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Founder and CEO of Alavipour Construction Engineering and Management Institute (ACEMI)
PhD in Construction Engineering and Management (lllinois Tech)

CMAA Authorized Trainer

Former Research Assistant (Professor David Arditi)

Former Teaching Assistant (Professor Raymond Lemming)

Former Research Associates of Construction Management Association of America (CMAA)

Former Research Associates of Management Practices in Construction Industry (MPIC) of American
Society of Civil Engineers (ASCE)

Project Management Professional (PMP)

Construction Manager in Training (CMIT)

Author of 1%t Construction Management Standard (Written in Farsi)

Translation of 2" SCL Delay and Disruption Protocol (Translated in Farsi)

Outstanding Reviewers selected by the editor of COENG (ASCE) Journal (2021)

Outstanding Reviewers selected by the editor of Journal of Procurement for 2022 (ASCE) Journal (2021)
The member of International Construction Law Conference Committee (2020 & 2022)

The referee of 1st National Construction Law Competition (2022)

Lecturer of many conferences internationally

Researcher, Reviewer of international publications, Instructor and Consultant for more than 15 yea'
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CMAA Authorized Trainers

A CMAA Trainer has successfully completed the Train the Trainer course and is authorized to
teach CMAA's Body of Knowledge, which focuses on the core competencies of construction
management, for CMAA or a CMAA license agreement holder. CMAA Trainers are proficient in
instructing all levels of learners, from those seeking basic and fundamental CM skills to
experienced professionals. CMAA Trainers can also assist with effective preparation for the

Education & Training
Courses & Training

Live Webinars

Certified Construction Manager (CCM) exam and the Professional Construction Management elearning
(PCM) Course.
Calendar
Name Organization City State Emerging Leaders Program (ELP)
M. Hosney Abdelgelil AECOM Houston TX
Cavid Ahern, CCM Orange County Public Works Santa Ana CA
lumoke Akin-Taylor San Francisco Department of Public Works San Francisco CA

Alavipour Construction Engineering and Management

S. M. Reza Alavipour, Ph.D., CMIT [Institute {ACEMI) Tehran Iran
MoHammeaAjquorl, CCM Hill International, Inc. Hawverhill MA
E |
Kimberly Armstrong Naval Facilities Engineering Systems Command NAVFAC  |Washington DC D C C

lohn Arrabito, PE, CCM Port Authority of NY & NJ Brooklyn NY 3
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Issued by CMAA

A CMAA Trainer has successfully completed the Train the Trainer course and is authorized to
teach CMAA's Body of Knowledge, which focuses on the core competencies of construction

management, for CMAA or a CMAA license agreement holder. CMAA Trainers are proficient in

instructing all levels of learners, from those seeking basic and fundamental CM skills to

experienced professionals. CMAA Trainers can also assist with effective preparation for the

Certified Construction Manager (CCM) exam.

Learn more
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A Primary resources

O 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

U 0O 0O D0 O

U

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

Inc., 2015
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7.\ Other resources

U Delay and Disruption in Construction Contracts Book, Andrew Burr, Informa
Law from Routledge, 2018

O Identifying, Quantifying, and Proving Loss of Productivity (ASCE Standard),
ASCE, 2021

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

U Long International’s Schedule and Delay Analysis Methodologies, Long, Avalon,
and Rider, Long International Inc., 2018

L Contemporaneous Period Schedule Analysis Methodology, Francis, Long

International Inc., 2018
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ACE$ What we will learn?

4 Planning and scheduling?

O Effects of different schedule techniques on delay analysis
O Effects of float on delay analysis

O What is critical path?

O Effects of critical path on delay analysis

O Effects of different types of schedule on delay analysis

By: Alavipour, PhD, PMP,CMIT ~ www.dralavipour.com .cewl gilodl guceo ;53 & y9m0 50 Lo 98 Ao ;53 2
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A What is planning and scheduling?

O Significantly different

L Scheduling can never be performed effectively without planning
U Construction planning and scheduling should address:

% What?

% Where?

s How?

% Who?

+» When?

obcCcC
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A What is planning and scheduling?

L The planning portion of a construction project relates to:

% Developing the logic of how a project will be constructed

O Scheduling consists of:

% Integrating that plan with a calendar or a specific time frame.

By: Alavipour, PhD, PMP, CMIT WwWw.dralavipour.com el glodl gusw 558 &g 4o Liad G99 dlao ;53 O
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$ Why planning and scheduling is important?

O Increase profit by reducing costs

L Maintain deadline

U Construction work fits on the operation

O Cooperation: Deliveries, shutdown, responsibilities of owner, suppliers, GCs, SCs, etc.
O Monitoring: Status of the project (time, cost, quality, etc.)

L Control: Control problems and make correction is needed

U Changes: mistakes by parties or additional task

L Damages: what happened? Claims?

By: Alavipour, PhD, PMP, CMIT WwWw.dralavipour.com .l glodl gusw 558 &g 4o Lad G99 dlao ;55 6
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{EMI Schedule narrative reports

U Narrative Reports — A narrative report should be submitted with each schedule:

1. Preliminary
2. Baseline
3. Update

By: Alavipour, PhD, PMP, CMIT WwWw.dralavipour.com el glodl gusw 558 &g 4o Lo G99 dlao 55 9
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{EM] Schedule narrative reports

O A narrative report assists the project team in thinking

1.

2
3.
4

Through project progress during the previous update period,

Impact of major events during the period,

Causes of delays, if any,

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 .cewl gilodl guceo ;53 <5900 50 Lo 399 Jlao ;53 10



/ Parapet \ Roadway

, L Abutment Span 1 Span 2 Span 3 Span 4 Abutment
- #1 — #0
7 S Narrative schedule -

Piar Column

L

[ Narrative Schedule

RE: Bridge Project
MNarrative Schedule

Files

Pier 1 Pier 2 Pier 3
Dear Engineer,

The bridge construction project consists of two abutments (Abutment #1
and Abutment #2), three pile-supported piers (labeled Pier #1, Pier #2, and Pier
#3 from west to east), and four spans with steel girders and concrete decking
(labeled Span 1, Span 2, Span 3, and Span 4 from west to east).

I will mobilize to the site on April 1, 2008, and plan to construct this bridge
by moving from west to east. | plan to construct the bridge abutments and piers
concurrently. One crew will construct Abutment #1 and then Abutment #2 and at
the same time Piers #1 through #3 will be constructed starting at Pier #1 through
Pier #3. The construction of the spans will follow the installation of the piers.

| expect the construction of each abutment to take approximately 6 weeks
and the construction of each pier to take approximately 8 weeks. | expect that all
of the abutments and piers will be in place and ready to accept the steel girders
for the spans by the end of July.

From the end of July until the middle of October, | plan to erect the steel
for the four spans, form and pour the decks, and form and pour the parapets and
sidewalks. After completing any punchlist work, | plan to open the bridge to traffic

on October 20, 2008.
Please feel free to contact me with any questions.

Sincerely,
Bob Smith obDccC

Project Manager el Z3lodly goco 5D o yg0 50 Lo o0 o ;53 11
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/ Gantt Chart
ACEMI

L Gantt chart, also called a bar chart schedule

O Visually depicts the Project’s major work activities in relation to time.

O Simple and straightforward, showing the duration, timing, and sequence of the
work activities

Work Activity Apr May Jun Jul Aug Sep Oct Nov Dec
Mabilization - Mobilization
Clear & Grub B Cicar 2 Grub
Abutments I ::.imenis
Pave Approaches - Pave Approaches
Piles N
Pile Caps I i caps
Columns B s
Pier Caps _ Pier Caps
Stesl - Steel
Deck I -
Curbs & Sidewalks I C.bs & Sidewalks
Punchlist . Punchlist

By: Alavipour, PhD, PMP,CMIT ~ www.dralavipour.com .cewl gilodl guceo ;55 < y9m0 50 U 390 Ao ;53 12
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/& Disadvantages of Gantt Chart

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

0 Not simple to build for complicated projects or large projects

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

0 Not good for delay analysis. What activities get delayed?
¢ Does the behind-schedule status of Activity E or C compromise project
completion?

v" This cannot be determined from the simple Gantt chart.

By: Alavipour, PhD, PMP,CMIT ~ www.dralavipour.com .cewl gilodl guceo 53 & 900 50 Lo 390 Jlao ;53 13
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A Advantages of Gantt Chart

O Simple to read

U 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.
v" This is even true of projects that are complex and involve many activities.
O Simple to build
O Flexibility
U No training required, do with paper and pencil

O Tracking progress

By: Alavipour, PhD, PMP,CMIT ~ www.dralavipour.com .cewl gilodl gudeo ;53 & y9m0 50 Led 398 Ao ,53 14
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A How bidding phase impacts delay analysis?

i VERY IMPORTANT NOTES J

L Delay analysis starts back with the contract.

U The better the contract is written, the less problem you are probably going to have.
O Look at your scheduling specifications.

U Look at your changes clause.

Q The clauses should deal with:
s Time
% Delays
s Costs

1806 DETERMINATION AND EXTENSION OF CONTRACT TIME
1806.1 GEMNERAL

The Department will only extend the Contract Time if an excusable delay, as
specified in 1806.2.A, “"Excusable, MonCompensable Delays,” or 1806.28,
“Excusable, Compensable Delays,” delays Work on the Critical Path as described

initems 1, 2, 3, and 4, below. '

By: Alavipour, PhD, PMP,CMIT  www.dralavipour.com .cewl gilodl guceo ;55 & 900 50 Lo 398 Ao ;53 19
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A How bidding phase impacts delay analysis?

i VERY IMPORTANT NOTES J

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

By: Alavipour, PhD, PMP,CMIT ~ www.dralavipour.com .cewl gilodl guceo ;55 & 900 50 bod 398 Jlao ;53 17
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A Impacts of scheduling methods on delay analysis

L Which methods for Construction Schedule?
+»» Matrix schedule
s Gantt Chart
¢ Linear Schedule (LOB or LSM)
¢ Critical Path Method (CPM)
¢ Critical Chain Method (CCM)

By: Alavipour, PhD, PMP,CMIT ~ www.dralavipour.com .cewl gilodl guceo ;53 & 900 50 Lo 399 Jlao ;55 18
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A Critical path method (CPM)

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

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

mmm) It enables the identification of the critical path

By: Alavipour, PhD, PMP,CMIT ~ www.dralavipour.com .cewl gilodl gucwo 53 & 90 50 Lo 399 Jlao ;53 19
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/ Gantt chart vs. CPM
ACEMI

O 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!
The two most common types of construction
schedules:
Bar Chart Schedule
2004
| Activity Duration Start Finish sep | oct o _—
Utility Relocation 15 9/17/04 10/7/04 === 5]
Civil Construction 40 10/8/04 12/2/04 [——)
Landscaping 15 12/3/04 | 12/23/04 —
Project Complete 0 | 12/23/04 L
CPM Schedule
 Actamty Actavty | ong Emy | Ealy [Total
1] Description Dun Stant Finish Float
01000 |UVuley Relocation 15 | 17SEFDS |070CTO4 | O
02000 |Cml Construction 40 | 0B0OCTO4 |DZDECO4 | D
03000 |Landscaping 15 | 03DECO4 |23DEC04 | D
04000 |Project Complete 0 23DEC04 | D
|

=.CC
By: Alavipour, PhD, PMP,CMIT ~ www.dralavipour.com .cewl gilodl guceo ;53 & y9m0 50 Led 398 Ao ,53 20
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/ Gantt chart vs. CPM
ACEMI

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

“ CPM gives us more information to determine:
mm)what was critical in a given time which becomes very important in:

‘Documenting and determining delays.

By: Alavipour, PhD, PMP,CMIT  www.dralavipour.com .cewl gilodl guceo ;55 < 900 50 Lo 398 Jlao ;58 21
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A Critical path method (CPM)

-

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

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

By: Alavipour, PhD, PMP,CMIT ~ www.dralavipour.com .cewl gilodl guceo ;53 < y9m0 50 Lo 390 o ;53 22
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/ Float
ACEMI

U As a concept

1 As a mathematical calculation
L Negative float
L Positive float

By: Alavipour, PhD, PMP,CMIT ~ www.dralavipour.com .cewl gilodl guco ;53 & y9m0 50 bed 398 Ao ,53 24
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A Float — As a concept
ACEMI

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

O Unique to CPM scheduling

L 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.

.. Resurface Roadway: 100 days Project

Complete

Repair Sidewalk- 5 days
§ FLOAT: 95 days

Pldnned Duration

UpcCce

By: Alavipour, PhD, PMP,CMIT  www.dralavipour.com .cewl gilodl guceo ;55 & 900 50 Lo 398 Jlao ;53 2D
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{EM] Float — As a mathematical calculation

U 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

By: Alavipour, PhD, PMP,CMIT  www.dralavipour.com .cewl gilodl guceo ;55 & 900 50 Lo 390 Ao ;55 26
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Acemi\ — Definition

U Determines the project’s completion date

O It is the longest continuous sequence (not chain) of work
O Exists on every project (no matter CCM, LOB, etc.)

O It is dynamic and can change throughout the course of the project

By: Alavipour, PhD, PMP,CMIT  www.dralavipour.com .cewl gilodl guceo ;53 & 900 50 Lo 390 Jlao ;55 28
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}{EM] 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.

O 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.

By: Alavipour, PhD, PMP,CMIT ~ www.dralavipour.com .cewl gilodl guceo 53 & y9m0 50 Lo 398 Ao ;53 29
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}{EM] Critical path in realities

O 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.
mmms) Float can still determine the critical path but only in schedules that have
limited calendars and limited constraints.
O 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.

OoDCC
By: Alavipour, PhD, PMP,CMIT  www.dralavipour.com .cewl gilodl guceo 53 <5900 50 b 398 Jlao ;53 30
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A Critical path in realities
ACEMI

x|

General | Advanced | @ Close
[T Ignore relaticnships to and from other projects @ Cancel
[T Make open-ended activities critical
¥ Use Expected Finish Dates P Defaut
[+ Schedule automatically when a change affects dates Help

[~ Level resources during scheduling

[T Recalculate assignment costs after scheduling

VWhen scheduling progressed actlivities use

{+ Retained Logic {~ Progress Override " Actual Dates

Calculate start-to-start lag from
= Early Start i~ Actual Start

Define critical activities as
{~ Total Float lezs than or egual to

o

{* Longest Path

Calculate float ha,sedﬂg'n finizh date of
{* Each project {~ Opened projects

Compute Total Float as

IFin'Lsh Float = Late Finigh - Early Finizh |

Calendar for scheduling Relationship Lag
IP'r&-:I ecessor Activity Calendar j

OoDCC
By: Alavipour, PhD, PMP,CMIT  www.dralavipour.com .cewl gilodl guceo ;55 & 900 50 Lo 398 Ao ;58 31
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}{Ew Critical path in realities

Construction Delays Book, 2018

In the past, when project schedules used only one work calendar

and all activity relationships were_finish-to-start with no activity con-

straints, the critical path could be quickly and simply identified as the

path of zero float. But “we'’re not in Kansas anymore, Toto.”

OoDCC
By: Alavipour, PhD, PMP,CMIT ~ www.dralavipour.com .cewl gilodl guceo ;53 & y90 50 U 390 Ao ;58 32
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}{Ew Critical Eath IN realities
. I

We should consider this from two perspectives:

1. Calendars
2. Constraints

(& /

OoDCC
By: Alavipour, PhD, PMP,CMIT ~ www.dralavipour.com .cewl gilodl guceo ;53 & 900 50 Lo 99 Jlao ;53 33
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}{Ew Critical path in realities

Construction Delays Book, 2018

A consequence of using multiplt calendars 1s that each work calendar
contains a different set of available workdays. By having multiple calen-

dars with different available workdays, the calculation of total float values

of activities on the same work path can vary if some of those activities are

assigned to different calendars. This 15 why we say that in some schedules,

the critical path can only be defined as the longest path.

Let’s see why?

OoDCC
By: Alavipour, PhD, PMP,CMIT  www.dralavipour.com .cewl gilodl guceo ;53 & y9m0 50 Led 398 Ao ,58 34
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Acemi\ — Critical activities with positive total float — Example

mmm) Activities on critical path do not always have zero float.

] [T ] T T (T o | o+ 1 & ] m §| & 1 wm § & [ a5 & | &

Winter shutdown

Excavate roadway
TF = +2 Menths

Install subgrade
TF = +2 Months

Install base coursa
TF = 42 month:

Install HMA base course
TF=10

Install HMA surface courseo
TF=10

Data 2 Months
o of float

Striping
TF=0

Substantial
completion ’

Example 1 critical path with positive float. '

OoDCC
By: Alavipour, PhD, PMP,CMIT  www.dralavipour.com .cewl gilodl guceo 55 & 900 50 Lo 398 Jlao ;58 3D
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A

{M] Critical activities with Eositive 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.

P I T T T B ]+ 1k | w | & ] s & [ 9 ] a | &

Winter shutdown

Excavate roadway
TF = +2 Months

Inztall subgrade
TF = +2 Months

Install base course
TF = +2 months

Install HMA base course
TF=10

Install HMA surface courso

Data 2 Months TF=0
e of float
Striping
TF=0
Substantal
l:u-rr::rﬂiun ‘
Example 1 critical path with positive float. '

OoDCC
By: Alavipour, PhD, PMP,CMIT  www.dralavipour.com .cewl gilodl guceo ;53 & 900 50 Lo 390 Ao ;53 36
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Acemi\ — Critical activities with positive total float

4 )

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

" J
4 N

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

Because you should check all paths one by one! '

OoDCC
By: Alavipour, PhD, PMP,CMIT  www.dralavipour.com .cewl gilodl guceo 53 & 900 50 Lo 398 Ao ;53 37
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Acemi\ — Critical activities with positive total float

You may be tempted to believe that activities on the longest pam
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

O >

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

activities?
. |
obDcCC

By: Alavipour, PhD, PMP,CMIT ~ www.dralavipour.com .cewl gilodl guceo ;53 & 900 50 Lo 390 Jlao ;53 38




03920 33 Sl LT goler iyl 3
/ Sl 3 b 56T (5l iilo) 9 (535 40l )0 oo alie oo
Acemi\ — Critical activities with positive total float

a )
This dilemma begs the question:
Are all activities on the project’s longest path said to be critical
activities?
(S J

/ 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

K longest path. / '
obDcC

By: Alavipour, PhD, PMP,CMIT ~ www.dralavipour.com .cewl gilodl guceo 53 & 90 50 Lo 99 Jlao ;58 39
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A

41\/“ Critical activities with Eositive total float — Example

Day

M7 [w[mn[F (SRS m] T [w[m][F (SIS m] T [w]m][F Ss]m]T [w[m][F

The cure concrete
roadway could also
be done on Saturday
and Sunday!

Place concrete roadway, 5-day work week
calendar, 2-day duration, TF = 2

Cure concrete roadway, 7-day work week
calendar, 10-day duration, TF = 2

" )

Stripe roadway, 5-day work
week calendar, 3-day
duration, TF =0

Data Date:
Monday
Remove traffic control,
S-day work week calendar,
J-day duration, TF =0
Weekend Day - Open-to-Traffic

Example 2 critical path with positive float.
vuvw

By: Alavipour, PhD, PMP,CMIT  www.dralavipour.com .cewl gilodl gudo ;53 & yqm0 50 Led 598 Ao ,58 40
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activities with positive total float — Example

mmm) Activities on critical path do not always have zero float.
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O Primavera P6 Professional R16.1 : FLOAT CRITICAL (Critical Activities with Float?)

JEiIe Edit View Project Enterprise Tools Admin Help

| & & .| [T 5| i -

BEELERLS. |EM-22T B #.

|2a¥e 18B,

ErEEYIEERE

By: Alavipour, PhD, PMP, CMIT

E}: Activities
v Layout: REQON Layout |Fi|ter: All Activities
5| Activity ID Activity Calendar Total Float| Critical | [apr23 Apr 30 May 07 May 14 May 21 May 28
) Name Flw|T{F|s|s|u{T|w[T|F|s]|s[m|T|w|T|F|s|s|m[T|w|T|F|s]|s[m|T|w|T[F|s|s|u|T|w|T]|F|s
[~ &= 41000 A Trades - 5 Day Workweek 2 W +
3 = A1010 B Trades - 5 Day Workweek 5 W N E—
El] = A1020 C Trades 5 day w Map Outage 2 r —
= A1030 D Trades 5 day w Map Dutage a W
! = A1040 E Trades 5 day w May Outage & r
; &= A1060 F Trades 5 day w Map Outage a ¥
% = A1070 G Trades - 5 Day Workweek 0
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/ Float — Positive float
ACEMI

0 DCMA

High Float — activities may not be linked properly and can cause stress on the Critical Path. Total Float
values are limited to 44 days, therefore review tasks that have greater than 2 months total float and
limit their usage to 5% of incomplete tasks.

OoDCC
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41\/“ Critical activities with Eositive total float

How to address this problem?

OoDCC
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41\/“ Critical activities with Eositive total float

Construction Delays Book, 2018

To address the problem with identification of the critical path when
float 1s not sufficient, P6 incorporates a “Longest Path™ filter. This filter

allows the identification of the critical path without relying on the use of

float. In fact, the Oracle Primavera P6 Professional Help website recog-
nizes the ditficulty of using float to identify the critical path:

If your project uses multiple calendars, defining critical activities based on the
longest path in the project provides an alternative to viewing critical activi-
ties based on float. Defining float in a multicalendar project is more compli-
cated, since P6 Professional bases float calculations on calendar definitions,
including workperiods, holidays, and exceptions. Using float to identify critical
activities may prove misleading, since some activities have large float values
due to their calendar assignments but are still critical to the completion of
the project.

OoDCC
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}{Ew Critical Eath IN realities
. I

We should consider this from two perspectives:

1. Calendars
2. Constraints

(& /

OoDCC
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Acemi\ — Critical activities with negative total float

e

O 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! ] .'

OoDCC
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O 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).

The Critical Path and the Longest Path

11192025 11/16/2025 1112372025 11/30/2025

Activity mSMTWTFSSHTWTFSSHTWTFSSMTWTFS

Install exterior doors and windows 4 days
Rough in interior electrical 4 days
Inspect in-wall rough-in electrical 1 day

Rough in interior HVAC, and through-roof penetration 3 days

Install extenior wall insulation 1 day
Inspect rough-in HYAC 1 day
Install interior vapor barrier 2 days
Inspect wall insulation and vapor barmer 1 day
Interior rough-in complete 0 days

Source: GAQD. | GAD-16-B9G

0 days
0 days
0 days
2 days
0 days
2 days
0 days
0 days
0 days

—
Lo,
- B
|
-

L —

L 4

O 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.

X

ODCC
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Acemi\ — Critical activities with negative total float — Example

O 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.

O 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.

Critical Path Activities Not on the Longest Path

1192025 11162025 MI2312025 113012025
_SHTWTFSSMTWTFSSMTWTFESHTWTFE

Install exterior doors and windows 4 days 0 days I
Rough in interior electrical 4 days 0 days I
Inspect in-wall rough-in electrical 1 day 0 days -l
Rough in interior HYAC and through-roof penetration 3 days 0 days '*_1 r
Install exterior wall insulation 1 day 0 days -
Inspect rough-in HVAC 1 day 0 days —
Install interior vapor barrier 2 days 0 days : - I
Inspect wall insulation and vapor barrier 1 day 0 days L-;
Interior rough-in complete 0 days 0 days . 4

Source: GAD. | GAD-16-89G
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{EM] Critical activities with negative total float

O Very difficult subject

U Does not necessarily represent the critical path, but only predictor
O 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.

OoDCC
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ZEM] Critical activities with negative total float

0 DCMA

Constraints in general should be used sparingly, allowing for task dates to be the natural result of dependencies and
activity duration. When necessary, however, soft constraints (Start No Earlier Than and Finish No Earlier Than) are
preferable because they allow the schedule to continue to be logic-driven. By contrast, hard constraints (Start No Later
Than, Finish No Later Than, Must Start On, and Must Finish On) artificially prevent the schedule from shifting to the right.
This has the potentially disastrous effect of obscuring the possibility of late performance before it is too late to take

corrective action.

Hard Constraints — can really affect logic and disable a schedule from being logic driven. The DCMA
assessment states that hard constraints should be limited to 5% of uncompleted tasks. Constraints of

any type are discouraged and a schedule should work without any.

ODCC
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}{EM] Near-critical path

L 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.

O 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! ]

OoDCC
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}{EM] Dynamic critical path

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

most positive effect on program performance.

O The critical path is not constant.

O 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.

OoDCC
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/& Critical path = Longest path

L The longest path of activities in the network

U The longest path defines the forecast project completion date

O Only delays to activities on the longest path can delay the project

O Interim milestones and other events will have their own longest path.
O Activities on the longest path may have float.

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

O It is dynamic and can change throughout the course of the project

v" The use or consumption of an activity’s float may not make the activity critical
and may not delay the Project.

Only delays to the critical path

delay project completion '

obDCC
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A Critical path — Logic
ACEMI

0 DCMA

FS Relationships — Even though Primavera P and Deltek Acumen Fuse both support all relationship
types, the DCMA assessment states 90% (or more) of schedule dependencies should be Finish-Start
(FS). Start-Start (SS) are acceptable, but building a whole schedule using SS is obviously unacceptable.

OoDCC
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A Critical path — Logic
ACEMI

0 DCMA

Logic - Is the schedule logical? Schedule logic involves schedule tasks; Are all the predecessor,
successor tasks concurrent? Missing links need to be resolved because without schedule logic an
accurate Critical Path will not be possible.

OoDCC
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A Critical path — Lags
ACEMI

0 DCMA

Lags — The DCMA does allow positive lags but has set a limit for use in a schedule. The limit for lags is
no more than 5% of activity relationships. The best option is to replace lags with tasks describing the
effort or process, such as cure time. Lags are limited to 5% in order to support schedule clarity.

OoDCC
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A Critical path — Leads
ACEMI

0 DCMA

Leads - are not allowed in scheduling as they are confusing and disrupt the flow of the schedule. Leads
are often replaced with positive lags, but this isn't always the best alternative. It is better to have shorter
known scopes of work tasks connected by FS relationships, with no lags.

OoDCC
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‘A Types of developing construction schedule
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w\ Types of developing construction schedule
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/ Revised schedule
ACEMI

O If the forecasted completion date contains negative float, then the project is late or
behind schedule.

1 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.

OoDCC
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{EM] Revised schedule — Recover schedule versus acceleration schedule

U 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.”

OoDCC
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A Revised schedule — Recovery schedule versus updated schedule

O 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.

O 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! J .’

OoDCC
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/ Revised schedule
ACEMI

O 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.

OoDCC
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/ Revised schedule
ACEMI

L 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.”

OoDCC
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{EM] Revised schedule — Who initiates the revised schedule?

L When the project is behind the schedule

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

preparation of the recovery schedule

v (no compensation-prevention of liquidated damages)
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ACE

& Revised schedule — When Revised schedule should be prepared?

L When the project is behind the schedule

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

preparation of the recovery schedule

v (no compensation-prevention of liquidated damages)
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A Revised schedule — When Revised schedule should be prepared?
L When the project is behind the schedule

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

the acceleration schedule

v" (usually no compensation, but cost of schedule recovery)

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

v" (usually no compensation, but cost of schedule recovery)
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$ Recovery schedule — Who initiates?

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

about the need for a recovery or acceleration schedule.

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

demonstrate how a completion date will be met.

L 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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A Recovery schedule — Who initiates?

VERY IMPORTANT:
O 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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A Recovery schedule — Who initiates?
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{EM] What we will learn?

O 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

L Delay Protocol

» Delay and disruption

» 22 Core Principles

» Sample of contract provisions

pes of construction delays

» Critical vs. non-critical

Excusable

Non-excusable

Compensable vs. non-compensable

Sample of contract provisions

O Some of main reasons leading to the submission of claims
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STEP #1
@ Does the claim comply with
= contractual conditions?

{
Non-Compliance

STEP #2

STEP #3
A Is the delay critical?

YES (/)

A Critical
STEP #4

@;j{ 0] WATTET [L

({% Determine if the delay
is compensable

h 4 h 4 b4 N

NO‘-L}-‘

(/) Claim Rejected
i
gﬁ\;ﬂ Non-Compensable |l (1/: Compensable

Determine
Compensation

STEP #5
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A Determination of delays

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

0 Key practices:
=) Careful planning and preparation
=) Careful review
===) Accurate reporting and updating

Garbage In Is Garbage Out '

By: Alavipour, PhD, PMP, CMIT www.dralavipour.com .ol glodly g 553 & yguo 5o ko Go8 SIlao 53 D
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A Determination of delays
ACEMI

O 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 WwWw.dralavipour.com el glodl gusw 558 & yguo 4o Liad G99 dlao ;55 6
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{EM] 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 J

obcCcC
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A Sources of delay analysis
ACEMI

O Three primary sources:

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

*» American Association of Cost Engineering (AACE) International
2. SCL Delay Protocol (2"d Edition published in Feb 2017)

¢ Society of Construction Law Delay and Disruption Protocol
3. ASCE Schedule Delay Analysis (15t Edition published in 2017)

1. American Society of Civil Engineers

Olnl o @l e 9o U
B+ asliise .1

VWWe o aolioze .2
VE YNV £ 50 (oiales] & g0 4) Glom Sl a4y (S, 076 Jaalljgiws  + .»

obcCcC
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A Sources of delay analysis
ACEMI

ASCE STANDARD

\
]

AMSI/ASCE/CI

67-17

Schedule Delay

FORENSIC SCHEDULE ANALYSIS g% Analysis

o, . et

“RucnO” 2019 CUMAA

SOCIETY OF
CONSTRUCTION LAW
DELAY AND DISRUPTION
PROTOCOL

2nd edition
February 2017
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A Sources of delay analysis
ACEMI
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A Sources of delay analysis
ACEMI
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A Sources of delay analysis
ACEMI
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{EM] AACE International Recommended Practice No. 29R-03

U 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. .,

obcCcC
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‘A SCL Delay Protocol

O 2nd edition published in 2017
U Published by the Society of Construction Law (UK)

L 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
U The purpose is to avoid unnecessary disputes
O 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

By: Alavipour, PhD, PMP, CMIT wWww.dralavipour.com el gilody b ;53 & yguo 50 Lo 398 dlao ;53 19
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A SCL Delay Protocol
ACEMI

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

(e.g., complexity of project, nature of the project, etc.)
QO Itis not the contract document, nor the international law.
O This guidance is intended to be generally applicable to any contract.
O Itis only a good practice, not best practice.
O Users of the Protocol should apply its recommendations with common sense.

The Protocol is intended to be a balanced document, reflecting equally the intere'

of all parties to the construction process. obcce

By: Alavipour, PhD, PMP,CMIT  www.dralavipour.com .cewl gilodl guceo ;55 & 900 50 Lo 398 Jlao ;55 16
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A SCL Delay Protocol
ACEMI

O Structure of the 219 edition

(a)
(b)

()
(d)

(e

®

Core Pninciples: a summary of the 22 Core Principles:

Guidance Part A: an overview of delay. disruption and acceleration
concepts:

Guidance Part B: gmidance on each of the 22 Core Principles;
Guidance Part C: guidance on other financial heads of claim that often

arise i the context of delay and disruption:

Appendix A: defimtions and glossary for both defined terms in the
Protocol and terms commonly used 1 relation to delay and disruption:

and
Appendix B: lists of the typical records within each of the six

categornies of records relevant to delay and disruption identified in the
guidance to Core Principle 1.

By: Alavipour, PhD, PMP, CMIT wWww.dralavipour.com .ol gilody gudo ;53 & yguo 50 Lo 398 dlao ;53 17
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/h SCL Delay Protocol — Delay and disruption

O The construction industry often associates delay and disruption.

L 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. .’

ODCC

By: Alavipour, PhD, PMP,CMIT  www.dralavipour.com .cewl gilodl guceo ;55 < y9m0 50 Lo 398 Jlao ;53 19
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A SCL Delay Protocol — Delay

QO Inreferring to ‘delay’, the Protocol is concerned with time —

work activities taking longer than planned.

O In large part, the focus is on delay to the completion of the works —

In other words, critical delay.

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

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

Time (EOT) claim by the Contractor.

extension of time (EOT)

Additional time granted to the Contractor to provide an extended contractual time

period or date by which work 1s to be, or should be completed and to reheve 1t from

liability for damages for delay (usually hquidated damages). '

ODCC

By: Alavipour, PhD, PMP,CMIT ~ www.dralavipour.com .cewl gilodl guceo 53 & y900 50 Lo 398 Jlao ;53 20
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A SCL Delay Protocol — Delay

delay event
An event or cause of delay, which may be either an Employer Risk Event or a

Contractor Risk Event.

Delay to Completion
[n common usage, this expression may mean either delay to the date when the

contractor planned to complete its works, or a delay to the contract completion date.
The Protocol uses the expressions Employer Delay to Completion and Contractor
Delay to Completion, both of which mean delay to a contract completion date - see

their defimtions.

Delay to Progress
[n the Protocol, this means a delay which will merely cause delay to the Contractor’s

progress without causing a contract completion date not to be met. It 1s erther an
Employer Delay to Progress or a Contractor Delay to Progress.

By: Alavipour, PhD, PMP, CMIT wWww.dralavipour.com el gled guw 353 &yguo 30 Lo 399 ko 573
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A SCL Delay Protocol — Delay

Contractor Delay

Expression commonly used to describe any delay caused by a Contractor Risk Event.
The Protocol distinguishes between: Contractor Delay to Progress which 1s a delay
which will merely cause delay to the Contractor’s progress without causing a contract
completion date not to be met: and Contractor Delay to Completion which 1s a delay
which will cause a contract completion date not to be met.

Contractor Delay to Completion
See Contractor Delay.

Contractor Delay to Progress
See Contractor Delay.

Contractor Risk Event
An event or cause of delay or disruption which under the contract 1s at the nisk and
responsibility of the Contractor.

Employer Risk Event

An event or cause of delay or disruption which under the contract is at the risk and
responsibility of the Employer.

By: Alavipour, PhD, PMP,CMIT ~ www.dralavipour.com .cewl gilodl guceo ;53 & 900 50 Lo 390 Ao ;53 22
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A SCL Delay Protocol — Delay

[ Does it relate to cost? ]

By: Alavipour, PhD, PMP,CMIT  www.dralavipour.com .cewl gilodl guceo ;55 & 900 50 Lo 398 o ;53 23
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A SCL Delay Protocol — Delay

O Of course, time means money.

O 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.

By: Alavipour, PhD, PMP,CMIT ~ www.dralavipour.com .cewl gilodl gudeo ;53 & y9m0 50 Led 398 Ao ,53 24
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A SCL Delay Protocol — Delay
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A SCL Delay Protocol — Delay
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A SCL Delay Protocol — Disruption

O In referring to ‘disruption’,

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

Contractor’s normal working methodes,
resulting in lower productivity or efficiency in the execution of

particular work activities.

[ Disruption could lead to... ]
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