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References Used in These Courses
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Primary resources

 AACE International Recommended Practice No. 29R-03, Forensic Schedule

Analysis, AACE, 2011

 Society of Construction Law Delay and Disruption Protocol, SCL, 2017

 Construction Delays, Nagata, Manginelli, Lowe, and Trauner, Elsevier, 2018

 Delay Analysis in Construction Contracts Book, Keane and Caletka, Wiley, 2015

 Schedule Delay Analysis ANSI/ASCE/CI 67-17 (ASCE Standard), ASCE, 2017

 AACE International Recommended Practice No. 52R-06, Time Impact Analysis,

AACE, 2006

 Analysis of Concurrent Delay on Construction Claims, Long, Long International

Inc., 2015
4311نشریه
5090بخشنامه
1300بخشنامه
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Other resources

 Delay and Disruption in Construction Contracts Book, Andrew Burr, Informa

Law from Routledge, 2018

 Identifying, Quantifying, and Proving Loss of Productivity (ASCE Standard),

ASCE, 2021

 As-Built But-For Schedule Delay Analysis, Long, Long International Inc., 2018

 Long International’s Schedule and Delay Analysis Methodologies, Long, Avalon,

and Rider, Long International Inc., 2018

 Contemporaneous Period Schedule Analysis Methodology, Francis, Long

International Inc., 2018

همسانقراردادهايEPCصنعتی

همسانقراردادهايEPCغیرصنعتی
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What we will learn?

 Planning and scheduling?

 Effects of different schedule techniques on delay analysis

 Effects of float on delay analysis

 What is critical path?

 Effects of critical path on delay analysis

 Effects of different types of schedule on delay analysis



Planning and Scheduling
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What is planning and scheduling?

 Significantly different

 Scheduling can never be performed effectively without planning

 Construction planning and scheduling should address:

 What?

 Where?

 How?

 Who?

 When?
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What is planning and scheduling?

 The planning portion of a construction project relates to:

 Developing the logic of how a project will be constructed

 Scheduling consists of:

 Integrating that plan with a calendar or a specific time frame.
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Why planning and scheduling is important?

 Increase profit by reducing costs

 Maintain deadline

 Construction work fits on the operation

 Cooperation: Deliveries, shutdown, responsibilities of owner, suppliers, GCs, SCs, etc.

 Monitoring: Status of the project (time, cost, quality, etc.)

 Control: Control problems and make correction is needed

 Changes: mistakes by parties or additional task

 Damages: what happened? Claims?



Effects of Different Schedule Techniques on 

Delay Analysis
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Types of schedule

https://dralavipour.com/publications/construction-management-standards-of-practice

https://dralavipour.com/publications/construction-management-standards-of-practice
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Schedule narrative reports

 Narrative Reports – A narrative report should be submitted with each schedule:

1. Preliminary

2. Baseline

3. Update
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Schedule narrative reports

 A narrative report assists the project team in thinking

1. Through project progress during the previous update period,

2. Impact of major events during the period,

3. Causes of delays, if any,

4. Actions that may be necessary in the future as a result of the project events.

The narrative also helps the CM understand the contractor’s means and

methods

so as to ensure that the schedule logic and sequencing reflect the

contractor’s intent.



By: Alavipour, PhD, PMP, CMIT www.dralavipour.com .ذکر مطالب فوق تنها در صورت ذکر منبع بلامانع است

فرآیند جامع آنالیز تاخیرات در پروژه
مفاهیم مهم در برنامه ریزي و زمانبندي براي آنالیز تاخیرات: مقدمه

1111

Narrative schedule

 Narrative Schedule
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Gantt Chart

 Gantt chart, also called a bar chart schedule
 Visually depicts the Project’s major work activities in relation to time.
 Simple and straightforward, showing the duration, timing, and sequence of the

work activities
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Disadvantages of Gantt Chart

 Not good for relationships/dependency===Do not show logic

 Not simple to build for complicated projects or large projects

 We cannot figure out what the critical activities are, does not establish criticality

 Not good for delay analysis. What activities get delayed?

 Does the behind-schedule status of Activity E or C compromise project

completion?

 This cannot be determined from the simple Gantt chart.
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Advantages of Gantt Chart

 Simple to read

 Easy to communicate with other parties

 In fact, bar charts are the most popular means by which scheduling 

information is communicated in the construction industry. 

 This is even true of projects that are complex and involve many activities. 

 Simple to build

 Flexibility

 No training required, do with paper and pencil

 Tracking progress
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How bidding phase impacts delay analysis?

 Delay analysis starts back with the contract.
 The better the contract is written, the less problem you are probably going to have.
 Look at your scheduling specifications.
 Look at your changes clause.

 The clauses should deal with:
 Time
 Delays
 Costs

VERY IMPORTANT NOTES
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How bidding phase impacts delay analysis?
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How bidding phase impacts delay analysis?

 Make sure to understand terms mentioned above when:
 You are writing the contract
 Bidding the project
 Putting the schedule together.

VERY IMPORTANT NOTES



By: Alavipour, PhD, PMP, CMIT www.dralavipour.com .ذکر مطالب فوق تنها در صورت ذکر منبع بلامانع است

فرآیند جامع آنالیز تاخیرات در پروژه
مفاهیم مهم در برنامه ریزي و زمانبندي براي آنالیز تاخیرات: مقدمه

1818

Impacts of scheduling methods on delay analysis

 Which methods for Construction Schedule?
 Matrix schedule
 Gantt Chart
 Linear Schedule (LOB or LSM)
 Critical Path Method (CPM)
 Critical Chain Method (CCM)
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Critical path method (CPM)

 The CPM schedule links work activities to one another according to planned sequence.

 The linking or interdependency of the work items is a major strength of CPM because:

It enables the identification of the critical path
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Gantt chart vs. CPM

 We could make assumption of FS logic for Gantt Chart, but what if on 9/18 there
is a delay? Is this logic true? We do not know!
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Gantt chart vs. CPM

 Both Gantt Chart and CPM shows the final date correctly but:

 CPM gives us more information to determine:

what was critical in a given time which becomes very important in:

Documenting and determining delays.
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Critical path method (CPM)

Remember that we emphasized on some features to be included 
in CPM scheduling?

Let’s see the linkage between delay analysis and those features



Effects of Float on Delay Analysis
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Float

 As a concept

 As a mathematical calculation

 Negative float

 Positive float
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Float – As a concept

 It is the amount of time an activity can be delayed without causing delay to the
completion of the project

 Unique to CPM scheduling
 When an activity consumes its available float, it will become critical and may delay

the Project.

This definition is based on how the CPM was originally 
developed, but may no longer be accurate.
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Float – As a mathematical calculation

 The definition of float can most accurately be described:

 As the difference between when an activity can start and when it must start.

1. To determine when you could start versus when you have to

2. Calculate what float value is



What Is Critical Path?
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Definition

 Determines the project’s completion date

 It is the longest continuous sequence (not chain) of work

 Exists on every project (no matter CCM, LOB, etc.)

 It is dynamic and can change throughout the course of the project
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Critical path in realities

In reality, however, as a schedule becomes more complex, total float values may not 

necessarily represent a true picture of the critical path. 

 Multiple calendars, out-of-sequence progress, date constraints, and leveled

resources can all produce misleading values of total float in complex schedules,

leading to a misrepresentation of the sequence of activities that actually drives the

program finish date.
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Critical path in realities

 IMPORTANT:

 Historically, the critical path was the path of activities that had zero total float.

 Zero float or the least amount of float does not necessarily mean critical path.

Those days are gone.

Float can still determine the critical path but only in schedules that have

limited calendars and limited constraints.

 In order to determine the critical path, the analyst must look at the longest

path regardless of what the float calculations say.

That is the most accurate way to determine the Project critical path.
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Critical path in realities
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Critical path in realities
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We should consider this from two perspectives:

1. Calendars
2. Constraints 

Critical path in realities
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Critical path in realities

Let’s see why?
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Critical activities with positive total float – Example
Activities on critical path do not always have zero float.
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Critical activities with positive total float – Example
Only delays to the critical path can delay the project,

but not all delays to the critical path will delay the project.



By: Alavipour, PhD, PMP, CMIT www.dralavipour.com .ذکر مطالب فوق تنها در صورت ذکر منبع بلامانع است

فرآیند جامع آنالیز تاخیرات در پروژه
مفاهیم مهم در برنامه ریزي و زمانبندي براي آنالیز تاخیرات: مقدمه

3737

Critical activities with positive total float

Only delays to the critical path can delay the project,
but not all delays to the critical path will delay the project.

See? 
Now you understand why adding more calendars complicates
delay analysis

Because you should check all paths one by one!
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Critical activities with positive total float

You may be tempted to believe that activities on the longest path
cannot be critical activities

if they have positive total float values and that the first four
activities in Fig. are not critical because they have positive float,

despite the fact that they are on the project’s longest path
and responsible for pushing the paving activity into the
spring.

This dilemma begs the question: 
Are all activities on the project’s longest path said to be critical 

activities?
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Critical activities with positive total float

This dilemma begs the question: 
Are all activities on the project’s longest path said to be critical 

activities?

To answer this, you must consider the term “critical” in the 
context of Critical Path Method scheduling. 

In that case, the term “critical” becomes a term of the art for 
CPM schedules. 

Thus, the only logical answer to the question is yes, by 
definition, critical activities are those activities on the project’s 

longest path.
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Critical activities with positive total float – Example

The cure concrete 
roadway could also 

be done on Saturday 
and Sunday!
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Critical activities with positive total float – Example
Activities on critical path do not always have zero float.
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Float – Positive float

 DCMA
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Critical activities with positive total float

How to address this problem?
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Critical activities with positive total float

Construction Delays Book, 2018
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We should consider this from two perspectives:

1. Calendars
2. Constraints 

Critical path in realities
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Critical activities with negative total float

 Date constraints may cause activities to become critical, regardless of the total

float that may be available if not constrained in the network.

 Specifically, backward-pass date constraints on activities other than the

finish milestone will influence the criticality of activities.

Hence, where constraints are many, there may be many more activities with zero or 

negative total float than activities that are actually driving the key program completion 

milestone.

Let’s see why!

GAO
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Critical activities with negative total float – Example
 This figure shows in the construction schedule two sequences of activity necessary to

complete interior rough-in: critical activities (in red) and noncritical activities (in

blue).

 What if the general contractor were to introduce a backward-pass date constraint

on “inspect rough-in HVAC”—directing, for example, that the inspection be

performed on November 24.
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Critical activities with negative total float – Example

 The network now has 2 more critical activities than the network without the date
constraint and shows 2 parallel critical paths in terms of total float.

 However, the longest path—in terms of duration—remains the same, regardless of
the date constraint.

The longest path is also referred to as the driving path because it determines the date of 
the key milestone. 
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Critical activities with negative total float

 Very difficult subject

 Does not necessarily represent the critical path, but only predictor

 Occurs if you have constraints

1. For example, if you say in the contract that the project has to finish in day 100

and you put constraints.

2. If you put constraints on many milestones. You can have many activities with

negative floats that are not necessary on critical path.

Therefore, when reviewing any CPM schedule, the analyst must 
develop a clear understanding of how the network was constructed 

and ascertain exactly what meaning any float values may have.
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Critical activities with negative total float

 DCMA
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Near-critical path

 Activities with total float within a narrow range of the critical path total float are

“near-critical” because they can quickly become critical.

 Near-critical paths need only a small extension of time to become critical.

 Management must monitor critical and near-critical activities through sound

schedule management because any delay in them will delay the entire program.

Let’s see how to monitor near-critical activities!
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Dynamic critical path

 The critical path assists program management in prioritizing resources to have the

most positive effect on program performance.

 The critical path is not constant.

 We discuss the deterministic critical path—that is, the path as defined by the initial

or current set of inputs in the schedule model.

However, the true critical path of a schedule is uncertain because durations of 

activities are uncertain. 



Effects of Critical Path on Delay Analysis
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Critical path = Longest path

 The longest path of activities in the network
 The longest path defines the forecast project completion date
 Only delays to activities on the longest path can delay the project
 Interim milestones and other events will have their own longest path.
 Activities on the longest path may have float.
 Exists on every project (no matter CCM, LOB, etc.)
 It is dynamic and can change throughout the course of the project

 The use or consumption of an activity’s float may not make the activity critical
and may not delay the Project.
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Critical path – Logic

 DCMA
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Critical path – Logic

 DCMA
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Critical path – Lags

 DCMA
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 DCMA

Critical path – Leads



Effects of Different Types of schedule on Delay 

Analysis
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Types of developing construction schedule

https://dralavipour.com/publications/construction-management-standards-of-practice

https://dralavipour.com/publications/construction-management-standards-of-practice
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Types of developing construction schedule

https://dralavipour.com/publications/construction-management-standards-of-practice

https://dralavipour.com/publications/construction-management-standards-of-practice
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Revised schedule

 If the forecasted completion date contains negative float, then the project is late or

behind schedule.

 Remedies for negative float may be included in the contract specifications and

may require the contractor to prepare

1. Recovery schedule,

2. Acceleration plan, or

3. Time extension request,

depending on

the circumstances and accuracy of the forecasted completion

date.
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Revised schedule – Recover schedule versus acceleration schedule

 There are two terms that define how to account for a delay to a project schedule,

depending on who is at fault for the delay.

1. If the contractor or one of his subcontractors is at fault, the schedule to account

for the delay is a recovery schedule.

 This term is not definitive, in that the industry does not recognize the term

“recovery” to indicate contractor fault.

2. If, on the other hand, the owner of the project is found to be at fault for the delay,

the schedule to recover time is called an “acceleration” or “mitigation schedule.”
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Revised schedule – Recovery schedule versus updated schedule

 Updated schedule reflects the reality of the current status of the project

with no changes being made to the logic or durations pertaining to the

activities that are yet to be completed.

 Recovery schedule reflects changes in the uncompleted portion of the schedule.

 Changes may be made to logic, activity durations, and other things to

deliver project in a shorter period of time.

Let’s see the general practice here!
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Revised schedule

 It is subsequent to an update on the schedule,

with the purpose of recovering lost time in a project schedule while

minimizing the cost of the project.

 Recovery schedule is implemented at a cost, and

this cost must be a serious consideration when recovery

schedules are prepared.
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Revised schedule

 General practice:

1. This process begins with an updated schedule.

 Don’t forget to analyze delays before proceeding.

2. Then, new schedule with the revised completion date is prepared and is called the

“recovery schedule, acceleration schedule, or extended schedule.”

3. Once this has been developed, the revised schedule will become the “revised baseline

schedule.”



By: Alavipour, PhD, PMP, CMIT www.dralavipour.com .ذکر مطالب فوق تنها در صورت ذکر منبع بلامانع است

فرآیند جامع آنالیز تاخیرات در پروژه
مفاهیم مهم در برنامه ریزي و زمانبندي براي آنالیز تاخیرات: مقدمه

6767

Revised schedule – Who initiates the revised schedule?

 When the project is behind the schedule

1. Because of contractor’s fault, the contractor would typically initiate the

preparation of the recovery schedule

 (no compensation-prevention of liquidated damages)



By: Alavipour, PhD, PMP, CMIT www.dralavipour.com .ذکر مطالب فوق تنها در صورت ذکر منبع بلامانع است

فرآیند جامع آنالیز تاخیرات در پروژه
مفاهیم مهم در برنامه ریزي و زمانبندي براي آنالیز تاخیرات: مقدمه

6868

Revised schedule – When Revised schedule should be prepared?

 When the project is behind the schedule

1. Because of contractor’s fault, the contractor would typically initiate the

preparation of the recovery schedule

 (no compensation-prevention of liquidated damages)
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Revised schedule – When Revised schedule should be prepared?

 When the project is behind the schedule

2. Because of owner’s fault, the owner would typically initiate the preparation of

the acceleration schedule

 (usually no compensation, but cost of schedule recovery)

3. Because the factors were not under the control of neither sides

 (usually no compensation, but cost of schedule recovery)
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Recovery schedule – Who initiates?

 Normally the contractor who controls the schedule will make a determination

about the need for a recovery or acceleration schedule.

 Owner could also request a recovery or acceleration schedule to have the contractor

demonstrate how a completion date will be met.

 Contractor is not required to prepare a recovery or acceleration schedule unless

requested by the owner.

 If requested by the owner, the contractor must mitigate delays to the schedule

even if other parties are responsible for the event causing the delays.

A recovery or acceleration schedule must be approached and prepared 
with caution, with an eye toward the cost and legal implications. 
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Recovery schedule – Who initiates?

VERY IMPORTANT:
 If the contractor generates the recovery or acceleration schedule without advising

the owner of the cost and the need for a change order, this might constitute a waiver
of the contractor’s right to seek a

time extension + delay and/or acceleration-related cost.
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Recovery schedule – Who initiates?
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همسانقراردادEPCجدیدصنعتی

Recovery schedule – Who initiates?
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همسانقراردادEPCجدیدصنعتی

Recovery schedule – Who initiates?
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Recovery schedule – Who initiates?
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What we will learn?

 Determination of delays
 Skills required for designer (AE) /CM related to delays analysis
 Sources of delay analysis
 AACE International Recommended Practice No. 29R-03
 SCL Protocol

 SCL Delay Protocol
 Delay and disruption
 22 Core Principles
 Sample of contract provisions

 Types of construction delays
 Critical vs. non-critical
 Excusable
 Non-excusable
 Compensable vs. non-compensable
 Sample of contract provisions

 Some of main reasons leading to the submission of claims



Determination of Delays
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Determination of delays
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Determination of delays

 Key practices:
Careful planning and preparation

Careful review
Accurate reporting and updating

Do not start up by already saying who is responsible!
First and foremost: Determine when the delays occur and where the 

critical path delays.
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Determination of delays

 Analyze the contract

 What it says about delays?

 How are you supposed to document?

 What type of analysis do you need to provide?

 What it says about weather, how do you implement that into the contract, etc?



By: Alavipour, PhD, PMP, CMIT www.dralavipour.com .ذکر مطالب فوق تنها در صورت ذکر منبع بلامانع است

فرآیند جامع آنالیز تاخیرات در پروژه
آنالیز تاخیرات از نگاه قراردادي: مقدمه

7

Skills required for Designer (AE) / CM related to delay analysis

The Royal Brompton Hospital NHS v Watkins Gray International (UK) (2000)

identified that architect needs three basic skills:

1. Construction knowledge

2. Understanding of programming techniques

 (schedule, plan, delay analysis methods, etc.)

3. Contractual awareness

 The architect must understand the relevant contractual provisions and be up-

to-date on decided cases.

Claims are inevitable on most large-scale construction projects 
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Sources of delay analysis

 Three primary sources:

1. International Recommended Practice No. 29R-03 (2011)

 American Association of Cost Engineering (AACE) International

2. SCL Delay Protocol (2nd Edition published in Feb 2017)

 Society of Construction Law Delay and Disruption Protocol

3. ASCE Schedule Delay Analysis (1st Edition published in 2017)

1. American Society of Civil Engineers

ایراندررایجمنبعدو

5090بخشنامه1.

1300بخشنامه2.

1402/11/07مورخ)آزمایشیصورتبه(پیمانتاخیراتبهرسیدگینحوهدستورالعمل+
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Sources of delay analysis
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Sources of delay analysis
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Sources of delay analysis
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Sources of delay analysis
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Sources of delay analysis

https://dralavipour.com/video-course/oil-industry-contract-delays

https://dralavipour.com/video-course/oil-industry-contract-delays
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AACE International Recommended Practice No. 29R-03

 Forensic schedule analysis
 Published in 2011.

 The purpose is to provide a unifying reference of basic technical principles and
guidelines for the application of critical path method (CPM) scheduling in
forensic schedule analysis.

 The RP discusses certain methods of schedule delay analysis, irrespective of
whether these methods have been deemed acceptable or unacceptable by
courts or government boards in various countries around the globe.

 This RP is not intended to establish a standard of practice, nor is it intended to
be a prescriptive document applied without exception.

 While the recommended protocols are intended to aid the practitioner in
creating a competent work product it may, in some cases, require additional or
fewer steps.
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SCL Delay Protocol

 2nd edition published in 2017

 Published by the Society of Construction Law (UK)

 The purpose is to provide guidance on common delay and disruption when one

party wishes to:

1. Recover an extension of time (EOT)

2. Compensation for the additional time spend and additional resources used

 The purpose is to avoid unnecessary disputes

 Focus is to provide practical and principled guidance on issues that can be applied

in relation to all projects to:

1. Avoid disputes

2. Limit the costs of disputes if disputes are unavoidable
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SCL Delay Protocol

 Protocol identifies various options, leaving people to choose based on their needs

(e.g., complexity of project, nature of the project, etc.)

 It is not the contract document, nor the international law.

 This guidance is intended to be generally applicable to any contract.

 It is only a good practice, not best practice.

 Users of the Protocol should apply its recommendations with common sense.

 The Protocol is intended to be a balanced document, reflecting equally the interests

of all parties to the construction process.
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SCL Delay Protocol

 Structure of the 2nd edition



SCL Delay Protocol 
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SCL Delay Protocol – Delay and disruption

 The construction industry often associates delay and disruption.

 While they are both effects of events,

1. Impacts on the works are different,

2. Events may be governed by separate provisions of the contract and governing

law,

3. They may require different types of substantiation and

4. They will lead to different remedies.

 Having said that, the monetary consequences of delay and disruption may

overlap and, further,

delay can lead to disruption and,

vice versa, disruption can lead to delay.
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SCL Delay Protocol – Delay

 In referring to ‘delay’, the Protocol is concerned with time –

work activities taking longer than planned.

 In large part, the focus is on delay to the completion of the works –

in other words, critical delay.

 Hence, ‘delay’ is concerned with an analysis of time.

 This type of analysis is necessary to support an Extension of

Time (EOT) claim by the Contractor.
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SCL Delay Protocol – Delay
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SCL Delay Protocol – Delay
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SCL Delay Protocol – Delay

Does it relate to cost?
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SCL Delay Protocol – Delay

 Of course, time means money.

 Typical monetary claims by a Contractor

that are dependent upon an analysis of time (i.e. a delay analysis)

are as follows (subject to the terms of the contract and depending on the

specific circumstances):

a) Relief from LDs (with the inverse claim by an employer for LDs);

b) Compensation for time-related costs; and

c) If the contractor has taken acceleration steps in an attempt to

mitigate the delay, compensation for those steps.
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SCL Delay Protocol – Delay
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SCL Delay Protocol – Delay

همسانقراردادEPCجدیدصنعتی

4311نشریه
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SCL Delay Protocol – Disruption

 In referring to ‘disruption’,

the Protocol is concerned with disturbance, hindrance or interruption to a

Contractor’s normal working methods,

resulting in lower productivity or efficiency in the execution of

particular work activities.

Disruption could lead to…
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