
construction planning

Topic Objective:

At the end of this topic student would be able to:

 Define the term project management

 Understand the meaning of project with respect to planning, organizing and managing

 Discuss various aspects of a project like time, cost and scope etc.

Definition/Overview:

Project management: Project Management is the discipline of planning, organizing, and

managing resources to bring about the successful completion of specific project goals and

objectives.

Key Points:

1. Project

A project is a finite endeavorhaving specific start and completion datesundertaken to create a

unique product or service which brings about beneficial change or added value. This finite

characteristic of projects stands in sharp contrast to processes, or operations, which are

permanent or semi-permanent functional work to repetitively produce the same product or

service. In practice, the management of these two systems is often found to be quite different,

and as such requires the development of distinct technical skills and the adoption of separate

management philosophy, which is the subject of this article. The primary challenge of project
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management is to achieve all of the project goals and objectives while adhering to classic

project constraintsusually scope, quality, time and budget. The secondaryand more

ambitiouschallenge is to optimize the allocation and integration of inputs necessary to meet

pre-defined objectives. A project is a carefully defined set of activities that use resources

(money, people, materials, energy, space, provisions, communication, motivation, etc.) to

achieve the project goals and objectives.

2. The traditional triple constraints

Like any human undertaking, projects need to be performed and delivered under certain

constraints. Traditionally, these constraints have been listed as "scope," "time," and "cost".

These are also referred to as the "Project Management Triangle," where each side represents

a constraint. One side of the triangle cannot be changed without affecting the others. A

further refinement of the constraints separates product "quality" or "performance" from the

scope, and turns quality into a fourth constraint. The time constraint refers to the amount of

time available to complete a project. The cost constraint refers to the budgeted amount

available for the project. The scope constraint refers to what must be done to produce the

project's end result. These three constraints are often competing constraints: increased scope

typically means increased time and increased cost, a tight time constraint could mean

increased costs and reduced scope, and a tight budget could mean increased time and reduced

scope. The discipline of project management is about providing the tools and techniques that

enable the project team (not just the project manager) to organize their work to meet these

constraints. Another approach to project management is to consider the three constraints as

finance, time and human resources. If you need to finish a job in a shorter time, you can

throw more people at the problem, which in turn will raise the cost of the project, unless by

doing this task quicker we will reduce costs elsewhere in the project by an equal amount.
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2.1. Time

For analytical purposes, the time required to produce a deliverable is estimated using

several techniques. One method is to identify tasks needed to produce the deliverables

documented in a work breakdown structure or WBS. The work effort for each task is

estimated and those estimates are rolled up into the final deliverable estimate. The

tasks are also prioritized, dependencies between tasks are identified, and this

information is documented in a project schedule. The dependencies between the tasks

can affect the length of the overall project (dependency constrained), as can the

availability of resources (resource constrained). Time is not considered a cost nor a

resource since the project manager cannot control the rate at which it is expended.

This makes it different from all other resources and cost categories. It should be

remembered that no effort expended will have any higher quality than that of the

effort- expenders.

2.2. Cost

Cost to develop a project depends on several variables including (chiefly): resource

costs, labor rates, material rates, risk management (i.e.cost contingency), Earned

value management, plant (buildings, machines, etc.), equipment, cost escalation,

indirect costs, and profit. But beyond this basic accounting approach to fixed and

variable costs, the economic cost that must be considered includes worker skill and

productivity which is calculated by variation to project cost estimates. This is

important when companies hire temporary or contract employees or outsource work.

2.3. Scope

Requirements specified for the end result. The overall definition of what the project is

supposed to accomplish, and a specific description of what the end result should be or
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accomplish. A major component of scope is the quality of the final product. The

amount of time put into individual tasks determines the overall quality of the project.

Some tasks may require a given amount of time to complete adequately, but given

more time could be completed exceptionally. Over the course of a large project,

quality can have a significant impact on time and cost. Together, these three

constraints have given rise to the phrase "On Time, On Spec, On Budget." In this

case, the term "scope" is substituted with "spec(ification)."

3. Project management activities

Project management is composed of several different types of activities such as:

 Analysis and design of objectives and events

 Planning the work according to the objectives

 Assessing and controlling risk (or Risk Management)

 Estimating resources

 Allocation of resources

 Organizing the work

 Acquiring human and material resources

 Assigning tasks

 Directing activities

 Controlling project execution

 Tracking and reporting progress (Management information system)

 Analyzing the results based on the facts achieved

 Defining the products of the project

 Forecasting future trends in the project

 Quality Management

 Issues management

 Issue solving

 Defect prevention
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 Identifying, managing & controlling changes

 Project closure (and project debrief)

 Communicating to stakeholders

 Increasing / decreasing a company's workers

4. Approaches

There are several approaches that can be taken to managing project activities including agile,

interactive, incremental, and phased approaches. Regardless of the approach employed,

careful consideration needs to be given to clarify surrounding project objectives, goals, and

importantly, the roles and responsibilities of all participants and stakeholders.

4.1. The traditional approach

A traditional phased approach identifies a sequence of steps to be completed. In the

traditional approach, we can distinguish 5 components of a project (4 stages plus

control) in the development of a project:

1. Project initiation stage;

2. Project planning or design stage;

3. Project execution or production stage;

4. Project monitoring and controlling systems;

5. Project completion stage.

Not all projects will visit every stage as projects can be terminated before they reach

completion. Some projects probably don't have the planning and/or the monitoring.

Some projects will go through steps 2, 3 and 4 multiple times. Many industries utilize

variations on these stages. For example, in bricks and mortar architectural design,
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projects typically progress through stages like Pre-Planning, Conceptual Design,

Schematic Design, Design Development, Construction Drawings (or Contract

Documents), and Construction Administration. In software development, this

approach is often known as "waterfall development", i.e., one series of tasks after

another in a linear sequence. In software development many organizations have

adapted the Rational Unified Process (RUP) to fit this methodology, although RUP

does not require or explicitly recommend this practice. Waterfall development can

work for small tightly defined projects, but for larger projects of undefined or

unknowable scope, it is less suited. The Cone of Uncertainty explains some of this as

the planning made on the initial phase of the project suffers from a high degree of

uncertainty. This becomes specially true as software development is often the

realization of a new or novel product, this method has been widely accepted as

ineffective for software projects where requirements are largely unknowable up front

and susceptible to change. While the names may differ from industry to industry, the

actual stages typically follow common steps to problem solving "defining the

problem, weighing options, choosing a path, implementation and evaluation."

1. Rational Unified Process

The Rational Unified Process (RUP) is an iterative software development process framework

created by the Rational Software Corporation, a division of IBM since 2003. RUP is not a

single concrete prescriptive process, but rather an adaptable process framework, intended to

be tailored by the development organizations and software project teams that will select the

elements of the process that are appropriate for their needs. The following are phases of

RUP, which align to business activities intended to drive successful delivery and deployment

of projects. It also provide the taxonomy for blue printing and producing enterprise

architecture artifacts across it's different domains.

 Inception: Identify the initial scope of the project, a potential architecture for the system,

and obtain the initial project funding and stakeholder acceptance.

www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

6
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



 Elaboration: Prove the architecture of the system.

 Construction: Build working software on a regular, incremental basis which meets the

highest-priority needs of project stakeholders.

 Transition: Validate and deploy the system into the production environment

2. Temporary organization sequencing concepts

 Action-based entrepreneurship

 Fragmentation for commitment-building

 Planned isolation

 Institutionalized termination

3. Critical Chain

Critical chain is the application of the Theory of Constraints (TOC) to projects. The goal is to

increase the rate of throughput (or completion rates) of projects in an organization. Applying

the first three of the five focusing steps of TOC, the system constraint for all projects is

identified as resources. To exploit the constraint, tasks on the critical chain are given priority

over all other activities. Finally, projects are planned and managed to ensure that the critical

chain tasks are ready to start as soon as the needed resources are available, subordinating all

other resources to the critical chain. For specific projects, the project plan should undergo

Resource Leveling, and the longest sequence of resource-constrained tasks is identified as the

critical chain. In multi-project environments, resource leveling should be performed across

projects. However, it is often enough to identify (or simply select) a single "drum" resourcea

resource that acts as a constraint across projectsand stagger projects based on the availability

of that single resource.
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4. Extreme Project Management

In critical studies of project management, it has been noted that several of these

fundamentally PERT-based models are not well suited for the multi-project company

environment of today. Most of them are aimed at very large-scale, one-time, non-routine

projects, and nowadays all kinds of management are expressed in terms of projects. Using

complex models for "projects" (or rather "tasks") spanning a few weeks has been proven to

cause unnecessary costs and low maneuverability in several cases. Instead, project

management experts try to identify different "lightweight" models, such as Agile Project

Management methods including Extreme Programming for software development and Scrum

techniques. The generalization of Extreme Programming to other kinds of projects is extreme

project management, which may be used in combination with the process modeling and

management principles of human interaction management.

5. Event chain methodology

Event chain methodology is the next advance beyond critical path method and critical chain

project management. Event chain methodology is an uncertainty modeling and schedule

network analysis technique that is focused on identifying and managing events and event

chains that affect project schedules. Event chain methodology helps to mitigate the negative

impact of psychological heuristics and biases, as well as to allow for easy modeling of

uncertainties in the project schedules. Event chain methodology is based on the following

major principles.

 Probabilistic moment of risk: An activity (task) in most real life processes is not a

continuous uniform process. Tasks are affected by external events, which can occur at

some point in the middle of the task.

 Event chains: Events can cause other events, which will create event chains. These event

chains can significantly affect the course of the project. Quantitative analysis is used to

determine a cumulative effect of these event chains on the project schedule.
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 Critical events or event chains: The single events or the event chains that have the most

potential to affect the projects are the critical events or critical chains of events. They can

be determined by the analysis.

 Project tracking with events: If a project is partially completed and data about the

project duration, cost, and events occurred is available, it is possible to refine information

about future potential events and helps to forecast the future project performance.

 Event chain visualization: Events and event chains can be visualized using event chain

diagrams on a Gantt chart.

6. Process-based management

Also furthering the concept of project control is the incorporation of process-based

management. This area has been driven by the use of Maturity models such as the CMMI

(Capability Maturity Model Integration) and ISO/IEC15504 (SPICE - Software Process

Improvement and Capability Determination), which have been far more successful. Agile

project management approaches based on the principles of human interaction management

are founded on a process view of human collaboration. This contrasts sharply with the

traditional approach. In the agile software development or flexible product development

approach, the project is seen as a series of relatively small tasks conceived and executed as

the situation demands in an adaptive manner, rather than as a completely pre-planned

process.

7. Project systems

As mentioned above, traditionally, project development includes five elements: control

systems and four stages.
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8. Project control systems

Project control is that element of a project that keeps it on-track, on-time, and within budget.

Project control begins early in the project with planning and ends late in the project with the

post-implementation review, having a thorough involvement of each step in the process.

Each project should be assessed for the appropriate level of control needed: too much control

is too much time consuming, too little control is very risky. If project control is not

implemented correctly, the cost to the business should be clarified in terms of errors, fixes,

and additional audit fees. Control systems are needed for cost, risk, quality, communication,

time, change, procurement, and human resources. In addition, auditors should consider how

important the projects are to the financial statements, how reliant the stakeholders are on

controls, and how many controls exist. Auditors should review the development process and

procedures for how they are implemented. The process of development and the quality of the

final product may also be assessed if needed or requested. A business may want the auditing

firm to be involved throughout the process to catch problems earlier on so that they can be

fixed more easily. An auditor can serve as a controls consultant as part of the development

team or as an independent auditor as part of an audit. Businesses sometimes use formal

systems development processes. These help assure that systems are developed successfully.

A formal process is more effective in creating strong controls, and auditors should review

this process to confirm that it is well designed and is followed in practice. A good formal

systems development plan outlines:

 A strategy to align development with the organizations broader objectives

 Standards for new systems

 Project management policies for timing and budgeting

 Procedures describing the process

In the fields of architecture and civil engineering, construction is a process that consists of

the building or assembling of infrastructure. Far from being a single activity, large scale

construction is a feat of multitasking. Normally the job is managed by the project manager
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and supervised by the construction manager, design engineer, construction engineer or

project architect. For the successful execution of a project, effective planning is essential.

Those involved with the design and execution of the infrastructure in question must consider

the environmental impact of the job, the successful scheduling, budgeting, site safety,

availability of materials, logistics, inconvenience to the public caused by construction delays,

preparing tender documents, etc.

Topic Objective:

At the end of this topic student would be able to:

 Define network diagram

 Understand the information shown in a network diagram

Definition/Overview:

Network Diagram: A network diagram can be created by hand or by using diagram software.

There are two types of network diagrams, activity on arrow (AOA) Activity on node diagrams

are generally easier to create and interpret.
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Key Points:

1. Network Diagram

By itself, the network diagram pictured above does not give much more information than a

Gantt chart; however, it can be expanded to display more information. The most common

information shown is:

 The activity name

 The normal duration time

 The early start time (ES)

 The early finish time (EF)

 The late start time (LS)

 The late finish time (LF)

 The slack

In order to determine this information it is assumed that the activities and normal duration

times are given. The first step is to determine the ES and EF. The ES is defined as the

maximum EF of all predecessor activities, unless the activity in question is the first activity,

for which the ES is zero (0). The EF is the ES plus the task duration (EF = ES + duration). A

project network is a graph (flow chart) depicting the sequence in which a project's terminal

elements are to be completed by showing terminal elements and their dependencies.

A project network is a graph (flow chart) depicting the sequence in which a project's terminal

elements are to be completed by showing terminal elements and their dependencies.
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The work breakdown structure or the product breakdown structure show the "part-whole"

relations. In contrast, the project network shows the "before-after" relations.

The most popular form of project network is an activity on the node, the other one is an

activity on arrow. The condition for a valid project network is that it doesn't contain any

circular references. Project dependencies can also be depicted by a predecessor table.

Although such a form is very inconvenient for human analysis, project management software

often offers such a view for data entry. An alternative way of showing and analyzing the

sequence of project work is the design structure matrix. In a project network, a dependency is

a link amongst a project's terminal elements.

There are four kinds of dependencies with respect to ordering terminal elements (in order of

decreasing frequency of use):

 Finish to start (FS)

A FS B = B doesn't start before A is finished

(Foundations dug) FS (Concrete poured)

 Finish to finish (FF)

A FF B = B doesn't finish before A is finished
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(Last chapter written) FF (Entire book written)

 Start to start (SS).

A SS B = B doesn't start before A starts

(Project work started) SS (Project management activities started)

 Start to finish (SF)

A SF B = B doesn't finish before A starts

(New shift started) SF (Previous shift finished)

There are three kinds of dependencies with respect to the reason for the existence of

dependency:

 Causal (logical)

1. It is impossible to edit a text before it is written

2. It is illogical to pour concrete before you dig the foundations

 Resource constraints

1. It is logically possible to paint four walls in a room simultaneously but there is

only one painter

 Discretionary (preferential)

1. I want to paint the living room before painting the dining room, although I

could do it the other way round, too
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Traditional critical path-derived schedules are based only on causal (logical) dependencies.

The critical chain method necessitates taking into account resource constraint-derived

dependencies as well. Time related information can be used in conjunction with any of the

relationships for any of the reasons outlined above. This is known as a lead or lag. For

example: When building two walls from a novel material, one might start the second wall 2

days after the first so that the second team can learn from the first. It is also useful to use

lead/lag when tasks are in parallel in a Finish-Finish relationship. For example: The

document for 'Activity A' should finish 5 days before the document for 'Activity B' so that

the reviewers have time to read each individually. Although Document A and Document B

may take different times to write, they will be planned to finish 5 days apart.

Topic Objective:

At the end of this topic student would be able to:

 Define network theory

 Understand the feature of the AUTOVON system

 Discuss Numbering plan

Definition/Overview:

Network: Network theory is an area of applied mathematics and part of graph theory.
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Key Points:

1. Precedence

One interesting feature of the AUTOVON system was the inclusion of precedence for calls.

In the civilian networks if there are no free lines the caller is unable to reach the called party,

with the system typically sending the reorder tone ("fast-busy" signal) to indicate the

problem. Such an event was not acceptable for a military network where some messages

absolutely have to get through. To address this problem, AUTOVON included four

precedence levels: Routine, Priority, Immediate and Flash, plus an additional capability:

Flash Override. A normal call was equivalent to Routine, and calls of increasing precedence

could knock down calls of lower priority (giving them a special tone) if need be, which was

called preemption. For instance, if the call was placed with Flash precedence and was

switched to a route where all trunks were in use, the switch would then preempt a Routine

call if there was one, and then Priority and Immediate. Only in the case where a switch's lines

were all being used by Flash or Flash Override would the user receive a reorder signal. When

a user wanted to place a call normally, they would simply dial the number. However, if the

call was to be placed with precedence, a key in the rarely used and rarely seen 1633 Hz

column of DTMF tones would be pressed before dialing to assign this:

 A (697/1633, FO): Flash Override

 B (770/1633, F): Flash

 C (852/1633, I): Immediate

 D (941/1633, P): Priority

There were complex regulations as to who was allowed these precedence levels. Flash

Override was not technically a precedence level, but rather a capability designed to allow the

President of the United States or other National Command Authority to preempt any other

traffic in the network in an emergency.
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2. Numbering plan

AUTOVON used a 3-3-4 numbering scheme similar to the North American Numbering Plan.

The network had its own three-digit "area codes" for various geographic regions around the

world. The area codes each included several three digit exchange codes, usually

corresponding to the central office telephone switches serving each installation. Thus, almost

any telephone on a military base could be direct-dialed via AUTOVON. A selected set of

telephones were four wire AUTOVON phones, wired directly into the AUTOVON network.

Others could initiate AUTOVON calls with operator assistance. Though the numbering plan

was similar to the U.S. civilian scheme, the routing structure was a very complex polygrid

system unlike the civilian office classification scheme. It was barely within the information

processing capabilities of the 5XB switch which implemented it. The non-hierarchical

routing structure was intended to get around any number of nodes destroyed in war. This

system inspired similarly survivable ones for message networks, including in future decades

the Internet. Local base switches would be connected to a few AUTOVON trunks, which the

user would access by dialing 8 (or in some cases, 88) as the first digit. To dial locally a user

would dial 9, and to dial using commercial long-distance, 1 (where this was supported). The

United States Department of Defense (DoD) drew up a complex billing system in order to

charge for access to AUTOVON, and each base budgeted as they saw fit.

Topic Objective:

At the end of this topic student would be able to:

 Define the meaning of activity on node network

 Understand computer network nodes
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Definition/Overview:

Activity-on-node network: In order to determine this information it is assumed that the

activities and normal duration times are given. The first step is to determine the ES and EF. The

ES is defined as the maximum EF of all predecessor activities, unless the activity in question is

the first activity, for which the ES is zero (0). The EF is the ES plus the task duration (EF = ES +

duration).

Key Points:

1. Activity Duration

Before a project schedule can be created, a project manager should typically have a work

breakdown structure (WBS), an effort estimate for each task, and a resource list with

availability for each resource. If these are not yet available, it may be possible to create

something that looks like a schedule, but it will essentially be a work of fiction. They can be

created using a consensus-driven estimation method like Wideband Delphi. The reason for

this is that a schedule itself is an estimate: each date in the schedule is estimated, and if those

dates do not have the buy-in of the people who are going to do the work, the schedule will be

inaccurate.

In many industries, such as engineering and construction; the development and maintenance of
the project schedule is the responsibility of a full time scheduler or team of schedulers,
depending on the size of the project. And though the techniques of scheduling are well
developed, they are inconsistently applied throughout industry. Standardization and promotion of
scheduling best practices are being pursued by the Association for the Advancement of Cost
Engineering (AACE), the Project Management Institute (PMI). In some large corporations,
scheduling, as well as cost, estimating, and risk management are organized under the department
of project controls. Many project scheduling software products exist which can do much of the
tedious work of calculating the schedule automatically, and plenty of books and tutorials
dedicated to teaching people how to use them. However, before a project manager can use these
tools, he or she should understand the concepts behind the WBS, dependencies, resource
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allocation, critical paths, Gantt charts and earned value. These are the real keys to planning a
successful project. In project management a task is an activity that needs to be accomplished
within a defined period of time. An assignment is a task under the responsibility of an assignee
which should have a start and end date defined. One or more assignments on a task puts the task
under execution. Completion of all assignments on a specific task should claim the task as
completed. Tasks can be linked together to create dependencies.

In Section 2 of this course you will cover these topics:
Time In Contract Provisions

Resource Allocation And Resource Leveling

Money And Network Schedules

Topic Objective:

At the end of this topic student would be able to:

 Define the term contract

 Describe the importance of time in contract provisions

 Highlight the importance of contract and breach of contract for a construction project

Definition/Overview:

Contract: A contract is an exchange of promises between two or more parties to do, or refrain

from doing, an act which is enforceable in a court of law. It is a binding legal agreement. That is

to say, a contract is an exchange of promises for breach of which the law will provide a remedy.
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Key Points:

1. Contract

The primary concern of contractors is that they will want to know if the float is owned by the

contractor or by the owner. Contractors have their freedom of managing the project greatly

diminished if the owner owns any of the float. When the ownership of float rests with the

owner, owner owns any of the float. When the ownership of float rests with the owner, owner

delays and owner changes often do not include compensation in the form of time extensions

when only non critical activities are impacted. Te consequences of such provisions can

therefore be quite severe. The start date is generally specifically noted in the notice to

proceed. The start date may be specifically given or it may be stated in terms of the date of

the notice to proceed. E.g. ten days from the date of receipt of the notice to proceed. In some

contracts, the start date is day the notice to proceed is received by the contractor.

The finish date of a contract generally occurs at the pint of substantial completion.

Substantial completion is the point in a project at which the owner is able to occupy the

facility being constructed and use it for its intended purpose. Only minor items of work may

remain at the time of substantial completion. These deficiencies are commonly itemized in

the punch list. Failure to complete a project within the contractually agreed construction

duration constitutes a breach of contract. Where a breach of contract exists, the contract

viability itself comes into question. A breach of contract generally obligates one party to pay

damages to the other. Assessing the amount of damage is difficult. The inclusion of

liquidated damages provisions in contracts tipulates the damages that are to be paid for the

late completion of a project. Thus, he project construction effort can continue and the

compensation due the owner for late completion is not an issue, the amonts due having been

established in the contract.
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2. Agreement

Agreement is said to be reached when an offer capable of immediate acceptance is met with a

"mirror image" acceptance (i.e., an unqualified acceptance). The parties must have the

necessary capacity to contract and the contract must not be trifling, indeterminate, impossible

or illegal. Contract law is based on the principle expressed in the Latin phrase pacta sunt

servanda (usually translated "pacts must be kept", but more literally "agreements are to be

kept"). Breach of the contract is recognized by the law and remedies can be provided.

Sometimes written contracts are required, such as when buying a house. However, most

contracts can be and are made orally, such as purchasing a book or a sandwich. Contract law

can be classified, as is habitual in civil law systems, as part of a general law of obligations

(along with tort, unjust enrichment or restitution). According to legal scholar Sir John

William Salmond, a contract is "an agreement creating and defining the obligations between

two or more parties".

As a means of economic ordering, contract relies on the notion of consensual exchange and

has been extensively discussed in broader economic, sociological and anthropological terms

However, contract is a form of economic ordering common throughout the world, and

different rules apply in jurisdictions applying civil law (derived from Roman law principles),

Islamic law, socialist legal systems, and customary or local law. The primacy of discussion

of common law principles in writing about contract may derive from the primacy of these

systems in international business. Common law jurisdictions usually offer proceedings in the

English language, which has become to extent the lingua franca of international business,

tend to have much larger law firms than in civilian jurisdictions, able to satisfy clients that

their range of legal needs can be met, and unlike civilian jurisdictions, judges in common law

jurisdictions are generally senior lawyers of considerable practical experience. Another

possible reason is that the common law retains a high degree of freedom of contract, with

parties largely free to set their own terms, whereas civilian systems typically prescribe large

parts of the contents of contracts for the parties, with no opt-out provision. It is very common

for businesses not located in common law jurisdictions to opt in to the common law through
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"choice of law" clauses, with the most common jurisdictions of choice probably being

England & Wales and New York.

Topic Objective:

At the end of this topic student would be able to:

 Define the term resource allocation

 Describe the importance of resource leveling

 Highlight the purpose of strategic planning in a construction project

Definition/Overview:

Resource Leveling: Resource Leveling is a project management process used to examine a

project for an unbalanced use of resources (usually people) over time, and for resolving over-

allocations or conflicts.

Key Points:

1. Resource Leveling

When performing project planning activities, the manager will attempt to schedule certain

tasks simultaneously. When more resources such as machines or people are needed than are

available, or perhaps a specific person is needed in both tasks, the tasks will have to be

rescheduled concurrently or even sequentially to manage the constraint. Project planning

resource leveling is the process of resolving these conflicts. It can also be used to balance the
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workload of primary resources over the course of the project, usually at the expense of one of

the traditional triple constraints (time, cost, scope). When using specially designed project

software, leveling typically means resolving conflicts or over allocations in the project plan

by allowing the software to calculate delays and update tasks automatically. Project

management software leveling requires delaying tasks until resources are available. In either

definition, leveling could result in a later project finish date if the tasks affected are in the

critical path. Resource allocation is used to assign the available resources in an economic

way. It is part of resource management.

2. Strategic planning

In strategic planning, a resource allocation decision is a plan for using available resources,

for example human resources, especially in the near term, to achieve goals for the future. It is

the process of allocating resources among the various projects or business units. The plan has

two parts: Firstly, there is the basic allocation decision and secondly there are contingency

mechanisms. The basic allocation decision is the choice of which items to fund in the plan,

and what level of funding it should receive, and which to leave unfunded: the resources are

allocated to some items, not to others. There are two contingency mechanisms. There is a

priority ranking of items excluded from the plan, showing which items to fund if more

resources should become available; and there is a priority ranking of some items included in

the plan, showing which items should be sacrificed if total funding must be reduced.

Topic Objective:

At the end of this topic student would be able to:

 Define the term cost

 Describe the use of a construction schedule to analyze a delay

 Highlight the basic scheduling concepts
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Definition/Overview:

Cost: Cost to develop a project depends on several variables including (chiefly): resource costs,

labor rates, material rates, risk management (i.e. cost contingency), Earned value management,

plant (buildings, machines, etc.), equipment, cost escalation, indirect costs, and profit. But

beyond this basic accounting approach to fixed and variable costs, the economic cost that must

be considered includes worker skill and productivity which is calculated by variation to project

cost estimates. This is important when companies hire temporary or contract employees or

outsource work.

Key Points:

1. The Use of A Construction Schedule To Analyze a Delay

Construction contracts typically include scheduling requirements. Due, in part, to the

availability of increasingly more powerful scheduling software, contract scheduling

requirements are becoming increasingly complex. A well thought out schedule are a valuable

tool for organizing and coordinating the project work. The schedule also is used in

determining when construction project resources, such as manpower and materials, will be

required. Finally, if a project encounters delays, a well designed as-planned schedule will be

the basis for analyzing what events impacted the completion of the project

www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

24
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



2. Basic Scheduling Concepts

The nature of the project schedule will normally depend on the cost of the project. A bar

chart is are usually used on smaller projects. As the cost of the project increases owners start

to demand a schedule that is based on a critical path method network. A bar chart simply

indicates when specific activities will start date, their duration and finish date. The activities

are plotted on a time scale. Since each specific activity on a bar chart is depicted as a straight

line on the schedule, a bar chart is easy to understand. A bar chart does not indicate the

interrelationship between different activities nor does indicate that the commencement of one

activity is dependent on the completion of a predecessor activity. It is important to

understand the relationship between the commencement and completion of the various

activities which comprise a construction project. Critical path method (CPM) network and

Program Evaluation Review Technique (PERT) are the two scheduling devices which

indicate the dependencies and interrelationships between different activities. Those

interrelationships between activities are indicated as a network.

Over the years, the CPM has become the common construction network schedule. A CPM

shows the sequence of each activity, the start of each activity, the dependence of that activity

on the completion of a preceding activity, and how the completion of that activity will restrict

the commencement of subsequent activities. The CPM is graphical model of a project. The

basic components of the network are individual arrows which represent specific activities.

The activity can be any aspect of the project that requires either time or resources. The

project activities are indicated by a logical flow of the work from the left hand side of the

schedule to the right hand side. At each end of the arrow are activity numbers. The numbers

are referred to as i-j designations. The letter i represents the start of the activity and the letter

j represents the finish of the activity. At some place along the arrow and between the i-j

designations is a number which represents the number of days that activity will require. The

schedule also has a time scale. Finally, the critical path is shown as darker or different

colored line that runs through the critical activities.
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The basic steps in creating a CPM schedule include:

 identification of the basic tasks or activities that must be performed to complete the

project;

 estimation of the duration of the specific activities;

 making a determination of the logical flow of the work, which includes a determination

of which activities must be completed before the subsequent ones can commence; and

 inputting the information into the computer so that it can make the numeric calculations

that lead to the formulation of the schedule

Terms that are used in context of a CPM network include:

 an Arrow or line is used to represent one activity;

 a Node or Event which represents the beginning and ending point of an activity;

 a Milestone is typically a significant event that the owner or contractor wants to track;

 a Link which represents the path between two Nodes;

 a Dependency is the relationship between two different activities as they related to the

commencement and completion of those activities;

 a Predecessor activity is an activity that restrains ( refer to as a restrain) a subsequent

depend activity;

 a the restrained activity that follows a Predecessor activity is a Successor activity;

 job logic refers to the necessary time and order of specific activities in relationship to the

whole project; and

 Float represents the number of days an activity can be delayed without delaying the

project, with a critical activity having no float.
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The critical path is computed in two steps. The first step involves a forward pass calculation

of the activities; starting with the first activity on day one of the project. During the forward

pass calculation the early start and early finish for that activity is calculated. The early start is

the earliest time an activity can start and is based on the completion of predecessor activities.

The early finish is the earliest time an activity can finish, assuming it starts on time and takes

no longer than was planned. The second step is the backward pass calculation. It involves

calculating the late start dates and late finish dates for each activity. While the late start date

is the latest date an activity can start without delaying the project completion, the late finish

date is the latest date an activity can finish without delaying the project. Scheduling software

automatically completes these two calculation passes then prepares a report with the dates

and a graphic network portrayal of the schedule. The Critical Path is the longest continuous

chain or series of activities through the CPM network. In essence, the critical path is the

shortest period of time it will take to complete all the activities that comprise the project. The

completion of project is delayed when one of the critical path activities is not started on time,

not finished within the allotted time, or not finished on time. If a non-critical activity exceeds

its float time, that activity will become critical.

3. Project Specifications

In almost every construction contract time is of the essence. Since timely completion of the

project is important, almost every construction contract includes some form of a scheduling

requirement. The more sophisticated the project is the more likely the project specifications

will include a scheduling section. Typically, an initial as-planned CPM network schedule

must be submitted for approval by the owner. The initial schedule is to be submitted both in a

time scaled graphic model that uses arrows to indicate each activity. The time scale also

includes a calendar scale. The CPM must indicate the sequence of each activity, the start of

each activity, the dependence of that activity on the completion of a preceding activity, and

how the completion of that activity will restrict the commencement of subsequent activities.

Once the initial schedule is accepted it is commonly referred to as the baseline schedule. In

addition, the specifications may require the contractor to submit the schedule data in an
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electronic form. On larger projects, the specifications may require that the schedule be

resource loaded. In other words, the schedule must also indicate the costs and resources

necessary to perform each activity. The contractor is required to breakout within each activity

the separate values assigned to specific resources such as labor, equipment, and materials.

When a contractor prepares initial schedule they should request activity durations from the

subcontractors and the long lead time suppliers. That information is not only necessary to

accurately prepare the schedule, but can be the basis of binding the subcontractor to the

activity durations set forth in the schedule. Thus, subcontracts should include provisions that

obligate subcontractors to provide such information. Once the schedule is approved, copies

should be sent to the subcontractors. Most specifications require monthly updated reports that

indicate the status of each activity. The status each activity is usually found by reviewing a

status line that runs from the top to the bottom of the schedule. By reviewing each item that

line passes through and those which preceded the status line, the completion status of each

activity on that date can be determined. The project general conditions may require the use of

the updated CPM to prove that an owner-caused delay impacted one or a series of critical

activities. Until such evidence is submitted the owner may deny an extension of time to

complete the project or obtain additional delay related compensation. Some specifications

require the preparation of a recovery schedule when the critical activities are not being

completed on the dates set forth in the schedule. Such a schedule must indicate how the

contractor intends to complete the project within the allotted time and what resources will be

used to accelerate the work so that it can be completed on time.

4. A Brief Overview of the Use of CPM Schedules to Prove Delay Claims

Over the years, the courts have rendered a number of decisions that clearly indicate that CPM

based scheduling delay analysis is the preferred method to analyze delay claims and assign

each parties responsibility for the delay. The California courts have held that a bar chart can

be used, but it must include some form of critical path analysis. (see Howard Contracting v.
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MacDonald Contracting (1998) 71 Cal. App. 4th 38) In addition, the better drafted

construction contracts dictate that a CPM based schedule is the only evidence that will be

accepted to establish a delay. As earlier article have stated, four tests must be satisfied before

recovery for delay costs will be allowed a contractor must prove that the delay was:

 excusable,

 compensable,

 critical, and

 non-concurrent

The third and fourth tests require some form of CPM based schedule analysis. There are four

primary methods of analyzing a delay claim using a CPM schedule. All four methods rely on

some comparison of the as-planned schedule to the actual as-built schedule or events. Two

methods are primarily used after the project is completed and two methods are used during

the course of construction.

 The first approach requires a determination of which events the other party is responsible

for and then removing them from the as-built schedule by manipulating the scheduling

software. In essence, delays caused by the owner are remove from the schedule then a

comparison is made to the as-planned schedules completion date. This method is used

after the project is completed. If the collapsed as-built completion indicates that the

collapsed project completion date is equal or less than the as-planned schedule the owner

is responsible for the delays. This method is referred to as the collapsed as-built schedule

method.

 The second method involves a selection of specific time periods when major delays

occurred for an as-planned versus as-built comparison. Rather simply collapsing out the

owner caused delays, this approach involves a more in depth analysis of how each delay

period impacted the critical path activities. Once an analysis of the first major delay is

made, then those conclusions become the baseline for determining how the subsequent

delays impacted the project. This approach is used after the project is completed.
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 The third method involves modifying the as-planned schedule. The method involves

either modifying the as-planned schedule by modifying the schedule to reflect the critical

delays for which the owner is responsible or alternatively by modifying the schedule to

reflect the critical delays for which the contractor is responsible. A comparison of the

original as-planned schedule to the modified schedule should indicate the number of

additional days that are attributable to the owner. This method is typically used before a

project is completed. It should be noted that the courts have questioned the validity of

such an approach since it fails to accurately measure the impact of the delays on the

critical path.

 The fourth method involves the use of fragnets, which are fragments of a CPM network.

In essence, new partial CPM networks are created for the periods or events that are being

evaluated. Once the fragmented portion of the schedule is completed, it is then added into

the current as-built schedule. At which point, an evaluation of the delay can be made in

relationship to the ongoing activities. The fragnet approach is typically used during the

course of construction.

Delay analysis is not limited to the four methods. There are a number of variations on the

four methods. Before a court will accept whatever method is chosen, the proponent of the

analysis method must be able to establish that the approach identifies how the delay impacted

the actual completion of the project. By definition, only those delays which delay the actual

completion of the project are on the critical path. Only a rare number of contractors fail to

use some form of a scheduling device to determine the sequence of construction activities

and events. A properly though out schedule allows a contractor and owner to properly

coordinate the work and resources that are needed to timely complete the project. The cost of

scheduling software is decreasing and at the same time the level of intricacy of the finished

schedule is increasing. However, the proper use of such software requires a basic

understanding of construction scheduling concepts. Finally, a properly prepared and updated

CPM based schedule can be the key method for proving the other parties responsibility for

delays.
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In Section 3 of this course you will cover these topics:
Project Monitoring And Control

Computer Scheduling

Earned Value: A Means For Integrating Costs And Schedule

Topic Objective:

At the end of this topic student would be able to:

 Define the term project control

 Describe the importance project control system

 Highlight the monitoring and controlling process in a construction project

Definition/Overview:

The topic provides a general overview of the term project control, what is the importance of

using a project control system and how the project controlling process is used and implemented

in construction project.

Project Control: Project control is that element of a project that keeps it on-track, on-time, and

within budget.
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Key Points:

1. Project control systems

Project controlling should be established as an independent function in project management. It

implements verification and controlling function during the processing of a project in order to

reinforce the defined performance and formal goals. The tasks of project controlling are also:

 the creation of infrastructure for the supply of the right information and its update

 the establishment of a way to communicate disparities of project parameters

 the development of project information technology based on an intranet or the

determination of a project key performance index system (KPI)

 divergence analyses and generation of proposals for potential project regulations

 the establishment of methods to accomplish an appropriate the project structure, project

workflow organization, project control and governance

 creation of transparency among the project parameters

Fulfillment and implementation of these tasks can be achieved by applying specific methods and

instruments of project controlling. The following methods of project controlling can be applied:

 investment analysis

 costbenefit analyses

 value benefit Analysis

 expert surveys

 simulation calculations

 risk-profile analyses

 surcharge calculations

 milestone trend analysis

 cost trend analysis

 target/actual-comparison

Project control is that element of a project that keeps it on-track, on-time and within

budget. Project control begins early in the project with planning and ends late in the project with
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post-implementation review, having a thorough involvement of each step in the process. Each

project should be assessed for the appropriate level of control needed: too much control is too

much time consuming, too little control is very risky. If project control is not implemented

correctly, the cost to the business should be clarified in terms of errors, fixes, and

additional audit-fees.

Control systems are needed for cost, risk, quality, communication, time, change, procurement,

and human resources. In addition, auditors should consider how important the projects are to

the financial statements, how reliant the stakeholders are on controls, and how many controls

exist. Auditors should review the development process and procedures for how they are

implemented. The process of development and the quality of the final product may also be

assessed if needed or requested. A business may want the auditing firm to be involved

throughout the process to catch problems earlier on so that they can be fixed more easily. An

auditor can serve as a controls consultant as part of the development team or as an independent

auditor as part of an audit.

Businesses sometimes use formal systems development processes. These help assure that

systems are developed successfully. A formal process is more effective in creating strong

controls, and auditors should review this process to confirm that it is well designed and is

followed in practice. A good formal systems development plan outlines:

 A strategy to align development with the organizations broader objectives

 Standards for new systems

 Project management policies for timing and budgeting

 Procedures describing the process

 Evaluation of quality of change

2. Monitoring and Controlling

Monitoring and Controlling consists of those processes performed to observe project

execution so that potential problems can be identified in a timely manner and corrective

www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

33
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



action can be taken, when necessary, to control the execution of the project. The key benefit

is that project performance is observed and measured regularly to identify variances from the

project management plan.

Monitoring and Controlling includes:

 Measuring the ongoing project activities (where we are);

 Monitoring the project variables (cost, effort, ...) against the project management plan

and the project performance baseline (where we should be);

 Identify corrective actions to properly address issues and risks (How can we get on track

again);

 Influencing the factors that could circumvent integrated change control so only approved

changes are implemented

In multi-phase projects, the Monitoring and Controlling process also provides feedback

between project phases, in order to implement corrective or preventive actions to bring the

project into compliance with the project management plan.

Project Maintenance is an ongoing process, and it includes:

 Continuing support of end users

 Correction of errors

 Updates of the software over time
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In this stage, auditors should pay attention to how effectively and quickly user problems are

resolved. Over the course of any construction project, the work scope changes. Change is a

normal and expected part of the construction process. Changes can be the result of necessary

design modifications, differing site conditions, material availability, contractor-requested

changes, value engineering and impacts from third parties, to name a few. Beyond executing

the change in the field, the change normally needs to be documented to show what was

actually constructed. Hence, the owner usually requires a final record to show all changes or,

more specifically, any change that modifies the tangible portions of the finished work. The

record is made on the contract documents usually, but not necessarily limited to, the design

drawings. The end product of this effort is what the industry terms as-built drawings, or more

simply, asbuilts. The requirement for providing them is a norm in construction contracts.

3. Closing

Closing includes the formal acceptance of the project and the ending thereof. Administrative

activities include the archiving of the files and documenting lessons learned. Closing phase

consists of two parts:

 Close project: to finalize all activities across all of the process groups to formally close

the project or a project phase

 Contract closure: necessary for completing and settling each contract, including the

resolution of any open items, and closing each contract applicable to the project or a

project phase.

www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

35
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



Topic Objective:

At the end of this topic student would be able to:

 Define the term scheduling

 Describe the production scheduling tools

 Highlight the benefits of product scheduling

Definition/Overview:

Scheduling: Scheduling is an important tool for manufacturing and engineering, where it can

have a major impact on the productivity of a process. In manufacturing, the purpose of

scheduling is to minimize the production time and costs, by telling a production facility what to

make, when, with which staff, and on which equipment. Production scheduling aims to

maximize the efficiency of the operation and reduce costs.

Key Points:

1. Scheduling

Production scheduling tools greatly outperform older manual scheduling methods. These

provide the production scheduler with powerful graphical interfaces which can be used to

visually optimize real-time workloads in various stages of production, and pattern

recognition allows the software to automatically create scheduling opportunities which might

not be apparent without this view into the data. For example, an airline might wish to

minimize the number of airport gates required for its aircraft, in order to reduce costs, and

scheduling software can allow the planners to see how this can be done, by analyzing time
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tables, aircraft usage, or the flow of passengers. Companies use backward and forward

scheduling to allocate plant and machinery resources, plan human resources, plan production

processes and purchase materials. Forward scheduling is planning the tasks from the date

resources become available to determine the shipping date or the due date. Backward

scheduling is planning the tasks from the due date or required-by date to determine the start

date and/or any changes in capacity required.

The benefits of production scheduling include:

 Process change-over reduction

 Inventory reduction, leveling

 Reduced scheduling effort

 Increased production efficiency

 Labor load leveling

 Accurate delivery date quotes

 Real time information

2. Computer Scheduling

There are many different strategies used for scheduling in computers. This section examines

a simple strategy, with no allowance for process prioritization, this is the Batch Processing

algorithm, and has the following properties:

 Each process gets as much time as it needs to complete

 There is a single FIFO queue for processes waiting to be processed

 New processes are placed on the back of the queue
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The model can be considered as an M/G/1 case. It is clear that the average response time of

the system for a process that takes x seconds to complete, T(x), will be the time spent waiting

in the queue, plus the time to complete the process:

For an M/G/1 queue:

Notice how the wait time is totally independent of the job's length, thus batch processing is

completely indiscriminate of job length, but this does have the disadvantage that short jobs

get no priority and thus batch processing isn't suitable for a time shared system. From the

above we can substitute in W0 to give:

Topic Objective:

At the end of this topic student would be able to:

 Define the term earned value management

 Describe the importance and purpose of earned value management system

Definition/Overview:

Earned Value Management (EVM): Earned Value Management (EVM) is a project

management technique used for measuring project progress in an objective manner.
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Key Points:

1. Earned Value Management (EVM)

EVM combines measurements of technical performance (i.e., accomplishment of planned

work), schedule performance (i.e., behind/ahead of schedule), and cost performance (i.e.,

under/over budget) within a single integrated methodology. When properly applied, EVM

provides an early warning of performance problems. Additionally, EVM promises to

improve the definition of project scope, prevent scope creep, communicate objective progress

to stakeholders, and keep the project team focused on achieving progress. Earned Schedule

(ES) is an extension to the theory and practice of Earned Value Management (EVM). As of

2005, Earned Schedule is designated as an "emerging practice" by the Project Management

Institute. It was introduced in 2003 a seminal article "Schedule is Different" by Walter Lipke,

in The Measurable News, the quarterly magazine of the College of Performance

Management, of the Project Management Institute.

Traditionally, EVM tracks schedule variances not in units of time, but in units of currency

(e.g. dollars) or quantity (e.g. labor hours). Of course, it is more natural to speak of schedule

performance in units of time, but the problems with traditional schedule performance metrics

are even deeper. Near the end of a project -- when schedule performance is often a primary

concern -- the usefulness of traditional schedule metrics is demonstrably poor. In traditional

EVM, a schedule variance (SV) of 0 or a schedule performance index (SPI) of 1 indicates

that a project is exactly on schedule. However, when a project is completed, its SV is always

0 and SPI is always 1, even if the project was delivered unacceptably late. Similarly, a

project can languish near completion (e.g. SPI = 0.95) and never be flagged as outside

acceptable numerical tolerance. (Using traditional SV as an exception threshold, it is not

uncommon that an SPI > 0.9 is considered acceptable.)
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To correct these problems, Earned Schedule theory renames the two traditional measures SV

and SPI as SV($) and SPI($), to indicate clearly they are in units of currency or quantity, not

time. Then, time-based quantities SV(t) and SPI(t) are created. A stated advantage of Earned

Schedule methods is that no new data collection processes are required to implement and test

Earned Schedule; it only requires updated formulas. Earned Schedule theory also provides

updated formulas for predicting project completion date, using the time-based measures. It

has been stated that Earned Schedule provides a useful link between traditional Earned Value

Analysis and traditional project schedule analysis -- a link that some say has been missing in

traditional EVM theory. EVM has no provision to measure project quality, so it is possible

for EVM to indicate a project is under budget, ahead of schedule and scope fully executed,

but still have unhappy clients and ultimately unsuccessful results. In other words, EVM is

only one tool in the project manager's toolbox.

Since EVM requires quantification of a project plan, it is often perceived to be inapplicable

to discovery-driven or Agile software development projects. For example, it may be

impossible to plan certain research projects far in advance, since research itself uncovers

some opportunities (research paths) and actively eliminates others. However, another school

of thought holds that all work can be planned, even if in weekly time-boxes or other short

increments. Thus, the challenge is to create agile or discovery-driven implementations of the

EVM principle, and not simply to reject the notion of measuring technical performance

objectively. Applying EVM in fast-changing work environments is, in fact, an area of project

management research. Traditional EVM is not intended for non-discrete (continuous) effort.

In traditional EVM standards, non-discrete effort is called level of effort" (LOE). If a project

plan contains a significant portion of LOE, and the LOE is intermixed with discrete effort,

EVM results will be contaminated. This is another area of EVM research. Traditional

definitions of EVM typically assume that project accounting and project network schedule

management are prerequisites to achieving any benefit from EVM. Many small projects don't

satisfy either of these prerequisites, but they too can benefit from EVM, as described for
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simple implementations, above. Other projects can be planned with a project network, but do

not have access to true and timely actual cost data. In practice, the collection of true and

timely actual cost data can be the most difficult aspect of EVM. Such projects can benefit

from EVM, as described for intermediate implementations, above, and Earned Schedule.

In Section 4 of this course you will cover these topics:
The Impact Of Scheduling Decisions On Productivity

Cpm In Dispute Resolution And Litigation

Short-Interval Schedules

Topic Objective:

At the end of this topic student would be able to:

 Define the term scheduling

 Describe the impact of scheduling decisions on productivity

 Highlight the role of engineering economics on productivity

Definition/Overview:

Scheduling: Scheduling is an important tool for manufacturing and engineering, where it can

have a major impact on the productivity of a process. In manufacturing, the purpose of

scheduling is to minimize the production time and costs, by telling a production facility what to

make, when, with which staff, and on which equipment. Production scheduling aims to

maximize the efficiency of the operation and reduce costs
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Key Points:

1. Impact of Scheduling Decisions on Productivity

Decisions made by engineers, managers, corporation presidents, and individuals are

commonly the result of choosing one alternative over another. Decisions often reflect a

person's educated choice of how to best invest funds, also called capital. The amount of

capital is usually restricted, just as the cash available to an individual is usually limited. The

decision of how to invest capital will invariably change the future, hopefully for the better;

that is, it will be value adding. Engineers play a major role in capital investment decisions

based on their analysis, synthesis, and design efforts. The factors considered in making the

decision are a combination of economic and non economic factors. Additional factors may be

intangible, such as convenience, goodwill, friendship, and others.

2. Role Of Engineering Economy In Decision Making

People make decisions; computers, mathematics, and other tools do not. The techniques and

models of engineering economy assist people in making decisions. Since decisions affect

what will be done, the time frame of engineering economy is primarily the future. Therefore,

numbers used in an engineering economic analysis are best estimates of what is expected to

occur. These estimates often involve the three essential elements mentioned earlier: cash

flows, time of occurrence, and interest rates. These estimates are about the future, and will be

somewhat different than what actually occurs, primarily because of changing circumstances

and unplanned-for events. In other words, the stochastic nature of estimates will likely make

the observed value in the future differ from the estimate made now. Commonly, sensitivity

analysis is performed during the engineering economic study to determine how the decision

might change based on varying estimates, especially those that may vary widely.
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For example, an engineer who expects initial software development costs to vary as much as

20% from an estimated $250,000 should perform the economic analysis for first-cost

estimates of $200,000, $250,000, and $300,000. Other uncertain estimates about the project

can be "tweaked" using sensitivity analysis. Engineering economy can be used equally well

to analyze outcomes of the past. Observed data are evaluated to determine if the outcomes

have met or not met a specified criterion, such as a rate of return requirement. For example,

suppose those 5 years ago, a United States-based engineering design company initiated a

detailed-design service in Asia for automobile chassis. Now, the company president wants to

know if the actual return on the investment has exceeded 15% per year. There is an important

procedure used to address the development and selection of alternatives. Commonly referred

to as the problem-solving approach or the decision-making process, the steps in the approach

follow:

 Step 1: Understand the problem and define the objective.

 Step 2: Collect relevant information.

 Step 3: Define the feasible alternative solutions and make realistic estimates.

 Step 4: Identify the criteria for decision making using one or more attributes.

 Step 5: Evaluate each alternative, using sensitivity analysis to enhance the evaluation.

 Step 6: Select the best alternative

 Step 7: Implement the solution and monitor the results

Engineering economy has a major role in all steps and is primary to steps 2 through 6. Steps

2 and 3 establish the alternatives and make the estimates for each one. Step 4 requires the

analyst to identify attributes for alternative selection. This sets the stage for the technique to

apply. Step 5 utilizes engineering economy models to complete the evaluation and perform

any sensitivity analysis upon which a decision is based
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Topic Objective:

At the end of this topic student would be able to:

 Define the term critical path method

 Describe the purpose and importance of critical path method

 Highlight the calculation for this method

Definition/Overview:

Critical Path Method: The Critical Path Method, abbreviated CPM, or critical path analysis, is

a mathematically based algorithm for scheduling a set of project activities.

Key Points:

1. Critical Path Method

CPM calculates the longest path of planned activities to the end of the project, and the

earliest and latest that each activity can start and finish without making the project longer.

The critical path method considered only logical dependencies between terminal elements.

CPM allows continuous monitoring of the schedule, allows the project manager to track the

critical activities, and alerts the project manager to the possibility that non-critical activities

may be delayed beyond their total float.
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2. Using Technique

The essential technique for using CPM is to construct a model of the project that includes the

following:

 A list of all activities required to complete the project (also known as Work breakdown

structure),

 The time (duration) that each activity will take to completion, and

 The dependencies between the activities.

Above is the PERT chart for a project with five milestones (10 through 50) and six activities

(A through F). The project has two critical paths: activities B and C, or A, D, and F - giving a

minimum project time of 7 months with fast tracking. Activity E is sub-critical, and has a

float of 2 months.

Using these values, CPM calculates the longest path of planned activities to the end of the

project, and the earliest and latest that each activity can start and finish without making the

project longer. This process determines which activities are "critical" (i.e., on the longest

path) and which have "total float" (i.e., can be delayed without making the project longer). In

project management, a critical path is the sequence of project network activities which add

up to the longest overall duration. This determines the shortest time possible to complete the

project. Any delay of an activity on the critical path directly impacts the planned project

completion date (i.e. there is no float on the critical path). A project can have several,

parallel, near critical paths. An additional parallel path through the network with the total

durations shorter than the critical path is called a sub-critical or non-critical path.
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These results allow managers to prioritize activities for the effective management of project

completion, and to shorten the planned critical path of a project by pruning critical path

activities, by "fast tracking" (i.e., performing more activities in parallel), and/or by "crashing

the critical path" (i.e., shortening the durations of critical path activities by adding resources).

Originally, the critical path method considered only logical dependencies between terminal

elements. Since then, it has been expanded to allow for the inclusion of resources related to

each activity, through processes called activity-based resource assignments and resource

leveling. A resource-leveled schedule may include delays due to resource bottlenecks (i.e.,

unavailability of a resource at the required time), and may cause a previously shorter path to

become the longest or "resource critical" path. A related concept is called the critical chain,

which attempts to protect activity and project durations from unforeseen delays due to

resource constraints.

Since project schedules change on a regular basis, CPM allows continuous monitoring of the

schedule, allows the project manager to track the critical activities, and alerts the project

manager to the possibility that non-critical activities may be delayed beyond their total float,

thus creating a new critical path and delaying project completion. In addition, the method can

easily incorporate the concepts of stochastic predictions, using the Program Evaluation and

Review Technique (PERT) and event chain methodology. Currently, there are several

software solutions available in industry that use the CPM method of scheduling, see list of

project management software. However, the method was developed and used without the aid

of computers.

A schedule generated using critical path techniques often is not realized precisely, as

estimations are used to calculate times: if one mistake is made, the results of the analysis may

change. This could cause an upset in the implementation of a project if the estimates are

blindly believed, and if changes are not addressed promptly. However, the structure of

critical path analysis is such that the variance from the original schedule caused by any
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change can be measured, and its impact either ameliorated or adjusted for. Indeed, an

important element of project postmortem analysis is the As Built Critical Path (ABCP),

which analyzes the specific causes and impacts of changes between the planned schedule and

eventual schedule as actually implemented.

3. Program Evaluation and Review Technique

PERT is a method to analyze the involved tasks in completing a given project, especially the

time needed to complete each task, and identifying the minimum time needed to complete the

total project. This model was invented by Booz Allen Hamilton, Inc. under contract to the

United States Department of Defense's US Navy Special Projects Office in 1958 as part of

the Polaris mobile submarine-launched ballistic missile project. This project was a direct

response to the Sputnik crisis. Some US government contracts required that PERT be used as

part of management supervision. PERT was developed primarily to simplify the planning and

scheduling of large and complex projects. It was able to incorporate uncertainty by making it

possible to schedule a project while not knowing precisely the details and durations of all the

activities. It is more of an event-oriented technique rather than start- and completion-

oriented, and is used more in R&D-type projects where time, rather than cost, is the major

factor. This project model was the first of its kind, a revival for scientific management,

founded in Fordism and Taylorism. Only DuPont Corporations critical path method was

invented at roughly the same time as PERT. The most recognizable feature of PERT is the

"PERT Networks", a chart of interconnecting timelines. PERT is intended for very large-

scale, one-time, complex, non-routine projects.
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4. PERT terminology and conventions

4.1. Conventions

A PERT chart is a tool that facilitates decision making; the first draft of a PERT

chart will number its events sequentially in 10s (10, 20, 30, etc.) to allow the later

insertion of additional events.

Two consecutive events in a PERT chart are linked by activities, which are

conventionally represented as arrows in the diagram above.

The events are presented in a logical sequence and no activity can commence until

its immediately preceding event is completed.

The planner decides which milestones should be PERT events and also decides

their proper sequence.

A PERT chart may have multiple pages with many sub-tasks.

5. Implementing PERT

The first step to scheduling the project is to determine the tasks that the project requires and

the order in which they must be completed. The order may be easy to record for some tasks

(e.g. When building a house, the land must be graded before the foundation can be laid)

while difficult for others (There are two areas that need to be graded, but there are only

enough bulldozers to do one). Additionally, the time estimates usually reflect the normal,

non-rushed time. Many times, the time required to execute the task can be reduced for an

additional cost or a reduction in the quality. In the following example there are seven tasks,

labeled a through g. Some tasks can be done concurrently (a & b) while others cannot be

done until their predecessor task is complete (c cannot begin until a is complete).

Additionally, each task has three time estimates: the optimistic time estimate (a), the most
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likely or normal time estimate (m), and the pessimistic time estimate (b). The expected time

(TE) is computed using the formula (a + 4m + b) /6.

Topic Objective:

At the end of this topic student would be able to:

 Define the term scheduling

 Describe the short interval schedules in construction project

 Highlight the current SIS formats

Definition/Overview:

The topic provides a general overview of the term scheduling. The topic also describe the

schedules in contraction project.

Scheduling: Construction Scheduling is a major tool for the management of projects.

Key Points:

1. Short-Interval Schedules

Over the past decades, it has served as a fundamental basis for monitoring and controlling

project activities. Although the use of this tool has enhanced the performance of the

construction team and has helped them in executing projects more efficiently, studies have

proven that a considerable amount of the eight-hour day is non-productive time, especially
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due to waiting time [Adrian]. This waiting time is characterized by events such as a laborer

waiting for materials or equipment, a worker waiting for the help of another worker, a

subcontractor waiting for the general contractor or vice-versa, and so on. The majority, if not

all, of the non-productive time related to waiting can be traced to a lack of detailed planning

and scheduling. During the implementation of the project, personnel involved in the actual

execution of the work need a breakdown of the scheduled activities into more detailed tasks

or work items with information on daily quantities and resources required.

This allows for planning and managing the day-to-day work at the construction site more

effectively. It also helps the project team to eliminate, or at least reduce, the non-productive

time related to waiting, and to remain on schedule. Normally, the main construction schedule

does not contain sufficient detail to represent tasks on a daily basis. Due to the nature and

long time periods needed for implementing construction projects, the scheduler has a

limitation of details when developing the project network in order to keep the schedule

practical to use. The scheduler then implements the main schedule with a certain level of

detail depending on the complexity of the project and the intended user of the schedule. The

average duration of any activity presented in the main schedule usually varies from 5 to 15

days, and sometimes double these figures. Including more activities at a higher level of detail

and shorter duration may result in a more complicated schedule that is impractical to

maintain. In addition, the construction project environment is inherently dynamic. It is

impractical, if not impossible, to predict all aspects of the project prior to starting

construction, and inevitably things do not always go as planned. With a large number of

activities and sub-activities implemented in the main construction schedule, it becomes

tedious and time consuming to update the schedule whenever changes occur.

Developing SIS from the main schedule is advantageous to planning and managing the day-

to-day work more effectively. Abstract information represented in the main schedule needs to

be extracted. This information can then be expanded and used to reschedule, in detail, the
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daily/weekly tasks in order to meet the project teams short-term goals and objectives. The

SIS wont substitute for the main schedule, but rather, it will be its compliment. The SIS has

several advantages. It helps to increase the productivity by eliminating, or at least reducing,

the nonproductive time related to waiting. Having the resources and materials ready on site,

whenever needed, is one of the main benefits of SIS. It also instills in both workers and

superintendents an immediate sense of urgency to get the job done. The effect is

psychological and occurs because SIS establishes obtainable goals on a short-range basis.

The short-range aspect is what makes the goal attractive and challenging.

The concept of SIS is not new. It was developed in the 1930s as a management technique to

control the output of workers in manufacturing. It was known as a method for assigning a

planned quantity of work to be completed by a specific time, and as a means to determining

whether the quantity of work has been completed within the specified time limit. Then it was

introduced to the construction industry. It is explicitly recognized by several scheduling

methodologies that have been available for many years and have been called by a number of

names, such as: Short-Interval scheduling; Short-term goal setting, Shielding Production.

Several experiments and research efforts have proven the necessity and impact of applying

SIS on construction projects. They have concluded that short-term goals resulted in higher

productivity than long-term goals, and that, for construction crews, the largest categories of

reasons for failure are missing materials and failure to complete prerequisite work. In

addition, several case studies have also reflected the benefits of using SIS.

However, Short-Interval schedules have usually been implemented for only a limited part of

the project. This is due to the time consumed in the development of these schedules, as well

as the difficulty of updating them whenever changes occur. In addition, manual goals set by

the foreman could sometimes be too easy to achieve, because he does not want to commit

himself to difficult goals. Thus, an automated model that uses information predetermined by

the management can assure the quality of assignments given to the crew. The next section
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presents an overview of current manual formats used in the management of construction

projects. The following section presents an automated model that allow for the generation of

SIS to assist the project team in managing and controlling day-to-day work. The model

utilizes construction assemblies/components database to intelligently develop the Short-

Interval Schedules.

2. Current SIS formats

Depending on the quantity of work included in the activity, the process of developing a

detailed schedule begins with breaking down the activities from the main schedule into sub-

activities that have smaller quantities, and/or assemblies. Then each assembly is divided into

more finite details with components or work tasks.

 Sub-activities: Depending on the quantity of the work contained in the activity in the

main schedule, activities could be divided into several sections according to geographic

location in the project. In this case, a portion of an activity called a sub-activity represents

each section. For example, a 10,000 ft2 concrete slab could be divided into four sections

of 2,500 ft2 each.

 Assemblies: An assembly is the functional element of the building. It is a grouping of

several building components. Each assembly has its own specifications. Activities and

sub-activities constitute one or more assembly. For example, a construct footings activity,

or a construct footings Area A sub-activity, could be divided into two assemblies: spread

footings and strip

 Components or work tasks: A component is the fundamental unit of work in a project. It

has a concise description of the work to be performed. For example, a Cast-in-place beam

and slab, two-way assembly includes the following components: forms in place, flat

plate, forms in place, exterior spandrel, forms in place, interior beam, reinforcing in

place, place and vibrate concrete, finish floor, and cure. Their exist several formats to

present detailed scheduling. Each format has its advantages and disadvantages. The

different formats are:
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Bar Chart schedule is developed in exactly the same way a main project Bar

Chart is developed, thus has the same advantages and disadvantages. It is easy

to implement, but does not represent the relation between the components.

Date List is a list of start and finish dates given to each component. It presents

exactly the same information as the Bar Chart, although not as clearly,

Network schedule (Figure 1c) is developed in exactly the same way a main

project network is developed. It is a very complicated and time-consuming

tool to be used in detailed scheduling, especially with the great number of

components activities can be broken down to. If an activity has 6 components

that have to be done in four places. The result will be a network of 24

components just to breakdown one activity.

Matrix schedule is a table where columns represent dates, rows represent sub-

activities, and cells represent different components. Each table usually

displays one activity. This format is most effective when the activity being

scheduled need to be broken down into sub-activities, then into components.

However, it is difficult to understand the logic behind this format if you are

not its developer.

Graphic schedule a graph that represents sub-activities in their real geographical

location in the project. Each sub-activity contains its components. The logic

between the sub-activities is presented by arrows. The graph contains the

same information as that contained in the Bar Chart and the Date List.

Short-Interval Scheduling form is a table that represents the components to be

performed for a specific duration, as well as the quantity and the resource

needed for each component. The advantage of this form is that it contains

more information than any other format. Although, it does not contain the

logic between the components.
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3. The proposed model

The proposed model will allow for the generation of a Short-Interval Schedule to help in

more effectively planning and managing the day-to-day work at the construction site. Its

main objective is to facilitate the development and the updating of these schedules. A

proposed model for generating SIS from main schedules is depicted in Figure 2. Based on

project specific information, activities in the main schedule are broken down into sub-

activities and/or assemblies. This process may be accomplished manually through user input

or automatically through intelligent interpretation of construction knowledge about activities,

assemblies, and work items (components). An assembly database for the model will be

defined and will constitute various generic construction assemblies and needed construction

information. A component database will also be defined and will contain information on

construction work items. Information such as crew description and daily output will be stored

in the components database. Each activity/sub-activity will be associated with one or more

assembly. Each assembly will comprise of one or more component. A component code

allows identifying the different components that constitute each assembly and their

corresponding production information. Durations and percentage contribution of each

component toward execution of each assembly will be calculated, and a mini-schedule of the

assembly is generated. The model output should include a set of mini-schedules for

assemblies considered as shown in Figure 2.

In Section 5 of this course you will cover these topics:

Linear Scheduling

Pert: Program Evaluation And Review Technique

Arrow Diagrams
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Topic Objective:

At the end of this topic student would be able to:

 Define the term linear scheduling

 Describe the uses and importance of linear scheduling

Definition/Overview:

Linear Scheduling: Linear Scheduling Method (LSM) is a graphical scheduling method

focusing on continuous resource utilization in repetitive activities. It is believed that it originally

adopted the idea of Line-Of-Balance method.

Key Points:

1. Linear Scheduling (LSM)

Linear Scheduling Method (LSM) is a graphical scheduling method focusing on continuous

resource utilization in repetitive activities. It is believed that it originally adopted the idea of

Line-Of-Balance method. LSM is used mainly in construction industry to schedule resources

in repetitive activities commonly found in highway, pipeline, high-rise building projects.

These projects are called repetitive projects or linear projects. The main advantages of LSM

over Critical Path Method (CPM) is its underlying idea of keeping resource work

continuously. In other words, it schedules activities in such a way that:

 resource utilization is maximized

 interruption in on-going process is minimized, including hiring-and-filing
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 effect of learning curve phenomenon is minimized

These benefits are achieved in LSM by schedule activity start date at the date which will

provide such a continuous work flow for the resource. In contrast to CPM, this date

scheduled by LSM is not the earliest possible start date of an activity. Graphical presentation

of LSM is also another advantage over Critical Path Method when project consists of

repetitive activities.

Topic Objective:

At the end of this topic student would be able to:

 Define the term PERT

 Describe the program evaluation and review technique

 Highlight the PERT terminology and conventions

Definition/Overview:

PERT: PERT is a method to analyze the involved tasks in completing a given project,

especially the time needed to complete each task, and identifying the minimum time needed to

complete the total project.
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Key Points:

1. Program Evaluation and Review Technique

PERT is a method to analyze the involved tasks in completing a given project, especially the

time needed to complete each task, and identifying the minimum time needed to complete the

total project. This model was invented by Booz Allen Hamilton, Inc. under contract to the

United States Department of Defense's US Navy Special Projects Office in 1958 as part of

the Polaris mobile submarine-launched ballistic missile project. This project was a direct

response to the Sputnik crisis. Some US government contracts required that PERT be used as

part of management supervision. PERT was developed primarily to simplify the planning and

scheduling of large and complex projects. It was able to incorporate uncertainty by making it

possible to schedule a project while not knowing precisely the details and durations of all the

activities. It is more of an event-oriented technique rather than start- and completion-

oriented, and is used more in R&D-type projects where time, rather than cost, is the major

factor. This project model was the first of its kind, a revival for scientific management,

founded in Fordism and Taylorism. Only DuPont corporation's critical path method was

invented at roughly the same time as PERT. The most recognizable feature of PERT is the

"PERT Networks", a chart of interconnecting timelines. PERT is intended for very large-

scale, one-time, complex, non-routine projects.

2. PERT terminology and conventions

2.1. Conventions

A PERT chart is a tool that facilitates decision making; The first draft of a PERT

chart will number its events sequentially in 10s (10, 20, 30, etc.) to allow the later

insertion of additional events.

Two consecutive events in a PERT chart are linked by activities, which are

conventionally represented as arrows in the diagram above.
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The events are presented in a logical sequence and no activity can commence until

its immediately preceding event is completed.

The planner decides which milestones should be PERT events and also decides

their proper sequence.

A PERT chart may have multiple pages with many sub-tasks.

3. Implementing PERT

The first step to scheduling the project is to determine the tasks that the project requires and

the order in which they must be completed. The order may be easy to record for some tasks

(e.g. When building a house, the land must be graded before the foundation can be laid)

while difficult for others (There are two areas that need to be graded, but there are only

enough bulldozers to do one). Additionally, the time estimates usually reflect the normal,

non-rushed time. Many times, the time required to execute the task can be reduced for an

additional cost or a reduction in the quality. In the following example there are seven tasks,

labeled a through g. Some tasks can be done concurrently (a & b) while others cannot be

done until their predecessor task is complete (c cannot begin until a is complete).

Additionally, each task has three time estimates: the optimistic time estimate (a), the most

likely or normal time estimate (m), and the pessimistic time estimate (b). The expected time

(TE) is computed using the formula (a + 4m + b) /6.

PERT was developed primarily to simplify the planning and scheduling of large and complex

projects. It was able to incorporate uncertainty by making it possible to schedule a project

while not knowing precisely the details and durations of all the activities. It is more of an

event-oriented technique rather than start- and completion-oriented, and is used more in

R&D-type projects where time, rather than cost, is the major factor. This project model was

the first of its kind, a revival for scientific management, founded in Fordism and Taylorism.
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Only DuPont Corporations critical path method was invented at roughly the same time as

PERT. The most recognizable feature of PERT is the "PERT Networks", a chart of

interconnecting timelines. PERT is intended for very large-scale, one-time, complex, non-

routine projects.

4. PERT terminology

 A PERT event: is a point that marks the start or completion of one or more tasks. It

consumes no time, and uses no resources. It marks the completion of one or more tasks,

and is not reached until all of the activities leading to that event have been completed.

 A predecessor event: an event (or events) that immediately precedes some other event

without any other events intervening. It may be the consequence of more than one

activity.

 A successor event: an event (or events) that immediately follows some other event

without any other events intervening. It may be the consequence of more than one

activity.

 A PERT activity: is the actual performance of a task. It consumes time, it requires

resources (such as labor, materials, space, machinery), and it can be understood as

representing the time, effort, and resources required to move from one event to another.

A PERT activity cannot be completed until the event preceding it has occurred.

 Optimistic time (O): the minimum possible time required to accomplish a task, assuming

everything proceeds better than is normally expected

 Pessimistic time (P): the maximum possible time required to accomplish a task, assuming

everything goes wrong (but excluding major catastrophes).

 Most likely time (M): the best estimate of the time required to accomplish a task,

assuming everything proceeds as normal.

 Expected time (TE): the best estimate of the time required to accomplish a task, assuming

everything proceeds as normal (the implication being that the expected time is the

average time the task would require if the task were repeated on a number of occasions

over an extended period of time).
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TE = (O + 4M + P) 6

 Critical Path: the longest possible continuous pathway taken from the initial event to the

terminal event. It determines the total calendar time required for the project; and,

therefore, any time delays along the critical path will delay the reaching of the terminal

event by at least the same amount.

 Critical Activity: A activity that has total float equal to zero. Activity with zero float does

not mean it is on critical path.

 Lead time (rhymes with "feed", not "fed"): the time by which a predecessor event must

be completed in order to allow sufficient time for the activities that must elapse before a

specific PERT event is reached to be completed.

 Lag time: the earliest time by which a successor event can follow a specific PERT event.

 Slack: the slack of an event is a measure of the excess time and resources available in

achieving this event. Positive slack (+) would indicate ahead of schedule; negative slack

would indicate behind schedule; and zero slack would indicate on schedule.

 Fast tracking: performing more critical activities in parallel

 Crashing critical path: Shortening duration of critical activities

 Float or Slack is the amount of time that a task in a project network can be delayed

without causing a delay - Subsequent tasks (free float) or Project Completion (total float)

In the following example there are seven tasks, labeled a through g. Some tasks can be done

concurrently (a & b) while others cannot be done until their predecessor task is complete (c

cannot begin until a is complete). Additionally, each task has three time estimates: the

optimistic time estimate (a), the most likely or normal time estimate (m), and the pessimistic

time estimate (b). The expected time (TE) is computed using the formula (a + 4m + b) /6.
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Activity Predecessor
Opt.

a

Norm.

m

Pess.

b

TE

(a + 4m + b) /6

a -- 2 4 6 4.00

b -- 3 5 9 5.33

c a 4 5 7 5.17

d a 4 6 10 6.33

e b, c 4 5 7 5.17

f d 3 4 8 4.50

g e 3 5 8 5.17

[Figure 1: Diagram defining tasks]

All times listed are in work days (Mon - Fri, 8 A.M. to 5 P.M. with a one hour lunch break).

Once this step is complete, one can draw a Gantt chart or a network diagram.

A Gantt chart created using Microsoft Project (MSP). Note (1) the critical path is in red, (2)

the slack is the black lines connected to non-critical activities, (3) when using MSP, you must

use the task ID when labeling predecessor activities, and (4) since Saturday and Sunday are

not work days (as described above) some bars on the Gantt chart are longer if they cut

through a weekend.
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A Gantt chart created using Omni-Plan. Note (1) the critical path is highlighted, (2) the slack

is not specifically indicated on task 5 (d), though it can be observed on tasks 3 and 7 (b and

f), (3) when using Omni-Plan, you may use the GUI to easily link dependencies, or you may

enter them by reference to task ID, and (4) since weekends are indicated by a thin vertical

line, and take up no additional space on the work calendar, bars on the Gantt chart are not

longer or shorter when they do or don't carry over a weekend.

A network diagram can be created by hand or by using diagram software. There are two

types of network diagrams, activity on arrow (AOA) and activity on node (AON). Activity

on node diagrams is generally easier to create and interpret. To create an AON diagram, it is

recommended (but not required) to start with a node named start. This "activity" has duration

of zero (0). Then you draw each activity that does not have a predecessor activity (a and b in

this example) and connect them with an arrow from start to each node. Next, since both c and

d list a as a predecessor activity, their nodes are drawn with arrows coming from a. Activity e

is listed with b and c as predecessor activities, so node e is drawn with arrows coming from

both b and c, signifying that e cannot begin until both b and c have been completed. Activity

f has d as a predecessor activity, so an arrow is drawn connecting the activities. Likewise, an

arrow is drawn from e to g. Since there are no activities that come after f or g, it is

recommended (but again not required) to connect them to a node labeled finish.

By itself, the network diagram pictured above does not give much more information than a

Gantt chart; however, it can be expanded to display more information. The most common

information shown is:

 The activity name

 The normal duration time

 The early start time (ES)

 The early finish time (EF)

 The late start time (LS)
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 The late finish time (LF)

 The slack

In order to determine this information it is assumed that the activities and normal duration

times are given. The first step is to determine the ES and EF. The ES is defined as the

maximum EF of all predecessor activities, unless the activity in question is the first activity,

for which the ES is zero (0). The EF is the ES plus the task duration (EF = ES + duration).

The ES for start is zero since it is the first activity. Since the duration is zero, the EF is also

zero. This EF is used as the ES for a and b. The ES for a is zero. The duration (4 work days)

is added to the ES to get an EF of four. This EF is used as the ES for c and d.

 The ES for b is zero. The duration (5.33 work days) is added to the ES to get an EF of

5.33.

 The ES for c is four. The duration (5.17 work days) is added to the ES to get an EF of

9.17.

 The ES for d is four. The duration (6.33 work days) is added to the ES to get an EF of

10.33. This EF is used as the ES for f.

 The ES for e is the greatest EF of its predecessor activities (b and c). Since b has an EF of

5.33 and c has an EF of 9.17, the ES of e is 9.17. The duration (5.17 work days) is added

to the ES to get an EF of 14.34. This EF is used as the ES for g.

 The ES for f is 10.33. The duration (4.5 work days) is added to the ES to get an EF of

14.83.

 The ES for g is 14.34. The duration (5.17 work days) is added to the ES to get an EF of

19.51.
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 The ES for finish is the greatest EF of its predecessor activities (f and g). Since f has an

EF of 14.83 and g has an EF of 19.51, the ES of finish is 19.51. Finish is a milestone (and

therefore has duration of zero), so the EF is also 19.51.

Barring any unforeseen events, the project should take 19.51 work days to complete. The

next step is to determine the late start (LS) and late finish (LF) of each activity. This will

eventually show if there are activities that have slack. The LF is defined as the minimum LS

of all successor activities, unless the activity is the last activity, for which the LF equals the

EF. The LS is the LF minus the task duration (LS = LF - duration).

 The LF for finish is equal to the EF (19.51 work days) since it is the last activity in the

project. Since the duration is zero, the LS is also 19.51 work days. This will be used as

the LF for f and g.

 The LF for g is 19.51 work days. The duration (5.17 work days) is subtracted from the LF

to get LS of 14.34 work days. This will be used as the LF for e.

 The LF for f is 19.51 work days. The duration (4.5 work days) is subtracted from the LF

to get LS of 15.01 work days. This will be used as the LF for d.

 The LF for e is 14.34 work days. The duration (5.17 work days) is subtracted from the LF

to get LS of 9.17 work days. This will be used as the LF for b and c.

 The LF for d is 15.01 work days. The duration (6.33 work days) is subtracted from the LF

to get LS of 8.68 work days.

 The LF for c is 9.17 work days. The duration (5.17 work days) is subtracted from the LF

to get LS of 4 work days.

 The LF for b is 9.17 work days. The duration (5.33 work days) is subtracted from the LF

to get LS of 3.84 work days.

 The LF for a is the minimum LS of its successor activities. Since c has an LS of 4 work

days and d has an LS of 8.68 work days, the LF for a is 4 work days. The duration (4

work days) is subtracted from the LF to get LS of 0 work days.
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 The LF for start is the minimum LS of its successor activities. Since a has an LS of 0

work days and b has an LS of 3.84 work days, the LS is 0 work days.

The next step is to determine the critical path and if any activities have slack. The critical

path is the path that takes the longest to complete. To determine the path times, add the task

durations for all available paths. Activities that have slack can be delayed without changing

the overall time of the project. Slack is computed in one of two ways, slack = LF - EF or

slack = LS - ES. Activities that are on the critical path have a slack of zero (0).

 The duration of path adf is 14.83 work days.

 The duration of path aceg is 19.51 work days.

 The duration of path beg is 15.67 work days.

The critical path is aceg and the critical time is 19.51 work days. It is important to note that

there can be more than one critical path (in a project more complex than this example) or that

the critical path can change. For example, let's say that activities d and f take their pessimistic

(b) times to complete instead of their expected (TE) times. The critical path is now adf and

the critical time is 22 work days. On the other hand, if activity c can be crashed to one work

day, the path time for aceg is reduced to 15.34 work days, which is slightly less than the time

of the new critical path, beg (15.67 work days).

Assuming these scenarios do not happen, the slack for each activity can now be determined.

Start and finish are milestones and by definition have no duration, therefore they can have no

slack (0 work days). The activities on the critical path by definition have a slack of zero;

however, it is always a good idea to check the math anyway when drawing by hand.
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LFa - EFa = 4 - 4 = 0

LFc - EFc = 9.17 - 9.17 = 0

LFe - EFe = 14.34 - 14.34 = 0

LFg - EFg = 19.51 - 19.51 = 0

Activity b has an LF of 9.17 and an EF of 5.33, so the slack is 3.84 work days.

Activity d has an LF of 15.01 and an EF of 10.33, so the slack is 4.68 work days.

Activity f has an LF of 19.51 and an EF of 14.83, so the slack is 4.68 work days.

Therefore, activity b can be delayed almost 4 work days without delaying the project.

Likewise, activity d or activity f can be delayed 4.68 work days without delaying the project

(alternatively, d and f can be delayed 2.34 work days each).

Topic Objective:

At the end of this topic student would be able to:

 Define the term arrow diagrams

 Describe the purpose of arrow diagram

 Highlight the usage and limitations of arrow diagram

www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

66
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



Definition/Overview:

Arrow Diagrams: A tool used for working out optimal schedules and controlling them

effectively. It shows relationships among tasks needed to implement a plan using nodes for

events and arrows for activities. Arrow diagrams are used in PERT (Program Evaluation and

Review Technique) and CPM (Critical path method).

Key Points:

1. Purpose of Arrow Diagrams

The Message Sequence Chart technique has been incorporated into the Unified Modeling

Language (UML) diagram under the name of Sequence Diagram. A sequence diagram

shows, as parallel vertical lines, different processes or objects that live simultaneously, and,

as horizontal arrows, the messages exchanged between them, in the order in which they

occur. This allows the specification of simple runtime scenarios in a graphical manner. For

instance, the UML 1.x diagram on the right describes the sequences of messages of a

(simple) Restaurant System. This diagram represents a Patron ordering food and wine,

drinking wine then eating the food, and finally paying for the food. The dotted lines

extending downwards indicate the timeline, time flows from top to bottom. The arrows

represent messages (stimuli) from an actor or object to other objects. For example, the Patron

sends message 'pay' to the Cashier. Half arrows indicate asynchronous method calls.
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The UML 2.0 Sequence Diagram supports similar notation to the UML 1.x Sequence

Diagram with added support for modeling variations to the standard flow of events. If the

lifeline is that of an object, it is underlined (if not it is a role). Note that leaving the instance

name blank can represent anonymous and unnamed instances. In order to display interaction,

messages are used. These are horizontal arrows with the message name written above them.

Solid arrows with full heads are synchronous calls, solid arrows with stick heads are

asynchronous calls and dashed arrows with stick heads are return messages. This definition is

true as of UML 2, considerably different from UML 1.x. Activation boxes, or method-call

boxes, are opaque rectangles drawn on top of lifelines to represent that processes are being

performed in response to the message. Objects calling methods on themselves use messages

and add new activation boxes on top of any others to indicate a further level of processing.

When an object is destroyed (removed from memory), an X is drawn on top of the lifeline,

and the dashed line ceases to be drawn below it (this is not the case in the first example

though). It should be the result of a message, either from the object itself, or another. A

message sent from outside the diagram can be represented by a message originating from a

filled-in circle. A UML diagram may perform a series of steps, called a super-step, in

response to only one external stimulus.

2. Usage and limitations

Some systems have simple dynamic behavior that can be expressed in terms of specific

sequences of messages between a small, fixed number of objects or processes. In such cases

sequence diagrams can completely specify the system's behavior. Often, behavior is more

complex, e.g. when the set of communicating objects is large or highly variable, when there

are many branch points (e.g. exceptions), when there are complex iterations, or

synchronization issues such as resource contention. In such cases, sequence diagrams cannot

completely describe the system's behavior, but they can specify typical use cases for the

system, small details in its behavior, and simplified overviews of its behavior.
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