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PLANNING &
SCHEDULING
PROFESSIONAL
CERTIFICATION

REVIEW COURSE

COURSE OBJECTIVES

* Participants ready for PSP Certification:

—Understand what it takes to successfully
pass AACE’s PSP Certification Exam

— Refresher on topics not dealt with on a daily
basis

« Course does not:

—Teach fundamentals of planning &
scheduling
— Provide inexperienced or unknowledgeable
Eianners & schedulers with necessa
nowledge or experience to pass PSP exam

— Guarantee results




CERTIFICATION PROCESS

* Must meet minimum requirements:

— Experience requirements

« 8+ full years of professional experience
= Up 1o 4 years may ba substiuted by college [ university degres

— Application & fees *
- AACE Members $500 | Non-Members $625

— Submit application 45 days in advance of Exam
. uagig-ﬁawd axperience / education is reviewad & verified by
AA
= Must take exam within 6§ months of registration
— Examination: 70% passing grade
* Overall on 5-hour exam
 Recertification on 3 year cycle

= I i
?E‘;ﬂﬁw‘iﬁ’.} ;:redlts & fee for muitiple AACE

* Verily currant fee struciure & changes [0 program ot winw. aacelong [ 3 ]

SCOPE OF KNOWLEDGE

» TCM Framework

— Chapter 3. Strategic Asset Planning i

— Chapter 7. Project Control Planning | . | D

— Chapter 8. Project Control Plan -
Implementation

* Planning & Scheduling RPs
— for latest RP publication list
www.aacei.org

Planning & Scheduling
Scope of Knowledge

Schedule Schedule Schadule
Planning Developmant Management | Conlirol { 4 J
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SCOPE OF KNOWLEDGE
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PRIMARY REFERENCES

* AACE Recommended Practices *

LI ol I )

RP 105-90 Cost Engineering Terminology (SMar10)

AP 14R-80 & Required Skills for a Project Planning & Schedull
Prolessional (1 jhr g "

RP 23R-02 Identification Of Activities (3MayaT)

RP 24A.03 Developing Activity Logle (28Mar0d)

RP 29R-03 Forensic Schedule Analysis (258pri1)

RP 52R-08 Time Impact Analysts - As Applied In Construction (190ct08)

RP 53R-08 Schedule e Roview - As ied In Engineering, Procurement &
Construction (1 Apel i

+ Reference Materials

{

AACE: TCM Framework
PSP Certification Study Guide
Skiils & Knowledge ol Cost Engineering, 5th Edition
+ Sections fo Sohedisling
AACE’s CCE/CCC Cenification Study Guida
+ Ssctions pertaining fo Scheduding
AACE Profossional Practice Gulde #4: Planning & Schoduling, 2nd Edition
AACE Annual Meal
+ Technical Papars & Track Workshops

- Sample Problems { 6 ]

* Constesity balng updated & rew FPe lesisd ol wew sscsong
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PSP GLOSSARY

* Glossary of PSP Terms: AACE RP 105-90

~ Understanding meaning of terms is only first step
« Multiple definitions for Individual terms
« Must be able to apply to practical applications
« Must be able lo communicate analysis & recommendations

. Flannlng
— ldentification of project oh}mlm & ordered activity
necessary to comp project

= Thinking process

— Involves answering
+ WHAT must be done in the future fo reach profect obfective?
« HOW it will be done?
« WHO will do t?
= WHEN it will be done?

+ Scheduling

- Process of converting general plan for a project into a time-
based schedule based on available resources & time

constrainis
PSP STUDY GUIDE FORMAT
(7.1 Inpurata | [ .. J ™ .. ]
R T
rrmem;n- consraines | = T G 1

LChapter format:

ey s

+  Summary

. Samplo Questions

(7)
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PREPARATION SUGGESTIONS

« Examination

—Apply sound test-taking tactics:
« Read through exam & do problems of
greatest comfort first
* Allocate time proportionally to value of
problem
—Study & work example problems in all
areas

—Master financial calculator before [ ) ]
exam

Planning & Scheduling
Overview

()
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PLANNING & SCHEDULING

Process Map Overview
= Planning

= Scheduling

= Controlling

PLANNING & SCHEDULING PROCESS
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Planning, Scheduling & Controlling Fundamentals
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PURPOSE OF PLANNING & SCHEDULING

* Planning: To review job requirements &
responsibilities so that an acceptable
course of action (the “plan”) may be
agreed upon to perform project in an
optimum manner

= Scheduling: To implement project plan &
monitor progress toward desired results

» P&S Professional: Provides assistance to
project management team in developing,
monitoring & updating a cost & resource
loaded ipro ect plan so that efficient
execution is achieved

WHY PLANNING AND SCHEDULING

Planning is NOT Scheduling
Scheduling is NOT Planning

/""#-_-""‘\

Strategy Development Tactical Execution

l-:"‘-.. .-v’f-.
Manitor, Forecast, Control & Report
| i
~— J_#_,r-"’f
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PLANNING OUTLINES

Benefits of Planning & Scheduling
Planning versus Scheduling

Input / Data for Planning

Phased Approach to Execution
Developing & Using WBS in Planning
Planning for Non Logic-Driven Schedules

B L

Planning for Logic-Driven Schedules

PLANNING & SCHEDULING BENEFITS

« Improves overall project execution

—Make assumptions about future for action
today

— Cost & schedule budget monitoring &
control

— Safety planning & control

—Delay avoidance & mitigation

—Risk avoidance & management

— Communications tool for all stakeholders

—Manage scarce / expensive resources
effectively

— Improves productivity
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PLANNING & SCHEDULING BENEFITS

«Improves overall project execution

—Forecasts results based on trends
observed

—Anticipates problems / identifies
solutions

—Cost & schedule contingency
identification & control

—“What If” analysis
—Accountability
—Lessons Learned

PLANNING VS. SCHEDULING

* PLANNING comprised of key functions:
—Developing WBS & identifying activities

—ldentifying key/critical constraints &
interfaces

— Constructability study & pre-planning

—Understanding & incorporating project
objectives into plan

—Determining resource availability

—Determining suitable project management
program / tools

—Establishing metrics for reporting & ( % ]
success

5/4/2014



PLANNING VS. SCHEDULING

* PLANNING comprised of key functions:

—Site survey (if appropriate) to assess local
constraints/issues

—Coordination with estimators/engineers on
scope details

—Working with project manager to
understand funding constraints & contract
strategy

— Assess known risks for individual
activities or project/schedule milestones (10)

PLANNING VS. SCHEDULING

* SCHEDULING comprised of key
functions:

—Defining & developing activities from
planning stage

— Estimating activity durations / manning
levels

—Developing project specific logic diagram

— Assessing impacts of risks & resource
constraints

—Developing equipment / material delivery
times

— Assessing critical path & float (2]

5/4/2014
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PLANNING VS. SCHEDULING

* SCHEDULING comprised of key functions:

— Assessing overall schedule probability

- Producing schedule that communicates to all
participants

— Advising project management of conflicts to
plan

— Ensure schedule & milestones can be
properly statused

—Supports Earned Value Management (EVMS)
reporting

— Assessing & reporting status, progress, float, [ 21 ]
& criticality

Planning

5/4/2014
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SCHEDULINH BEGINS WITH PLANNING

* Well thought out plan is key to successful
schedule development / implementation

—Identify / Set goals & objectives

—Define scope, responsibilities & priorities
—ldentify & plan resources

—Identify work processes & procedures

—Prepare resource, cost & schedule
estimates

—Establish budgets for monitoring & control

—Establish team & align members
« Establish a planning culture

Major Elements of Planning

« Summarizing Goals

+ Identifying Scope of Work
* Time Planning

« Cost Planning

MACE PP 1484
Resparnidnliy & Reguind SEls fe g Praject

* Resource Planning o  SihaangProryons

* Quality Planning
» Change / Contingency Planning
* Review / Test / Revise or Update

5/4/2014
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Results of Good Planning

« Basis for team development, alignment,
communications & problem resolution

» Identifies risk & potential mitigation plans

* Ildentifies management focus needs
—Management by exception

* Forms basis for scheduling
—Baseline development
—Monitoring
- Forecasting ( 25 ]
—~Replanning to accommodate change

Why Planning Works

+ Old saying still applies:
PLAN THE WORK -- WORK THE PLAN!

—First Plan, then & only then, Scheduling
60% is just good Planning
40% is just good Scheduling
100% of the rest is good Communications

—~Make your & your team'’s life easier:

PLAN, PLAN & REPLAN! (25)

5/4/2014
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Program vs. Project
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Process Map

Project Scope & Execution Strategy Development

)

Dievaiop S
Exugon
o o

.....

Boues: Figuee 7.0-1 ol RACE's TCW

(=)
Framewedh, Part Il Preject Cantral I

Example Question: Planning

* Which of the following is a true statement
regarding planning vs. scheduling?

a) Planning can begin at the same time as
scheduling.

b) Scheduling determines what work needs
to be completed.

c) Planning defines the scope,
responsibilities and priorities.

d) Scheduling determines how the project
objectives will be met.

(=)
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Example Question: Planning

= Which of the following documents is most likely

to be of LEAST value when planning a

contractor’'s baseline critical path schedule for

construction of a high rise building on a remote

South Pacific resort island for a private

developer? Contract has been awarded.

a) Specifications — as found in contract documents

b) Local government's report on future resort
projects on island

¢) International Building Codes - as referenced in
contract documents

d) A project-specific geotechnical report { o ]

Example Question: Planning

* To plan a project, the project professional
will
a) Use delivery date / project due date to
determine estimated project cost

b) Use total project estimated cost to
determine delivery / project due date

c) Use deliverable description / scope of
work to estimate project’s total estimated
cost & overall duration

d) Use deliverable description / scope of
work to calculate quality that must be ( 32 ]
achieved to define project success

16



INPUT / DATA

= Input is driven by Output Required / Desired
— Minimum requirements - Mandatory
— Optimum requirements - Enhances success

« Contract is baseline for planning
— Understand “Contract Documents”
— Scope of Work = Change Management

— Contract terms & conditions
« Risk shifting & mitigation
— Scheduling & Reporting requirements
— Augmented with proposal, estimate & other pre-

contract execution documents to integrate internal
assumptions

Establish a Planning Culture

» Proactive, hierarchical structure encompassing:
— Policies & procedures
— Standards of Practice
— Operational plans

* Benefits
— Clear scope of work prevents gaps in coverage

— Teams encourage innovation & continuous
improvement

— Provides communication clear conduit to all
stakeholders

— Provides baseline for monitoring & control

— Post-completion reviews improve future
endeavors

5/4/2014
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Planning Tools

* Policies & operating procedures

* Model plans to adapt to current project

+ Checklists to prevent gaps in coverage

* Historical databases cataloging experience

* Codes of accounts structured to aid in
monitoring, updating progress & forecasting

« Benchmark studies of best practices &
projects

« Commercial handbooks & software
programs

Planning - The Project Triangle

« PCTS Relationship

—Performance
—Cost/ Resources
—Time Money Scope
—Scope of Work
y N
Time
You can pick any three!

5/4/2014
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Stakeholders Input & Feedback

« All stakeholders have

separate goals

iecti [ - W[——](=~]
& objectives
- Stakeholder demands ji
B =)

& influences have a
significant impact
to means & methods [ || |
along with productivity L:]

— All ultimately drive

price & completion

(+)

Example Questions: Stakeholders

* Which of following is NOT normally
considered a project stakeholder?

a) project supplier to a subcontractor
b) client or owner
c) project consultant / engineer

d) non-governmental organizations
(NGOs)

e) local news media
(s8]

5/4/2014
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Example Questions: Stakeholders

« Stakeholders of a project

a) Have final say over all key aspects of
project deliverables

b) Are only certain members of the project
team

c) Approve all progress updates & periodic
payments

d) Influence how project deliverable
definition statements / scope of work
requirements are crafted

e) Participate in contract negotiations (3]

RESOURCE CONSIDERATIONS & CONSTRAINTS

* Consider from many perspectives:
—How much money will be available
— How many people will be available
— How much equipment will be available

* Resources Planning:
—Identify key or driving resources & priorities
— Study resource availability
— ldentify resource limits & constraints
— Optimize resources
— Review & document resource plan ( 40 ]
—Develop & maintain historical database

5/4/2014
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RESOURCE PLANNING FLOWCHART
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| l Bource: Figue 7.4-1 of AAGE's TOM
Framewedh, Part Il Preject Cantral
Planning Inputs & Outputs
* Inputs
— Project planning basis

~ Resource quantities/expenditure information
— Organization breakdown structure (OBS)
— Execution strategy
~ Asset alternative scope
— Chart of accounts
— Societal values & performance considerations
~ Historical project information
— Information for analysis
— Changes

* Qutputs

- Resource availability & limitations

— Basis for project control plans
— Basis for asset planning

()

5/4/2014
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Example Question: Planning Input

* Which should not be a reason why
superintendents & subcontractors are
included during planning phase?

a) They have more immediate “buy-in” to
project plan

b) Planning phase is theoretical exercise &
input not needed until execution phase

c) Accuracy of resultant plan is improved
through “brainstorming™

d) Management expectations regarding
plan are transmitted to team (alignment) (43 ]

PHASED EXECUTION APPROACH

*Most projects executed in phases
which become planning basis

* For example:

—Typical Engineer-Procure-Construct
(EPC) project, phases include:
- Feasibility
» Design Package
* Project Execution
—Project Delivery Method influences
planning approach (4]

5/4/2014
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Design-Bid-Build -> Fast Track / Design Build ->

Flash Track
: e |
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IT, Construction, Manuficturing, cle, - Hasic scheduling concepis
are same for each, reporting format may differ.
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Baseline Plan
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Example Question: Phased Execution

= Which project delivery system can
be interpreted as an early application
of “fast-tracking” a construction
schedule?

a) Construction Management / as agent

b) Design-build

c) Design-bid-build

d) Negotiated select team method

e) None of the Above (4]

5/4/2014
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Work Breakdown
Schedule

(49)

Work Breakdown Structure (WBS)

* Hierarchical decomposition of project scope
— Defines & displays all work to be performed
— Avoids omission of key project activities

— Divides complex project into manageable
units

* Provides framework to:
— Define specific tasks from which schedules
can be developed
— Facilitate communication

— Allow integration of project plans
» Schedule
- Resources (=0)
« Cost

5/4/2014
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WBS Development

+ WBS should be developed interactively
with all members of the project team

—“Post-it method” ===
» Basic Techniques: L & l'
—Top-down

—Bottom-up M

—Template-based from similar projects

« Whichever technique utilized, end result
must be project-specific & complete [ > ]

WBS Development

* Rollup & Summarization

—Balance between:

» Complexity required for control
» Simplicity required for accurate progress reporting

*« Code / chart of Accounts

— Alpha-numeric reflection of hierarchical
relationship between WBS elements

= Contract may dictate using part or all of client's
specific coding structure for cost & schedule control

» Contractor{s)' coding structures may be
standardized for collection of historic cost data ( > ]

» Does not need to reflect ultimate work sequencing

5/4/2014

26



WBS Structure Example
Project XYZ
1
|
| : 1
Phase 1 Phase 2
B
| |
= i [ |
Deliverable 1 Deliverable 2 Deliverable 1 Deliverable 2
1.1 | 1.1.2 1.2 1.2.2
(53]
WBS Levels Illustrated

3

g

| CI'SD 28 - Figuro 2:
WA MAECT | Work Packaging for [
| Project Control, 1987

- ILII#JI_*L_] :
o [oom] [or] [e] [om] [oner]
o (o] [an] [me] (B
w  [=] |..' (=] [==] F'-Tl*
S cacalcal (54)

5/4/2014
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WBS - OBS - Schedule Relationship

E‘ﬁa&:hmrl ..:'_l E3[ES

Waork Packaging lor boarisd

Project Control, 1987 FA L
=][=]
EE]
==

WBS Issues

« Difference between WBS “work
package” & “cost account”

—A work package is a WBS element
where resources/costs can be
reasonably estimated & budgeted

—A cost account is a WBS element
where actual costs will be collected &
forecasted

5/4/2014
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Developing a Better WBS

» Recommended Practices:

—Should be structured in accordance with
how work will be managed
* Combination of “phase-based” & “deliverable-
based”
— Levels of detail relate to complexity/risk
involved for each sub-element
* Number of levels may be different for different sub-
elements
—Should take into account:
« Technical performance parameters
* Profect organization
* Contract funding ( = ]
= Configuration management

WBS Development & Use

| Roll Up
D To Report /| Communicate
1

5/4/2014
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WBS & OBS Relationship

Work Breakdown Structune

oo

| 77| Organieation Breakdown Structur

L Heuies: Fgure T.1-2 ol AACE's TCM [ 59 ]
L Framawork. Part [l Project Control

WBS Issues

« At what levels of WBS should “work
package” & “cost/control account”
reside?

—Two schools of thought
» Work packages are lowest level of the WBS,
which then become actlivities to be scheduled
— Cost accounts are al a level above work packages
- Work packages are lowest level of WBS, but
more detailed schedule activities are

developed below WBS [ 60 ]
—Work packages may be used as cost accounts

5/4/2014
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Example Question: WBS

A Work Breakdown Structure (WBS)...

a) Is derived from project schedule
network / logic diagram

b) Is derived from conceptual cost
estimate of project

c) Always has Five (5) basic levels

d) Is structure by which project scope is
divided into manageable components

(&)

Specifications

5/4/2014
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OUTPUT / DELIVERABLES

» Schedule Scope of Work

—Results in schedule specification that
represents client’s desire for what is to be
reported

* Specification considerations

—0One size does not fit all types of projects
or contracts

—Read & understand Contract requirements

—May define requirements in excruciating
detail

* Level of detail considerations [ 63 ]
—Client/owner review & acceptance issues

Developing Specifications

* Goal should be for project planning
requirements to be “scalable”

—Size & complexity of project
—Type of contract
—Type of project

—Time constraints

= Internal
= External

5/4/2014
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Specifications Components

« Define need for project scheduling
—Owner Perspective:

« Ensure that contractor's plan meets owner's
goals & objectives

» Monitor contractor's execution plan &
progress

» Basis to exert control when schedule is not
met
—As allowed by contract terms

(es)

Specifications Components

« Define need for project scheduling

—Contractor Perspective:
* Define plan to meet contract requirements
* Define means & methods
« Integrate subs & suppliers into overall plan
* Provide baseline from which to control work

5/4/2014

33



Specifications Considerations

*«Who is responsible for project
schedule? o .
—Contractor prepares f e =
& maintains schedule =
« What about subcontractors?
- Is a dedicated scheduler required?
—Owner reviews, approves (explicitly or
not) or accepts & monitors schedule

(e7)

Specifications Considerations

*Is a “logic-driven” schedule always
required?

—Small projects
« May not need a logic-driven schedule
« A simple bar chart may suffice

—Complex Projects
* Necessitate logic-driven schedules
* At a minimum need a bar chart

* Provide field staff with clarity & level of detail ( o ]
to plan & manage work on a daily basis

5/4/2014
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Specifications Details

+ Specification elements may include:
—Planning & scheduling requirements &
purpose
— Parties’ use of schedule(s)

—Reporting requirements

* Periodic reporting capabilities / requirements
- Leveal(s) of detail

—Schedule development & initial submission
requirements

—Phasing requirements, interim milestones &
final completion details (9]

Specifications Details

+ Specification elements may include:
— Periodic updating requirements
— Basis for periodic payment applications
—Scheduler's experience & qualifications
— Software compatibility requirements

—Updating for scope changes, delays &
impacts

—Use in claims & disputes

5/4/2014
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Specifications Issues

» Schedule should show:
—How sequencing is affected by phased
completion & turnover
—Interface & sequencing of separate
contracts or contractors
—Work performed by owner or others
— Contract limitations:

* Milestones,
» Work day / week restrictions

— Interface with QC/QA [ 71 ]
* Inspections

Specifications Issues

* Schedule should also show:
—Limitations by owner occupancy & use

—Site restrictions
» Access Restraints

—Resource limitations / availability

—Weather & seasonal limitations &
requirements

—Provisions for scope changes

—Submittal & review process

—Safety considerations ( 7 ]
—Start-up & commissioning process

5/4/2014
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Potential Specifications Conflicts

- Reasonableness of schedule

—Can schedule actually be used to run
project?

» Approval / non-approval of schedule
+ Failure to involve major trade contractors
*Vague & ineffective updated procedures

* Submission, approval & incorporation of:
—Early completion schedules
—Logic revisions [ o ]
—Time extension requests / changes

Advanced Planning Topics

= Simulation
— Sophisticated What If Planning & Risk Analysis
— Balancing Time, Money, Resources, Scope & Risk

+ 3D CADD Modeling
— Smart CADD (Resources & Cost Tags)
— Planning to reduce interferences & rework
« Value Englneering
= 4D Planning & Scheduling
— Integrating Time Planning & CPM into 3D CADD
~ Improves execution of complex & evolving designs

+ Constructability Planning & Reviews
+ Defines Who does What, When & Where

« 5D Planning & Scheduling
— Fully integrated / updated time & cost into 3D CADD maodel

(%)

5/4/2014
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Scheduling

(75)

SCHEDULING OUTLINE

v Essence, need for & uses of scheduling
v'Schedule stakeholder perspectives

v'Schedule specifications development & use
vInput / Data used in schedule model building

¥ Creating schedule models

v'Bar charls & PDM logic networks

v'Schedule calculations & considerations
v'Resource scheduling

v'Change management & schedules

v Updating schedules for progress & forecasting
¥'Schedule Recovery & Acceleration ( 76 ]
v Schedule levels & reporting output & deliverables

5/4/2014
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ESSENCE OF SCHEDULING

« Scheduling is nothing

more than good
model building
— Based first &
foremost on solid
plan
* No p.'.urr.'.rlhen don't start
- Nn:cexa ctnm — Key characteristics:
representation of gf:;“
how work is planned .c Z
or will be executed S Rt
» Identifies “When™ . U d [ - ]
+ Based on Plan’s “Whal," e
wnw»i"*-u?,’.l} * Properly Used

Integrated Planning & Scheduling

« Scheduling, part of iterative planning
process: modeling, executing,
monitoring, forecasting, replanning &
reporting

AACE’s TCM
Framework
PDCA Cycle

5/4/2014

39



Schedule Development

« Schedule Development is
a detail oriented process:
—ldentify project activities
— Estimate activity durations

—Identifying relationships
between activities (logic ties)
—Assign resources responsible s
for accomplishing activities L&ﬁﬁzﬁ; ]
—Ealculata activity start & finish —
ates

—Review & analyze schedule (79)

SCHEDULING METHODOLOGIES

« Effective project management involves:
—Planning S
—Organizing = —'l
—Controlling time & cost L |

* Scheduling forces:

— Quantification of discrete effort M
—Placement of tasks in proper relationship

» Scheduling methodologies
—Non logic-driven ( o ]
— Logic-driven

5/4/2014
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Basic Schedule Types

* Non Logic-driven
—Gantt Chart: Time scaled bar chart
—Milestone Chart: Event oriented bar chart

—Line of Balance / Linear Scheduling

* Typically horizontal/linear projects (highway,
p{mﬂnﬂ, underground uﬂfﬁf&#} or manufacf]::rfng
resources

* Repetitive processes
* Logic-driven (Network Diagrams):
—Deterministic: Critical Path Method (CPM)

—Probabilistic: Project Evaluation & Review
Technique (PERT)

Schedules: What's the Purpose?

« Do projects always require a logic-driven
schedule?

— Requirement is often project-specific (horizontal
vs. vertical)
« Civil Works, Highway, Pipelines = Linear Scheduling, Line of
Balance, Bar Charts
« Building Construction, Complex Phasing, Multiple Profects =
Logic Driven / CPM Schedules
— Owner must make decision early

— Customized, fit for purpose, specifications are key
« Coordination of resources, trades & phases?
+ How important is time (early completion) versus cost?
« What level of information is really required?
* Reporting: Wheo gels What & When?
« Analyzing & Controlling: What really works?

(&)
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STAKEHOLDER'S PERSPECTIVES

- Stakeholders
—Input during Planning i
— Feedback during Scheduling

« Stakeholder control is
key success element

—Will have profound impact on ultimate
success of project

—Requires proactive management via proper
level & detail of communications { e ]

—Prevent stakeholder interference

Stakeholders: Contractors

* Perspectives

— Plan work to meet contract

requirements using available resources’
* Means & Methods

— Monitor work Iprogress of subs & suppliers
against baseline / target schedule(s)

— Periodically update schedule; report
progress internally & externaily; forecast
trends analyzed

— Control the work

* Reverse or improve on negative trends by shifting/
adding resources or changing means & methods

-Ghan%: management; aid in claims & [ 84 ]
disputes
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Stakeholders: Subcontractors & Vendors

* Perspective
—Should timely review & accept or rejec
contractor's schedule submittals
« Should not abdicate responsibility

— Analyze critical path changes
« Both in progress updales & in claims & disputes

—May fail to contemporaneously review
schedule updates in detail
* Fails to take appropriate action
« May not keep sufficient detailed records to verify
accuracy of schedule updates
—May allow update process to become (&)
primarily a monthly payment / draw tool

Stakeholders: Owners

* Perspective

— Establish overall schedule requirements,
interface requirements & constraints &
final completion date

—Monitor & oversight of
contractor's progress

—Exert limited control of
contractor (by contract)

— Analyze critical path
changes in claims
& disputes

5/4/2014
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Example Question: Schedule Development

« Which best defines steps for schedule
development?
a) Define activities, Establish activity durations,
Implement activities, Monitor activity results

b) Defining activities, Connect activities with logic,
Establish activity durations, Calculate start &
finish dates

c) Defining activities, Sequence activities, Establish
activity durations, & Execute activities

d) Sequence activities, Connect activities with logic
relationships, & Establishing activity durations

e) Define activities, Execute activities &
Reporting activity results

Schedule Inputs

:.'H:ﬂll rm i [ msles

(e7)
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INPUT / DATA

*Input is driven by '
Output Required / Desired -

—Minimum requirements - Mandatory

—Optimum requirements - Enhances
success

* Schedule Development

—Considerations:
« Contract Terms & Conditions
+ Contract Scope of Work

« Company / Organization Project Controls [ 89 ]
Policies & Procedures

INPUT / DATA

«Contract Terms & Conditions &

—Define client/owner’s expectations for:
» Schedule model development
* Review & acceptance
« Updating for progress
* Reporting trends & future performance

5/4/2014
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INPUT / DATA

» Contract Scope of Work &

—Defines minimum acceptable scheduling
mechanics & reporting details

— Basis for planning & model building, to
include identification of
= Deliverables
» Milestones, timing, phasing & sequencing
requirements
» Resource limitations & available work
hours/week/shifts [ o ]

* Interface points / requirements

INPUT / DATA

- Company / Organization f:%

Project Controls
policy & procedures

« Going beyond Contract requirements

« Consideration for systems, procedures &
PM software tools used

5/4/2014
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INPUT / DATA

= Cost Estimates/Preliminary Budgets
— Define overall & detailed budget

— Means & methods assumptions -
+ Labor & equipment resource planning considerations
» Phasing (EPC - Design/Construct cycle & internal phases)

— Establishes baseline productivity assumptions
« Drives individual activity durations & ultimately critical path
- Defines indirects / time sensitive assumptions
+ Drives planned overall duration (short/long schedules)

— Provides basis for measurement
= Cost & Schedule performance baseline indices

Why do Projects Fail?

* Project Plans & Schedules fail for a wide variety
of reasons

— Rool cause can often be found to have been
at beginning of Planning Process

. Typiml reasons for failure include:
— Egos, personalities, & poor mix of people skills
— Corporate goals not understood
— Poor cost estimates
— Insufficient data & analysis during plan development
~ Planning checklists & sysiematic procedures not followed
— Milestone dates not understood, communicated or followed
— People & resources constantly changing
- Specifications & scope of work not understood/used
- Staffing requirements nol understood or ignored
— Poor communication between client & contractor { 94 ]

5/4/2014
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CREATING A SCHEDULE
+ Activities Definition * Pl Sehadlirg -
— Start at summary level of <o mrmebishbinns

WBS & work down to lowest
reasonable progressing & control level

— Start with Summary Level & evolve to Detailed
Activity & Logic Level (definitions) as execution &
contracting plans merge

— Balance desire for minute detail with need for a
model that allows for:

* Reporting/communicating to all levels & stakeholders

= Accommodales change
* Allows for effective trending & controlling

* NOTE: Identification vs. Definition in P&S [ < ]

CREATING A SCHEDULE

= Activity Characteristics
—Consume Time
—Usually consume resources
—Have a definable start and finish
—Are assignable
—Are measurable

5/4/2014
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Example Question: Schedule Development

» Source of primary information that defines
scope of work relied upon to create a
schedule model?

a) Contract specifications

b) Contract special conditions &
specifications

c) Pre-bid site visit and planning meetings

d) Contract provisions that define scope

along with contractor’'s execution plan &
related assumptions

Schedule Activities

5/4/2014
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Schedule Activities Types

* Terminology, meanings, & schedule
calculations are software - specific

—Not all software tools calculate
schedule using same algorithms
« Especially when lags & constraints applied
« Experiment to understand how tool works

* Be careful on projects where
differing tools / versions are
used collaboratively

(o)

Examples: Activities Types

—Primavera activity types:
P6 & higher
* Task Dependent
* Resource Dependent
= Start & Finish Milestone
* Level of Effort
» WBS Summary

—Microsoft Project activity types
= Fixed Duration
* Fixed Units
« Fixed Work (200}

—Terminology varies with software )

5/4/2014
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Schedule & Activity Durations

* Project scope & model objectives define
units of time in schedule

—Hours & Minutes

» Typically very shart duration, high activily projects
= Fira rebuild; plant turnaround; managing an emergency ream
—Days
= Calendar Days
* Work Days

- Pipeline; Highway, Weather sensitive repetitive work

— Standard work days / shilts; Specified completion milestones
—Weeks / Quarters / Years

= Long term efforts / programs

DEVELOPING DURATIONS

« Estimating activity durations
— Difficult & often subjective
« Quantity of work may be variable or hard to define
— Productivity rate should be based on
historical data (averages)

+ Use past experience or estimate / schedule database

= Typical work vs. special project conditions
— Overlime, shifts, alc.

= Estimator's & scheduler's bias considerations
« Means & methods defines basic productivity

+ Historical data will include “normal” learning curve,
rework & errors

(102)
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DEVELOPING DURATIONS

» When initially establishing Activity Durations
— Evaluate each activity independently

— Assume normal labor levels, material & equipment
resource availability

— Assume a normal work day or week/calendar

— Disregard time/milestone constraints

— Use consistent time units (hours, days, weeks)
— Use historical productivity & durations as guide

— For continuous production activities, identify level
of effort & resource loading
= Level of Effort = Duration x Resource

(103)

Understanding Activity Durations

* What does activity duration really mean?
—Overall duration vs. exact time required
— Resource utilization issues
—Substantial vs. exact Start/Stop dates

Normal Representation of Duration

Overall Duration
Non-Work Periods - aka “necking” (104)

5/4/2014
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DEVELOPING DURATIONS - CPM

« Deterministic (CPM)

— Starting point is single-point estimate of duration
* Assumes unconsirained & unlimited resources
« Does not Include risk or contingency
« Scheduler’s bias or influence from project team fo pre-
determine durations should be resisted

— Apply known constraints & resource availability

— Examine individual activity duration estimates

« May need fo split into more controlfable durations
= On average duration equal o one (1) update period *
= Durations fess than 150% ol time between perodic updates
— |t update every 4 weeks, than max significant activity duration Jess than 8
calendar wirdks

* lssues of External {Mornlhly) | Intermal (Weskly) Updaies | [105]

Example Question: CPM Durations

« Estimating an activity's duration may include all
of the following, EXCEPT

a) Using a historical estimating database for gross
unit rates — e.g. Mhr / LF of 24" dia. Pipe

b) Establishing composite crews & estimating their
aggregate productivity for the scope of work

c) If activity is off the critical path, establish an
arbitrary duration & then plan to staff at level
necessary to complete timely

d) Examine activities outside of schedule model to
estimate duration based on previous work history

(206}
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Example Question: Durations

* When using a detailed estimate as
basis for work package/activity
durations, what element does not
need to be identified before an activity
duration can be calculated?

a) Hours in a standard work day
b) Estimated labor-hours
c) Estimated cost

d) Projected crew size

Example Question: Durations

- If a detailed estimate is not available
to assist in the formulation of activity
durations but unit quantities have
been identified, what information can
be utilized to estimate work package /
activity durations?

a) The Eichleay formula

b) Indirect cost reports

c) Historical production rates
d) Time impact analysis

(208)
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Example Question: Durations

« If the control estimate assumes that 480
hours will be expended on Activity 1650,
Grout Pumps, with a crew makeup of 1
foreman, 2 carpenters & 2 laborers working
a 9 hour day, what is the estimated
duration for that activity?

a) 13 work days
b) 12 calendar days

c) 11 work days

d) 10 work days (109)
ACTIVITY SEQUENCING
. "—.p::tluiw lists S:QE:%:“‘ETB;

— Product / equipment descriptions
— Mandatory & discretionary dependencies

— External requirements & interfaces [ dependencies
- Milestones

- Constrainis & assumptions

— Known risks

* Tools used include
- Schedule / network lemplates

— Bar charts & logic networks developed in
brainstarming sessions

« Output Eﬁ?’

— Detailed, first pass schedule model
— Documented constraints, assumptions, identified risks ( ]
110

5/4/2014
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Developing Activity Sequences

* Logic Considerations:

—Physical relationships
= Activities that must be linked to accomplish the work
- Safety relationships
« Activities that must be linked to avoid unsafe
conditions
—Resource relationships
= Activities that are linked to utilize a certain crew or
equipment
— Preferential relationships

= Preferences to sequence the work
= Integrate subcontractors efficiently into the work flow
= Smooth / Level resources

* Means & methods
[111]

Soft vs. Hard Logic

* Hard Logic
— Relationships applied to chains of activities
involving well-defined work
—Interrelationships well known & accurately
modeled
» Soft Logic

— Relationships applied to chains of activities
involving preferred work sequences, but not
absolutely required as modeled

* May compromise schedule model in terms of
flexibility
. o t'z be viewed by Owners as “Preferential Logic"

negative connotations {112J
~ "Means & Methods" issues
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CPM Model Detail Evolution

* Initial - Summary Level Detail

o 3

Foundation A. BoC & 1)

» Detailed — Evolving Logic

Construct Puinp
oinsdntion A

Construct Panep
osimidatisi

Cuonpstruet Pumy
eincadion L

Constriect Pamp
Coundeicn 1

(113)

Duration & Sequence Issues

. Majuri? of schedule
misunderstandings related to
activity durations & sequence of
work required for successful
completion e

« Contractor reliance on its plan to
complete work with staffing & .’
sequence of trades as-bid

*+ “Means & Methods”
misunderstandings & disagreements
often result in contract disputes

So ... What is the Solution? (124]
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Schedule Basis Documentation

» Documentation of activity risk, constraints &
assumptions is key to success

— Must be updated throughout life of project

— Communications tool to transfer knowledge from
planners to schedulers to management to client

« A “meeting of the minds "™ — common understanding of parties
= With time passing, memories fade & opportunities lost

— Fixes scope basis understandings for
* Earned VEJW|N§W

measurement basis

« Proper change management
* Resolving claims & dispules

Schedule Types
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NON LOGIC-DRIVEN SCHEDULES

» Bar / Gantt Charts
—Most common form of expressing time /
summary activity (implied) relationships
— Often includes graphical representation of
resource information

—Does not normally show relationships
between activities

— By themselves do not provide true / full
picture of critical path

—Normally does not depict float
—Often used for short "windows" of time

- Provides good overview of project status &
needs [117]

Bar / Gantt Charts Advantages

*Plan, schedule & progress all depicted
graphically on a single chart

- Easily read

- Simple way to schedule small
undertaking

- Summary display of detailed plans &
schedules

» Best used for management briefings (112)

5/4/2014
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Bar / Gantt Charts Disadvantages

* Planning & scheduling considered
simultaneously

« Insufficient detail for timely detection of
slippages to critical & near critical paths

« Dependencies not adequately shown

« Difficult to determine how activity progress
delays affect project completion

« Difficult to establish & maintain for large
projects (119)

Gantt Chart Example

= Best used at extremes of project management:
— In field, allows crews to plan & execute work
- Management, to review, analyze & exercise control

Tirtes b i “Ginn G
-

% .“I%‘I
|
iiiiiii ]
% :l 2
e T U L e L L
ooy ][ fescam > e (120]
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Example of Combined Data Charts
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NON LOGIC-DRIVEN SCHEDULES

» Linear Schedules *
— Best when highly repetitive, linear work flow
= Constrained resources requiring no overlap / confiicts
* Pipelines, highways, masonry, elc.
— Same crew makeup moves continuously/linearly
— Rate of progress easily tracked (LF of pipe/hr)
— Tracks continuous & repetitive activities
— Used to plan

= Crew [ocation & reuse as work flow progresses
= Identifies timing & speed of resource utilization

* Sometimes referred to as Line of Balance (Mig), Vertical
Production Method, Time-Space Planning or Repetitive-Unit {122J
Construction
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Linear Advantages

* Less complex & easier to create than
networks

* Production oriented

+ Graphical charts rich with data
—Production rates (slope of lines)
— Activity durations
—Resource Assignments & Crew Flow
—Dates (calendar or work day)

—Potential conflict points
+ Between activities with differing production rates [123]

Linear Disadvantages

» Only works for repetitive work flow type projects
— May only be appropriate for portions of complex
projects
* Less effective on more complex linear projects
— Many locations with different phasing
requirements
+ Difficult to da?lct both horizontal & vertical
progress within single schedule
— Many complex projects have 3 dimensions
Time

« Horizontal location
« Vertical location

* No distinct identification of Critical Path

(124)
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Linear / LOB Schedules
p——. | “Velocity Diagrams” |
RSB ﬁ I
* g !
g AR
o @° | i
: ##‘éd‘ i
i i e - 4F i
L L i E ;
I Tima I

3
LOB Planning Process

» Identify “standard" crew makeup
— Mix of craft & supervisory personnel

« Determine crew function / scope
— Defines typical aggregate productivity

= Sequence of trades
— By work type & / or location

* Routing / phasing around site(s)
— Typically constrained by contract requirements

« Analyze buffers between trade crews
— Optimum & minimum required

(126)
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Roadwork LOB Summary Schedule

Laocation =»

Time (Working Days) =

Analyzing LOB Schedules

« Critical Activities
— Focus on tasks / activities with least slope
— Focus on reducing task / activity durations

* Look for future interference / conflicts

- Is time buffer between activilies accurate &
sufficient?

* |s “straight line” work progress model an
accurate depiction?

— Location challenges change
— Learning curve effect
— Seasonal variations

* Phases / Elements of non-linear work may justify
CPM modeling 3

5/4/2014
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LOB Scheduling Issues

] Example of Restraint Use ]

| Example of Interference I

Transfer & Sotup Bulfer

/
| g gl L
f" ﬁ' | .71
/AREE /A NV

1
Activity Interference

Example Question: Linear Schedules

« When planning a project that is best
suited to use a linear or LOB
schedule, what is NOT a

consideration?

a) Resources necessary to do work
b) Flow of crews throughout project

c) Rate of progress of work types
relative to each other

d) Assigning float values to specific

items of work

(129)

(130)
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Milestone & Specialty Schedules

* Milestone Schedules

—Qutlines critical dates
*NTP
* Procurement -
*Phase start&end | = - - _
« Deliverables e TE—TT
« Interface dates e Ty (3 ey ke
* Testing & Turnover ——— —
* Startup & Commissioning

LOGIC-DRIVEN SCHEDULES

« PERT & CPM

—Focuses on “critical” & “near-critical”
paths/work flows throughout life cycle of
projects

—Intent is improvement of accuracy &
credibility of scheduling/forecasting

— Complexity & features used should be
governed by project-specific requirements
«Basic: Network logic applied to activities

« Typical: Muitiple date & resource calendars used in
semi-manual mode

+ Advanced: Resource-leveling & risk analysis fully
incorporated {132]
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Schedule Networks:
PERT

PERT

« PERT = Project Evaluation & Review
Technique
— Logic-driven, variable (probabilistic)
durations
« Based on original 1956 DuPont CPM efforts using ADM
= 1958 US Navy Polaris Missile Program
— Event oriented vs. activity orientated CPM
= Best suited for R&D rge cis, those with evolving
fechnology, or significant uncertainty
—Uses multiple time estimates for durations
« For traditional CPM, many fail to understand &
communicate true variability of activity durations
—Goal is probability determination that project
will be completed by a certain date {134J
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PERT Schedule Mechanics

* Requires three time estimates for each activity
— Optimistic  (a)
— Most Likely (m) [Duration value used for CPM]
— Pessimistic (b)

= Single point “expected activity duration” used to
perform traditional CPM schedule calculation

« Statistical anal¥sis then performed on activities
comprising critical path to calculate either:
- s:bability project will be completed by certain
e

- Completion time associated with pre-determined
level of risk
. %m nomenclature = 80% Probability of meeting Date [135]

PERT Activity Durations

* PERT
Estimate expected activity durations:

(TE) = (a + 4m + b)/6
TE = Expected duration (workdays)
a = Optimistic duration for activity (workdays)

m = Most likely duration for activity (workdays)
b = Pessimistic duration for activity (workdays)

(136)
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DEVELOPING DURATIONS - PERT

* Probabilistic (PERT)

—Starts with single-point duration estimate
* Assumes unconstrained & unlimited resources

—Determine “Most Likely” duration based
on available resources & constraints

— Evaluate risk & opportunities to “Most
Likely” duration to calculate “Pessimistic”
& “Optimistic” durations

» Use brainstorming session with key project
participants to refine duration estimates

Example Question: PERT Durations

» From following table of activity information, what
is duration of critical path? All activities linked in
series with a Finish-Start relationship with a one
(1) day lag.
Project work
week is 5 days. Duration - Calendar Days

a) 36 work days Activity
b) 33 work days
c) 49 calendardays | A 3 T 12
d) 46 calendar days B 15 16 20

c 6 9 11

Oplimistic | Mosi Likely | Passimistic

(138)
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In Class

Exercise

* Using PERT Calculation Method solve the
following: (Hint remember the formula and
solve for the variable)

Activity |a b m TE

100 3 9 21 ?

200 24 30 60 ?

300 24 33 54 ?

400 21 24 33 ?

500 9 12 27 ? (139]

Schedule Networks:
CPM

(140)
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Network Schedules

* CPM = Critical Path Method

—First formalized by DuPont & Remington
Rand in early 1950s

—Initially used to manage construction efforts
on industrial projects

+ Now for just about any type of finite-duration
endeavor across many industries & organizations

» Sophisticated Schedule Models with Cost,
Resources & Risk analysis capabilities
— Applies logic ties to project activities to
create a model of the execution plan

= Model can then be used to identify “critical” work
elements that should be focus of planning & control [141]

Logic Diagrams (CPM Schedules)

* In simple terms: Add logic ties to bar charts
— Intelligence: What if & updating
— Computerization: Model Building

= Macro vs. Micro detail: The “Model”

(142)
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CPM Networks - Basic Functions

« CPM helps define the following:
— Overall time to complete project (longest path)
— Expected start & finish dates for each activity
- Early Dates & Late Dates
— Which activities / chains of activities are critical
« Must be started & finished as scheduled to allow timely
project completion

« Also identifies “nedr critical path” activities that must be
monitored & managed fo same leve! as critical path activities

— ldentifies “float™ for critical & non-critical activities

* How much can ap activity siip before it becomes critical &
delays completion date(s)?

(143)

CPM Advantages

* Identifies activities that control overall
completion
— Critical & Near Critical paths control completion

« Determines shortest time for project completion
— Evaluation of “what-if” scenarios
— Solves Time / Cost conundrum

« [dentifies critical activities (cannot be delayed)
— Focus on what's important at any given time

* Shows available float for non-critical activities
* Allows resource-loading & leveling / smoothing

+ Allows monitoring & control of “fast-track”
projects {144]
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CPM Disadvantages

* Only as good as effort put forth to properly
model execution plan

« Can be difficult to properly update
+ Can be easily misused
* Can lead to a false sense of security

+ Actual project conditions may necessitate
significant model modifications to
accurately reflect changing reality

CPM Bar Chart Graphics: A Caution

» CPM typically displayed in bar chart format
— Logic diagrams are too complex to use effectively
as a management communications tool
* Must understand bar chart basis
—Is there true logic underlying graphic?
- At best, only general depiction of critical path
— Float & resource flow not normally shown
— Coding & filtering can skew presentation

— Summary vs. detailed format
= Macro view for trending & forecasting
« Micro view for control of dally/weekly activities

(146)
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Network / CPM Schedules

CPM - Today’s “Global Solution”

* Today’s sophisticated CPM (project
management) software tools allow for:
— Detailed WBS communications (reporting)
to all levels of the project & stakeholders

—Cost & Resource planning, tracking &
controlling

—Earned Value progress tracking &

forecasting of integrated cost & schedule
performance

— Statistical risk analysis to integrate cost &
schedule contingency estimating /
forecasting

(148)
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Critical Path Method (CPM)

- Two basic methods of analysis:

—PDM -- Precedence Diagramming
Method
+aka Activity On Node (AON) Method

* PDM primary method used

—Typical PDM based software:
* Primavera Project Management (P6)
= Microsoft Project
= Asta Powerproject
* Deltek OpenPlan [14 9]

PDM -- Precedence Diagramming

= Activities vs. Events
— Activities consume time & resources
* Procuring, Consiructing, Testing, Turnover & Use
— Events are zero duration & do not consume
resources
= NTP, Project Acceptance, Project Completion

« Activities may reflect a composite of crews &
equipment, taking place over an extended period
— May only formally model first start & final

completion of individual activity
« In reality may include several intermitient stops & restarts

— Use of individual work calendars & splitting
activities (15()}
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PDM -- Precedence Diagram

* PDM activities comprised of
— Activity description
—Node represents activity
— Arrow representing
relationship / dependency
- Point indicating direction of
relationship / dependency

Activity “A” Activity “B”

[t f—— = |

PDM -- Precedence Diagramming

* Network rules:

—Activities are represented by boxes or
nodes that are assigned properties of
activity they represent

—Precedences are shown by arrows that
have both direction & time properties

* Precedences consist of two parts
- A relationship
— A lag value or constraint

(152)
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PDM Activity Notations

Activity Identifier

“1 9 E [12|"
s| 14| 4 |17 |u

Duration
ACT 1D oD TF
Nole: Mo unitied standard,
lormats: may contain ACTIVITY DESCRIPTION
ndditional data points,
ES EF
LS T3 (153)

PDM - Creating Relationships

+ Logic Ties & Lags Finish To Start
— FS -» Finish 1o Start

- 55 = Start to Start
— FF -* Finish to Finish

~ SF - Start to Finish * ﬂiﬂ:

. (usually in waorki
l:lal'}:? can be rmrtad ! i
model

ed Finish To Finish
— FS5 is a Finish lo Starl
logic tie with a 5 Day Lag
= Avoid use of negative lags

~ Shortcut to trouble % Lag To Starl

(154]
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PDM - Level Of Effort Activities

« Allows flexible reporting & summarizing

« Spans two activities
— May include a number of other activities

« Measures total elapsed time of covered activities
+» “Level of Effort” (LOE) in Primavera P6

I Level of Effort Activity v
B e A
=13

MOST WIDELY USED CPM FORMATS

+ Time-Scaled Network -
Diagram — == == S R
— From PDM logic —
networks ==—r=t InEa.
— May show part or all of - i 4
logic ties & —
constraints

i

» Primavera’s “bar chart” " 3
with relationships SRR
shown is actually a
form of time-scaled :
network diagram s i

- “Fenced Bar chart” — — (256)

I
.LF:
"
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Calendars

Work Calendars

* Work Calendar development important
to successful network diagrams

—Standard workweek calendar
=4 Day, 5 Day, 6 Day, 7 Day

—Holidays / Non-Work Periods
—Expected historical weather limitations

—Contract time charges
» Working day vs. calendar day

(158)
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Calendar Conventions

(159)

Work Day Change Example

Note: Change from 7-Day work week calendar
to 5-Day work week after calendar day 11 (16()}
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Calendars [P6 Example]
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Resource Calendars

* Resource calendars further refined to
allow for maximum & leveled
productivity
—Labor/crew availability
—Equipment availability
—Bulk materials delivery & use rates
—Cash flow limitations

(162)

5/4/2014

81



5/4/2014

Example Question: Calendars

* What would be an example of a

schedule activity that would be
assigned a “calendar day” calendar?

a) It is never appropriate to assign
“calendar day” calendars to activities

b) Concrete pouring
c) Concrete forming
d) Concrete curing

(163)

Example Question: Calendars

Which method is reasonable for including

a normal amount of weather days in a

project schedule?

a) Limit the number of working days during
weather season using a weather calendar

b) Add a percentage of time to duration of
each weather sensitive activity to account
for weather

c) Estimate total impact of normal weather
days & add a contingency activity at end
of project to account for normal weather

d) All of the above

e) Only a) & c) (164)
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Schedule Calculations

i‘Hrmm im Inmdex

CPM Schedule Calculations

*Schedule mathematics
—Complicated by logic ties, lags,
constraints on dates & resources

—Understand start date for calculations.
«Day “1" or “0"?
— End-of-Day calculations: Start on day “1"
- Beginning-of-Day calculations: Start on day “0”
* Combination Convention:

— Activilies should start at beginning of first schedule
workday
— Activities should finish at end of last schedule workday

(165)

(166)
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CPM Schedule Calculations

*Forward Pass o=
—Defines Critical Path / Longest Path
—Defines Early dates for activities

«Backward Pass €= 10
—Defines Late dates for activities

—Defines Float values for activities &
chains of activities

CPM Schedule Calculations

« Each activity has four time values:

— Early Start (ES)
« Earliest possible time activity can begin based on
network logic
— Early Finish (EF)
« Earliest possible time activity can finish based on
network logic
—Late Start (LS)
» Latest possible time activity can start without
delaying project completion
—Late Finish (LF)
« Latest possible time activity can finish without
delaying project completion (168)
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Forward Pass

* Provides: Early Dates & Critical Path

« Calculations

— Early start time of one (1) is assigned to
first activity in network

—Each activity begins as soon as its
predecessor activities finish

—Early start of an activity is equal to largest
of early finish times of activities merging
that activity
— Early finish of an activity is equal to early
start plus its duration
= Minus one (1) for calendar convention [169]

Forward Pass Example

» Calculates Early Start (ES) & Early Finish (EF) of
each activity

— Time begins at "Time 1" & defines ES of 1 activity
— Activities begin day after finish of predecessors
— EF time of Activity = ES + Activity Duration - 1

T+h-1=12

T o5 |a18
ELCIE
S
- ' g o '
THi-1a4 _rDriving Relationship

[r

T o /S (270)

16h-\m

5/4/2014

85



Backward Pass

» Provides: Late Dates & Float Values

« Calculations

— Latest allowable finish time for last activity
in network is set equal to its early finish
time

— All activities finish as soon as all successor
relationships have been satisfied

—Late finish of an activity is equal to smallest
of late start times of activities bursting from
activity in question

— Late start of an activity is equal to its late
finish minus its duration

« Plus one for calendar convention [171]

Backward Pass Example

= Calculates Late Finish (LF) & Late Start (LS) of
each activity
— Begin with terminal activity of network
— Activities finish day before start of predecessors
— LF time of Activity = LS - Activity Duration + 1

-6 sie8
EREE
Lo &3]

ey 1550100 -3s1=na
1 | vos | 1]

i
t | ] m% et
1islyl (a]s]n Driving Relatienship %l" E 1‘”,
m-Teist ;
[7 ] I

BFEFED ‘
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Example Question: Calculations

* Calculate ES, EF, LS, LF & Float
* What are Critical Path & “Mear Critical” Paths?

| [10d]

=

101 NI T 103 105 NI
[ 5 | 2| [ [
106 107 108
EEETIIE 5 12
109 NIECD
: B (173)

Example Question: Solution

[174}
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Example Question:
Solution in Primavera SureTrak

'.L.“I!:IHH-NMBEU%
I (8 e e Py mb [ees eies e
(a1l ) (1l =0 el (eiie) () (1) 5
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- u_-l_;;r'r- o] | 1

" T | mnae FrTam. B,

[ W | Eimaem | Emes “:‘.'-?._'
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m [ . Den | Prowass _.._-_
e i T R S T R I —— [
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In-Class Exercise

Activity Predecessors Duration

| | FIQ -0 | QAT B
E L - -

(176)
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Draw Logic Diagram & Calculate Float

| BudlSng e TP Retwark - Figurs 59

d d I !

41!
a5 = & & h &
© 3
| |
11/
| I )

[177]

(178)
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Understanding Float

Float Values Defined

« Total Float (TF): Amount of time an activity may
be delayed before affecting project’s finish date

-TF = LF - EF, or LS - ES

* Free Float (FF): Amount of time an activity may
be delayed without delaying early start of
successor activities

—FF = ESgicemce = EFprscassor

—FF = TF
ES EF
ES= Early Start
[ LS= Late Start
_ LF= Late Finish
X Days Float {180]
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What is Float?

EEEEEEEEREEEE

B ] R
Crifical Path F &
__No Float CPM Pro E

I o . ion
or in CPM scheduling parlance
“Total Float” (TF) is most common
meaning of term “Float”™

Contract Mandated  +
Completion Dale C

Float Calculations
Fr=4
Fy=LF-EF
[alB]a 5
2080 ]
1 a]z2
1 2 2
afcTe |7 10
3] 4[58 J KA ENED

(182)

91



Float : Early & Late Schedules

Early Schedule
—)

Late Schedule
L

(183)

Float : Early & Late Schedules

Early / Late Start Progress Curve

% Comphete

== Tima ===

S Y I p— Law Siant | {184}
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Common Float Issues

* Float values

- “Positive” Float means
« Activity can be delayed
—“Negative” Float means
= Activity is, or will be, started / completed late
» May exist due to a “constraint”
- Progress less than planned on related activities
— Constrained activity dates / calendars / resources
« Indicates activities / paths for management focus
—Not all paths have consistent float values

= Gaps / Discontinuities may be caused by
= Multiple calendars

— Oul of sequence progress
— Dale constraints

(185)

(186)
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Common Float Issues (continued)

* Why is Float important?
— Float represents the time available to mitigate risk
within a chain of related activities
— Float expires & cannot be reclaimed
= Cannof be “banked"” e.g. Weather Delay clauses

— Allows for the prioritization of activities &
resources in a dynamic & changing environment

* Who owns “Float"?

— Read your contract (very carefully)!
« Preferential Logic, Float Banking, Suppression &
Sequestering
— Quite often, jointly owned
— “Critical Path Float” vs. “Project Float”
—~ Document & communicate

Common Float Issues (continued)

* Float is Not
—Time for others to use for decision delay

—Time for work that should have been done
earlier to circle back & finish

» During periodic updates & evaluation,
examine Float for
—Is plan / “Model” still valid?
—Are resources available & properly utilized?
— Are remaining risk issues covered by float?

5/4/2014
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Other Float Values

 Academic values, rarely used on projects
— Could be indicative of activity / project disruption

+ Interfering Float

— Amount of time activity's early start can be
del without delaying project completion, but
will delay succeeding activity(ies)
« aka “Shared Float"” with other activities
«IntF = TF - FF

* Independent Float
— That which is "owned” exclusively by that activity
« Not available for use by other activities
* aka “Safe Float"
« IndF = ESSuccessor — LFPredecessor — Duration

(189)

Example Question: Float

* When analyzing a CPM schedule within a
particular chain of activities, what do
differing total float values indicate?

a) Schedule has too little detail to reflect an
accurate critical path

b) Certain activities on critical path have no
successors or predecessors

c) Some activities are date constrained

d) Schedule is projecting an “on-time
completion”

(190)
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Understanding
Constraints

Types of Constraints

- Allow representation of actual work
requirements & limitations

— Date constraints
= Start On/ Finish On / Expected Finish
« As Late As Possible
= Mandatory Start / Mandatory Finish
= Start on or Before / Start on or After
= Finish on or Before / Finish on or After

« Beware of overuse & misuse!

—Sequestering float
« Masking / ‘Pre-Consuming’ {192]
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Date Constraints [P6 Example]

™ Steried [t 4-tan-14 .| Dursbion %
I Finishe | _| superd
Exp Finizh | _| Resuma
ey
(193]
Critical Path
Longest Path
(194)
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Critical Path

= Chain of logically related activities that
control completion (longest path(s))
—Defines project duration
—Critical path is series of activities with least

amount of total float [can be +, -, or 0]

+ Constraints & calendars can create discontinuous
values

« Overall duration reduction (“crashing”)
achieved by shortening length of CP

— Re-sequencing critical activities to be
concurrent (“fast-tracking”)

—Reducing critical activity durations

(195)

Critical Path through Network

Think & Use: LONGEST PATH

(196)
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Critical Path Concepts

= Critical vs. "Near-critical”

— Critical path(s) are those that have Zero (0)
or largest negative (-) total float
—"Near-critical” paths/activities are those

that have minimal total float

= Important because CPM schedule is at best a model

= Inaccuracies, while not 1atal, may resull in the overlooking or
faiting to control “near-critical” paths

« Small delays to “near-critical” paths can guickly
result in their becoming actual driving critical path
+ Failure to incorporate “big picture” may result
in micromanagement & wrong focus

—Manage to near critical paths

Longest versus Critical Path

* |s there a difference?

— Constraints & multiple Calendars when modeling
introduce Float value / path discontinuities

* Focus on Longest Path analysis

— Software issues
« Sort by TF versus LP reports
» Retained Logic & Progress Override calculation modes
« “Continuous” & “Inferruptible” activity duration modes
— May require manual analysis
= Identify “Driving Refationships”
= Identifying Near-Critical LPs
— Multiple contract mandated Milestones
* May resull in a “false” Longest Path
(198)

5/4/2014

99



Example Question: Critical Path

« When reviewing the critical path, which of
the following statements is false?

a) A network can have multiple Critical Paths
b) Critical Path can be one intermittent path
that spreads out into a number of critical

paths in a project
c) Critical paths must contain a continuous
chain of activities

d) There must be a least one Critical Path
from first to last activity in project

e) Critical Path establishes minimum overall
project duration (299)

CPM Models
as Databases

5/4/2014
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CPM Data: A Peek Below the Water Line

Data Date
Early Start Early Finish
Resources Original Duration
Float
Logie Ties
Codes Fomasd | % Complete
~ Plus may, Late Start Late Finish
feany mote dals
fisddds avnilabio
: Calendars Constraints
(201)

CPM Database Sophistication

+ Many data fields w/in each activity record
—Calculated Dates
—Float
—Durations
—% Complete
—Logic Ties
—Constraints
—Resource Data
—Tag / ID Data

* Primavera includes many more data fields
—Sophisticated calculated fields (202)
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P6 Coding & User Defined Fields

Attty Code 0 ik Dmzriphion
W, Proj WS wirebeide Subvenay Exterdan Project
R, SECTION i Section 1
W, EPC FTA Calegories 20003 Linsierground taton, shop, sheler, mall, bermanal,
ﬁ EFC Wstro Surhmary’ T Consruction
9, EPC Cost Conter ESt0 COMSTRUCTION CONTRACTSPROCLREVENT
I S0 SECTION LB L Bree Stafon
9, Mazter Scheduls Linked-METRD Fiad COMNST Fall - Cormstruction
B, EFC Prosect Mumber 5518 sl eice Exbengon
B, EPC [estribution LK Linsor
B, Prosect Marme WEST warsbtide Subreray Exterdaon
(203)
[ ”»
P6 WBS “Module
WES Code WES Nama

By Westnde - Curent 1
= Wy Westside - Cuent 2
= By Westside - Cunent 3
& By Westside - Curent 4
By Westiide - Cunent 5
=y Weatside - Curent
= WYy Westside - Cunent 7

By Westside - Curent 8

Mileslones & Key Dates

Project Planning & Development
Engneemng

Right-ctWay [ROW)

(iwrer Fumished Equipment
Constuchon

Start Up

Project Close-Out

(204)
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Schedule Quality
Analysis

Schedule Model Quality Analysis

- Baseline Review of a Schedule:
—Is schedule really complete?
— Are activity durations reasonable?
— Are activity relationships complete?
— Are activity relationships valid?
—Is the project calendar(s) correct?
—Does overall schedule duration fit contract?
— Are contractual milestones met?

- If not why not?
—Document purposeful deviations ( 206]
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Reviewing Baseline Schedule

* Review predecessor / successor logic

»Verify Baseline matches Bid
assumptions

« Ensure Baseline incorporated into
subcontracts as appropriate

» Clarify Scope, Details &
Responsibilities

(207)

Schedule Model Quality Analysis

= Carefully test for credibility & usability
— ls critical path reasonable?
= Predetermined vs. developed from plan analysis results
- nm there multiple critical paths?
+ Why & what does this mean for contrelling the work
= What activities create near critical paths?
« Could NCPs be true critical path
— How does work & resources Hlow?
« Truly achievable, work for alf involved
— Are thera conflicts between concurrent activities?
« Resource avallabillty, overloading or Interface Issues
— Is there an excessive amount of work at any time?
= Plans for occasional overtime & woekend work to accommodate?
- Arn there sufficient resources to sju;‘;:pnn concurrent activities?

m'm'rgom curve consideral
- Ha-.ra tractors & suppliers commitied to schedule?
Just thelr part, but overall interface of all Involved
— Huw hns normal weather been addressed In schedule?
« Weather calendars, weather contingency activity, efc.

(208)
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Schedule Model Quality Analysis

Continue checking for credibility & usability
— Check for logic errors (loops, etc.), coding, &
summarization methodology
= Don’t blindly rely solely on computer results
— Document assumptions, deviations, & changes
« Continuous updating during project
~ Review in detail project specifications & scope of
work requirements to ensure plan meets
specifications
= Dan't perpetuate previous oversights, errors

NOT A TRIVIAL TASK!

(209)

Model Quality Analysis

Prepare for Monitoring,
Reporting & Analysis

*Develop implement & continuously
quality check plans for

—Observing & capturing actual progress
—Periodic reporting / communicating
—Analyzing progress & forecasting
—Change implementation / replanning

5/4/2014
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Documenting Schedule Basis

A Graded Approach
Scope of Work

Work Breakdown Structure

Key assumptions and constraints

Issues & Impacts (Risk)

Inclusions & specific Exclusions

Schedule Change Order Process

Integration & Progress Reporting Process

Key Procurements and Submittals {211]

P N O o

Horizontal Traceability

- Logically tied & progress driven effort drives
remaining duration

* Modeled in correct order of execution

« WBS / Control Accounts provide logical
sequence & resource work flow

* Reverse planning review to remove redundant /
non-essential logic in predecessors

« [dentifiable logic path(s) that results in
deliverable / end item

+ Critical / driving path(s) checked in forward &
reverse “walk”
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Vertical Traceability

« IMP - Integrated master Plan (not time
phased) — integrates with Baseline

— Program events; Significant
Accomplishments; Accomplishment Criteria

« SOW / SO0 - Statement of Work / Objectives
- OBS & WBS

» Control Account

» Work Package

« Schedule Levels / Hierarchy

SCHEDULING PITFALLS

« Successful scheduling is not solely
dependent on vatidlt; of data
& inherent planning process

+ A well-planned project often fails due
to pu-u?schndu e implementation

+ Take care to avoid common pitfalls
— Poorly defined activities & structure
- Inadequate work package definitions
— Inappropriate level of scheduling detail
— Poor duration estimating
— Poor updating procedures & lack of information
— Long information processing time
— Failure to full disseminate proper information
— Application of hard logic to a soft logic situation

5/4/2014

107



5/4/2014

SCHEDULING PITFALLS

« Develop checklists to continuously validate
schedule at all phases

— Does it violate basic planning/scheduling principles?

— Does it make sense & agree with how project will
actually be built?

« Answer may change over time

— Is the model properly constructed?

— Will WBS & level structure provide summarization &
reporting capabilities to satisfy all stakeholder’s?

—-lIs updatln‘? complete & accurate to left & right of
data date’

= Capture actual starls, finishes & logic changes?
* Properly estimate remaining duration & trends?

— Check sensitivity & accuracy issues for proper
change management analysis & reporting

Example Question: Scheduling Issues & Pitfalls

* Which of following IS NOT an issue or
drawback to basic critical path method
scheduling?

a) Uses estimated activity durations with a
single point value
b) Assumes that all resources are unlimited
c) Defines work flow & interdependencies
between individual activities
d) Allows for use of summary or hammock

activities to analyze & report at various
levels
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Resource Scheduling

Resource Scheduling

* Project resources include:
—Personnel
—Support equipment & tools

—Permanent raw materials &
installed equipment

—Expendable supplies

* Cost/resource-loading & leveling

—Important resources to plan & track

« Labor hours
« Quantities of major materials / equipment
— Baseline for earnad value tracking & trend analysis

5/4/2014
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Resource Leveling

« Resource leveling

—When “over allocations” occur, project
network is revised through “leveling”
= Attempts to keep requirements for a project resource
as constant as possible over profect duration

« Adjust start & finish dates of activities to take
avallability into consideration

—Leveling Methodologies:

» Time constrained: Fixed end date
— Necessary resources musi be acquired in order o complate
project on time
* Resource constrained: Fixed resources
— Adjusts project duration based on resources available

Resource Allocation

* As model is refined, available resources
allocated based on availability / plan
— As resource allocation is modeled, schedules

transition from “Early Start” unly basis to
“Managed Start” basis

« Smoothes resource utilization m’?r”m:‘m}:;t
+ Balances fioat utilization Sioqatiine. Requiret
= Near Critical Paths become narralive explanation 1o
management focus dafand choices &
— Primary elements of allocation | i
- Equipment
= Labor
« Material

— Resource utilization curves used to idenhfy
inconsistencies & interferences

(220)

5/4/2014

110



Resource Leveling Benefits

- Good practice, as resources often limited in
quantity & quality

« Trend analysis & forecasting
— Resource profiles
— Resource usage

» Highlight resource implications on schedule
+ Basis for improved scheduling decisions

» Effects of resource limitations
— Consumable resources
— Non-consumable resources

* Reduces extreme fluctuations [221]

Resource Leveling Benefits (continued)

« Leveling
— Adapts plan to planned Maximum or
Minimum limits
—“Smooth” highs & lows, providing a
relatively constant demand on resources
—Maintains a higher level of productivity

—Minimizes overcrowding & premium pay /
second shift work arounds

—Minimizes unnecessary float consumption
by focusing work on early dates (222]
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Example of Resource Profile

ES - LS Resource Profile

5

———
—
—

Equivabent Person

h-nlq'h"'“-".‘

Example of Resource Leveling

Resource Profile Betors & Atter Laveling

10

——
—

|
1]
W

Ak
5 ]

m 1" 12
Timm in Weaks

(224)
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Non-consumable Resources

[== Required —— Avallable |

Consumable Resources

(226)
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Resource Modeling / Analysis

= Typical CPM schedule not resource loaded to detail
necessary to create fully accurate model
— Most often “manually” leveled / smoothed

» Resource calendar use allows constraints to “level” &
“smooth” resource utilization

0 — —a— Before Leveling

o i ‘A/fr-;uwﬂm

b

Asquired Rescurces, Equivalent Person
w
|

_Ilrl:ltlrﬁlall'la > [227]
Tires i Wk

Example Question: Resource Leveling

* Longest path calculates to 140 work days
using unconstrained average 350 workers.
Standard work week is 4-12 hour days, with
no holidays. Work area constraints lead to
productivity losses of a minimum of 20%
when more than 200 people on site. What
is leveled overall prnEact duration using
average 200 workers

a) 400 calendar days
b) 140 work days
c) 245 work days
d) 429 work days

(228)
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Schedule Updating
& Maintenance

BRon s (229)

Schedule Maintenance

- Updating & Tracking Progress

—Reasons for updating

* Reflect & evaluate current project status

* Keep schedule relevant as effective
management tool
—Correctly predicling completion date

* Document & support actual performance
— Creale accurale historical record

= Record unplanned events to document
changes, delays & impacis
—For some contracts, a lormal requirement

—Updating vs. Status Definitions (230)
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Schedule Maintenance

* Frequency of Updates

—Determined by:

= Specification requirements
—Often concurren! with periodic pay application
process/summary reports (typically monthly)
* Project complexity
—As often as necessary to efliciently manage project
= When unexpected events occur

- During periods of mulliple changes or delays, may be
wise {o update more frequently

(231)

Data Date Concepts

Data Date

Project Original Duration

Update #1: Remaining Duration

o n ﬂ 6 | MM‘Jl“D&[ﬂIMaIH‘ﬂHI z {232]
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Progress / Updating the Schedule

+ Collection & use of actual progress details

—Organizational procedures for measuring &
documenting progress
« Unit rates: e.g. MHR/LF of small bore pipe
« Actual Start & Finish [Substantial Start / Finish]
» Activity statusing (% complete)
= Actual logic flow

— Calculate/forecast to completion

+ Estimated Remaining Duration [Analysis vs Auto-
Calculation]
— Percent complete vs. remaining duration astimatle
« Changes to Means & Methods
— Logkc Changes
— Resource utilization changes
- Scopa changes [233]

Updating Considerations

 Report progress & trends
- Just the facts, please!
- Do not imply precision where none exists

« Forecast to completion

— Document assumptions & changes

= Schedule update narrative & supporting documents
— Contract requirsmants & oifganizational practices
« Primavera P& Notebooks

* Always update ‘Left of Data Date’
— As-Built condition is important
« To understand trends & forecast future
» Accurately model full measure of change
= In a dispute, becomes important history {234}
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Updating Procedures

Six basic steps in updating a schedule
1. Gather activity status information
2. Determine schedule status
3. Analyze schedule status
4. Modify & revise schedule
5. Analyze updated schedule
6. Implement updated schedule

(235)

Updating Procedures

Step 1: Gathering actual progress data
* Unit rates: e.g. MHR/LF of small bore pipe
« Actual Start & Actual Finish dates
= Remaining durations of work started

« Percent % complete
—% complete can be measured by:
= Quantity of work in place
= Amount of time expended
=Cost incurred
= Resources used

« Actual logic flow

(236)
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Updating Procedures

Step 2: Determine Schedule Status
= Calculate / forecast to completion

Step 3: Analyze Schedule Status
» Basis for evaluating schedule?
* Planned completion date?
= Critical path shifted & how?
*» Float trend changes & why?
« Weather as a factor for any activities?
= Trends worth watching?
= Changes since the last update? [237]

Updating Procedures

Step 4: Modify & Revise schedule (as necessary)
* Revise schedule logic
« Revise activily durations
= Resource utilization changes
+ Add & delete aclivities
« Add scope revisions & changes
+ Address out of sequence progress (as-built logic)

Step 5: Review & analyze updated schedule

+ Determine that it is complete & accurately reflects
how work will be actually carried out

« Update schedule basis documentation
Step 6: Implement updated schedule (238)
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Reviewing Schedule Updates

« Analyzing Updated Schedules:
— Remaining duration vs. percent complete
— Owner review & accept or reject with comments
— How should parties deal with negative trends?
— Compare schedule updates for hidden "Gotchas"
— Look at trade / subcontractor staffing & flow
— Immediate, short & long term trends / issues
— Develop "Top Ten List" for primary focus
— Analyze critical path(s) & near-critical paths
— What are positive & negative trends?

(239)

Example Question: Schedule Maintenance

*Updating a CPM schedule is a two
step process that incorporates
recording actual progress with

a) Estimating original durations for
schedule activities

b) Creating a comprehensive work
breakdown structure

c) Defining a logic network diagram

d) Calculating a forecast of completion
for project (240)
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Example Question: Schedule Maintenance

« If an activity has an original duration of 10
days & 10 days of progress recorded, but
activity not yet complete. Which method(s)
could give most accurate % complete?

a) Work in Place/Planned Work Quantity x 100

b) Time expended/planned activity duration x 100
¢) Costincurred/Planned Activity Budget x 100
d) Man-hours used/Planned Man-hours x 100

E) All of the above

(241)

Earned Value
Considerations

5/4/2014
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Earned Value Considerations

- Earned Value Management System
(EVMS)

—“Earned value” is the yardstick by
which to measure both cost &
schedule performance

« Common unit of measure is utilized for both
- Dollars
— Labor Hours

(243)

Earned Value Terminology

» Budget at Completion (BAC)

» Planned Value: PV (BCWS)
—Time-phased budget

* Actual Cost: AC (ACWP)

« Earned Value: EV (BCWP)

—Value of work physically completed
« EV = % Complete x BAC

- Estimate to Complete: ETC
« Estimate at Completion: EAC (244]
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Earned Value Terminology

* Three standard measures of project status

—Budgeted Cost of Work Scheduled (BCWS)
» Same as Planned Value {PV)
- Time phased budget

—Budgeted Cost of Work Performed (BCWP)
» Same as Earned Value (EV)
« Value of work physically completed

— Actual Cost of Work Performed (ACWP)
- Same as Actual Cost (AC)
« Actual Expended

(245)

Earned Value Calculations

* Budgeted Cost of Work Scheduled = BCWS

BCWS = PV = (PS) (BCW)
PS = Parcent Scheduled
BCW = Budgeted Cost of Work

« Budgeted Cost of Work Performed = BCWP

BCWP = EV= (PC) (BCWS)
PC = Percent Complefe
BCW = Budgeted Cost Work

« Actual Cost of Work Performed = ACWP = AC
Obtained for accounting system [246]
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EV Activity Statusing Methods

1. Units complete

— Units complete/total number of units

* Forclearance of 100 acres,
10 acres cleared = 10% complete

2. Incremental milestones

— A pre-determined percent complete is
assigned for each milestone or deliverable

Milestone Overall % Complete
Complete site visit 5
Complete work plans 30
Complete field work 80
Complete final report 100 (247)

EV Activity Statusing Methods

3. Start / Finish

- 50/50

« 50% granted to start work on activity &
50% when activity complete

- 0/100

« Full completion credit only when subtask
fully complete

4. Supervisor Opinion
— Most subjective method
(248)
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Example Question: EV Work Progress

» Of four methods for measuring work
progress contained within EVMS
which is most subjective?

a) Supervisor opinion

b) Start/finish

c) Incremental Milestone
d) Units completed

(249)

Schedule Variance/Index Calculations

«Schedule Variance: SV

—Difference between earned & planned
values
SV = EV-PV
+ Positive is favorable (ahead of schedule)
= Negative indicates behind schedule

(250)
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Schedule Variance/Index Calculations

« Schedule Performance Index: SPI

—Variance expressed as a factored

index
SPI = EV/IPV
SPI = BCWP

BCWS
= 1.0 is favorable
< 1.0 indicates behind schedule

* How do these relate to potential
schedule slippage? (251)

Schedule Variance/Index Calculations

«Cost Variance = CV
CV =BCWP - ACWP

«Cost Variance % = CVP
CVP =CV /BCWP

* Cost Performance Index = CPI
CPl = BCWP / ACWP

(252)
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EV Trended Forecasting

« Untavorable variances must be weighed in
conjunction with analysis of critical path
— May be related to non-critical activities
= Early or late dates
— Trended schedule forecasting more applicable for
specific project scope elements/work packages
— Art vs. science when using early / incomplete data
« Must caich early, analyze & take action early when that action
can be effective & least costly
« Similar to EAC for cost, schedule variances can
be used in “trended” forecast of duration
— Estimated Duration = Original duration / SPI
= Straight line forecast vs. non-linear trends fo achieve [ 25 3]

Example Question: Schedule Maintenance

Activity has original duration of 10 days & 10
days of progress recorded against it.
Activity not yet complete. Which method(s)
could give most accurate % complete?

a) Work in Place/Planned Work Quantity x 100
b) Time expended/planned duration x 100

c) Costincurred/Planned Budget x 100

d) Man-hours used/Planned Man-hours x 100
e) All of the above

(254)
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Example Question: Updating for Progress

When updating schedule for progress,

which is least important for achieving an

accurate forecast of final completion?

a) Establishing a data date

b) Estimating individual activity remaining
duration based on trends observed

¢) Inputting as-built logic changes into
schedule model

d) Updating schedule model to account for
changes to means & methods of work

remaining to be accomplished [255]

Example Question: Work Progress

Of recognized methods for measuring
work progress contained within an
EVMS, which is most objective?

a) Supervisor opinion

b) Start/finish

c) Units completed

d) Incremental Milestone

(256)
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Change Management

Change Management

AACE RP 52R-08
Change Management & Fonecasting -
Time Impact Analysis
* Change is inevitable As Applied In Construction
— Keys to successfully managing change
« Identifying (notice] that it is occurring/has occurred
- Take steps to manage & document impacts
« Follow through is key
— Must continually update all data points
* Most PM sofiware toofs have many ways (o document &
account for change (which too offen are not used)
— If CPM not revised to reflect change, then loses
credibility/usability for all stakeholders
* No longer able to accurately monitor progress & trends
« No longer able to accurately forecast future
« Often leads to abandonment of tool (258)
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Change Management

* Primary focus: Scope Monitoring & Control
— Observe trends (+ / -)
— Analyses
— Forecasting
— Reporting ..... Communicating ..... NOTICE

* Project Change Management Processes

— Deviations

— Variances

— Trends Must be fully integrated
into Planning &

:g::r:?:taﬁa Abtion Scheduling processes

(259)

Change Management / Control Outputs

» Documentation
— Documentation of assumptions is key when
undergoing change (singular or continuing)
« Coding & logs in project management software tool
— Change logs: Trends, Deviations, Changes,
Budget Shifts
* Track history, time & cost & resolution
— Progress tracking spreadsheets & databases
« Feed progress dala into project schedule model
— Periodic schedule updates
— Corrective action plans / forecasts
— Revised project controls basis / target schedules

— Historical project information & lessons learned
* Requires proper roof cause analysis to be meaningful {ZSOJ
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Step 2
Documeniation of change

Step 3
Management of change to mitigate impacts

Step 4
Resolve change orders, disputes & claims in
a fimely manner

Schedule Control
* Goal is to proactively influence factors that
create or impose schedule change
Step 1
Identification / Notice of change
(262)
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Example Question: Change Control

*Tools & techniques of change
management & change control
DO NOT include

a) CPM schedule software programs
b) Lessons Learned

c) Earned Value analysis

d) Performance measurement reports

(263)

Schedule Levels

(264)
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Schedule Levels of Detail / Filtering

Common Schedule Level Descriptions * Build Down
g Lol Mikstone / Exccutive Master Summary schedule
One-pager, lime scaled bar chart

Level 11 Comtract Master / Detailed Integrated scheduole
CEM to plan, implement & control overall project
Level L Area Master / Contract schedules
SRR Dbt i f bl SEMSh s
E Level IV:  Control £ 2-3 Week Look-Abead schedules
E Spreadshects / Bar Chart fickd plans
B Loevel Vi Diaily / Hourly Work schedules
Fiell supervision planning & excention listings

* No indostry standard - AACE developing Roll Up

(265)

(266)
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Management Summary

Pt (i O Matagrmen! kel (Lisel 1)

7.

(267)

Level II Schedule Example - 1/2
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Level II Schedule Example - 2 /2
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Schedule Forecasting
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Progress & Trend Forecasting

« Forecasting is process of evaluating plan &
control baselines against ongoing project
performance to understand trend indications,

along with planned mitigations & incorporation of
changed execution plans

— Must be proactive & systematic

— Baseline / target is static until new baseline
established & well documented by all
— Assess scope, schedule, budget, resources &
risks
« As Impacted by a deviation, trend, change request or
opportunity
— Supports change management process

— Reporting properly is key success element [271]

Process Map for Forecasting
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Inputs & Outputs of Forecasting

+ Inputs

| B |

Project Implementation Basis
Project Control Plan
Project Control Basls
Scope Definition
Changes in Scope
Physical Progress
Trends
+ Changes / deviations observed, bul nof yel caisgorized
Correclive Actions
« Alternalives considersd & thase selecied

Planning Information
Approved Scopa Changes
Historical Project Information

Revised Project Conirol Plan

Planning Information

Corrective Action Alternatives & Recommendations

Alternative Forecasts

Project Controls Basis 273
Historical Project Documentation

5/4/2014
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Example Question: Forecasting

« When analyzing forecast to completion
resulting from a schedule progress update,
what are different total float values along
critical path an indication of?

a) Certain activities in critical path have no
successors

b) Schedule has too much detail to reflect an
accurate critical path

c) Different calendars assigned to certain
activities in critical path

d) Schedule is projecting an “on-time
completion”

Example Question: Forecasting

« When updating a schedule for progress,
which is least important for achieving an
accurate forecast of final completion?

a) Establishing a data date

b) Estimating individual activity remaining
duration based on trends observed

¢) Inputting as-built logic changes into
schedule model

d) Updating the schedule model to account
for changes to means & methods of work
remaining to be accomplished
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Example Question: Forecasts

* Periodic forecasts are best performed
when

a) as directed by client

b) bi-weekly

c) quarterly

d) when change or risk is encountered

&d

Schedule Compression
& Acceleration

139



Schedule Compression

= Many reasons for need to compress schedule

— Contract calls for completion date earlier than
plan / schedule provides

— Financial incentives (contractual & internal) to
complete early

— Recovery from critical path delays

— Scope increase/change otherwise delays
completion, with desire to maintain original
completion date(s)

— Directed acceleration to finish earlier than planned
— Constructive acceleration (contractual issue)

* Planners & schedulers must know how to
properly analyze & perform schedule crashing

= Acceleration often becomes a contractual issue

Schedule Compression

- Some critical path activities may jeopardize
target project completion

+ Recovery methods
— Revise FS schedule logic to SS

« Overlapping activities
— Change work methods
— Increase resources
— Use multiple shifts The rubber band
— Use overtime Critical Path

= Analyze compression plan to verify
that it achievable

* Recovery attempts often come
at price of lower productivity

(280)
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Schedule Compression

» Differentiation of these Schedule Terms

—Schedule Compression
= Shortening critical path by
~ Resaquenaing work
— Chanpe work mathods
- Increase resources
— Lise multipla shilts
— Lise overima

—Schedule Acceleration

= Requirement to complete performance earlier than
scheduled
— Constructive Acceleration
= Directed Acceleration

—Schedule Crashing

« Decrease activity or project duration by increasing
resources

(281)

(282)
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Crashing Analysis

= CosIS ===

(283)

Directed Acceleration

(284)
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Constructive Acceleration

Constructive Acceleration Example

- et i Rt A aTmem T waam g L] - [285]

Example: Acceleration

How would you “compress” 5 days off schedule?

(286)
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Example Question: Acceleration

*To crash a schedule begin by
reducing durations of activities with:

a) Most total float (TF)

b) Most free float (FF)

c) Least free float

d) Least amount of total float
e) Greatest cost per day

(287)

Schedule Delays

(288)
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Identifying & Documenting Schedule Change

« Change vs. Delay vs. “Elongation”

— Change
* Revised or Added Scope
« Change in execution plan
— Delay

* Parifal or Full of Work
= On or off Critical Path

. Dugﬁcaﬂve and /or Concurrent Delay
— Pacing

- “Elongation”™
- Productivity
« Early Identification & Early Addressing

* Documentation
— Internal & External

Analyzing Schedule Delays

« Time Impact Analysis (TIA)
— Multiple meanings & uses
* Often Contract imposed methodology
— See RP 52R-06 & TCM Framework

* TIA Process Model Delay with Fragnet (standalone)
- ldentity Appropriate Schedule Update

— Insert Delay Fragnel with Zero (0) delay durations into
schedule & recalculate CPM

+ ¥ Recalculated schedule dates do not match ariginal schedule
— Fenisil Ffiuhdl I iidarsinng & nvian G appdopriale

— Account for & understand any concurrencies & miligations

— Apply actual or forecasi delay durations & recalculate

— Analyze delay periods & impacts to project

- Multiple delay and / or disruption m uire multiple TIA
aml',lp-slls Fr:gnats —such ase‘lfulnda?ub;“mmpe anal

« Excusable & Compensable: Contracts Issues

(289)

(290)
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Time Impact Analysis (TIA)

« Goal is to analyze & communicate critical
path schedule delays contemporaneously
—Enter delays as activities/"fragnets” into

periodic schedule updates
—Recalculate to determine if delay results
- If so, analyze for causation
» Assign responsibility
— Communicate to Owner in update
narrative
* Update schedule basis documentation

Time Impact Analysis (TIA)
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Time Impact Analysis (TIA)
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Time Impact Analysis (TIA)

(295)

Reporting Status & Forecasting

« Organizational needs & Contract
requirements
—Must accommodate contract requirements
—Must be useful in the field
—May place limitations on information
provided client

* Cost reimbursable vs. lump sum contract issues
—Electronic files vs. paper reports

* Requires combination of tabular reporis &
graphics [296]

5/4/2014
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Example Question: Changes & Delays

* Practice of inserting delays or
changes into a CPM schedule as
fragnets & analyzing it for changes /
impacts to overall project duration is
referred to:
a) “But-for” scheduling
b) Collapsed as-built scheduling
c) Impacted as-planned scheduling
d) Time impact analysis (207)

Control Inputs, Tools & Techniques

« Input
—Project Implementation Basis

- Deviation, Trend & Change notices / request
documentation

—Variances

—Baseline / target schedule

—Progress & performance reports

—Schedule control / management plan

— Corrective action alternatives & forecasts

— Risk management information

—Historical project information (298)
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Control Inputs, Tools & Techniques

* Tools & Techniques

—Change management practice & procedures
* Company & contract requirements

- Project management software / databases

—Planning to accommodate, mitigate, work
around change

- Performance measurement against
baseline / target

« Earned value or Variance analysis
+ Rebaselining or reforecasting

(299)

Example Question: Baselines

+ A baseline plan / schedule is developed

and revised

a) Never more than once during lifetime of
project

b) Every month during regular progress
update cycle

c) Might be updated several times during
course of project

d) Will be changed only if cost estimate
changes

e) Is updated quarterly regardless of ongoing
issues or lack of issues on project (300)
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Example Question: Recovery Plans

« A project recovery plan / schedule
becomes necessary when ...
a) Cost budget is changed
b) Any time client asks for it
c) Project misses its cost or schedule targets
d) Every time a Change Order is agreed to by
Client

e) Project anticipates missing cost or
schedule targets

f) BothC&E [301]

Schedule Reporting

5/4/2014
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CPM Schedule Reporting

How good are your Communications Skills?

* Understand & listen to your audience
—Client needs vs. stated ‘gotta have’
* Client monitors for contract compliance

—Contractor’s project staff
* Project management personnel
* Field / execution staff

—Subcontractor & suppliers
= They only see part of the picture
= They need to provide schedule input

*Less is often more (03]

OUTPUT / DELIVERABLES

* Reporting to stakeholders
—Proper & accurate reporting key to success

—Reliable, proactive information allows better
trend management & mitigates time & cost
impact

—~WBS & schedule level definitions
implemented in schedule makes reporting:

+ Repeatable with consistent format & output

+ Places correct information in easily digested format
to appropriate audience

= Provides basis for simple trend observations that
allow management of positive & negative trends

(304)
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Reporting to Stakeholders

« Schedule “Report” is a Review Package

— Contract often defines minimum & form
* Confirm conformance
= Organizational norms
— Sanity check
= Evaluate data integrily
* Validate execution model going forward

— Trends observed, forecast & recommendations
* Track & report varfances on key statistics

* Requires a “flexible"” solution
— Fit for purpose
— Evolves, but only with management approval

(05)

Why Important to Management?

No surprises allowed!

— If project is in distress, senior management
wants (demands!) to be first to know

— The boss won't shoot
messenger, only
LATE reporting messenger!

— Boss controls resources

— Stockholder
accountabili
is their job/future!

5/4/2014
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Reviewing Schedules

» Key Schedule Analysis focus areas
—Critical and Near-Critical Paths
— Milestone (Contract & float)

—Out of Sequence Progress
» Indicator of plan being followed / achieved
—What has changed in update?

= Narrative
- Should be more informative than aciual schedule analysis

« Schedule logic & activities
- FS changed 1o 55 ( FF
— Duration changes

= Claim Digger & Schedule Analyzer type tools

Variability, Risk & Credibility

"T he Number'" - The Result"
Estimate ($)... .

Schedule (Time)...
Resources ...
Efc ..

‘Confidence Level?
Reliability?
Precision?
Variability?
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Report, Advise & Decide

» Scheduler
—Provides data points for Management team
to understand trends & forecast presented
in progress report
« Management

—Decides to take specific actions to mitigate
negative trends & capitalize on positive

aspects
« What if update shows late completion?

(309)

Example Question:
Reporting to Management

« When reporting progress to upper level
management, how can schedule organized
based on project’'s WBS be useful?
a)Fg’lfqhadule can be converted from ADM to
b) Schedule can be manipulated to hide

negative aspects
¢) Schedule can be summarized to
intermediate levels of detail

d) Schedule can only be “crashed” if
organized by WBS

5/4/2014
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Credibility in Planning & Scheduling

How close to
bull’s-eye

are your

schedule predictions?

(311)
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Use following table / data to answer questions

Use following table / data to answer questions

Description Duration Relationship

1010 | NTP = Notice o Procesd Milegtore | Mo ofer sty can st ussl NTP fnsed

1020 | Mobilize to Site 20 WD | Secoesda Buinh of Actuity $10

1030 | Bid / Select Subcontractor S0OWD | Secomad Ruish of Astvity 110

1040 | Owner Equipment Delivered 40 WD | Seceiads Rk ol Aty 810 by e

1050 | Construct Foundations 25 WD | Becomssn hninh of Actvity 130 & 1600

1060 | Install Equipment 20 WD | Swcossds it of Actvily 1430 by 1 deyn
Baccaadi Rniah of Aedvity W40

Peadecendad b Forih o Fonk wf 1550
Feroruiod Ses Fima® 10 Bl wi 108

1070 | Hookup | Install Controls 16 WD | Secoreds stan of Ackwity 1080 by 1 dep
1080 | Startup & Tesi Equipment 10 WD | Sscomssy hish of Actvites 1969 & 510
1080 | Mechanical Complation Milosionn | Bscosds heivh of Axtvity 180
1100 | Commission Equipment 15 WD | Secoesdi finish of Actuity 130
1110 | Final Completion Milosionn | Secoms buivh o dxtvity 1090

WD =Work Davs 5 Dav Wark Waak NTP lzsund Monday. 20507

Example: Scenario Questions

* Draw a CPM network diagram
— Use PDM format to show 1D, Dese, OD, TF, FF, ES & EF
-P a Time Scaled Bar Chart for schedule & d analysis
aﬁ:ﬁﬁﬂd 1o aid in problem solution st s

+ Determine:
1. What is overall duration of project in
+ Work Days
+ Calendar Days
2. Identify all Mon-Critical Path Activities
3. Identity TF & FF for each activity
4. If completion of Acti 1030 is l.ﬁln'{od by 20 Calendar Days,
determine ES of Act 1070 & FF of Activity 1020
5. Glven 25 WD delay to Activity 1040, what can be done to
maintain as-planned final completion date?
« Identify potential actions & associated fssues / risks

5/4/2014
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Example: PDM Diagram - TF & FF
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(316)

5/4/2014

158



Example: Delay Chart
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Example: Answers
1. Owverall duration: Monday, 3/05 - Friday, 7/20007
— Calendar Days = 138 CDs  [7/20 - 3/05 + 1]
~ Work Days =100 WDs  [138 - 19 weekends @ 2 days each]

- ES Activity 1070 = 5/28/07

[OrCP =40+ 20 + 15 + 10 +15 WDs]
2. Non-C. P. Activities: 1020, 1030 & 1050
3. TF & FF for each activity: See PDM Diagram
4. Delayed Activity 1040: See Delay Char

- FF Activity 1020 = 24 Work Days

5. Options / Risks: Must be reasonably achievable

~= Reduce durations of activities on Critical Path
« Add resources & re-sequence work

- Increase workweek from 5 (o 6 or 7 days per week
— Resequence / Fast Track work

- Reduce Stant LAG durations to follow-on aclivities
- Added resources may introduce disruptions

« Leamning curve, inefficiencles, low labor productivity, ete.

(318)
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Example: Communications Problem

= Assume preceding example problem

—Prepare a one page (typewritten, single-
space) memo to management of:
« Problem / issue statement
* Schedule Analysis

* Recommended course of action(s) to maintain
original schedule

+ Identity risks associated with proposed actions
= Identify mitigation strategies

= Identify, if needed, any additional monitoring &
control activities needed going forward

5/4/2014
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