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What we will learn?

 Planning and scheduling

 Concepts and terminology

 Types of schedule during the life cycle of the project

 Schedule and records in contract

 Elements missing in the contract and need more consideration (general

recommendation)

 Key activities & considerations for project schedule specification

 Project realities and effective solution



Planning and Scheduling
(Concepts and Terminology)
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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?



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

فرآیند یکپارچه برنامه ریزي، زمانبندي، ارزیابی و کنترل پروژه
مفاهیم برنامه ریزي، زمانبندي، ارزیابی و کنترل پروژه: مقدمه

5

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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Purposes and importance of project planning and scheduling

 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?

Why do we need a schedule for changes?
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What is planning and how to do that?

 Planning is about:

1. What?

 What tasks and activities?

2. Where?

 Where your building, project site, storage, prefab, suppliers, and etc. located?

3. How?

 Methods?

 Build in the site? Or prefab? Or combination of both? Or etc.

 If there are experienced contractors, rely on them.

4. Who?

 Stakeholders, owner, designers, engineers, GC, SCs, suppliers, local agencies,

and all people who are part of the projects.
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What is planning and how to do that?

 Process begins in the pre-construction phase of a project.

 Designated person must define the details of how to build the project.

 Formal planning, done correctly, involves five steps or phases:

1. Planning the planning phase

2. Gathering information

3. Preparing the preplan

4. Disseminating the pertinent information in the plan to all affected parties

5. Evaluating the results of the planning efforts and its consequences.

The majority of the work associated with defining how the project effort will proceed is 

properly called “planning” rather than “scheduling.”
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What is planning and how to do that?

 Project planning is a process within program management.

Project planning is the basis for controlling and managing project performance, 

including managing the relationship between cost and time. 
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What is planning and how to do that?

 Which one is more critical? Cost or Time or Resource

 Construction planning is not restricted to the period of “construction.”
 It should be an essential activity during the “design.”
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What is scheduling and how to do that?

 Scheduling is about when

 Scheduling is a timetable of activities

 A project schedule is a written or graphical representation of the Contractor’s plan

 A project schedule emphasizes the elements of duration

 A project schedule should define specific time periods
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What is scheduling and how to do that?

 Scheduling consists of:

1. Determining the duration needed for

 Each of the planned tasks

 The overall length of the project schedule

2. Determining the time each of the planned tasks should be started

3. Finalizing the sequence and logic



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

فرآیند یکپارچه برنامه ریزي، زمانبندي، ارزیابی و کنترل پروژه
مفاهیم برنامه ریزي، زمانبندي، ارزیابی و کنترل پروژه: مقدمه

13

Risks of scheduling

Give me an example of why?
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Risks of scheduling

Time and money can be easily lost through poor project planning 
and scheduling of on-site labor, materials, and equipment.

HOW ABOUT CLAIMS?

For example, a lack of coordination in ensuring that materials and equipment 

are delivered to the site on time can be devastating to the project. 

WHY?

Resulting in delays and lost productivity. 

So, how important is that from the contract perspective?

Is it always good to deliver materials and equipment early? 
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Risks of scheduling

Materials and equipment delivered too early can be as devastating as those 

delivered too late.

WHY?

Resulting in additional costs associated with on-site or remote storage, double 

handling, and possibly interest and insurance.

This is exactly what LEAN CONSTRUCTION talks about!
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General guide

 Planning and scheduling are continual processes throughout the life of a project.

 Planning and scheduling may be done in stages throughout the project as

stakeholders learn more details.

 This approach to planning, known as rolling wave planning.

 Scheduling involves the management and control of the schedule over the project’s

life cycle.

 Work and strategies for executing the work must be planned first before activities

can be scheduled.
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The integrated master schedule (IMS)

 An Integrated Master Schedule (IMS) is a network of tasks linked from program

start through program finish.

 The IMS is the foundation of the performance measurement baseline (PMB) used to

track progress, forecasts, and changes throughout program execution.

 The IMS enables the Critical Path Method that is used to identify the program

critical path, as well as driving paths to major interim events or deliverables.

 It begins with the Integrated Master Plan (IMP), which details the contractual

deliverables and the Statement of Work/Objectives (SOW/SOO).

All of this is enveloped by the hierarchy of the Work Breakdown Structure (WBS).
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The integrated master schedule (IMS)

 IMS integrates:

1. Planned work

2. Resources necessary to accomplish that work

3. Associated budget,

IMS should be the central point of program management. 

 An IMS connects all the scheduled work of the owner and the contractor in a

network, or collection of logically linked sequences of activities.

 The IMS must be a complete and dynamic network.
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The integrated master schedule (IMS)

 In this course, a “program” encompasses an entire program from beginning to end,

including all owner and contractor effort.

 An IMS may be made up of several or several hundred individual schedules that

represent portions of effort within a program.

 These individual schedules are “projects” within the larger program.

 For example, a program IMS may consist of

1. Individual project schedules for the prime contractor,

2. Owner program management office,

3. Owner testing laboratory.

Why and how is this important?
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Rolling wave planning

 Near-term effort will be planned in greater detail than long-term effort.

1. Near-term effort:

 Represented as detailed work packages.

 It depends on the project’s size, phase, scope, risk, and complexity.

 For example, some schedules may be planned in detail for only 2 or 3

months.

 Recommendation:

 GAO Best practice: 6 to 9 months from the current date.

 SCL Protocol: 6 to 18 months from the current date.

 CMAA guideline: 3 to 9 months from the current date.

 Detailed activities represent tasks that are typically 4 to 8 weeks long.

 SCL Protocol: No activity or lag should exceed 28 days in duration



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

فرآیند یکپارچه برنامه ریزي، زمانبندي، ارزیابی و کنترل پروژه
مفاهیم برنامه ریزي، زمانبندي، ارزیابی و کنترل پروژه: مقدمه

21

Rolling wave planning
2. Long-term effort:

 Represented as planning packages.

 Planning packages:

 Summarizing work in the distant future.

 Planned at higher level such that a single activity may represent several

months of effort accomplished by a resource group or even a future

contract or phase.

 As time passes, planning packages broken into detailed work packages.

 When “rolling wave” programming is used, an activity limitation of 28

days for maximum duration is not necessary for the later summarized

activities.

This incremental conversion of work from planning packages to work packages known as 

“rolling wave” planning
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Rolling wave planning
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Rolling wave planning
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Rolling wave planning – Best practice

 If portions of far-term effort are well defined, they should be included in the IMS
as soon as possible.

 Each planning package must still be traceable to WBS elements within the IMS.

 Planning packages should be logically linked within the schedule to:
1. Create a complete picture of the project from start to finish
2. Allow the monitoring of a project’s critical path

 Planning packages that are on or near the critical path or that carry significant
risk should be broken into smaller activities.



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

فرآیند یکپارچه برنامه ریزي، زمانبندي، ارزیابی و کنترل پروژه
مفاهیم برنامه ریزي، زمانبندي، ارزیابی و کنترل پروژه: مقدمه

25

Rolling wave planning – Best practice

Read this article
https://dralavipour.com/blog/view/Plan-schedule-control

https://dralavipour.com/blog/view/Plan-schedule-control


Planning and Scheduling
(Types of Schedule During the Life Cycle of the Project)
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Types of schedule
1. Pre-design Schedule

 Prepared by CM to manage “Pre-Design Process”
2. Design Schedule

 Prepared by CM to manage “Design Process”
3. Pre-bid construction Schedule (or Engineer’s Schedule)

 Prepared by CM/Designer to evaluate “Construction Schedule” provided by GC
 Prepared by CM/Designer for estimating general “time” and “budget”

4. Bid Schedule
 Prepared by CM/Designer to manage “Bidding Process”

5. Contractor construction Schedule
 Prepared by GC or sometimes CM/Designer to control and manage

“Construction Project”
6. Occupancy Schedule

 Prepared by CM/Designer to bridge the gap between construction and operations
7. Forensic Schedule

 Prepared by CM/Designer to analyze delays “After-the-Fact”
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Pre-design phase
 Decision to build

Conceptual 
Drawings

Narrative 
Schedule

Wish Date

Wish Price

Decision to 
build
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Pre-design phase – Narrative schedule
 Usually Narrative Schedule is used in pre-design phase.

 A narrative description usually consists of:
1. Contractor plans to work across the Project
2. Contractor’s planned construction sequence
3. Number of crews
4. How long it believes the work will take.

The degree of detail varies from Project to Project, but most narrative
schedules range between one paragraph and two pages.

When a narrative schedule is requested, the level of detail is required.
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Pre-design phase
 Narrative Schedule
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Pre-design phase – Narrative schedule samples
 See File #1
 See File #2
 See File #3
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Design phase
 In Preliminary Schedule: only (1) General time frame and (2) General budget
 In an Engineer’s Schedule:

1. It can be the detailed schedule with logic, time frame, resources, and budget
2. It can be only the Gantt Chart

Narrative 
Schedule
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Design phase
 Why Schedule is needed for estimating?

 Project overhead (travel, storage fees, testing and inspection, etc.)
 Time available for resources
 Weather to be anticipated. This offers a basis for decisions regarding:

 Equipment and labor productivity,
 Cold weather operations,
 Need for multiple shifts overtime, and
 Etc.

 How to do it?
1. Divide the project into major segments
2. Estimate the time for each of these segments
3. Establish the sequence
4. The result is a Gantt cart that shows the start and finish dates for the overall

project and the approximate calendar times.



Planning and Scheduling
(Types of Schedule During the Life Cycle of the Project)
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Design phase – 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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Design phase – Basic Gantt Chart

 Bar Chart showing general construction work tasks.
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Design phase – Basic Gantt Chart

 Bar Chart showing scheduled versus actual performance.
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Design phase – Disadvantages of Gantt Chart

 Bar chart showing general construction work tasks.

 The failure to show the interrelationships between activities is a major

shortcoming of bar charts, mandating that more sophisticated scheduling

techniques be utilized on complex projects.
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Bidding phase
 Bidding documents usually prepared by CM or A/E:

Final Design

Final line item 
Estimate

Engineer’s 
Schedule

Bidding 
documents Bid Schedule
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Bidding phase – Bid schedule
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Construction phase
 The development of the construction plan should include the GC and SCs.
 Involving the Subcontractors in the development of the construction plan/schedule,

will significantly facilitate acceptance by the Subcontractors.

Specs

Plans

Engineer¶s 
Schedule

Award the 
contract

Construction 
Schedule with SCs

Review by 
owner

Approval of shop 
drawings, submittals , 

inspections, etc.

Update or revise 
the schedule

Document 
changes

May alter work 
sequence, crew sizes, 

operating hours

GC tracks 
progress

Owner tracks 
progress

Approval by 
owner

Baseline or As-
planned schedule
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Construction phase

 After the receipt of the Notice of Award, the superintendent (or other designated

person) must define the details of how to build the project.

 In this planning phase, communications take place between different parties that

have already given some thought to the plan, including the estimator(s), contract

administrator, architect/engineer, CM, etc.
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Construction phase – How to select scheduling methods?

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

 Line of Balance scheduling (LOB) or Linear Schedule Method (LSM)

 Most effectively used for repetitive or linear projects in nature such as:

 Highway construction, pipeline construction, power line construction, tunneling,

communications, railways, road construction, high-rise building, and etc.

EXAMPLES:

 Installation of a pipeline in which every 100 meter are considered to be repeated.

 A track of 50 homes under construction

 On high-rise structures, the repetition might be on floor-by-floor basis.
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Construction phase – Linear schedule
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Construction phase – Advantages of linear schedule
 Is the linear schedule deterministic or probabilistic?

 At first glance, the linear schedule would appear to be deterministic;
however, time buffer that exists between activities reveals that it too is a
reflection of the probabilistic approach.

 Time buffer is an acknowledgment that the timing of the occurrence of activities
cannot be scheduled with pinpoint accuracy.
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Construction phase – Advantages of linear schedule
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Construction phase – Advantages of linear schedule

 Linear schedule is a more 

accurate portrayal.

 For example, there will be a 

point in the schedule as the 

 Last portion of the fill

work is being done 

 Finishing grading is 

well underway, and 

 Paving work will have 

started
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Construction phase – Advantages of linear schedule

 No need to think in terms of

an early-start schedule or

late start schedule.

 More related to the

expected schedule
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Construction phase – Advantages of linear schedule

How?
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Construction phase – Advantages of linear schedule
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Construction phase – Advantages of linear schedule
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Construction phase – Advantages of linear schedule

 Main advantage over other techniques: track planned and actual production rates

 Productivity is related to location (e.g., stations/day) rather than a resource

quantity (e.g., cubic meter/hour).

 However, productivity is not realistic because activities are characterized

by straight line. Productivity changes over time and is not linear.

It is practical to use non-constant productivity.

 Far fewer activities needed and resulting diagram is much easier to interpret.

 Easier to communicate



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

فرآیند یکپارچه برنامه ریزي، زمانبندي، ارزیابی و کنترل پروژه
مفاهیم برنامه ریزي، زمانبندي، ارزیابی و کنترل پروژه: مقدمه

54

Construction phase – Advantages of linear schedule

 Non-constant productivity
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Construction phase – Disadvantages of linear schedule
 Where is the critical path in the linear schedule? This is not an easy question to

answer.
1. The linear schedule itself does not identify the critical activities.
2. Most of the activities will be critical.
3. The activity that is critical is the one that has the lowest slope.
4. Better to think of increasing the productivity in order to reduce the project

duration.

 The inability of the linear scheduling method to identify the Project’s critical path
is because:

The schedule activities are not linked to one another, and thus
The schedule cannot accurately correlate delays to the completion of the
project

One of the major reasons that many owners and contractors have
chosen the CPM scheduling technique over the linear scheduling
methods is this.

 Fail to show relationships among activities
 Fail to consider resource requirements and constraints.
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Construction phase – Linear schedule (example)
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Construction phase – Linear schedule (example)
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Construction phase – Linear schedule
 TRIMBLE TILOS is the Globe’s Premier Linear Scheduling Software and is trusted by

4 out of 5 of leading international linear infrastructure construction companies.
 https://tilosamericas.com/try-tilos-free/

 You can Import data from Primavera P6 professional (P6) into TILOS

https://tilosamericas.com/try-tilos-free/
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Construction phase – Linear schedule

Read an article 

Line of Balance Planning Technique for more info
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Construction phase – 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

The critical path predicts the earliest date that the Project can be completed
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Construction phase – Critical path method (CPM)

 Very convoluted in assessing the start-to-start and finish-to-finish relationships.
 Unlimited resources
 No consideration of financial constraints
 No time-cost tradeoff
 Deterministic model
 Misuse of float
 Activity completion gain/loss

 Even if an activity is completed before its planned completion date, the time
gain cannot be utilized by the next activity, because the next activity has to
wait until its early start date.

 However, the opposite is not true. If any previous activity is delayed, delay
will be passed to the next activity, and this may cause a delay in the project.

 Student syndrome
 Team members do not start the task until the last moment.

ISSUES WITH CPM
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Construction phase – Critical chain method (CCM)
 CCM developed by Eliyahu M. Goldratt in 1997. Difference with CPM?

 Availability of resources are considered.
 Buffers are used instead of float to eliminate the concept of float.

1. Project buffer (act as a contingency)
Gain or loss to project === delay eat buffers and early finish add to this
buffer

 This helps to move uncertainty from each task to the project buffer.
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Construction phase – Critical chain method (CCM)

2. Feeding buffers (added to non-critical chain)

 Between the last task on a non-critical chain and the critical chain

 Feeding buffers and the project buffer are calculated the same way.

 The duration of these buffers is based on some fraction of the safety removed

from the tasks on non-critical chains.
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Construction phase – Critical chain method (CCM)

3. Resource buffer

 Are kept alongside the critical chain

 Known as critical resources (can be human resource or equipment)

Since the critical chain considers the resource constraints as well, it may be

longer than the schedule based on the critical path.
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Construction phase – Critical chain method (CCM)

 The following are a few differences between the float and buffer:

 Float is a critical path phenomenon, while buffer belongs to the critical chain.

 A float is a difference between the duration of the critical path and the non-

critical path while a buffer is based on contingencies.

 For example, the project buffer is about 50% of the safety time that you

have removed from the activity estimate duration. Based on the definition

of buffer, it is not zero on a critical chain or any other chain.

 Buffer can be divided into three categories: project buffer, feeding buffer and

resource buffer. Float can be either total float or free float.
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Construction phase – Critical chain method (CCM)
 https://aurora-ccpm.com/#ccpm

https://aurora-ccpm.com/#ccpm
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Construction Phase – Types of construction schedule related to the progress

1. Baseline or As-planned schedule

2. Schedule update

 Reschedule

3. Schedule revision

1. Replan

2. Recovery

3. Mitigation

Which one is identical with Catchup plan?

4. As-built schedule



Schedule and Records in Contract 
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 The following Steps needed to be taken for contemporaneous analysis:

Contemporaneous analysis procedure

STEP 1: Defining 
programme (schedule) 

and records in the 
contract (CP 1)

STEP 2: Reviewing 
and approving as-
planned project 

schedule

STEP 3: Reviewing 
and approving 

schedules updates

STEP 4: Verifying 
as-built dates and 

data

STEP 5: Identifying 
and evaluating 

schedule changes in 
the schedule update

STEP 6: Early 
completion 
schedules

STEP 7: Performing 
contemporaneous 
analysis procedure 

(CP 4) 
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STEP 1: Defining programme (schedule) and records in the contract (CP 1)

We will talk about records in Delay Analysis and Documentation Courses! 

Now, we want to talk more about the first category, programme in this course

This part has mostly extracted from SCL Protocol.

https://dralavipour.com/blog/view/SCL-translation

https://dralavipour.com/blog/view/SCL-translation
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STEP 1: Defining programme (schedule) and records in the contract (CP 1) –
Programme

 The form and software for the programme should be specified in the tender

documents and the contract.

 As early as possible, the contractor should submit and the CA (AE/reviewer) should

accept a programme or ask for revision.

 Most standard forms of contract contain inadequate requirements for generating

accepted (as-planned)/updated programme.

 It is highly recommended to reach a clear and documented agreement on the

requirements.

 This is called scheduling specifications

What is the purpose of scheduling specs?
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STEP 1: Defining programme (schedule) and records in the contract (CP 1) –
Programme

 The purpose of specification requirements is to ensure

1. Uniformity and accuracy

2. Proper accounting for progress

3. Sufficient detailing of the scope of work

4. Ways to communicate the schedule to the stakeholders

5. Ability to account for change and impacts to the project to the satisfaction of all

parties concerned

You will learn more and see the samples of schedule specs in CONTRACT 
MANAGEMENT COURSE

However, let’s see some important points mentioned in SCL Protocol!

Read this article
https://dralavipour.com/blog/view/Schedule-specs

https://dralavipour.com/blog/view/Schedule-specs
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STEP 1: Defining programme (schedule) and records in the contract (CP 1) –
Programme

 The agreement should cover the following matters and be documented in the

contract:

1. Form of the contractor’s proposed programme

2. Detail within the proposed programme

3. Interaction with method statements

4. Time within which to submit a proposed programme for acceptance

5. Mechanism for obtaining the CA’s (AE or reviewer) acceptance of the proposed

programme

6. Requirements for updating and saving the as-planned (accepted)/updated

programme
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STEP 1: Defining programme (schedule) and records in the contract (CP 1) –
Programme

1. Form of the contractor’s proposed programme

 Usually CPM is used

 The complexity should be proportionate to the project

 Both the contractor and the CA (AE or reviewer) should have a copy of the

programme

 The contractor’s proposed programme should be provided in its native

electronic form (not just as a PDF)

Which matters should be included in the contract?

See next slides!

در اینباره EPCو حتی قراردادهاي 4311نشریه –شرایط عمومی پیمان 
!عموما سکوت کرده است
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