event has not been included in the analysis even though the effect of the delay event
that has occurred on another path would be noticed by the analyst in the next updated
program. As the method is a cause-and-effect method and effects of selected delay
events are analyzed, it is subject to manipulation even though it is harder to
manipulate than the impacted as-planned and collapsed as-built methods.

According to the results of comparison of delay analysis methods based on the delay
scenario, time slice windows analysis is the method that yields more reliable results
than the others. It is an effect-and-cause type of method that starts with the
identification of the effect of delays on a contractual milestone and then seeks to
determine what might have caused the delay. Since this process is done in time
windows, it is difficult to manipulate the cause of the delay that occurred.
Furthermore, the method can identify concurrent delays, changes in critical path,
accelerations, mitigations, total float consumption, effect of variation orders, the
real-time impact of delays at the time they occurred, and so on. However, it is
time-consuming to perform and it requires detailed as-built records and
contemporaneously updated programs. Additionally, the sensitivity of the analysis
decreases when longer window sizes are selected because critical path changes,
accelerations, or productivity losses may not be noticed within the window, as the

effects of all the events can only be seen at the end of the window time.

The best practice is to perform time slice windows analysis is during the project
execution not only to satisfy the requirement of keeping of as-built records and
contemporaneous update programs, but also to reap its additional benefits in terms
of project and contract management. Contractors can issue their extension of time
claims during the project to settle their claims without waiting for the project to
actually be delayed, which also facilitates the compliance of delay notification

clauses in contracts. Furthermore, contemporaneous analysis of delays would be
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beneficial to identify the measures that can be taken by both the contractor and

employer to eliminate the effects of delays.

Various delay analysis methods utilized in the construction sector employ diverse
techniques to assess delays and disruptions and determine their consequences. There
is no single favored delay analysis approach that is applicable in all situations.
Despite certain methodologies being considered more reliable than others, industry
experts struggle to reach a consensus on the most effective practices.
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