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What we will learn?

 How we get the work?

 Construction contracts

 Organization of contract documents

 Contract pricing methods

 Standard contract forms

 Bonds

 Insurance

 Procurement methods

 Making the bid/no bid decision

 Subcontracting
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 Contracts are either standard or specially prepared agreements.

 Most government agencies use standard formats for developing construction contract

documents.

 Federal and state agencies typically have

standardized general conditions and agreement language

that is prescribed by government procurement regulations.

Standard contract forms
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 Many local government agencies and private owners use contract formats developed

the following professional organizations:

 ConsensusDocs (www.ConsensusDocs.org);

 American Institute of Architects (AIA) (www.aia.org/contractdocs/index.htm);

 Engineers Joint Council Document Committee (EJCDC) (www.ejcdc.org/); and

 Design Build Institute of America (DBIA) (www.dbia.org/resource-

center/Pages/Contracts.aspx).

Standard contract forms
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 AIA Contracts, developed by the American Institute of Architects (AIA):

 ConsensusDocs, developed by 40 leading associations in the construction industry;

Standard contract forms
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 Contracts should not be signed until they have been subjected to a thorough legal

review.

 This is to ensure that the

1. Documents are legally enforceable in the event of a disagreement

2. There is a clear, legal description of each party’s responsibilities

 The advantage of using standard government or professional copyright contract forms is

that they

1. Have been developed by individuals skilled at contract law

2. Have been tested in and out of courts

Care should be exercised when modifying any of these standard forms. 

Standard contract forms
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 Bonds are used to protect the owner from some of the risks associated with

construction.

 The concept of a bond is that a third party (called the surety) guarantees to the owner

that the contractor will perform the work appropriately.

 When the contractor completes its obligations under the terms of the contract,

the bond expires.

 Most public owners require bonds on projects exceeding a certain value,

such as $250,000.

 Similar bonds also may be required by general contractors to guarantee the

performance of subcontractors.

Bond usage
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Relationship between owner, surety, and contractor

Types of bonds?
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 There are four types of bonds typically used in construction:

1. Bid bond: guarantees that the low bidder will

a) Submit performance and payment bonds and

b) Execute a contract to complete the project at the price bid.

 If the contractor does not, the bid bond becomes payable to the owner as

compensation for damages sustained,

which are the additional costs incurred by awarding the contract to the

next lowest bidder.

An example of a bid bond is shown in next slide.

Types of bonds
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Bid bond
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 There are four types of bonds typically used in construction:

2. Performance bond: guarantees that the contractor will complete the project in

accordance with the contract plans and specifications.

 If the contractor fails to perform or defaults, the bonding company either

a) Must complete the project in accordance with contract requirements or

b) Must compensate the owner for additional costs incurred by hiring another

contractor to complete the project.

An example performance bond is shown in next slide.

Standard contract forms
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Performance bond
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 There are four types of bonds typically used in construction:

3. Labor and material payment bond: guarantees that the contractor will pay all

suppliers, and subcontractors and that no liens will be placed on the completed

project.

 If the contractor is unable or refuses to pay for work performed or materials

used on the project,

the surety will pay the claimants.

An example labor and material payment bond is shown in next slide.

Standard contract forms
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Labor and material payment bond
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 There are four types of bonds typically used in construction:

4. Maintenance bond (sometimes called a warranty bond): guarantees that the

contractor will return to the completed project and

repair or replace any defective or inferior materials or workmanship during

the specified warranty period.

 Maintenance bonds may be required by project owners for components with

warranties that exceed the normal 1-year warranty,

such as a 15-year warranty on a roof.

An example maintenance bond is shown in next slide.

Standard contract forms
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Maintenance bond
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Sample bond rate schedule



INSURANCE
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 Insurance is purchased by the contractor to cover some of the risks associated with the

project.

 An insurance policy is a two-party contract under which the insurer (insurance company)

promises,

for a consideration (fee or premium),

to assume the financial responsibility for a specified loss or liability for

a specified time.

 The amount of risk transferred is limited to the amounts stipulated in the individual

insurance policies.

Minimum coverage requirements generally are specified in the contract documents.

Insurance
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 The following eight types of insurance policies typically are purchased by the contractor:

1. Builder’s risk insurance: protects the contractor in the event the project is

damaged or destroyed

while under construction.

 Builder’s risk insurance may be all-risk or limited to named perils such as fire, wind,

hail, and explosion.

 All-risk insurance covers all damage unless there is a risk exclusion such as

earthquake.

 Builder’s risk insurance generally includes

1. Coverage of materials stored on site and

2. Coverage of materials in transit and

3. Stored off site.

Insurance
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 The following eight types of insurance policies typically are purchased by the contractor:

2. General liability insurance: protects the contractor against financial losses that

may result from injuries or property losses

sustained by third parties as a consequence of the contractor’s

activities.

Insurance
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 The following eight types of insurance policies typically are purchased by the contractor:

3. Property damage insurance: protects the contractor against financial loss

due to damage to the contractor’s property,

such as an office building, warehouse, or maintenance facility.

Insurance
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 The following eight types of insurance policies typically are purchased by the contractor:

4. Equipment floater insurance: protects the contractor against financial loss

due to physical damage to equipment

from named perils or all risks and theft.

 Coverage is for

1. Owned,

2. Leased, and

3. Rented equipment not operated on streets and highways.

Insurance
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 The following eight types of insurance policies typically are purchased by the contractor:

5. Automobile insurance: protects the contractor against claims from another party

for bodily injury or property damage

caused by contractor owned, leased, or rented automobiles and

equipment operated over the highway.

 Coverage may include damages to the automobiles and equipment.

Insurance
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 The following eight types of insurance policies typically are purchased by the contractor:

6. Umbrella liability insurance: provides coverage against liability claims

exceeding that covered by

standard general liability or automobile insurance.

 For example, a contractor may have

1. A general liability insurance policy covering up to $2 million per occurrence

and

2. An umbrella policy covering up to $50 million per occurrence.

Insurance
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 The following eight types of insurance policies typically are purchased by the contractor:

7. Workers’ compensation insurance: protects the contractor from a claim

due to injury or death of an employee on the project site.

 Workers’ compensation insurance is no-fault insurance in which

1. Employer cannot deny a claim by an insured employee and

2. Employee cannot sue the employer for injuries sustained on the job

Insurance
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 The following eight types of insurance policies typically are purchased by the contractor:

8. Errors and omissions insurance: protects the contractor against claims

due to the professional negligence of design professionals

that the contractor may employ.

Insurance
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Competition criteria and project delivery
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 Once the owner determines which project delivery method and corresponding

competition criteria they will use,

the framework for the actual selection process has been set.

 There are basically two selection methods utilized for purchasing construction and

construction management services:

1. Bid method

 Low-bid selection

2. Negotiated method

 Best-value selection (BVS)

 Qualifications-based selection (QBS)

Selection methods
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Selection methods
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Bid method – Low bid selection `
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Bid method – Low bid selection `
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Bid method – Low bid selection
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 A lump sum contract may require

1. Single price for the entire scope of work or

2. Separate prices for individual portions of the scope of work.

 Some contracts may have additive or deductive items that must be priced during

the bidding process.

 The owner selects which combination of additive and/or deductive alternates

to award once the bids have been opened.

BID method – Lump sum
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Bid method – Contract bid form containing alternates

This Figure illustrates a bid form containing
additive and deductive alternates.
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Bid method – Example
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Bid method – Contract bid form containing lump sum and unit price bid items

Some contracts may contain a

combination of lump sum and unit price

items as shown in this Figure
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 Negotiated contracts are awarded based on any criteria the owner selects.

 Typical criteria include:

1. Cost (or fee in the case of a cost-plus contract),

2. Project duration,

3. Expertise of the project management team,

4. Plan for managing the project,

5. Contractor’s safety record,

6. Contractor’s existing work load, and

7. Contractor’s experience with similar projects

Negotiated method
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 Most negotiated contracts procured by public owners involve a three-step procedure.

1. First, prospective contractors are prequalified

after review of their prior work experiences and safety records.

 The first step or prequalification procedure is shown in Figure.

Negotiated method
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2. Then a short list of the most qualified contractors (generally three to five) are invited

to submit proposals containing project specific information required by the owner.

 As a part of the evaluation procedure,

owners may require the proposed project management teams

to brief their plans for managing the project.

 This may include preparation of a project schedule and budget.

Negotiated method
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3. The owner then selects the contractor submitting the best proposal and

negotiates a contract price, and

maybe a duration.

Negotiated method
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Negotiated method – Steps in awarding a contract
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Negotiated method – Best value selection
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Selection methods – Best value selection
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 One of the most common methods for scoring the technical proposals is called weighted

criteria.

 Basically, the owner ranks each of the criteria relative to its importance to the project.

 Then each jury member assesses a score to each team for each criterion.

 The weighted criteria are multiplied by the score for each factor, and a total score is

calculated.

Selection methods – Best value selection
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Negotiated method – Best value selection
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Negotiated method – Qualification-based selection



MAKING THE BID/NO BID DECISION
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Making decision to bid



SUBCONTRACTING
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 General contractors typically use subcontractors to execute most of the construction

tasks involved in a project.

 Typical general contractor subcontracts 80 percent to 90 percent of the project scope of

work.

 Residential contractors may subcontract 100 percent of their scopes of work.

 Some industrial and highway general contractors may self-perform most of their scopes

of work.

Introduction
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 The major subcontracting challenges to be faced are:
 Defining well-understood, specific scopes of work;
 Selecting qualified subcontractors;
 Negotiating fair prices for the subcontracted scopes of work;
 Scheduling and coordinating subcontractor work to ensure timely completion of the

project;
 Causing precedent subcontractors to perform their work on time and in accordance

with
 Contract requirements;
 Resolving technical issues involving subcontractors’ work;
 Ensuring the quality of subcontractors’ work;
 Paying subcontractors on time for properly completed work; and
 Developing enduring relationships with reliable subcontractors.

Subcontracting challenges



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

)ساختمانی، زیرساختی و صنعتی(مدیریت پروژه هاي صنعت ساخت 
ساختار قراردادي و تفصیلی مناقصات–ساختار کلی مناقصات : قراردادهاي ساخت: فصل سوم

106

 The subcontract describes the agreement between the general contractor and each

specialty contractor used on the project.

 It usually is based on the requirements and specifications contained in the general

contract with the project owner.

 Once the scope of work has been established,

the specific terms and conditions are defined for each subcontract.

Subcontract documents
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 Topics that should be addressed are:

 Subcontract price,

 List of subcontract documents,

 Commencement and progress of work,

 Availability of temporary utilities,

 Jobsite cleanup requirements,

 Requirement for daily report,

 Availability of lifting support and scaffolding,

 Insurance,

 Indemnification,

 Bonds (if required),

 Safety,

Subcontract documents
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 Topics that should be addressed are:

 Disposal of hazardous waste,

 Inspection and acceptance of completed work,

 Change order procedures,

 Claims procedures,

 Payment procedures,

 Warranty,

 Dispute resolution, and

 Termination or suspension.

Subcontract documents
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 Standard subcontract documents have been developed by the American Institute of

Architects and ConsensusDocs.

 Project managers should use one of these documents,

because they are used widely in the industry and understood by specialty

contractors.

 The advantage of using copyright documents is that

they have been tested in court and found legally sufficient.

 Project managers who choose not to use one of these standard subcontracts

should consult with legal counsel when crafting subcontract language.

Developing your own subcontracts is very risky and not recommended.

Subcontract documents
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 Potential subcontractors should be evaluated using a standard set of criteria, such as:

 Experience and technical skills required;

 Technical and supervisory competency of management and field supervisors;

 Stability and financial strength;

 Adequacy of specialized equipment and labor;

 Past safety performance; and

 Reputation for working cooperatively, proven history of responding to warranty

calls, and past project performance.

Subcontractor prequalification
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 One technique for gathering much of this information is to require prospective

subcontractors to respond to a detailed questionnaire, such as the example illustrated in

next slide.

 Additional information should be acquired by personal interviews.

 Owners and designers should be invited to participate in reviewing the prospective

subcontractors’ qualifications.

 Specialty contractors reviewed during prequalification should be evaluated against a

set of criteria similar to that listed in the preceding slide.

Subcontractor prequalification
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Subcontractor questionnaire
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Subcontractor questionnaire
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 The recommended strategy is to select the top-ranked five or six specialty contractors

identified during prequalification and

invite them either to

1. Submit a proposal or

2. Bid (quotation)

for the scope of work.

 Requests for proposal typically are used for design-build

or cost-plus scopes of work.

 Invitations to bid are used for lump sum or unit price

scopes of work.

An example invitation to bid and an example request for proposal shown in next slides. 

Subcontractor selection
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Subcontract invitation to bid/subbid proposal
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Subcontract request for proposal
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 Once the proposals or bids have been received, they are evaluated to select the specific

specialty contractor for each subcontract.

 To ensure each subcontractor’s cost proposal is realistic,

the project manager should have previously developed an order-of-

magnitude cost estimate for each subcontract.

 Unrealistically low or high bids generally indicate that the subcontractor:

 Was uncertain regarding the exact scope of work,

 Found ambiguities regarding some of the conditions of work,

 Erred when preparing the quotation, or

 Omitted items (for low bids).

Subcontractor selection
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 A high bid also may indicate that the subcontractor is fully committed on other

projects and

not interested in the work.

 Any ambiguities regarding the scope of work should be resolved, and

all subcontractors should be invited to submit new bids.

Subcontractor selection
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 Once each specialty contractor is selected, the price is entered on the subcontract, and

the agreement is signed by an executive from the general contractor and the specialty

contractor.

 Once the subcontracts are awarded and construction begins,

the project manager and the superintendent work together to

1. Schedule and

2. Coordinate the subcontractors’ work

to ensure the project is completed on time, within budget, and

in conformance with contract requirements.

Subcontractor selection
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 The first challenge is to mold the subcontractors into a cohesive project delivery team.

 The superintendent should require each subcontractor to submit a daily report of its

activities.

 This provides a daily record of each subcontractor’s progress and any obstacles

encountered in performing the work.

 The requirement to submit daily reports must be included in the terms

and conditions of each subcontract.

Subcontractor management



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

)ساختمانی، زیرساختی و صنعتی(مدیریت پروژه هاي صنعت ساخت 
ساختار قراردادي و تفصیلی مناقصات–ساختار کلی مناقصات : قراردادهاي ساخت: فصل سوم

121

 The success of any project is dependent on a viable schedule.

 The superintendent is responsible for coordinating start and completion dates with each

subcontractor.

 They need adequate time to

1. Arrange their scheduled jobs,

2. Obtain equipment and materials, and

3. Schedule their crews.

Subcontractor management
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 This means the superintendent must provide adequate notice to each subcontractor

regarding the scheduled start date for their phase of the work.

 The notice should also indicate the scheduled completion date to

preclude interfering with the work of following subcontractors.

 This includes participating in pull planning work scheduling as

discussed in Planning and Scheduling & Lean Courses.

Subcontractor management
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 If different subcontractors will work concurrently on the project site,

the superintendent must ensure that they are compatible and that each

receives notice.

 All subcontractors must be aware of their safety responsibilities including those toward

other subcontractors working on the site.

 The superintendent must ensure that the jobsite is ready for a subcontractor

before scheduling him or her to start work.

The superintendent also is responsible for resolving any conflicts between subcontractors. 

Subcontractor management
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Even though the work is being performed by a subcontractor, 

the general contractor is still responsible for 

the quality of the work performed, 

the schedule, and 

jobsite safety.

Subcontractor management
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 The superintendent should conduct preconstruction meetings with subcontractors

before allowing them to start work on the project.

A sample agenda for these meetings is shown in next slide.

Subcontractor management
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Subcontractor preconstruction meeting agenda
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 The owner and designer should be invited to participate in all subcontractor

preconstruction meetings.

 This allows the superintendent and the designer to evaluate the work and establish a

standard of workmanship.

 Project site cleaning policies also should be discussed at the preconstruction

conference.

 Generally, all subcontractors should be required to clean their work areas

when they have completed their scopes of work.

Subcontractor management
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 The superintendent should walk the project

when each subcontractor finishes its portion of the work to identify any

needed rework.

 An inspection report similar to the one illustrated in next slide should be used to

document the results of each inspection.

 This is better than waiting until the end of the construction and

trying to get several subcontractors to return and do rework.

Subcontractor management
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Subcontractor management – Project inspection report
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 Situations may arise when the scope of work needs to be modified.

 All such modifications should be documented as subcontract change orders

to identify clearly the changes in scope and the impact on the subcontract price.

 Sometimes changes affect multiple subcontractors.

 In these cases, all affected subcontracts must be changed appropriately.

 Prior to negotiating the cost of a change order,

the project manager sends a change order request to the affected subcontractors.

Subcontractor management
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Subcontractor management – Subcontractor change order request
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Subcontractor management – Subcontractor change order

 All change orders should be issued in written

form, as illustrated in the Figure.
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Subcontractor management – Subcontract change order register

 A change order register

such as the one shown in

the Figure should be

maintained for each

subcontract to document

all changes.
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 Subcontractors submit requests for payment as their work progresses,

1. At the end of each phase of their work, or

2. According to the payment schedule provided in the subcontracts

An example subcontract payment request is shown in next slide. 

Subcontractor management
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Subcontractor management – Subcontract payment request
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What we will learn?

 Project planning

 Project scheduling concepts

 Manage time

 Project scheduling applications

 Project coordination

 CM roadmap related to this section



PROJECT PLANNING
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 Project planning is central to project management.

 Planning takes place at all stages.

 The plan is typically very simple in concept (though it may be quite complex in

execution), consisting of a few steps:

 Identify the need as clearly as possible.

 Determine a budget and completion date.

 Bring together a team that can design and build the facility.

 Monitor the process throughout the project’s schedule.

Introduction
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 In order for the plan to be “workable,” it requires careful consideration of all of the

activities above and buy- in from all of the construction team members, including:

 General contractor’s officer-in-charge (OIC),

 Project manager (PM),

 Superintendent,

 Field foreman,

 Project engineer,

 Home-office staff support specialists, such as the scheduler, estimator, and

quality and safety officers, and

 Subcontractors.

Introduction
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 Construction time control is a difficult, time‐consuming, and arduous management

function.

 The Critical Path Method (CPM) is just such an expedient and

constitutes the basis for the ensuing treatment of project time control.

 This method applies equally well to

 All construction work,

 Large and small,

 Intricate and straightforward

CPM Procedure
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 CPM is a three‐phase procedure consisting of planning, scheduling, and time

monitoring or controlling.

1. Planning construction operations involves the determination of what must be done,

how it is to be performed, and the sequential order in which it will be carried out.

2. Scheduling determines calendar dates for the start and completion of project

components.

3. Time monitoring is the process of comparing actual job progress with the

programmed schedule.

CPM Procedure
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 Construction planning may be said to consist of five steps:

1. A determination of the general approach to the project.

2. Breakdown of the project into job steps or “activities” that must be performed.

3. Ascertainment of the sequential relationships among these activities.

4. Graphic presentation of this planning information in the form of a network.

5. Endorsement by the project team.

Planning phase
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 Project planning involves the development of an objective or facility and a scope of

work defining the work product or deliverable.

 The bid package consisting of the plans and specifications establishes the scope of work

to be performed.

 To be properly managed, the scope of work must be broken into components

that define work elements or building blocks,

which need to be accomplished to realize the end objective.

 The assumption is that the project is the summation of its sub-elements.

Work breakdown structure (WBS)
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 The Figure is an example of a WBS for a small building.

Work breakdown structure (WBS) – Example
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Work breakdown structure (WBS)

 Planning can be thought of as the definition and sequencing of the work packages

within a given project. That is:

Planning = Work Breakdown + Work Sequencing
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Work breakdown structure (WBS) – WBS for gas station
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 Having broken the work into work packages,

activities that facilitate time management and control can be

defined and logically placed in sequence.

 In arranging the work package sequence for time control, the criteria of

(a) location,

(b) material,

(c) method, and

(d) required resources

must be reconsidered from the perspective of

how these criteria impact the order or sequence of work activities.

Determining sequence of work packages
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Determining sequence of work packages – Preliminary breakdown
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 A good WBS facilitates cost control during the life of the project.

 If a WBS is used, the major items are work packages.

 Work packages are defined so that they have their own unique budgets.

 When referring to work packages in the context of cost control,

the terminology cost accounts or control accounts is often used.

 During the bidding process, the contractor prepares an estimate of cost that

becomes the basis for the bid price submitted for the proposed work.

 If the bid is accepted, the detail estimate used for bid submittal is

converted to a budget that serves as a cost baseline to control spending

during the life of the project.

Estimate development and cost control related to the WBS
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Estimate development and cost control related to the WBS



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

)ساختمانی، زیرساختی و صنعتی(مدیریت پروژه هاي صنعت ساخت 
ح برنامهکنترل زمان، به روزرسانی و اصلا–برنامه ریزي و زمان بندي پروژه : مدیریت برنامه ریزي و زمان بندي: فصل چهارم

17

 The development of cost coding systems is discussed in detail in the following course.

 A typical cost code might define

(a) the project designator,

(b) area of work,

(c) work discipline (e.g., civil, mechanical, electrical, etc.), and

(d) the trade specialty required.

Role of code of accounts
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Role of code of accounts
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 The segments into which a project is subdivided for planning purposes are called

activities.

 An activity is a single continuous work step

that has a recognizable beginning and end and

requires time for its accomplishment.

Job activities
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Job activities
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 The extent to which a project is subdivided depends on a number of practical

considerations, but these eight are suggested as guidelines for use when activities are

being identified:

1. By area of responsibility, where work items done by the general contractor and each

of its subcontractors are separated.

2. By category of work as distinguished by craft or crew requirements.

3. By category of work as distinguished by equipment requirements.

4. By category of work as distinguished by materials such as concrete, timber, or steel.

5. By distinct structural elements such as footings, walls, beams, columns, or slabs.

6. By location on the project when different times or different crews will be involved.

7. With regard to the owner’s breakdown of the work for bidding or payment purposes.

8. With regard to the contractor’s breakdown for estimating and cost accounting

 purposes.

Job activities
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 Job logic refers to the determined order in which the activities are to be accomplished in

the field.

 The start of some activities obviously depends on the completion of others.

 A concrete wall cannot be poured until the forms are up and the reinforcing steel

has been tied.

 Much job logic follows from well‐established work sequences that are usual and

standard in the trade.

 Nevertheless, for a project of any consequence,

there is always more than one general approach, and

no unique order of procedure exists.

Job logic

Who has the responsibility for this?
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 There are various ways that activities can be logically linked together to define

sequence and interdependencies.

 As previously mentioned, finish-to-start (FS) is the most common form of relationship

which means the previous task (predecessor) must be completed (finished) before the

next task (successor) can start.

Job logic
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 Also, logic relationships may be in the form of

1. Hard logic, which means there is a mandatory dependency, or

2. Soft logic where dependency is discretionary.

 An example of hard logic would be activities that are related to each other

based on physical requirements such as needing a wall before installing a roof.

 Soft logic refers to managing resources (supplies and labor), handling cash

flow, or creating a progression of activities.

Job logic
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Job logic
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Job logic
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Job logic
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Job logic
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Job logic
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Lag relationships

 Lead/Lag times are used when assumptions around logic need to be introduced into

the schedule.

 Lead time is the overlap between activities that have a dependency.

 Lag is a delay between tasks that have a dependency.

 For example, if there is a three-day delay between the time one task

finishes and the other one starts, that means there is a finish-to-start

dependency with three days of lag time.
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Lag relationships – Highway bridge, general job plan

 The Figure has been drawn on the customary basis that a given activity cannot

start until all of those activities immediately preceding it have been completed.
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 To be realistic, a job plan must reflect the practical restraints or limitations of one sort

or another that apply to most job activities.

 The restrictions of job logic itself might be called physical restraints.

 Placing forms and reinforcing steel might be thought of as restraints to

pouring concrete.

However, there are other kinds of restraints that need to be recognized.

Restraints or constraints
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 Almost all CPM schedules have some type of constraints that must be considered.

 Three types of common constraints are date, duration, and float.

1. Date refers to the time allotted for an activity.

2. An example of duration is that all work in one phase of the project must be

completed in 240 days.

3. A float constraint may be used to limit the amount of delay (or float) an activity

can have without delaying the project.

As a rule, constraints should be used sparingly to ensure that there is minimal impact to 

schedule calculations.

Restraints or constraints
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 Many scheduling software packages provide the option to use date-related or float-

related constraints.

 The type of constraints and their operation differs between software packages, but in

general terms constraints override the duration and logic-driven CPM calculations.

 This makes constraints a powerful and potentially dangerous tool.

 When constraints are applied to the CPM schedule, there is a significant risk

that the schedule will report misleading

1. Start and finish dates,

2. Float, and

3. Criticality.

Restraints or constraints
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 The first choice should be to avoid the use of constraints,

but if used, they should be used sparingly and

with caution and understanding of the effect they are having on the

underlying CPM calculations.

Restraints or constraints
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 A horizontal diagram format has become standard in the construction industry.

 The general synthesis of a network is from start to finish, from project beginning on

the left to project completion on the right.

 The sequential relationship of one activity to another is designated by the dependency

lines between them.

Network format
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Production planning

 Planning team

 Reengineering the project

 Planning for production

 Support planning

 Technical problems

 Personnel planning

 Safety planning

 Planning for quality

 Material ordering and expediting

 Material handling, storage, and protection

 Equipment planning


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