إهداء
الى 
إلى اعز الناس

الذين تعبوا وسهروا لإيصالي بر الأمان

إلى أمي الغالية  وأبي الحنون

إلى من منحني وأعطاني الثقة وروح المثابرة

إلى من كان لهم دور كبير في اجتياز هذه المرحلة

الى أساتذتي الكرام

واخص بالذكر أستاذي الفاضل

براق جمعة 
I
بسم الله الرحمن الرحيم 
شكر وتقدير 

قال عليه السلام " من لا يشكر الناس لا يشكر الله "
نتقدم نحن معدو هذا البحث ....
جزيل  الشكر والعرفان إلى كل من ساهم معنا وكل من 
ساعد وكل من أرشدنا وتواصل معنا في سيل إعداد هذا
 البحث وإخراجه إلى النور
أملين من الله إن ينال  هذا البحث رضا وقبول الجهة 
المقدمة  له ويحقق الفائدة لمن يقرأه
شكرا لكم جميعا 
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CHAPTER

1

Introduction to projects and project 
Management

1.1 Introduction
     In our daily life there is nothing random or come by chance . every thing has a special way to take place . As an example  when someone wants to move from city A to city B he needs to think , decide and take action . Among things to be taken into consideration the time needed , the cost of traveling , leaving hour and what to do in this tour or journey.

By the same way engineering works done through the project phases (initiating, planning, executing, controlling and closing project). Project management known hundreds years ago , but it was simple because projects were simple and clear. But as engineering works gotten more complex, the need of management became critical.

1.2 What is a Project?
A project is a unique Endeavour to produce a set of deliverables within clearly specified time, cost and quality constraints. 

Projects are different from standard business operational activities as they:

• Are unique in nature. They do not involve repetitive processes. Every project undertaken is different from the last, whereas operational activities often involve undertaking repetitive (identical) processes.

• Have a defined timescale. Projects have a clearly specified start and end date

within which the deliverables must be produced to meet a specified customer

requirement .

• Have an approved budget. Projects are allocated a level of financial expenditure within which the deliverables are produced, to meet a specified customer requirement.

• Have limited resources. At the start of a project an agreed amount of labor, equipment and materials is allocated to the project.

• Involve an element of risk. Projects entail a level of uncertainty and therefore carry business risk.

• Achieve beneficial change. The purpose of a project is typically to improve an organization through the implementation of business change.

1.3 WHAT IS PROJECT MANAGEMENT?

Project Management is the skills, tools and management processes required to undertake a project successfully. It incorporates:
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Figure 1.1. project management components

• A set of skills: Specialist knowledge, skills and experience are required to reduce the level of risk within a project and thereby enhance its likelihood of success.

• A suite of tools: Various types of tools are used by project managers to improve their chances of success. Examples include document templates, registers, planning software, modeling software, audit checklists and review forms.

• A series of processes: Various processes and techniques are required to monitor and control time, cost, quality and scope on projects. Examples include time management, cost management, quality management, change management, risk management and issue management.

1.4 THE PROJECT LIFE CYCLE
               Project phases: 
[image: image2.emf]
4.1 Project Initiation (phase one)
In this first stage, the scope of the project is defined along with the approach to be taken to deliver the desired outputs. The project manager is appointed and in turn, he selects the team members based on their skills and experience. The most common tools or methodologies used in the initiation stage are Project Charter, Business Plan, Project Framework (or Overview), Business Case Justification, and Milestones Reviews.

Defining stage
             *Defining specification

             *Establishing objectives

             *Determining tasks

             *Forming teams

             * Assigning responsibilities

    Low level of effort

4.2 project Planning(phase two)

The second phase should include a detailed identification and assignment of each task until the end of the project. It should also include a risk analysis and a definition of a criteria for the successful completion of each deliverable. The governance process is defined, stake holders identified and reporting frequency and channels agreed. The most common tools or methodologies used in the planning stage are Business Plan and Milestones Reviews.
     In planning stage

         *Estimating time and cost

         * Scheduling activities and resources

         *Identifying and determining risks

         * Assigning  teams

   Level of effort increases 

4.3 project execution (phase three) 

The most important issue in this phase is to ensure project activities are properly executed and controlled. During the execution phase, the planned solution is implemented to solve the problem specified in the project's requirements. In product and system development, a design resulting in a specific set of product requirements is created. This convergence is measured by prototypes, testing, and reviews. As the execution phase progresses, groups across the organization become more deeply involved in planning for the final testing, production, and support. The most common tools or methodologies used in the execution phase are an update of Risk Analysis and Score Cards, in addition to Business Plan and Milestones Reviews.
    Execution stage 

        * Producing physical product

        * Collecting data

        * Identifying the changes

        * Forecasting new measures

    Highest level of effort

4.4 project  Closure(phase four)

In this last stage, the project manager must ensure that the project is brought to its proper completion. The closure phase is characterized by a written formal project review report containing the following components: a formal acceptance of the final product by the client, Weighted Critical Measurements (matching the initial requirements specified by the client with the final delivered product), rewarding the team, a list of lessons learned, releasing project resources, and a formal project closure notification to higher management. No special tool or methodology is needed during the closure phase.
     Delivery stage 

          *Training customer

          *Transferring documents

          * Releasing resources

          * Documenting  lessens learned 

    Low level of effort
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in the  construction :
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Project management is the sum of all activities  such as planning , organizing , implementing  and controlling a project in order to meet the client expectation from start to finish within the planned period, budget and quality . 

The purpose of project management is to foresee or predict as many of the danger and problems as possible and to :

· Plan   Organize   Coordinate   Control

1.5 Project management body of knowledge (PMBOK)
The project management institute has identified nine topic areas to define the scope of project management knowledge as follows:

· Project scope management : to ensure that all the work required(and only the required work) is included .

· Project time management : the provide an affective project schedule .

· Project cost management : to identify needed resources and maintain budget control .

· Project risk management :  to analyze  and mitigate potential risks .

· Project quality management : to ensure functional requirement are met .

· Project human resources management : to development of effectively employ project  personnel . 

· Project communications management : to ensure effective internal and external communications .

· Project integration management : to ensure that the various  project elements are effectively coordinated .

· But in this project we are going to take about  project scope , time and cost .
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CHAPTER

2

Contracts
2.1 Introduction
Engineering Contract is what is known as a contractors holding the formula traditionally used in the contract between the owner and contractor and setting out the rights and responsibilities of each party to the other party.

2.2 What is a contract? 

A contract is a mutual business agreement recognized by law under which one party undertakes to do work (or provide a ser​vice) for another party for a consideration.

Owner contracting arrangements would cover: 

· Contract Conditions Commercial Terms & Pricing Arrange​ments .

· Scope of Work (Technical) .

· Project Execution Plan .

2.3 Why do we have a contract? 

     A written contract provides the document by which the risks, obligations, and relationships of all parties are clearly established, and ensures the performance of these elements in a disciplined manner. In the owner situation, the contract is the means by which the contractor can be controlled and ensures that the work and end product satisfy the owner’s requirements.

2.4 Parties to the contract 

Most projects are executed under a three-party contractual relationship: 

· The owner, who establishes the form of contract and the gen​eral conditions. 

· The engineer, who can have the following three roles: 

— Designer—carrying out the detailed engineering work, and purchasing equipment and material on the owner’s behalf 

—Arbitrator—acting as the owner’s agent in administer​ing the contract and deciding, impartially, on certain rights of the parties under the contract 

—Project manager-handling design, procurement, and construction or construction management/services. 

• The contractor

2.5 Contract responsibilities  

The project manager is essentially responsible for the contract strategy, which is developed as part of the project strategy. How​ever, the proposed division of work, contracting arrangements, forms of contract, and bidders’ lists should be developed in con​junction with the company’s contracts department. 

This combined responsibility of the project manager and the contracts department in the contracting process can lead to ineffi​ciencies, delays, and disagreements and can negatively impact the project cost and schedule when there are organizational conflicts. Close coordination and effective communications must exist be​tween all groups to ensure complete agreement and commitment to the proposed contracting program. This is particularly impor​tant in all submissions to contract committees and/or senior man​agement. 

The project manager must obtain agreement from the company’s contracting department and insurance department be​fore committing to contractual language regarding liability, in​demnity, or insurance.

2.6 Contracting arrangements 
Engineering and construction contracts can be drawn in a great variety of forms, depending on the contract strategy and the financial resources of the contractor. The most successful contracts have at least one element in common: thoughtful and thorough preparation before the contract is let. 

Contractual arrangements in construction are becoming in​creasingly more involved, which leads to the potential for signifi​cant added costs. Project complexity, and the changing and increasingly costly legal and insurance environments, are major reasons for considering whether better contractual arrangements are possible. Contracts, of course, must be made early in the life of a project. To do this while simultaneously providing for the risks of uncertainties and gaining improved performance and in​novation presents major challenges for owners and contractors alike.

2.7 Contracting methods
Most of the constructional projects include participation of owner, designer, contractor and suppliers.

In general the owner determines the nature of the contract after choosing the sort of the contract, its necessary to have engineering consultant and designer which should be careful studied.

They are five main ways for making contracts: 
1. General (traditional) contracting method:-
     Such away takes place between the owner and the main contractor who represent and engineering consultant company, that there would be bets and envelope to be opened in front of all contractors, the least price is taken somehow like the private companies which some differences . 

     In the governmental part is the same way of contracting, that the main contractor knows nothing about the nature of the work, so he recourses to another internal contractor to deal with the project.

     In general the contract method, the main contract must have efficiency and experience to manage the project and to obtain the different materials with good labors to fulfill the project.

     But if the contractor is take full and experience he would not choose such away of contracting though this way gives him a clear idea about the overall cost, not a matter of estimation or calculation only.

2.  Separate contracting method :-
This kind of contract stipulates that the owner takes the responsibility of supervision of the project, so the owner must be of a good ability that the money paid to contractor in other contracting method will be kept in owner pocket.

     But if the owner lacks such a skill he will join and contract with an institution or committee through the stages of carrying out the project, but in such away their must be clear conditions because problems and clashes might arise between the institution and contractors, so the owner should take carry off the project management.

     Having a good manager is one of most important conditions in contracting, so such away of contract will be helpful in project specialize contractor.

    This contract might have risks on the owner since there is no major contractor.

    In addition, it decreases the revenue that the contractor wins is less than 3%, so this way is not common in constructional projects.

3. Direct labor / force account method:-
This way of contract can save a lot of money for the owner that he should provide the project with instrument, labor, supplies and supervise the whole site, in other word he is the main manager and the designer plays a minor role.

    This method is usually used in small project such as maintenance that the owner through his company and working staff can do different jobs.
4. Turnkey contract:-
In this contract the contractor should be responsible for designing and carrying out the whole project after begin sponsored and asked to do the project by the main owner , to gain the contractor experience  in designing and construction .

     These kinds of projects are distinguished that they are quickly achieved and mainly used in large projects such as petrol station or chemical projects.

The contactor makes the drawings, designing and performance of the project.

 Practically, work starts before the end of designing. Such a way is widely used in the time of inflation in construction work.

5. Construction management:-
     Away to have a contract with a construction company to make a constructive pure work, manager is appointed before the designing and carrying out the project, this manager might be effective in choosing the company of designing. 

    Also he starts evaluating time, cost and decreasing losses.

    The designer payments depend on the size of the project, manager’s money depends on consultations.

2.8 Structural types of contracts :
1. Unit price  contract

2. Cost plus contract

3. Lamp sum contract

4. Target cost contract

5. Management contract

6. Construction management contract

It should be noted that the type of contract appropriate for a project depends mainly on the nature of the project and the requirements of the owner .

1. Unit price  contract
Advantage of this type of contract that the price of each item within any construction project is appreciated by the Contractor Binaaly tables of the quantities of the stomach through the project plans , Before starting the implementation of the various project items.

In this type of contract the owner identify the various items of the project , As well as units of each item within the project . And the Contractor shall incorporate units prices (the price) for each item  mentioned in the contract only .

On the other hand should the contractor or his representative to be careful when making the prices of various items of the project  So that all the prices of items to incorporate the cost and profit margin. And be suitable for this type of contract engineering projects of the items clear and  defined with precision Which is difficult to calculate accurately the  items (Unclear how much quantities of items after the early start of project implementation ) .

It should be noted that civil engineering projects is a typical example for the selection of this kind of contract , Where the calculation of quantities of items of  excavation and filling is often the most difficult , Other times the expense of concrete works for  the foundations and rules of project is the  hardest. 

Are therefore seen prices (gross unit price) set  by the contractor as a means of collecting  Receivables .

Based on the foregoing  The total cost and the actual project will vary depending on the total cost established by the Contractor . And it shows the so-called (non-balanced bid) And can be defined as a :    Unit price of the item in the project  construction and which have been prepared by the  contractor or his representative  .  And in fact it does not reflect the actual and    expected costs to the terms of the project ,   And thus the distribution of costs on the entire   project in order to serve a particular target  for tender .   The bottom line is , The contractors sometimes use the valuation is  balanced in order to give them a certain  cost-effective through the implementation of the   project  items   .

 * Reasons for asylum contractor for the work of non-balanced bid :
1. Resort contractor for the work of non-balanced bid  In his bid for the purpose of distribution of costs for the various project items and multi Where the contractor Bsthaddam financia  resources at the beginning of the project  Where the receivable is paid to primary project for later , It could be argued that the use of this method  makes the contractor in good standing .

 2.   Resort contractor Or his representative for the work of non-balanced bid  In his bid   When detected an error in the  Tender .

Based on the above mentioned there was the question whi ch :  Does the owner of adequate financial resources to cover the project in the non-balanced bid  ? Answer : In most contracts the unit price contract provided that the cost price of the item in any construction project can be discussed between  the owner and contractor  If the actual amount is different from the quantities that have been prepared in the range of 20- 25% .

 On the other hand, the basis of contracts signed Ai non-balanced bid  The course of the cancellation , And sometimes the owner may resort to exempt the main contractor of the implementation of agenda  items with  non-balanced bid  And give it to another contractor, Which could expose the contract to cancel Especially if they were acts that were part of a decade .

*Disadvantages Unit price  contract:-
 One of the main disadvantages of this type of contract is that the owner is not sure of the actual value of the project only after completion , The reason for this was mainly due to the accuracy of the calculation the unit price for each item within the project , Therefore, the additional requirements for this type of contract must take into account by the owner , And therefore it must develop a sensible plan to be valued items of units by contractors during  the period provided for the tender .

* Features unit price method 

One of the main advantages of this method is to allow the owner of the project by causing changes in some of the items of plus or minus during the implementation phase , As well as the participation of the owner and the contractor to bear the consequences of some of the risks that might be exposed to the project during the implementation phase , 

2.  Cost plus contract:-
This type of contract is the reimbursement of expenses for the business to the contractor that carried out by the addition to earnings , May replace the ratio of a fixed amount , Or may be a combination of both , The sense that the contractor receives a fixed  amount agreed to add the proportion of expenditure (cost plus a fixed fee) , In this type of contract the contractor can not  increase in the list of expenses and profits . 

Another way is to give the owner guarantees that the total costs of the project will not exceed a certain amount Accordingly, if the actual cost of the project exceeded the projected cost of the contractor bears the excess costs , On the other hand If actual costs were lower than expected cost, the cost savings to be divided between the owner  and the contractor based on prior agreement . 

*when is Cost plus contract Appropriate
This type of contract used in the projects is difficult to calculate accurately the actual costs , This occurs when the project plans are incomplete , And uses this type of contracts in projects that require delivery for too short and that have the specifications and plans can not end until the beginning of the implementation of the project .

And been mentioned that this type of contract widely used in the private sector , It can be said if there were unexpected changes in the design of the project during the implementation phase, this type of contract is recommended by .

*Disadvantages Cost plus contract

· Owner to be familiar with very simple actual , And therefore difficult to determine the actual cost of the project only after it has .

· The owner or his representative, ongoing follow-up of the project during the      implementation phase in order to avoid the risk  of .

· This type of contract may not guarantee profits to the contractor 

· Usually do not bear the contractor's risk to the project during implementation.
3.  Lamp sum contract:-
This type of contract most commonly used in the construction sector and in particular in the buildings , Accordingly, we can say that the total contract price is simpler than the rest of other  engineering contracts where implementation of the project will build on the engineering design peer-determined sum of money paid to the contractor , It should be noted that the contractor receives a monthly pay and allowances when the value of the large project in most cases ,  Wish determine where each item evaluated the project before implementation Usually, the contractor assigned to the division of the project to the terms of many works and then the distribution of affordable items for  each , Accordingly, this is the method of collection of receivables during the time of implementation of the project .

In general, the total value equal to the amount  that is contracted out  As has been discussed valuation is not balanced in the unit price contracts, it may also occur in this type of contract Its primary purpose is to finance the project  financially effective manner by the owner in the early stages of project implementation , Since the total costs of implementing the project must be equal to the value of the contract, the method of valuation is not balanced less dangerous to the owner in this type of contract . 

* When advised to use Lamp sum contract
Nature of the project and design are the benchmark for determining whether this type is appropriate or not Therefore, the project plans should be completed before the start of implementation to enable the contractor to calculate the quantities are accurate and valid In general, owners with a limited budget prefer this type of contract because it gives an accurate indication of the semi-final actual cost of the project  .

In short, if no modifications in the project  during the implementation phase, the cost of the project mentioned in the contract are the same as the cost will be paid by the owner .

* Disadvantages of the Lamp sum contract
That there is an incentive for the completion of the salt project design lead necessarily to create a further incentive for the start of the project whenever the opportunity  presents Therefore, any errors in the engineering design  will be very expensive for the owner , Therefore delay the implementation of projects  in most cases using this type of contract is completed, although the project  plans  .

In addition to not give the owner the flexibility to make amendments to the terms of the project Usually, the contractor bears most of the risks that may be exposed to the project during  implementation .

4. Target cost contract:-
This is similar to the type of contracts to a large extent cost plus contract But add a key condition of the contract is the participation of the contractor to bear part of the expenses if the project increased the final  cost of the project from what is expected , The sense that it is the agreement between the owner and the building contractor on the total cost of the project before implementation (target cost)  And is a deviation from the contract cost plus the rate of recovery of expenses , provided that the actual cost of the project does not exceed the target cost That is agreed upon . And increased cost, the contractor bears some of the building on prior agreement between them .

On the other hand it is possible to develop such type of contract to include the time of the project If more time so that the implementation of the project on time contract (target time) delay penalty will be deducted from the dues of the contractor's financial  In turn, if they finished the project ahead of the contracted disposal of a financial reward to the contractor , It is worth mentioning , the contractor's financial benefits decrease and increase depending on the attitude of the project target cost or target time , Therefore you must specify a minimum of the contractor's financial benefits during the contract so as not to prejudice the contractor if the project was brought to risks during the implementation phase .

2.9 Priority of contract document

Contract document are the document in which the scope and the requirement of a project  are comprehensively laid down . In this document  the obligation and responsibilities of the parties to the contract as well as the engineers powers , duties and functions which flow from such a contract  are defined.

The engineer is not generally a party to the contract and there for has no constructional  rights or obligation under it .

The tender document issued to prospective tenders is in effect pro_formal  contract document, When the blanks in these document are filled in by a tenders,   

And an offer made thereon is accepted by the employer , these documents together with amendments , modifications and amplifications that are agreed upon before the final acceptance of the tender become the contract document governing the performance of the object or objects expressed in the contract .

The types of contract normally adopted for civil engineering works were described in this chapter. These fell into four main types, namely, Admeasurements, Lump-sum, Cost/Reimbursement and All-In or Turnkey. Whichever type of contract is adopted the obligations and the responsibilities of the parties to the contract, have to be defined in the documents in a clear unambiguous from so as   to enable the contractor to assess his risks and responsibilities and price for the works required to be carried out by him in a realistic manner. The smooth operation of a contract depends largely on the clarity and adequacy of the contract documents.

The Contract Document adopted for civil engineering construction on an admeasurements basis (the most common type in some country) comprises the following elements:
1-agreement

2-General conditions and special conditions

3-Specifications 
4-bill of  quantities 
5-Engineering drawings for the project 
6-time schedule

7-bonds 

Agreement : 

a documents that represents and reflects the legal contract between parties and is traditionally made between owner and the contractor 

 And the purpose of agreement is to record in written form those items agreed to by the owner and the contractor , and it constitutes legal evidence that acontract exists and forms the basis for its enforcement.

For valid agreement so it must contains  the date ,  name of parties , scope of work , time limitations , contract considerations , payment conditions , reference to other  and signatures . 

General conditions: 
General conditions is used to outline the rules under which the project will be built  .  they establish the rights,authority , and obligations of the contracting parties.

· General conditions must include:

· a general definition of the project (owner, contractor, designer) 

· Documents precedence 

· Subcontractors

· Separate contractors 

· components of the contract 

· rights and responsibilities of the owner and the owner and designer 

·  total time to implement the project 

· method of payment between the owner and the contractor 

· Insurance and fines of delay 

· Change in the work

· Arbitration and termination of the contract  

Special conditions: 
Called supplementary conditions  is used to describe special conditions , they serve the function of amending and augmenting the general conditions 

Its use to modify the general conditions  , to effect deletions from the general conditions and to make additions to the general conditions . 

Supplementary conditions shall govern over the general conditions when conflicts arise . 


Specifications: 

specifications are written instructions to be used in conjunction with the drawing so that together they fully describe and define the work that is to be accomplished along with the method and quality that will be required.

Technical specifications cover the qualitative items of a project , they supplement the drawing and show information that cannet be easily shown in graphic form and specifications should describe  them like 

a) Quality of materials  

b) Quality of workmanship 

c) Erection and installation methods 

d) Required test to assure the desired quality  

Types of specifications :

a) Design specifications

b) Performance specifications 

c) Closed specifications 

d) Open specifications 

e) Reference specification
bill of  quantities: 

Tables are scrubbed all the items of business excavation and concrete work, and in addition to the quantity and unit of measure and price for each job and the total price and utilized in determining the total time
for the project. 

Drawings : 

the drawing are the pictorial directory of how the project is to be built and include :

1) General information  and site plan 

2) Structural drawings 

3) Architectural drawings 

4) Mechanical drawings 

5) Electrical drawings 

Timetable (schedule): 

That the time for implementation of the project is one of the most important elements of the contract because the owner may need to complete this project at a given time, are therefore placed conditions and penalties in case of delayed contractor for the agreed period 

Letters of guarantee(bond):
Called guarantees and letters of guarantee issued by banks at the request of its customers to ensure their implementation of a specific commitment to a renewed later. Guarantees and has led an important role in financing public projects and private, and helped the promoters and businessmen to enter the bidding and execution of projects assigned to them without paying a cash deposit of their respective owners, and included guarantees for entrepreneurs towards their contractors.

Definition:

Guarantee is a written undertaking issued by the Bank at the request of client (guaranteed) to pay a specific amount by a certain order to the order of a certain party (beneficiary) at the failure of the (guaranteed) specific action agreed upon.
The elements of bond:

1- the sponsor: This is the source of the bank guarantee, which undertakes to pay a certain amount on behalf of the client Altaakedao If he violates the terms of the purpose mentioned in till the duration of the bond.
2- guaranteed: it is the client that issued the bond at his request.
3- Beneficiary: a person or entity issued to the order / Order of the bond.
4- Value: the value of the amount specified in the warranty.
5- Duration: It is the duration of the effect of the bond.
6- The purpose of any purpose for which it was issued a book of the bond.
Type of bond:

1- Bid Bond : ensure the entry of the bid (Bid Bond): and ensure the security, also called the primary, and the Bank ensures that its client to pay a certain amount (percentage of the tender value) to the beneficiary, and in the case of the withdrawal of the client from a tender awarded to it. The purpose is to ensure that serious Customer Login bids in the tender put forward after landing it. and do not quit because of higher prices for example, or because of availability of bidding on better terms. and ends purpose and are of their respective owners in the case of landing on them and giving signing contracts, as outlined to them also in the absence of anchoring them bids .
2-  Advance Payment Bond: And is a guarantee issued by the Bank and for ensuring that the direction of the bidder client to ensure payment of cash advance offered by the bidder to the client to finance the project assigned to it. And gradually decreasing book value amounts of dues for such client bail in a liquidating value of detection with the latest maturity takes possession of the client.
3- Performance Bond: This Guarantee is issued to a customer who had won the tender, in which the Bank undertakes to pay a certain sum to the beneficiary in the event of default by the client (guaranteed) for the implementation of the project as assigned by the terms and conditions during the time agreed upon with the beneficiary. And shall be valid for the full value until maturity or until the complete the implementation of the contract.
Maintenance Bond : This Guarantee is issued after the end of the project and the purpose of ensuring that the client (the contractor) will conduct repairs and maintenance required for the project during the maintenance period, and returned to the client when providing all maintenance requirements during the time period agreed upon.


Program of work and method of implementation: 

Is to develop a project work plan for the implementation of the project and identify Alanczp different relationship with each other and how they are implemented
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CHAPTER

3

Tenders and biddings
3.1 Introduction :

Once the design phase of engineering projects, it must be the owner access to the company, contracting for the implementation of the project works , And therefore the tenders in the field of construction engineering is one of the methods for selecting a contractor by the owner or his representative.

And thus can be defined tender : Try to get the best bid submitted by the contractors to carry out a construction project is in the form of tenders.

3.2 Declaration of the tender in construction projects
There are procedures to be followed in the bidding, the following steps show that :

1 .  Must be notified to qualified contractors in the construction industry prior to the auction by placing ads in newspapers

*The Declaration contains the following: 

- The nature or type of project

- Location of the project

- Type of contract to be followed in the implementation of the project

- Collateral requirements

- Time implementation of the work.

- Payment Terms

- Where to obtain documents related to the auction.

- Time and place of submission of tenders

- Costs of implementing the project

- Fee required to obtain the tender documents.

- Requirements for rate of wages for different resources

2 - Must announce to the tender in public means

3 - All applicants for the tender (contractors) should be treated alike in 
terms of giving them the opportunity to submit a bid on similar terms charged

4 - May put the owner in some cases, certain conditions to qualify applicants for the tender

3.3 Methods for selecting the contractor:

· Selection through the tender.
· Selection through forced tendering.
3.4   Types of Tenders:
· Open Tendering

· Selective Tendering

·  Serial Tendering

1. Open Tendering :

In this type of bidding allows all contractors to submit their bids regardless of the competencies And are invited through advertisements in the public means (newspapers, newspapers) and, although the laws of most countries require selecting the least price of the bid, but that this may lead to a rise in the cost of the project if they were delayed implementation of some clauses, Or was selected an incompetent contractor for the project implementation.

Advantages of Open Tendering  :

a- To allow all interested contractors to engage in the auction so as to allow for construction companies of modern competition.
b- Avoid contractors agreement among themselves to determine the value of certain of the project to raise prices as in the limited tender.
c- Access to alternatives and different offers based on its open competition among the applicants for the tender fair.
Disadvantages of Open Tendering  :

a- This kind of bidding to increase the indirect cost in future projects so that most contractors non-winners in the auction deportation costs to other projects applying to.
b- May cause this type of bidding to the risks or problems in the implementation of the project in the selection of the contractor developed the lowest tender in terms of price, which makes the contractor that sometimes reduces the quality of work performed or to resort to financial claims unduly from the owner.
c- Included in this tender, often contracting companies small and medium-sized and the reluctance of large construction companies due to the high administrative expenses and technical preparation of the tender, and often have large companies to reduce the bid price in a recession work so as to enter in competition with small businesses.
2. Selective Tendering:

In this type of bidding is competition between a number of contractors be invited by the owner to submit their bids so that they have the appropriate characteristics in terms of efficiency and possibilities for the implementation of the project and be the result of the adoption for the rehabilitation of a former owner has been prepared in advance that no more than five contractors for contractors .

Advantages of Selective Tendering :

a- Ease of choosing the right contractor for the project implementation 

b- Make sure to achieve the desired final image of the project in terms of quality of work required specifications .

c- Reduce administrative expenses by the owner will be invited a certain number of contractors 

d- Contractors to give applicants the opportunity to tender for the development of appropriate value of profit compared to the bids are open.

Disadvantages of Selective Tendering :

1- Often depends of tender for favoritism and personal relationships 

2- The cost of the project are high compared to open tenders 

3- Not to give opportunities for construction companies to enter into a new competition 

4- May resort companies invited to compete for the work of agreement among themselves to raise the cost of the project and in return mutual interests

3.  Serial Tendering 

This type of bidding when there are several projects with the owner of a similar nature such as projects for residential buildings, schools and public facilities, so that the tender offer on one contractor for the same projects similar and the same costs and conditions, in addition to the implementation of projects entrusted to the contractor at the time, manner and technical specifications agreed.

Advantages of Serial Tendering 

a- Give a good opportunity for the contractor to the project planning is good (because of similar projects in terms of nature) and thus raise the efficiency of production.

b- Because of the frequent deal between the owner and the contractor, this type of bidding leads to establish a good relationship between the two parties knowledge of the parties in a manner to deal and thus affect the quality of the project and the high labor productivity 

Disadvantages of Serial Tendering

a- Not to give opportunities to other contractors to engage in Tender
b- The contractor may be tempted to accept the tender at a low cost (in the case of price inflation), which affects the efficiency of the workflow and the quality of work performed, the terms of the project. 
4. Forced Tendering 

This method is used in the projects of special nature without recourse to the work of tenders in the public means so that it is mandated by a contractor or contractors to the implementation of several project in the cases could be mentioned 
     As follows:

· The presence of specific expertise and capabilities in terms of labor and equipment may not be available only in a certain contractor.
· Financing the project financially by the contractor in case of difficulty by means of the owner. 
· This method is used also when you have construction company owner or part thereof.
· Use this method when the owner's desire for early implementation of the project without recourse to the work of a tender where they are saving time and effort. 
· Reputation and mutual trust; of the most important character. 
Advantages of Forced Tendering 

a- Implementation of the project with high quality and technical conditions agreed upon 

b- Significant savings in time and effort to non-tender in public means assigning a certain contractor directly to the implementation of the project.

c- In this method increases the possibility of the implementation of the terms of the project early and thus delivery of the project before the target time.

d- In this method is continuous and constructive cooperation between the contractor and designer of the project, especially in the early implementation of the items of the project, which provides the time and effort.

e- In most cases, they are providing part of the capital of the project, especially at the beginning of the implementation of the project where the contractor has initial funding to ensure that work.

Disadvantages of Forced Tendering

a- Likely increase the cost of the project cost of the planned not to put the project in the auction.

b- Likely increase the cost of the project cost of the planned not to put the project in the auction.

c- May take advantage of the contractor where the owner of the change or add terms in the contract and that the lack of contractors competitors.

d- Difficult to monitor the contractor in terms of CAS, when the owner owns part of the company executing the project

Date and place for opening bidders proposals

Pursuant to the information for bidders , sealed proposals for performing the work consulting engineer  at the place and time set forth in said notice, bidders proposal will be opened and read .

The awarding of the contract, if awarded , will be made by consulting engineer as soon thereafter as practicable .

Printed form for bidders proposals

All price proposal must me upon the black form of the bill of quantities included on the contract document, and should give the unit price for each item of the work , both in words and in figures , and must be signed and acknowledged by the bidders , in accordance with the directions on the contract documents.

The price proposal , together with all forms are all required to be completed by the bidders , will form an integral part of the bidder proposal .

Bidder proposal should be enclosed in an envelope

Omissions and discrepancies

Should a bidder find discrepancies in , or omissions form , the drawing or contract document, or should he be doubts as their meaning, he should at once notify the consulting engineer , who may send a written instruction to all bidder.

Acceptance or rejection of proposals

The consulting  engineer  receives the right to reject any or all proposals.

Without limiting the generality of the foregoing , any proposal which is incomplete , obscure, or irregular may be rejected, any proposal having erasures or corrections on the price sheet may be rejected , any proposal which omits a bid on any one or more items in the price sheet may be rejected, any proposal in which unit prices are omitted , or in which unit prices are obviously un balanced , may be rejected.
Acceptance of proposal and its effect

Bidder proposal shall be valid for ninety days , effective their date of submittal .

The acceptance of a proposal will be a notice in writing sign by a duly authorized representative of consult , and no other act of person or authority shall constitute the acceptance of proposal.

The acceptance of proposal shall bind the successful bidder  to the execute the contract and to be responsible for liquidated damages as provided

The rights and obligation  provided for in the contract shall become effective and binding upon the parties only with its formal execution by the parties concerned .

Time for executing contract and damages for failure to execute

Any bidder whose proposal shall be accepted will be required to appear at the consultant  office, or, if affirm or corporation, a duly  authorized representative shall so appear , and to execute the contract within the specific  period

Failure or neglect to do social constitute a breach of the agreement effected by the acceptance of the proposal.

The damage to consultant  for such breach will include loss for interference with its construction program and other items whose accurate amount will be difficult or impossible to compute .

In the event any bidder whose proposal shall be accepted shall fail or refuse to execute the contract as hereinbefore provided, consultant  may , at its option , determine that such bidder as abandoned the contract.

will be obliged to compensate the consultant office  for any other liquidated  damages incurred thereof.

Determination of successful bidders

Except where consult exercise the rights reserved herein to reject any or all proposal , the contract will be awarded by consultant  to the bidder who has submitted the most satisfactory bid , determined by the sums of unite price of work based on quantities given in the schedule , it is therefore possible that the lowest bidder is not necessarily the successful bidder .

Time of commencement and completion of work

The contractor shall commence  the work within the specific time  after the date specified in the notice to proceed given to him by consultant to commence  work , and he shall complete the work within t specific time  .

Failure to complete the works in the specified time will entitle the consulting to apply amount of money penalties for every day of delay .

Price

In the event of discrepancy between the price quoted in the proposal in words and those quoted in figures , the words shall control .

The price are to include the furnishing of all materials , equipment , tools , and all other facilities , and the performance of all labor and services necessary or proper for the completion of the work , except such as may be otherwise expressly provided in the contract document .

All price must be quoted in Israeli sheqels for the purpose of comparison .

consultant reserves the right to effect payment in new Israeli sheqels at the operate rate of exchange .

This contract is exempted from value added tax (VAT) ,and accordingly no VAT will be paid under the project .

Safety of side

The contractor shall provide onsite all safety materials needed for the projection of the works and pedestrians.

These materials are such as safety boots , helmets , goggles, working gloves ,  site fence , warning lights , safety signs , etc  .

Program and methods of constructions

Subjected to general conditions of contract , and within specific time  award of contract , the contractor shall submit his detailed program of work showing the order of procedure and the manner in which he proposes to carry out the works .

The program shall also include a detailed work plan and method statement indicating how each items of work will be sub-contracted , and the total number of labor engaged in each activity .

Interpretations and addendum

No oral interpretations shall be made to any bidder as to the meaning of any of the contract documents , or be effective to modify any of the provisions of the contract documents .

Procurement of materials

The contractor shall price all the materials and equipment listed in the bill of quantities , as specified .

However, the consultant  reserves the right to supply certain materials and equipment (such as stone , marble-mechanical equipment , etc) and respectively bind the contract to implementation only of the supplied items .

Postponement of date for presenting and opening proposal

The consultant  reserves the right to postpone the date for presentation and opening of proposals and will give notice to any such postponement to each prospective bidder .

Price analysis

The bidder will be asked for and should be prepared to furnish when requested a price analysis for any items in the bill of quantities .

Ruling language

Arabic and English languages are the ruling languages of this contract .

Project sign post

The contractor shall include in his quotation the cost of placing an appropriate sign , at the site of works , which carries information about the donor the project beneficiary , as well as the implementers of the projects , namely consultant office .

The , location , wording , and emblems shall be given to the contractor within specific time  from signature of the agreement .

The sign post shall be appropriately placed on site prior to the initiation of any construction activities .

All contractor receiving an invitation to participate in the competitive bidding process are kindly requested to submit their tenders in accordance with the terms and conditions , above mentioned .

Contractors who fail to submit their bids , for unjustified reasons ,will be subject to measures of down-rating in their pre-qualification records with consultant , and could be excluded from participating in other future consultant project  .

tender evaluation 

Different countries and organizations have different methods of evaluating tenders . usually very strict guidelines are enforced in order to avoid any favoritism for one contractor or another . it is not necessary to always accept the lowest bid price since the bid may not be technically compliant and may not have met the commercial conditions required .

There for it must be made clear at the tender stage what tender evaluation method is to be employed so that there can be no complaints .

****    In this school project and it is government project It is kind of an open tender   .

****Contracting for engineering and construction project  ……    peter marsh

******creative system in structural and construction engineering …..  amarjit singh

3.5 INVITATION FOR BIDS (IFB):
Notes on the Form of Invitation for Bids:

The Invitation for Bids for contracts, subject to prequalification, is sent only to firms determined by the Borrower to be qualified in accordance with the Borrower’s prequalification procedure. Ideally, the Letter of Invitation for Bids is sent to the qualified bidders at the time that the prequalification results are announced. For major works, prequalification shall be used.
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CHAPTER

4

PROJECT TIME MANAGEMENT

4-1 Planning:

4.1.1 The integrated project plan:

An integrated project plan is the primary tool for effective coordinate of project work. It consists of separate schedule, cost, human resource, capital asset, and achievement sub plans. These sub plans are integrated through the use of common work breakdown structure .the objectives of the project plan are to: 

· Determine and portray the scope of effort required in order to fulfill the project objectives. 

· Identify all personnel responsible for performance of work on the project. 

· Schedule the required work (tasks) and establish a timetable

· Indicate the human resource and capital assets necessary for each task. 

· Determine the budget for each component of the work task or group of tasks.

This integrated project plan facilities communication among senior management, the project manager, the functional managers, the project team, and any contractors. The plan is designed to facilities project coordination, communication, planning, and control rather than to provided technical direction to the participants. There are eight key considerations for developing integrated project plans. 

4.1.2 How to develop integrated project plans:

a- Involve personnel assigned to the team in planning at the earliest possible moment.

b- Involve team members continuously until the plan is completed and approved. 

c- Avoid being too optimistic or too pessimistic in estimating. The desired estimate has a high probability of realization. Ideally, there should be a50 percent probability of either being over or under the estimate. 

d- Negotiate work commitments from project team members who work for functional managers outside your authority 

e- Obtain commitments for all effort (human resource, equipment, and assists required to perform the work) in the work breakdown structure. 

f- Obtain a written commitment to project plans for all parties. 

g- Remember that an integrated project plan is step – by – step process. Each step builds on what has been accomplished in previous steps. Avoid alterations to the planning sequence since they may reduce participant commitment to the plan. 

h- Understand that the effort required to develop the integrated project plan depends on the project clarity , realism , objectives , size , scope , and complexity ; the team’s experience , cooperation , and enthusiasm ; and continuous , visible , and strong support process  . 

The act of listing tasks in a schedule or collecting costs in a cost report does not constitute project planning.

Project planning is a disciplined process supporting the coordination and direction of resources such as time , people , and money  to achieve product and project  parameters established by management . 

4.1.3 essential question to ask during project planning 

a- what ( technical objectives) 

b- how  ( work break down structure ) 

c- who ( resource commitment and utilization plan ) 

d- when ( schedule ) 

e- how much ( budget ) 

Planning is a general term that sets a clear road map that should be followed to reach a destination. 

   The term, therefore, has been used at different levels to mean different things.

   Planning involves the breakdown of the project into definable, measurable, and identifiable tasks/activities, and then establishes the logical interdependences among them. 

   In construction, for example, plans may exist at several levels: corporate strategic plans, pretender Plans, pre-contract plans, short-term construction plans, and long-term construction plans.

4.1.4  These plans are different from each other; however, all these plans involve four main steps:

- Performing breakdown of work items involved in the project into activities.

- Identifying the proper sequence by which the activities should be executed.

- Activities representation.

- Estimating the resources, time, and cost of individual activities.

   Detailed planning for tendering purposes and the preparation of construction needs to be conducted through brainstorming sessions among the planning team. The inputs and outputs of the planning process are shown in Figure 4.1

[image: image3.emf]
Figure 4.1. The inputs and outputs of the planning process
   Planning requires a rigorous effort by the planning team. A planner should know the different

categories of work and be familiar with the terminology and knowledge used in general practice.

  Also, the planning tem should seek the opinion of experts including actual construction

experience. 

  This helps produce a realistic plan and avoids problems later on site.

4.1.5 the five step planning model 

An integrated project plan maximizes the probability of achieving the project objectives through five major works step:

1. define the project 

2. model the project  

3. estimate and schedule the project

4. balance the plan 

5. approve and publish the plan 

4.1.5.1   Define the scope of work, method statement, and sequence    of work:

The first step towards creating a project plan is to reconfirm the project scope,

The scope defines the boundaries within which all project activities and tasks are to be completed, The SOW{(statement of work) is a specific statement of the work to be

performed by the contractor. It is derived from the Program WBS} specifies requirements at a very high level. Detailed requirements and pricing are usually specified at a later stage. 

· Areas that are typically addressed by an SOW are as follows:

Scope of Work, This describes the work to be done in detail and specifies the hardware and software involved and the exact nature of the work to be done.

Location of Work, This describes where the work is to be performed. This also specifies the location of hardware and software and where people will meet to perform the work.

Period of Performance, This specifies the allowable time for projects, such as start and finish time, number of hours that can be billed per week or month, where work is to be performed and anything else that relates to scheduling.

Deliverables Schedule, This part lists the specific deliverables, describing what is due and when.

Applicable Standards, This describes any industry specific standards that need to be adhered to in fulfilling the contract.

Acceptance Criteria, This specifies how the buyer or receiver of goods will determine if the product or service is acceptable, what criteria will be used to state the work is acceptable.

Special  Requirements. This specifies any special hardware or software, 

Specialized workforce requirements, such as degrees or certifications for personnel, travel requirements, and anything else not covered in the contract specifics.

4.1.5.2  Work breakdown structure (WBS)

    The WBS is described as a hierarchical structure which is designed to logically sub-divide all the work-elements of the project into a graphical presentation.

 The full scope of work for the project is placed at the top of the diagram, and then sub-divided smaller elements of work at each lower level of the breakdown.
 At the lowest level of the WBS the elements of work is called a work package.

   A list of project’s activities is developed from the work packages.

   Effective use of the WBS will outline the scope of the project and the responsibility for each work package.

    There is not necessarily a right or wrong structure because what may be an excellent fit for one discipline may be an awkward burden for another.

To visualize the WBS, consider Figure 4.2 which shows a house construction project.

[image: image4.emf]        

                                           Figure 4.2: WBS and their description
Level 1 represents the full scope of work for the house. 

In level 2, the project is sub-divided into its three main trades, and in               level 3 each trade is sub-divided to specific work packages.

[image: image5.emf]
Figure: Five levels WBS

Level 1: The entire project.

Level 2: Independent areas.

Level 3: Physically identifiable sections fully contained in a level 2 area, reflect construction strategy.

Level 4: Disciplines set up schedule.

Level 5: Master schedule activities, quantity, duration.

4.1.5.3  Develop the organization breakdown structure (OBS) and link it with work breakdown structure to identify responsibilities

The WBS elements at various levels can be related to the contractor’s organizational breakdown structure (OBS), which defines the different responsibility levels and their appropriate reporting needs as shown in Figure 4.5. The figure, also, shows that work packages are tied to the company unified code of accounts. The unified code of accounts allows cataloging, sorting, and summarizing of all information. As such, the activity of installing columns formwork of area 2, for example, which is the responsibility of the general contractor’s formwork foreman, has a unique code that represents all its data.

[image: image6.emf]
Figure 4.5. WBS linked to the OBS

4.1.5.4  Project activities:

   The building block (the smallest unit) of a WBS is the activity, which is a unique unit of the project that has a specified duration.           

   An activity is defined as any function or decision in the project that: consumes time, resources, and cost. Activities are classified to three types:

· Production activities: 
  Activities that involve the use of resources such as labor ,equipment, material, or subcontractor. 
  This type of activities can be easily identified by reading the project’s drawings and specifications

· Procurement activities:

   Activities that specify the time for procuring materials or equipment that are needed for a production activity. 
· Management activities: 

 Activities that are related to management decisions such as approvals, vacations , etc.
   An activity can be as small as “steel fixing of first floor columns” or as large as “construct first floor columns”. 

    This level of details depends on the purpose of preparing the project plan.

    In the pre construction stages, less detailed activities can be utilized, however, in the construction stages, detailed activities are required.    Accordingly, level of details depends on: planning stage,

Size of the project, complexity of the work , management expertise.
· Activities relationships

    In order to identify the relationships among activities, the planning team needs to answer the Following questions for each activity in the project:

- Which activities must be finished before the current one can start?

- What activity (ies) may be constructed concurrently with the current one?

- What activity (ies) must follow the current one?

 A circle of activity precedence's will result in an impossible plan. 
· Logical relationship considering resource constraints
   For efficient use of resources or in case of constrained resources, it might be beneficial to consider the resources when determining the logical relationship among the activities that use the same resources.

     Table 4.2 shows the logical relationship among these activities assuming unconstrained (resources are available with any quantities) and constrained resources (only one resource unit is available form each resource type).
   Table 4.2: Logical relationships considering constrained and unconstrained resources
[image: image7.emf]
1- Overlap or lag

Overlap between activities (negative lag) is defined as how much a particular activity must be completed before a succeeding activity may start.

 The absence of overlap means that the first activity must finish before the second may start. 

A negative overlap (lag) means a delay is required between the two activities
[image: image8.emf]
Figure: Overlap among activities
2-  Circle precedence: 

A circle of activity precedence's will result in an impossible plan.

For example, if activity A precedes activity B, activity B precedes activity C, and activity C precedes activity A, then the project can never be started or completed. Figure below illustrates the resulting activity network.
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· Types of activities relationships:

  Four types of relationships among activities can be defined as described and illustrated below

(Figure 4.6) . Typically, relationships are defined from the predecessor to the successor activity.

a) Finish to start (FS). The successor activity can begin only when the current activity completes.

b) Finish to finish (FF). The finish of the successor activity depends on the finish of the current activity.

c) Start to start (SS). The start of the successor activity depends on the start of the current activity.

d) Start to finish (SF). The successor activity cannot finish until the current activity starts.

[image: image9.emf]                     

                                            Figure: Types of relationships

4-2 scheduling:
4.2.1 what is scheduling & why we need it

    In project management, a schedule consists of a list of a project's terminal elements with intended start and finish dates. And the Gantt chart can provide a graphical representation of a project schedule.

· A Brief History  of scheduling 

    Until around 1958, the only tool for scheduling projects was the bar chart. 

    Because Henry Gantt developed a complete notational system for showing progress with bar charts, they are often called Gantt charts. They are simple to construct and to read, and they remain the best tool for communicating to team members what they need to do in given time frames. 

   Although arrow diagrams tend to be too complicated for some teams, it is often helpful to show such a diagram to the people doing the work so that they understand interdependencies among tasks and why it is important that they complete certain tasks on time.

    Gantt charts have one serious drawback—determining the impact of a slip of one task on the rest of the project is very difficult. That is, if Collect Data in Figure 5-1 gets behind, it is hard to tell how it will affect the rest of the work, because the bar chart does not show the interdependencies of the work.

    To overcome this problem, two methods of scheduling were developed in the late 1950s and early 1960s that used arrow diagrams to capture the sequential and parallel relationships among project activities.

    One method was called Critical Path Method (CPM), developed by du Pont; the other, Performance Evaluation and Review Technique (PERT), was developed by the Navy and the Booze, Allen and Hamilton consulting group.          

    Although it has become customary to call all arrow diagrams PERT networks, strictly speaking, the PERT method makes use of probability techniques, whereas CPM does not. In other words, using PERT allows you to calculate the probability that an activity will be completed by a certain time, whereas CPM does not.

· The objective to scheduling 

    The basic objectives of the scheduling process, we do not know how long is the total project duration. Also, we need to evaluate the early and late times at which activities start and finish. In addition, since real-life projects involve hundreds of activities, it is important to identify the group of critical activities so that special care is taken to make sure they are not delayed.  which adds a time dimension to the planning process.

    In other words, we can briefly state that: Scheduling = Planning + Time. 

    Scheduling is the determination of the timing of the activities comprising the project to enable managers to execute the project in a timely manner. 

· The project scheduling is used for:

- Knowing the activities timing and the project completion time.

- Having resources available on site in the correct time.

- Making correction actions if schedule shows that the plan will result in late     completion.

- Assessing the value of penalties on project late completion.

- Determining the project cash flow.

- Evaluating the effect of change orders on the project completion time.

- Determining the value pf project delay and the responsible parties.

    One of the primary features that distinguishes project management from general management is the special attention to scheduling. describes a project as a problem scheduled for solution.

· The  Reason  for  scheduling:

   Naturally, the reason for scheduling a project is to ensure that an imposed deadline can be met. Because the critical path method helps identify the activities that will determine the end date, it also offers guidance on how the project should be managed.

   It is easy to get carried away with scheduling and to spend all of your time updating, revising, and so on. 

   The scheduling software in use today should be viewed as a tool, and managers should not become slaves to the tool.

   It is also very easy to create schedules that look good on paper but won’t work in practice.

   The main reason this occurs is a lack of resources with which to do the work when it comes due. In fact, unless resource allocation is handled properly, schedules are next to useless. Fortunately, today’s scheduling software handles resource allocation fairly well.

4.2.2 Scheduling methods

· Drawing the project network
    A network is a graphical representation of the project activities and their relationships. 

    A project network is a set of arrows and nodes. Before drawing the network, it is necessary to ensure that the project has a unified starting and ending point.

    The need for this start activity arises when there is more than one activity in the project that has no predecessors and the end activity is needed when there is more than one activity that has no successors.

    Also, networks should be continuous (i.e., each activity except the first and the last has both preceding and succeeding activities).

There are two ways that are commonly used to draw a network diagram for a project:

1. Activity on Arrow (AOA) representation.

2. Activity on Node (AON) representation

· Activity on arrow network (AOA) 

   In this method, the arrows represent activities while the nodes represent the start and the end of an activity (usually named as events) (in Figure 5.1).

   The length of the arrow connecting the nodes has no significance and may be straight, curved, or bent. When one activity depends upon another, both appear on the diagram as two arrows having a common node. 

[image: image10.emf]
Figure 5.1 : Basic patterns of AOA diagrams

    The following are some rules that need to be followed when constructing an AOA network diagram:

- Each activity must have a unique i – j numbers, where i (the number at the tail of the arrow) is smaller than j (the number at the head of the arrow).

- It is recommended to have a gap between numbers (i.e., 5, 10, 15, etc.). This will allow for accommodation of missed activities.

- Avoid back arrows.

    In some situations, when more than one arrow leave the same node and arrive at another node, dummy activities must be used. 

    The dummy activity is an activity with zero duration, consumes no resources, drawn as dashed lines, and used to adjust the network diagram.         A dummy activity is also used when one activity depends upon two preceding activities and another activity depends only upon one of these two preceding activities as shown in Figure "5.2"
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                                 Figure 5.2   Use of dummy activity

· Activity on node network (AON)
    This method is also called the precedence diagram method. In this method, the nodes represent activities and the arrows represent logical relationships among the activities. 

    If the arrow starts from the end side of an activity (activity A) and ends at the start side of another activity (activity B), then A is a predecessor of B      ( in Figure 5.3). AON representation allows the overlap or lag representation

on the relationship arrows connecting activities. 

[image: image12.emf]
                                           Figure 5.3 Basic patterns of AON diagrams 

4.2.3 The Critical Path Method

   The most widely used scheduling technique is the critical path method (CPM) for scheduling. 

   This method calculates the minimum completion time for a project along with the possible start and finish times for the project activities. 

   Many texts and managers regard critical path scheduling as the only usable and practical scheduling procedure. 

   Computer programs and algorithms for critical path scheduling are widely available and can efficiently handle projects with thousands of activities.

   The duration of the critical path is the sum of the activities' durations along the path.  So the critical path can be defined as the longest possible path through the "network" of project activities. 

   The duration of the critical path represents the minimum time required to complete a project. Any delays along the critical path would imply that additional time would be required to complete the project.

   There may be more than one critical path among all the project activities, so completion of the entire project could be delayed by delaying activities along any one of the critical paths.

   Critical path scheduling assumes that a project has been divided into activities of fixed duration and well defined predecessor relationships. A predecessor relationship implies that one activity must come before another in the schedule.

   The CPM is a systematic scheduling method for a project network and involves four main steps:

· A forward path to determine activities early-start times;

· A backward path to determine activities late-finish times;

· Float calculations; and

· Identifying critical activities.

4.2.4 Calculations for the Critical Path Method
     The inputs to network scheduling of any project are simply the AOA or the AON networks with the individual activity duration defined.  

    The network scheduling process for AOA and AON networks, however, is different.

    To demonstrate these two techniques let’s consider a simple 5- activity project, with activity A at the start, followed by three parallel activities B, C, and D; which are then succeeded by activity E. The AOA or the AON networks of this example are presented in the Figure 5.4

    It is noted that the example at hand involves only simple finish-to start relationships among activities.

[image: image13.emf]
                                                Figure 5.4 Network example

4.2.4.1 Activity-on-node networks calculations
     The objective of arrow network analysis is to compute for each event in the network its early and late timings. These times are defined as:

· Early event time (ET) is the earliest time at which an event can occur, considering the duration of preceding activities.

· Late event time (LT) is the latest time at which an event can occur if the project is to be completed on schedule.

· Forward Path

    The forward path determines the early-start times of activities. The forward path precedes from the most left node in the network (node 1 – the Figure 5.5) and moves to the right, putting the calculations inside the shaded boxes to the left.

[image: image14.emf]
Figure 5.5   Preparation for the forward path

    Each node in the network, in fact, is a point at which some activities end (head arrows coming into the node), as shown in the Figure 5.6 . That node is also a point at which some activities start (tail arrows of successor activities).

    Certainly, all successor activities can start only after the latest predecessor is finished. Therefore, for the forward path to determine the early-start (ES) time of an activity, we have to look at the head arrows coming into the start node of the activity. 

   We then have to set the activity ES time as the latest finish time of all predecessors.

[image: image15.emf]
Figure 5.6   A node in an AOA network

   In the example, the forward path calculations are as follows:

   We begin at node 1, the start node of the project, and assign it an early-start time of zero. Here, all activity times use an end-of-day notation. Therefore, the ES of activity A is zero means that activity starts at end of day zero, or the beginning of day 1 in the project.

   We now move to node 3. This node receives one head arrow, and as such, it has one predecessor, activity A. Since the predecessor started on time zero and has 3 days duration, then, it ends early at time 3 (Early-Finish (EF) = Early-Start (ES) + d). Accordingly, the ES time of all successor activities to node 3 (activities B, C, and D) is time 3. This value is therefore, put in the shaded box on top of node 3, as shown in Figure ''5.7".
[image: image16.emf]
Figure  5.7 Forward path calculations in AOA networks

·     We now move forward to successor nodes 5, 7, and 9. However, since node 9 is linked to nodes 5 and 9 by dummy activities, we begin with nodes 5 and 7. Node 5 receives one head arrow from its predecessor activity B, we evaluate the EF time of B as 6 (ES (3) + d (3)). Successor activities to node 5, therefore, can have an ES time of 6. Similarly, the ES time at node 7 is calculated as time 9.

·     Moving to node 9, we evaluate the EF times of its 3 predecessors (d1, C, and d2) as time 6, 7, and 9, respectively. Accordingly, the ES time of successor activities is the largest value 9. Notice that only the largest EF value of predecessor activities is used to calculate the ES of successor activities and all other values not used. As such, only ES values can be directly read from the calculations in the Figure 5.7.. EF values, on the other hand can be calculated as EF = ES + d.
· We now move to the last node 11. It receives one head arrow, activity E  which has an ES value of 9. The EF time of activity E, therefore =9 + 5 = time 14. Since node 11 is the last  node, the EF of this node becomes the end of the project   reaching a total project duration of14 days.

    Generally, for any activity x connecting between nodes i and j as shown in the  Figure 5.8 , the calculations as follows:
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Figure 5.8   Activity times

  ETj = ETi + dx
In case of more than one arrow terminating at node j, then consider the largest value. Accordingly,

ESx = ETi 
EFx = ESx +dx
· Backward Path

   The backward path determines the late-finish (LF) times of activities by proceeding backward from the end node to the starting node of the AOA network. 

   We put the LF values in the right side boxes adjacent to the nodes, as shown in the  Figure 5.9. For the example at hand, we do the following:

[image: image18.emf]
Figure 5.9  Backward path calculations in AOA networks

·    We begin at the last node of the network (node 11) and we transfer the early-finish     value from the left box to be the late-finish (LF) value at the right side box.

·    We then move backward to node 9 which has only one tail arrow of activity E.

· With    the LF time of E being time 14, its LS time becomes LS = LF – d = 14 -   5 = time 9.

 At node 9, therefore, time 9 becomes the LF time of the predecessor activities of this node.

·    Moving backward to predecessor nodes 5, and 7. Node 5 has one tail arrow of the dummy activity d1, and as such, the LF time value to be used at node 5 becomes 9.  Similarly, the LF time value of node 7 becomes 9.

·     Moving to node 3, we evaluate the LS time of its 3 successor activities B, C, and D as 6, 5, and 3, respectively. The LF time at node 3, therefore, becomes the smallest value 3. With other LS values not used, the values in the calculation boxes, as such, directly show the LF times of activities. LS times can be calculated as LS = LF – d.

·     We now proceed to the first node in the network (node 1). It connects to one tail arrow of activity A. The LS time of A, therefore, 

    is LS= LF – d = 3 – 3  = 0 ,a necessary check to ensure     the correctness of the calculation.

     Having the  Figure which shows the Activity times  again in mind and to generalize the calculations, for any activity x connecting between nodes i and j, the calculations as follows:

                    LTi = LTj – dx
In case of more than one arrow leaving node i, then consider the smallest value.

Accordingly

                     LFx = LTj 
                     LSx = LFx –dx

· Float Calculations
    Once forward path and backward path calculations are complete, it is possible to analyze the activity times. First, let's tabulate the information we have as shown in the Table 5.1. 

    One important aspect is Total-Float (TF) calculations, which determine the flexibility of an activity to be delayed. Notice in Table that some activities such as activity A has ES time = LS time, and its EF time = LF time, indicating no slack time for the activity.

    Other activities such as B can start early at time 3 and late at time 6, indicating a 3-day of total float. Float calculations can be illustrated as shown in Figure 5.10  for any activity. 

 Table 5.1 CPM results

[image: image19.emf]
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                                             Figure 5.10   Float calculations

    There are two ways of scheduling each activity using its activity times. One way is to schedule it as early as possible (using its ES time).

    The other way is as late as possible (using its LS time). The activity float can, therefore, be represented by the following relationships:

Total Float (TF) = LF – EF 

                           = LS – ES

    Also, with the ES and LF times directly read from the boxes used in forward and backward path calculations, the total float can also be calculated as;

 TF = LF – ES – d.

    Using these relationships, activities total floats are calculated as shown in Table 5.1

    Another type of float often used in network analysis is the Free Float, which can be calculated as:

                         Free Float (FF) = ETj – ETi – d

  or FF = smallest ES (of succeeding activities) – EF (of current activity)

    The free float defines the amount of time that an activity can be delayed without affecting any succeeding activity. With free float available for an activity, a project manager knows that the float can be used without changes the status of any non critical activity to become critical.

· Identifying Critical Activities

   Activities with zero total floats mean that they have to be constructed right at their schedule times, without delays. 

These activities are considered to be critical. They deserve the special attention of the project manager because any delay in critical activities causes a delay in the project duration.

    One interesting observation in the results of CPM analysis is that critical activities form a continuous path of the critical activities that spans from the beginning to the end of the network.

     An important characteristic of the critical path. In real-life projects with many activities, it is possible that more than one critical path are formed.

4.2.4.2 Precedence Diagram Method (PDM)
    Precedence Diagram Method (PDM) is the CPM scheduling method used for AON networks and it follows the same four steps of the CPM for AOA method.

· Forward Path

Forward path can proceed from one activity to the other; the process is as follow    (The Figure 5.11):

[image: image21.emf]
                                           Figure 5.11   Forward Path in PDM Analysis

·     At activity A. It is the first activity in the network. We give it an early-start (ES) of   0 in the left top box. Adding the activity duration.

         we determine the EF time of the activity and we put it in the top right box.

·    We move forward to the succeeding activities B, C, and D.

        These three activities have only A as a predecessor with time 3 as    its EF.

     As such, all the three activities can start as early as time 3 (ES = 3).

      Each activity, accordingly, has its own EF time based on its duration.

·    Moving forward to activity E . 

        This activity has 3 predecessors (3 head arrows) of  activities B, C, and D with their largest EF time being 9.

 The ES of activity E, thus, with becomes time 9.

 Adding its duration, the EF becomes time 14.

    To generalize the calculations consider the Figure 5.12, of two activities i and j with relationship finish to start and overlap between them. Overlaps will have a positive sign, while lags will have a negative sign. The forward path calculations are as follows:

[image: image22.emf]
                          Figure 5.12  Activities times in PDM Analysis

ESj = EFi – overlapij 

In case of more than one activity precedes activity j then consider the maximum. Then, apply Equation (LTi = LTj – dx )  to calculate the early finish times.

· Backward Path

   Once the forward path is finished, the backward path can start, moving from the last activity to the first, putting the calculations in the bottom two boxes of each activity, as shown in the  Figure 5.13.

 The process is as follows:

[image: image23.emf]
Figure 5.13  Backward path in PDM analysis

·   We start at the last activity E and we transfer the early-finish value to become the activity's late-finish (LF) time.

      Then, subtracting the activity's own duration, the late start (LS) time is  calculated as time 9 and put in the bottom left box of the activity.

·     Moving backward to activities B, C, and D all have one successor (activity E)    with LS time of 9.

   The LF of all these activities becomes time 9. 

   Each activity then has its own  LS time, as shown in Figure 5.13.

·     Moving to activity A. The activity is linked to 3 tail arrows

          (i.e., has 3  successors) of activities B, C, and D. 

The LF of activity A, thus, is  the smallest of its successors' LS times, or time 3. Activity A then has  LS  equals zero.

Considering the Figure which shows the Activities times in PDM Analysis

 again, the backward path calculations are as follows:

              LFi = LSj + overlapij
In case of more than one activity succeeds activity j then consider the minimum. Then, apply this Equation (LSx = LFx -dx )to calculate the late start times.

Notice that by the end of the backward path, all activity times can be read directly from the boxes of information on the activity, without additional calculations. This also, makes it simple to calculate the total float of each activity using the same relationships used in the AOA analysis, basically,

· Identifying Critical Activities

     Critical activities can also be easily determined as the ones having zero float times, activities A, D, and E. 

    The critical path is then shown in bold as the Figure which shows the Backward path in PDM analysis . 

    The PDM analysis, as explained, is a straight forward process in which each activity is considered as an entity that stores its own information.

4.2.5 Time-Scaled Diagrams

    Time-scaled diagrams are used extensively in the construction industry. Such diagrams enable one to determine immediately which activities are scheduled to proceed at any point in time and to monitor field progress. Also, it can be used to determine resources need.

      The time scale used in time-scaled diagrams can be either the calendar dates or the working periods (ordinary dates), or using both at the same time. 

     The activities are represented as arrows that drawn to scale to reflect the activity duration it represents. The horizontal dashed lines represent total float for groups of activities and free float for the immediate activity to the left of the dashed line. 

     The precedence of an activity is the immediate activities before it or that linked to it through vertical dashed lines. The name and the duration of an activity are written above and below the arrow representing it respectively.

     The ES, EF, and FF times of the activities can be easily read directly from the diagram. The TF for an activity is the smallest sum of succeeding FF on all paths. Accordingly, the LS and LF times can be easily calculated as follows:

[image: image24.emf]
     The critical path can be easily determined as the continuous lines from the beginning to the end of the network with any dashed lines. 

     The main advantage of this diagram I its simple representation and it can be sued directly for determining resources need. However, its disadvantage is that it needs a great effort to be modified or updated. Also, it can not be used to represent overlapping activities.

[image: image25.emf]
                                     Figure 5.14  Time-scaled diagram

    The TF for activity A equals the smallest of the sum of the floats along all paths from the end of activity A to the end of the project. The float on path ABE = 3, path ACE = 2 and path ADE = 0, then the TF of activity A = 0. The calculations are shown in the Table 5.2 .
   Table 5.2  Time-scaled diagram calculations

[image: image26.emf] 

4.2.6 Schedule presentation

    After the AOA and AON calculations are made, it is important to present their results in a format that is clear and understandable to all the parties involved in the project. 

   The simplest form is the Bar chart or Gantt chart, named after the person who first used it. A bar chart is a time versus activity chart in which activities are plotted using their early or late times, as shown in Figures 5.15 . a & b

    Early bar chart is drawn using the ES times of activities, while the late bar chart is drawn using the LS times.
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                 Figures 5.15          a) Early bar chat           b) Late bar chart 

     The bar chart representation, in fact, shows various details. 

      Float times of activities, critical activities can be shown in a different color, or bold borders, chart can also be used for accumulating total daily resources and / or costs, 

[image: image29.emf]
Figures 5.16    Using bar chart to accumulate resources
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Chapter 

5
PROJECT COST MANAGEMENT

Process Description

    The project money plan is the financial for the project , and it sets the basis for the control of the project cost and cash flow .

     Developing the money plan involves the functions of cost estimating , budgeting , cash flow , cost control ,and project profitability .

     Taking together these  functions make up the field of cost engineering .

     The professional organization for cost engineers is the American Association of cost Engineers  .

The construction cost estimate 

     The construction cost estimate  usually gives the first specific indication of the total project cost " TPC" .

      The estimate of total project cost gives vital information to the owner , the project designer , and the construction contractor .

     The owner uses the latest TPC projection to verify the project s economic viability  and cash flow needed  .
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Figure (4-2)

5.1 Resource Planning

Cost management is begun by planning the resources that will be used to execute the project. Figure (4-2) shows the inputs, tools, and product of this process. All the tasks needed to achieve the project goals are identified by analyzing the deliverables described in the Work Breakdown Structure (WBS). The planners use this along with historical information from previous similar projects, available resources, and activity duration estimates to develop resource requirements. It is important to get experienced people involved with this activity, as noted by the “expert judgment” listed under tools. They will know what works and what doesn’t work.

5-2  Estimating cost 

5.2.1 Introduction    
           Cost estimating is one of the most important steps in project management.    

           A cost estimate establishes the base line of the project cost at different stages of         development of the project.

           A cost estimate at a given stage of project development represents a prediction    provided by the cost engineer or estimator on the basis of available data.

           Control and profitability Cost estimating involves developing an approximation (estimate) of the costs of the resources needed to complete project activities.

5.2.2  Type of cost estimate 

     Cost estimates fall into four basic classes based on the purpose the estimate serves during the project s life cycle .

 In  addition to the differences in the names of the four classes of estimates , one can expect a good deal of the variation in the expected accuracy figures .

	
	Type of Estimate
	Purpose 
	 Accuracy " %"

	1
	Feasibility
	Determine project feasibility
	+  25 to 30%

	2
	Appropriation 
	Obtain project funding 
	+  15 to 25 %

	3
	Capital cost or budget 
	Project control budget 
	+  10 to 15 %

	4
	Definitive 
	Final cost prediction 
	+  5 %


                      Table 8.1 . .Type of cost estimate

The basic requirements for a good estimate 

· A sound ,fixed design basis

· A realistic project execution plan .

· A reasonable estimating budget 

· Good estimating methods and accurate cost data 

· Neatly documented detail 

· A knowledgeable estimator .

** The project management team must weigh the additional accuracy against the additional cost
·  The factor effecting construction cost estimate

· project type : the type of the designing project has an impact on estimating construction cost.

· special construction : these condition may include renovation, heavy 

     loading, i.e. large quantities of files and hazards material. 

· time of the year. 

· labor rate .

· material cost.

5.2.3 Tools required for cost estimating 

1-  Information 

    Every cost estimate must be based on complete throw an modern information relating to the project . The information takes many form among them drawings, specification, production schedule, actual production labor-hour and cost records, hand-book, professional and reference books, personal knowledge and market surveys.

2- Methods

      Before starting to develop acost estimate, decision must be made concerning the estimating method or combination of methods to be used. The method chosen on the time allotted to prepare the estimate and the accuracy of estimate.

3- schedule

      It’s a tool required for the development of good cost estimate. 

A detailed cost or cost proposal activity  estimate must be supporting by an estimating schedule that shows all phases of the estimating cycle

  The   following element would typically constitute the ingredients of most cost estimates and budgets for projects :

5.2.4 Construction costs includes:    
1-  Labour

2-  Material  

     3- Equipment.

4- Overhead  " OH "

5-  Profit  .
5.2.4.1 Labour
· Direct Labour "DL' expenses 

  Direct Labour "DL' expenses is the cost of hiring or utilizing the labour / staff on the project . From the total number of hour / days/ months of work for each task indicated on the project schedule , an estimate is made of the number of labour / staff  needed  in each grade , and the duration of there planned engagement .

 This gives the distribution of main –days required for each staff grade ; the man days can be multiplied by the staff wage /salary rates to obtain the DL expenses . 

· Direct  Non-Labour "DNL' expenses
  Direct  Non-Labour "DNL' expenses   is the sum of all the non labour charges applied directly to the work package in question . 

  It includes items of expenditure such as the cost of materials and equipment , purchased and freight, computer, travel ,  telephone  and communications and the billing of sub-contractors and consultants 

5.2.4.2  Material

    Another important element in conventional cost control is material cost 

    The type and quantities of material required for the project are known once all design is finished .

    If the design is complete before work starts , then, barring space restrictions , change order , and specification errors , all materials may be purchased beforehand .

   If design is not complete when construction starts or materials cannot be stockpiled , supplies may have to be  bought on an ongoing basis .

    The following three factors need consideration:

· Material  purchase .

· Material   usage .

· Wastage control and shortage  prevention .

· Material  purchase

     The quantity of materials is to listed on the bill of materials , which is prepared from the quantity takeoff .

     Before any purchase is initiated , materials to be purchased by the headquarters office and those to be purchased by the field office must be serperated .

    The  purchase requisition must be accurate and complete . it must either include detailed specification or adequate reference to specifications or standards ,such as those of the American Society of Testing Material , American Standards  Association , and others .

    The  requisition must clearly state what is required  to insure purchase of the proper product and eliminate any possibility of confusion on the part of  potential  bidders .

    The  requisition should incorporate all information needed by the bidders to calculate costs , such as required delivery schedules , type of packing , delivery  point , method of transportation , including terms and conditions , is standardized and is given to the bidders by the purchasing personnel in the request for price quotations . 

· Material   usage
   A Warehouse Requisition  Slip should be filled out by the superintendent , or an individual authorized by him , before the receives material from the warehouse to be used on the job site . 
    The storekeeper issuing the material knows from the charge number of the job where his material is being sent and can update his inventory .

    The material issued is then registered in the cost record be work item .

     If a material is not required on the project  and is returned  to the warehouse , a similar warehouse requisition slip is used for a reverse entry .

     The materials  received from the warehouse are then checked against the original requisition by the on-site material clerk .

      It is the cost engineer s responsibility  to see that all material costs are properly allocated 

     He therefore must work closely with the field accountants, storekeepers , purchasing agents , foremen , and field engineers . 

· Material pricing  

     Material pricing is straightforward when done on the recap sheet. The material  unit price is entered in the column headed Unit M Cost .

     It is then  multiplied by the quantity to get the total material cost . An estimator must ensure that the unit of the unit price are the same as those of the quantity . 

  Unit prices can be obtained in several ways .

  The first is to use published estimating reference data .

  Second source is from historical data maintained by  the estimator .

  Data  may come from cost reports of previous hobs from recent estimates .

  The age and verifiability of these prices must be kept in mined if the estimator decides to use them .

   The pest way to obtain unit prices is to solicit them from vendors . The estimator can explain to them what the job is and when it is expected to be performed . As a result , the vendors will usually honor their pricing throughout the duration of the work . 

5.2.4.3 Equipment 

  When equipment is rented , the estimator should include the rental cost in the estimate. 

  The rental cost for a particular type and size of equipment can be obtained from the business from which the equipment will be rented. Usually the rental cost dose not include operating cost such as fuel , oil , and lubricants .

  When equipment is purchased , it is necessary to determine the cost of owning and operating each unit 

  Ownership costs are costs that accrue whether or not the equipment is used  . The ownership costs include interest on money required to purchase the equipment ,depreciation of the equipment over it useful life , taxes , insurance , and storage of the equipment  when it is not use .   

  Operating costs include fuel , oil , lubricants , minor maintenance and repairs.

    5.2.4.3-1 Ownership costs  

· Investment 

· Depreciation 

· Taxes and insurance 

   5.2.4.3-2 Operating costs

· Maintenance and repairs 

· Fuel and lubricating oil 

5.2.4.3-1.1 Investment costs

     The purchase of construction equipment requires a significant investment of money . The money to purchase the equipment will be either  borrowed from a lender , or it will be taken from reserve funds of the contractor .

In either situation , there will be interest costs to the contractor . Either the lender will charge an interest rate for the borrowed money , or the contractor will lose any interest money that could be gained from the money that it withdrawn from the reserve fund . The interest expense ,or the interest –income loss , is part of the ownership cost .

  Selection of an appropriate interest rate for the money depends on economic condition . Most companies use the current rate of interest for borrowing money and add to it an additional amount to account for the risk involved in purchasing equipment and potential variations rates over the life of the equipment . 

5.2.4.3-1.2 Depreciation costs

     Depreciation is the loss value of equipment resulting from use and age . 

    With time , the value of a unit of equipment decreases due to wear and tear , deterioration , or reduced need .

    Thus , at the end of its useful life the value of the equipment is substantially less than its purchase amount  .This loss in the value is depreciation  .

     For example :

If  a unit of equipment is purchased for an amount " P " ,and at a future date for a salvage value " F"  , then the total depreciation is " P-F " 

5.2.4.3-1.3 Taxes and insurance 

     Construction equipment is taxed as property .Thus , taxes are a part of ownership costs of equipment . The amount of  the tax varies by geographic location .

     The  construction  contractor must secure insurance for owning and operating equipment .

    The cost of equipment insurance varies , depending on the type  and size of equipment , and the safety record of the contractor .

     When the equipment is not in use , space must be available for storage . Thus storage is apart of ownership costs

5.2.4.3-2 Operating costs

     Operating costs accrue when the unit of equipment is being used  .

     Operating costs  include maintenance and repairs , fuel , oil , lubricants .                          Maintenance and repairs may be defined as major or minor .  
    Major maintenance and repairs are often included in ownership costs .

     Minor  maintenance and repairs are included in operating costs . 

     Construction equipment that is driven by internal combustion engines requires fuel and lubricating oil ,which should be considered as an operating cost .

     Whereas the amounts consumed and the unit cost of each will vary the type and size of equipment , the condition under which it is operated , and the location , it is possible to estimate the cost with reasonable accuracy for a             given condition .

    An estimator should be reasonably familiar with the condition under which a unit of equipment will be operated .

 5.2.4.3-2.1 Maintenance and repairs 

    The costs for maintenance and repairs include the expenditures for replacement parts and the labor required to keep the equipment in good working condition .

   These costs vary considerably with the type of equipment , operating condition , frequency of oil and lubricant services , and skill of the operator .

   Historical  cost records of maintaining and servicing equipment are the most reliable guide in estimating maintenance and repair cost . If this information is not available , the manufacturers of construction equipment provide information showing recommended costs for maintenance and repairs for the equipment they manufacture  . 

  5.2.4.3-2.2 Fuel consumption   

  When operating under standard conditions , namely at a barometric pressure of 29.9 in of mercury and a temperature of  68f , a gasoline engine will consume approximately 0.06  gal of fuel for each actual horsepower –hour developed {0.06 gal/hp.hr } . A diesel engine will consume approximately 0.04 gal of fuel for each actual horsepower –hour developed { 0.04 gal/hp .hr 

· Lubricating oil consumed
The quantity of  lubricating oil consumed by an engine will vary with  the size of the engine , the capacity of the crankcase , the condition of the pistons , and the numbers of hours between oil changes 

    It is common practice to change oil every 100 to200 hr , unless extreme dust makes more frequent changes desirable

   The quantity of oil consumed by an engine during a changes cycle include  the amount added at the time of change plus the makeup oil between changes 

           Equation used to estimate the quantity of oil consumed

                  Q = hp * 0.6 *0.006 1b/(hp.hr)   +   c

                                    7.4 1b/gal                       t

where :

· Q   : quantity of oil consumed  

· Hp :  rated horse power of engine 

· C  :  capacity of the crankcase

· T   :  hours between oil changes

 5.2.4.4 Over head " OH "

    Overheads or indirect cost : In the project there are many expenses which cannot be easily allocated to a specific work packages  , and some times not even to a given project      ,these expenses are represent to the cost of doing business  . 

    For instance  , items like office building and rents ,cost of utilities such as power and water , cost of equipment and facilities , etc . are all overhead or non direct expenses.

    Usually   , an overhead expenses is computed as a percentage of the total direct labour/staff cost in the project . 

    The rates vary from as lowers 25 per cent of DL  "for companies that do most  of there work in the field " to  as a high  as 250 per cent of DL " for businesses with laboratories and expensive equipment "  

    The actual rate overhead can be computed by estimating the annual business overhead expense  , and dividing by the total direct labour /staff cost projected for the year 23 .

 Example: 

Small project Organization " SPO "  may have annual business overhead expenses of Rs  180000 ; and the projected total  DL  ,expenses for the given year may be Rs 150000 ; then the overhead rate of  SPO  is1.20 ." 18000/15000 = 1.2"

Overhead costs in project need to be treated differently , by being dividing into the following two categories : 

· Direct overhead 

· Indirect overhead 

5.2.4.4-1 Direct overhead costs :

  Are those that can be traced to the support of a particular project , or even to a work package  , these costs are allocated only amongst the specific work package /projects for which they apply .  

  Example of: the Direct overheads "OH” include rent , utilities , machinery , facilities  , etc 

 5.2.4.4-2 indirect overhead costs:

   Cannot be treated to any specific work package or project , and are hence allocated across all the projects under taken by the organization . The indirect overhead  expenses are  also often referred to as General &  Administrative  "C&A" expenses; and include items such as taxes ,   costs of financing , accounting , and  administration ; proposal expenses on lost contracts ; cost of marketing and promotion  .

 5.2.4.5 Profit:

   The profit in a project represents the margin left over for the organization  after all expenses in implementing the project have been paid for . 

    The margin of profit accruing to the project organization may be either an agreed – to fixed fee , or a percentage of total expenses " or a percentage of the project cost " .

5.2.5  Pricing

· Pricing data :

    The estimator also uses the most current and accurate pricing data available 

    Most contractor have in- house electronic databases  or the ability to access a published estimating database .

    Even more relevant pricing resources are actual material unit prices obtained from suppliers , current local wage rates for craft workers , and subcontractor pricing from experts in these specialty areas .

For the construction management consultant used his own database to prepare the budget estimate 
5.2.6 DIRECT COSTS   INDIRECT COSTS

· Activity durations depends upon 

· The method to be used for performance . 

· The quality of the work involved . 

· The type of the activity .

· and amount of resources that are applied  .

  ***   Assigning more workers to a particular activity will normally result in a shorter duration. .

  ***  Greater speed may result in higher costs and lower quality.

    This relationship between construction projects’ time and cost is called time-cost trade-off
   ***  Time-cost trade-off decisions are complex and require selection of appropriate construction method for each project task .

   ***  Time-cost trade-off, is an important management tool for overcoming
5.2.6.1  Project  Time – Cost  Trade –Off
The objective of the time-cost trade-off analysis is ….  to reduce the original project duration  .
    *** For this purpose it is an important to determine form of the critical path analysis to meet a specific deadline with the least cost  .

· The advantages of  finishing the project in a specific time :

· Finish the project in a predefined deadline date.

· Recover early delays.

· Avoid liquidated damages.

· Free key resources early for other projects.

· Avoid adverse weather conditions that might affect productivity.

· Receive an early completion-bonus.

· Improve project cash flow .

  -  Reducing project duration can be done by deploying additional resources to certain key activities  , if not to all the activities .

 - These additional resources could be labour , equipment ,capital or any other recourses 

· The activity duration can be reduced by one of the following actions:

· Applying multiple-shifts work.

· Working extended hours (over time).

· Offering incentive payments to increase the productivity.

· Working on week ends and holidays.

· Using additional resources.

    The completion time for an activity as measured in calendar days will be reduced. however, extra wages must be paid for such overtime work, so the cost will increase.
5.2.6.2  Activity Time-Cost  Relationship

    Generally there is relationship between the duration time for an activity and the cost of performing .

·   The analysis of the trade-off  between time and cost occurring in a project ,to accomplish this analysis objective ,several assumption s must be made concerning the time –cost curve .

· Each activity has some kind of time –cost relationship, this is true for most activates in a network ,but there may be some activities that seem to have only afixed regardless of the time needed to perform them .

· The variation in the times and cost is a linear one .

· Shortening the duration on an activity will normally increase its direct cost, which comprises the cost of labor, equipment, and material .

 * Considering only this activity in isolation and without reference to the project completion deadline :

 a manager would choose a duration which implies minimum direct cost, called the normal duration
 At the other extreme, a manager might choose to complete the activity in the minimum possible time, called crashed duration, but at a maximum cost
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  Figure 5.3.2  linear time/cost trade-off for an activity 
5.2.6.3   Project Time-Cost Relationship

Total construction project costs  may be divided into two types , indirect costs and direct costs of performing the activities of the project.

· Indirect cost are those that apply to the project as a whole .

· Direct costs  are those that can be assigned to the individual activities .

· Indirect cost 

   are the necessary costs of doing work which can not be related to a particular activity, and in some cases can not be related to a specific project.

· The Indirect cost of overhead  include :

· Cost of doing business 

· Telephone service

· Heat and light for the central office .

· The managerial expenses of cost accounting

· Purchasing .

· The expenses of estimating 

· Scheduling  and others .

· Another  main group of indirect cost :

  are those that apply to a  particular contract  included in this group are :

· The cost of operating the site office 

· Applying safety program 

· Supervising the job and other .

· In direct cost have two main characteristics 

· They increase with time .

· and the rate of increase tend to vary linearly .
· Direct  cost 

· Direct cost for the project include:

· The costs of materials .

· The costs of labor.

· The costs of equipment .

· The costs of subcontractors .

·  If each activity was scheduled for the duration that resulted in the minimum direct cost in this way, the time to complete the entire project might be too long 

· Thus, planners perform what is called time-cost trade-off analysis to shorten the project duration.

· This can be done by selecting some activities on the critical path to shorten their duration

· As the direct cost for the project equals the sum of the direct costs of its activities, then the project direct cost will increase by decreasing its duration.

· On the other hand, the indirect cost will decrease by decreasing the project duration, as the indirect cost are almost a linear function with the project duration

·  The optimum project duration can be determined as the project duration that results in the least project total cost.

-    The sum of the indirect cost and direct cost at any duration time gives the total project cost at that duration .

-  Plotting these values for all possible project duration times gives the project total cost curve .

·  As the indirect costs increase with duration time and direct costs decrease with time , the minimum total cost will occur at the project duration where the slopes of the indirect and direct cost curves are equal .

· If equality cannot be obtained , the minimum point will occur where the slope of the total curve changes from negative to positive .

· Contractor usually want to perform any project at the minimum total cost , because the indirect cost rate can be reduced only by only a relatively small a mount  in any given situation , most project cost saving come from the direct costs . 

5.2.6.4 Shortening Project Duration

· The minimum time to complete a project is called the project-crash time.

· This minimum completion time can be found by applying critical path scheduling with all activity durations set to their minimum values.
· This minimum completion time for the project can then be used to
· Project duration

· Project cost .

5.2.6.4-1 Determine the project-crash cost.

 Since there are some activities not on the critical path that can be assigned longer duration without delaying the project, it is advantageous to change the all crash

schedule and thereby reduce costs.

5.2.6.4 -2 The procedure for shortening project duration :

· Draw the project network.

· Perform CPM calculations and identify the critical path, use normal durations and costs for all activities .

· Compute the cost slope for each activity from the following equation:

       cost slope = crash cost – normal cost / normal duration – crash duration
· Start by shortening the activity duration on the critical path which has the least cost slope and not been shortened to its crash duration .

· Reduce the duration of the critical activities with least cost slope until its crash duration is reached or until the critical path changes .

· When multiple critical paths are involved, the activity (ies) to shorten is determined ---  by comparing the cost slope of the activity which lies on all critical paths , with the sum of cost slope for a group of activities, each one of them lies on one of the critical paths.

· Having shortened a critical path, you should adjust activities timings, and 

· The cost increase due to activity shortening is calculated as the cost slope multiplied by the time of time units shortened

· Continue until no further shortening is possible, and then the crash point is reached.

· The results may be represented graphically by plotting project completion time against cumulative cost increase
 *** This is the project direct-cost / time relationship.

 *** By adding the project indirect cost to this curve to obtain the project time / cost curve
 *** This curve gives ---  the optimum duration and the corresponding minimum cost

.

5.3   Project Budgeting 

   The purpose of the project budget is to set a cost , or money target for each material , labor , and subcontract cost on the total project .

   A poor estimate will lead to an unrealistic budget . That in turn will lead to loss of control , cost overruns , and financial problems for all concerned with the project .

   Loss of cost control will surely prevent our reaching the project goal of finishing under      budget 

· Cost Budgeting:

            The process of allocating the overall cost estimates to individual work     items in order to establish a cost baseline for measuring project performance.  

      And its include; cost estimates, WBS, and project schedule.

      And use methods like cost estimating tools and techniques .

5.6  Cost Control
5.4.1 Contract Cash Flow
At the project level, a project’s cash flow is the difference between the project’s expense and income. At the construction company level, the difference between company’s total expense and its total income over a period of time is the company’s cash flow.


                     Cash flow = Cash in – Cash out

                                      = Income - Expense

Forecasting cash flow is necessary for a construction company for the following reasons:

· To ensure that sufficient cash is available to meet the demands.

· It shows the contractor the maximum amount of cash required and when it will be required. Thus, the contractor can made arrangements to secure the required cash.

· It provides a reliable indicator to lending institutions that loans made can be repaid according to an agreed program.

· It ensures that cash resources are fully utilized to the benefit of the owner and investors in the company.

The three main ingredients in determination of cash flow are:

1- Expenses (cash out) which represents the aggregate of the payments which the contractor will make over a period of time for all resources used in the project such as labor, equipment, material, and subcontractors.

2- Income (cash in) that represents the receipts a contractor will receive over a period of time for the work he/she has completed.

3- Timing of payments: in cash flow analysis, we are interested in the timing of payments related to the work done by the contractor.

5.4.1.1 the S-Curve:

The curve represents the cumulative expenditures of a project direct and indirect costs over time is called the S-curve as it take the S-shape as shown in (Figure 7.4), In many contracts, the owner requires the contractor to provide an S-curve of his estimated progress and costs across the life of the project. This S-shaped of the curve results because early in the project, activities are mobilizing and the expenditure curve is relatively flat. As many other activities come on-line, the

level of expenditures increases and the curve has a steeper middle section. Toward the end of a project, activities are winding down and expenditures flatten again (Figure 5.4.1). The S-Curve is one of the most commonly techniques to control the project costs.

[image: image32.emf]Figure 5.4.1: A sample S-curve

· An S-curve for a project can be developed using the following steps:

1- Constructing a simple bar chart for all the activities of the project.

2- Assigning costs to each activity using activity duration.

3- Plotting the cumulative amounts of expenditures versus time by smoothly connecting the projected amounts of expenditures over time.

5.4.1.2 Project Income (Cash-in)
The flow of money from the owner to the contractor is in the form of progress payments. Estimates of work completed are made by the contractors periodically (usually monthly), and are verified by the owner's representative. Depending on the type of contract (e.g., lump sum, unit price, etc.), these estimates are based on evaluations of the percentage of total contract completion or actual field measurements of quantities placed. Owners usually retain 10% of all validated progress payment claims submitted by contractors. The accumulated retainage

payments are usually paid to the contractor with the last payment. As opposed the expenses presented in (Figure 5.4.2) with smooth profile, the revenue will be a stepped curve. Also, when the contractor collects his/her money it is named project income (cash in) as shown in (Figure 5.4.3)
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Figure 5.4.2 : Project cost and expense curves

The time period shown in Figure 8.6 represents the time intervals at which changes in income occur. When calculating contract income it is necessary to pay attention to the retention and/or the advanced payment to the contractor if any.
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Figure 5.4.3: Project revenue and income curves
· Retention

Retention is the amount of money retained by the owner from every invoice, before a payment is made to the contractor. This is to ensure that the contractor will continue the work and that no problems will arise after completion. This retainage amount ranges from 5% to 10% and hold by the owner from every invoice till the end of the contract. The whole amount will be paid to the contractor at the end of the contract.

· Advanced payment

This is amount of money paid to the contractor for mobilization purposes. Then, it is deducted from contract progress payment. Applying this strategy improves the contractor cash flow and prevents him/her from loading the prices at the beginning of the contract. This strategy, however, may be used only in projects that require expensive site preparation, temporary facilities on site, and storage of expensive materials at the beginning of the project.

5.4.1.3 Calculating Contract Cash Flow

Having determined the contract expenses and income as presented in the previous section, it is possible to calculate the contract cash flow. If we plotted the contract expense and income curves against each other, then the cash flow is the difference between the points of both curves. (figure 5.4.4) shows the cash flow of a specific contract. The hatched area represents the difference between the contractor’s expense and income curves, i.e., the amount that the contractor will need to finance. The larger this area, the more money to be financed and the more interest charges are expected to cost the contractor.
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Figure 5.4.4: Cash flow based on monthly payments

The contractor may request an advanced or mobilization payment from the owner. This shifts the position of the income profile so that no overdraft occurs as shown in (Figure 5.4.5).
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Figure 5.4.5 : Effect of advanced payment on improving cash flow

In case of less number of payments (two or three payments) along the contract period, this will lead to increase the overdraft as shown in (Figure 5.4.6).
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Figure 5.4.6: Effect of receiving two payments on cash flow

From the previous study, the factors that affect the project finance (cash flow) are and should considered when calculating the cash flow:

· The project bar chart (project schedule).

· Activities’ direct and indirect cost.

· Contractor method of paying his/her expenses.

· Contractor’s markup (mainly the profit margin).

· Retention amount and its payback time.

· Time of payment delay by owner.

· Advanced or mobilization payment.

The cash flow calculations are made as described in the following steps:

· Perform project schedule and determine project and activities timing.

· Draw bar chart based on early or late timings.

· Calculate the cost per time period.

· Calculate the cumulative cost.

· Adjust the cost according the method of paying it to produce the expenses.

· Calculate the cumulative revenue (revenue = cost x (1 + markup)).

· Adjust the revenue based on the retention and delay of owner payment to determine the income.

· Calculate the cash flow (cash flow = income – expense) at the contract different times.

5.4.1.4  Minimizing Contractor Negative Cash Flow
It is very essential to the contractor to minimize his/her negative cash flow because this may hinder him/her during performing the contract due to lack of financial resources. Among the procedures the contractor may follow to minimize negative cash flow is

· Loading of rates, in which the contractor increases the prices of the earlier items in the bill of quantities. This ensures more income at the early stages of the project. However, this technique might represent a risk to the contractor or the owner.

· Adjustment of work schedule to late start timing in order to delay payments. In this case, the contractor should be aware that in this case in delay might happen will affect the project completion time and may subject him/her to liquidated damages.

· Reduction of delays in receiving revenues.

· Asking for advanced or mobilization payment.

· Achievement of maximum production in the field to increase the monthly payments.

· Increasing the mark up and reducing the retention.

· Adjust the timing of delivery of large material orders to be with the submittal of the monthly invoice.

· Delay in paying labor wages, equipment rentals, material suppliers and subcontractors.

5.4.1.5  Cost of Borrowing (Return on Investment)

Cash requirements (negative cash flows) during a project result in a contractor either having to borrow money to meet his/her obligation or using funds from the company reserves, which may have been more profitably if employed elsewhere. Accordingly, there should be a charge against the project for the use of these funds.

One of the methods to determine the amount of interest to be charged during a contract is to calculate the area between the expenses and income curves. To simplify the calculations, the area is calculated in terms of units of  Nis x time period (money x time). The time may be in days, weeks, months, etc. The underneath the expense curve is considered as negative area (negative cash), while the area above the expense curve is considered positive area (positive cash). The total net number of area units is calculated and multiplied by the value of the unit and the result is multiplied by the interest rate or rate of investment.


Cost of borrowing = net area x interest rate                     

Note that, the interest rate should be calculated in the same time period as the time period of the unit areas. For example, if the units’ areas are calculated in NIS .month, then the interest rate should be in months.

5.4.2  Project Cash Flow

The project cash flow deals with the whole life of the project not the construction period only. Thus, project cash flow studies the project finance from the feasibility studies phase till the operation phase. In this case, the time is much longer than that of the contract. At the early stage of a project, the project experience negative cash flow as there is no income in these stages. In the operation stage, the revenue will increase than the expenses. Atypical project cash flow is shown in Figure (5.4.7). When comparing the economics of projects, the cumulative cash flow provides indicators for such comparison as payback period, profit, and the maximum capital. These indicators called the profitability indicators.
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figure 5.4.7 Typical project cash flow

5.4.2.1 Project Profitability Indicators

· Profit

It is the difference between total payments and total revenue without the effect of time on the value of money. When comparing alternatives, the project with the maximum profit is ranked the best.

· Maximum capital

It is the maximum demand of money, i.e., the summation of all negative cash

(expenditures). The project with minimum capital required is ranked the best.

· Payback period

It is the length of time that it takes for a capital budgeting project to recover its initial cost, where the summation of both cash out and cash in equals zero. When comparing alternatives, the project with the shortest payback period is ranked the best.

5.4.3  Earned Value Management
5.4.3.1  Introduction:

The term “Earned Value” is gaining in popularity around project management circles  as if it is some wonderful new concept to be embraced. Yet, it has been in use since the 1960s when the Department of Defense adopted it as a standard method of measuring project performance. The concept was actually developed as early as the 1800s when it became desirable to measure performance on the factory floor. Today, it is both embraced and shunned, often in response to prior experience of stories told “in the hallway.” The opponents will generally cite the cost and effort to make it work, and the limited benefit derived from its implementation. The proponents will cite the cost savings to the project overall, the improved analysis, communication and control derived from its implementation Current performance is the best indicator of future performance and therefore using trend data it is possible to forecast cost or schedule overruns at quite an early stage in a project. The most comprehensive trend analysis technique is the Earned Value method. 
In a nutshell Earned Value is an approach where you monitor the project plan, actual work and work-completed value to see if a project is on track. Earned Value indicates how much of the budget and time should have been spent, with regards to the amount of work done to date.
5.4.3.2 What is Earned Value Management ? 

When we speak of Earned Value, we generally are speaking of a methodology. While Earned Value is just one element of this methodology, it is the key element. The simplest way to think of Earned Value is to equate it with physical progress. As the name implies, it is something that is gained through some effort. In project management, this value is earned as activities are completed

 Earned Value Management (EVM) is a project management system that combines schedule performance and cost performance. 

5.4.3.3  The importance of Earned Value 

There are three primary advantages to the use of earned value  Accuracy of the reports 

1.Capacity to deal with the uneven rate of project expenditures and the work 2.to provide an early warning of project managers, allowing them to take 3.the necessary corrective actions should be spending more project of the funds than it is physically complete

5.4.3.4 The elements Earned Value:

In order to understand Earned Value thoroughly, we must become familiar with all the elements of the Earned Value method.(Figure 1) provides an overview of these elements. While many people shy away from the acronyms used to label the elements, they quite accurately describe the elements. The project management practitioner should be familiar with the “alphabet soup.” In this paper, we will use both the formal acronyms and more familiar terms to describe the elements.
[image: image39.emf]                                  FIGURE 1 - EARNED VALUE ELEMENTS
The BCWS is the Budgeted Cost of Work Scheduled. Quite literally, it represents the budgets of the activities that are

planned or scheduled to be completed. In the discussion of how to apply Earned Value, we shall see how this is developed

and why the BCWS curve has the traditional S-curve shape.

The ACWP is the Actual Cost of Work Performed. Again, quite literally, it represents the actual cost charged against the

activities that were completed. Later we shall see how we deal with activities that are in progress but not yet completed.

 Measuring project performance. It compares the amount of work that was planned with what was actually accomplished to determine if cost and schedule performance is as planned."

The BCWP is the Budgeted Cost of Work Performed. This is the traditional Earned Value that we speak of. It represents the

planned or schedule cost of the activities that are completed. The distinction between the BCWS and the BCWP is that the

former represents the budget of the activities that were planed to be completed and the latter represents the budget of the

activities that actually were completed.

These are the three major components of Earned Value. At any point in time, we have the planned work, the actual work and

the cost of the actual work. This allows us to make the full analysis of our project progress and performance. Some of the

other, related terms shown in Figure 2, include the Budget At Completion (BAC), the Estimate At Completion (EAC), the

Schedule Variance (SV)   " Difference between the value of work that was planned for completion and the value of the work that was actually completed" 


SPI = 1, on schedule

SPI < 1, behind schedule

SPI > 1, ahead of schedule

and  the Cost Variance (CV)  " Difference between earned and actual costs for the completed work.


CPI = 1, on budget

CPI < 1, over budget

CPI > 1, under budget

We will learn more about these in the discussion on how to apply Earned Value

5.4.3.5   What is Earned Value Measuring 

Used to measure and communicate the real physical progress of a project taking into account the work complete, the time taken and the costs incurred to complete that work.

Measuring project performance. It indicates how much of the budget should have been spent, in view of the amount of work done so far and the baseline cost for the task, assignment, or resources.

5.4.3.6  How Do We Use Earned Value?

At this point we come to the practical part of actually seeing how Earned Value is applied on any project. There are 5 steps

in setting up the Earned Value system on a project, and 4 steps in using it. These steps are described generically but they are

the same for all projects. Each of these steps will be discussed in detail. To set up the Earned Value system:

1. Establish the Work Breakdown Structure (WBS) to divide the project into manageable portions.

2. Identify the activities to be scheduled that represent the entire project.

3. Allocate the costs to be expended on each activity.

4. Schedule the activities over time.

5. Tabulate, plot and analyze the data to confirm that the plan is acceptable.

· To use the information generated by the Earned Value calculations:

6. Update the schedule by reporting activity progress.

7. Enter the actual costs on the activities.

8. Execute the Earned Value calculations, print and plot the reports and charts.

9. Analyze the data and write the performance narra

[image: image40.emf]FIGURE 2 - WORK BREAKDOWN STRUCTURE

5.4.3.7   Basis for Earned Value Analysis
· Budget at Completion (BAC) = Overall approved budget for a task

· Actual Costs (AC) = Total amount spent on a task up to the current date

· Percent Complete = Task progress, related as either EV/BAC, or simply physical progress shown by the fill of the task bar
· Once these three measurements have been established, the following calculations can be performed
· Earned Value (EV) = BAC x Percent Complete. The budgeted cost of completed work as of the current date
· Planned Value (PV) = The point along the time-phased budget that crosses the current date. Shows the budgeted cost of scheduled work as of the current date
Project cost and schedule performance measurements should really be managed as one integrated elements not as parts.

  If your budget spend plan shows you over spending and your schedule shows milestones slipping, you can know you may be in trouble , but you will have no way to make a quantitative assessment of how bad the trouble is.

  EVMS solves this problem by providing an accurate picture of spending and accomplishments related to a baseline plan.  This enables you to quickly form conclusions about the project team's staffing levels and productivity, as well as giving insight into areas of the WBS where the problems are occurring
· Earned Value Management Example 5.1
The figure above illustrates how to determine the Budgeted Cost of Work Scheduled by summing the dollar values of the work scheduled for accomplishment at the end of period "X". The Budgeted Cost of Work Performed is determined by summing the earned value for the work actually accomplished, shown in gray shading.


· PLANNED VALUE (Budgeted cost of the work scheduled) = 18 + 10 + 16 + 6 = $50
· EARNED VALUE (Budgeted cost of the work performed) = 18 + 8 + 14 + 0 = $40
· ACTUAL COST (of the work performed) = $45 (Data from Acct. System)
Therefore 

Schedule Variance = 40 - 50 = -$10
Schedule Performance Index = 40 / 50 = 0.8
The above example illustrates the concept of determining the Planned Value by summing the dollar values of the work scheduled for accomplishment at the end of period "X". The Earned Value is determined by summing the

budgeted value for the work actually accomplished, shown in gray shading.

The Cost Variance is the difference between the Earned Value and the Actual Cost. In the example above, we are pretending our accounting system gives us "actual" of $45, so there is a $5 negative cost variance. The Cost Performance Index (CPI) is 40/45 = .89. That means the project is spending about $1.13 for every $1.00 of (EV) budgeted work accomplished.

· Example 5.2

	Week
	BCWS
	BCWP
	ACWP

	1
	300
	500
	500

	2
	300
	500
	500

	3
	300
	300
	300

	4
	300
	200
	200
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6 

Resources management

6.1 Resources definition

     The most resource used is people or workers (such as welders or carpenters), it may also include other resources such as machines (such as an excavator or loader), space on a project where space is restricted and where this restriction limits the amount of other resources which can be deployed at any one time, financial resources (money) that are needed to perform the required work, or materials needed to accomplish different activities

     Generally, a resource can be defined as any thing (labor, equipment, material ,money, etc.) that is needed to have the work done.

     Resources are specified in terms of the number of units of resource required, and resources may be specified in terms of the hours or days that a specific resource is required, e.g., 40 welder-hours or 24 man-days.

     Resources may be considered as consumable, such as materials that may be used once and once only, or non-consumable, such as people, which may be used again and again. 

    The way in which consumable resources are used is not critical as long as they are used efficiently. However, the way in which non-consumable resources are used can have a significant impact on the project.

    Resource management is therefore mainly concerned with non-consumable resources.

    Resources may be classified according to their importance to key resources, secondary resources and general resources. Key resources are the most important, expensive and non available resources in the project such as skilled labors, or equipment. 

   These types of resources will have a great attention in the resource scheduling process. Secondary resources are those resources which have no constraints on their availability, such as normal labor.

   General resources are defined as those resources that are used by all or most of the activities on the project such as site overheads.

6.2 Resources  Management

    The most important resources that project managers have to plan and manage on day-to day basis are people, machines, materials, and money.            Obviously, if these resources are available in abundance then the project could be accelerated to achieve shorter project duration. On the other hand, if these resources are severely limited, then the result more likely will be a delay in the project completion time.

    In general, from a scheduling perspective, projects can be classified as either time constrained or resource constrained.

6.3 Resource leveling (smoothing)

   A project is classified as time constrained in situations where the project completion time can not be delayed even if additional resources are required. However, the additional resource usage should be no more than what is absolutely necessary.  

   Accordingly, the primary focus, for purposes of scheduling, in time constrained projects is to improve resource utilization. This process is called resource leveling or smoothing.

   It applies when it is desired to smooth the fluctuation in the daily demand of a resource, In this case, resources are not limited and project duration is not allowed to be delayed.  

   The objective in this case is to shift non-critical activities of the original schedule, within their float times so that a better resource profile is achieved.

 SHAPE  \* MERGEFORMAT 



Figure 6.1 : Resource leveling (smoothing)
6.4  Resource scheduling

   A project is resource constrained if the level of resource availability cannot be exceeded. In those situations where resources are inadequate, project delay is acceptable, but the delay should be minimal. 

  The focus of scheduling in these situations is to prioritize and allocate resources in such a manner that there is minimal project delay. However, it is also important to ensure that the resource limit is not exceeded and the technical relationships in the project network are respected.

6.5  Resources  Allocation

    Resource allocation, is concerned with assigning the required

number of resources identified for each activity in the plan. More than one type of resource may be assigned to a specific activity.

    For example, fixing steel plates on a bridge deck may require different types of resources such as: welders, laborers and a certain type of welding machine.

    From a practical view, resource allocation does not have to follow a constant pattern; some activities may initially require fewer resources but may require more of the same resources during the later stages of the project.

6.6 Resources  Aggregation

   After each activity has been assigned its resources, the next step is to aggregate the resources used by all activities.

   Resource aggregation is simply the summation, on a period-by-period basis, of the resources required to complete all activities based on the resource allocation carried out previously. 

  The results are usually shown graphically as a histogram. Such aggregation may be done on an hourly, daily, or weekly basis, depending on the time unit used to allocate resources. 

   When a bar chart is used, the resource aggregation is fairly simple and straightforward. For a given bar chart, a resource aggregation chart can be drawn underneath the bar chart. However, a separate graph will be required for each resource type.

  An example is shown in Figure 6.2, where, for a particular resource, the required resource  units for each time period are written on the bar chart.

  The total number of resource units for each time period can then be summed and a resource aggregation or load chart can be produced as presented underneath the bar chart. 

Thus, having a project scheduling is necessary to facilitate the bar chart drawing. 

  The non critical activities, activities which are not on the critical path, do not have fixed starting and finishing times but are constrained by the earliest and latest starting and finishing times. 

   This situation offers the planner chance for adjusting the demand for resources. 

   Figure 6.3 illustrates such situation, which shows the resource aggregation when the activities scheduled on their early times and late times.

   It can be seen that the resource requirements that arise when both earliest and latest start times are considered are different. 

   The shaded area represents the resources required by the critical activities, as these activities have a fixed position because their early times equal their late time. .

  Figure 6.3 shows, also, the accumulation of resources at the beginning of the project when the activities scheduled on their early time.

  On the other hand, the resources accumulate at the end of the project when the activities scheduled on their late times.

[image: image42.emf]
Figure 6.2 : Resource aggregation

[image: image43.emf]
Figure 6.3: Resource aggregation chart showing resource requirements associated with earliest and latest times along with highlighted resource requirements for critical activities

6.7 Resources  Aggregation (Smoothing)
    The problem of resource fluctuation appears after the initial scheduling of the project without considering the resources.  

    The peaks and valleys in the resource profile indicate high day-to-day variation in the resource demand. 

    Resource smoothing is the process that attempts to determine a resource requirement that is "smooth" and where peaks and valleys are eliminated. For example, even if 7 units of a given resource are available at any one time, utilizing 5 of these units each week is preferable than using 4 units for the first week, 7 the next, 2 the next and so on. 

   Even if there is no limit to the amount of any one resource available, it is still desirable that resource usage is as smooth as possible.

   Given that the resource requirements of those activities on the critical path are fixed, some order or priority needs to be established for selecting which activity and which particular resource associated with this activity should be given priority in the smoothing process.

   Resource leveling heuristics shift non-critical activities within their float times so as to move resources from the peak periods (high usage) to the valley periods (low usage), without delaying the project (i.e., area underneath the resource profile remains constant). 

     Usually, project managers may prefer having a desired resource profile in which the resource usage starts with low values and then the resources are build up till its maximum values and starts to decrease as the project approaches its end as shown in Figure 6.4

[image: image44.emf]
                                               Figure 6.4   Preferred resource usage

6.7.1 Method of Moments for Resource Smoothing
   The method of minimum moment is well known heuristic algorithm for smoothing resource profiles. 

   The Minimum Moment Algorithm has been used as a heuristic approach to calculate a measure of the fluctuations in daily resource demands. This is represented in Figure below , where Histogram 1 and Histogram 2 are two alternative resource histograms, both having a total area of 40 resource days (i.e., equal total resource demands). 

   Histogram 1 is an ideal one with a constant daily demand of 4 resource units, no day-to day resource fluctuations, and the resource will be released after day 10. 

   Histogram 2, on the other hand, exhibits high resource fluctuation with daily demand in the range of 2 to 6 resource units, and the resource will not be released until the end of day 12. The moment (Mx) of both histograms around the horizontal axis (days) are 160 and 166, respectively, representing a better resource leveling of Histogram 1.

[image: image45.emf]
Figure 6.5   Moment calculations of resource histogram
The moment Mx is calculated by summing the daily moments, as follows:

[image: image46.emf]
Where, n is the working-day number of the project’s finish date. Or, for comparison reasons, equation (1) becomes:
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Having the moment calculations defined, a project manager may use them as to minimize the Mx to reduce daily resource fluctuations. 

6.7.2 Heuristic Procedure for Resource Smoothing
   Another way to smooth resource profile using some heuristic rules. This method can be summarized in the following steps:

- Prepare a complete activity schedule.

- Draw a bar chart of the project under study based on ES timing of the activities.

- Critical activities to be drawn first (as these activities will not be moved).

- Write the resource usage above each bar of the related activity.

- Draw the FF as dashed line beside the upper side of the bar and the TF beside the lower side.

- Aggregate (determine the resource sum) the resources in each time period.

- Calculate the total usage of resources = Σ unit period usage.

- Calculate the average resource usage = Σ usage / utilization period.

- Shift non-critical activities within their FF first, then their TF to decrease the peaks and raise the valleys.

- Revise activities floats.

- Aggregate resources in each time period after shifting any activity.

- When shifting activities, it is preferred to start with the activities that have no successors, as shifting these activities will not affect other activities. Also, by shifting these activities, a float will be created for its predecessors.

- Shift activities only that will enhance the resource profile.

6.8  Scheduling Limited Resource
    Shortage of resources is a major challenge for construction projects. 

   Often, the number of skilled labor is limited, a related equipment has to be returned as soon as possible, and / or a limited require our special consideration. 

   Scheduling under these resource constraints becomes a complex problem, particularly when more than one resource is limited. 

Resource needed exceed resource limit

[image: image48.emf]
Figure 6.6  Resource needed exceed resource limit

   The technique that deals with limited resources has been referred to as "resource scheduling" and "resource-constrained scheduling”. 

   The problem of resource-constrained scheduling appears after the initial network analysis is conducted and a bar chart is drawn.

  A resource conflict occurs when at any point in the schedule several activities are in parallel and the total amount of required resource(s) exceeds the availability limit, for any of the resources required in these parallel activities. 

  The situation is illustrated in (Figure 6.6) with activities A, B, and C that, at time period 3, require 5, while 4 are only available per day.
   The simple solution to that situation is that we can prioritizing the parallel activities, given the resource to higher priority activities and delay the others until the earliest time the resource become available again.

   Notice that if we delay an activity at time period 3, to solve the situation, we may end up with another resource conflict later in time.

   Continuing with identifying next conflict points and resolving them, determines the new schedule and the new project duration. Accordingly, the objective in such situation is to delay some activities so that the resource conflict is resolved and the project delay is minimized. 

   Various models were developed in an attempt to answer this question, and thus optimize resource-scheduling decisions. 

   Early efforts used mathematical optimization, dynamic programming, and linear programming. These models, however, were applicable only to very small size problems.   On the other hand, heuristic solutions for this problem have been developed. Heuristic solutions, in general, use simple rules of thumb to provide approximate but good solutions that are usable for large scale problems. 

   An example of these rules of thumb is that the resource can be assigned to activity (ies) having smaller total float values than others (indicating a desire not to delay the critical and close-to critical activities).

    The ( Figure 6.7)  show an example where priority was assigned to the activities having least total float when conflict arises.

[image: image49.emf]
Figure 6.7   Resource scheduling using least TF rule

    These heuristic rules are based mainly on activity characteristics. The two most effective and commonly used heuristic rules are the least total-float (LTF) and the earliest late-start (ELS).

   These two rules have been proven to provide identical results, with the ELS rule being advantageous compared to the LTF rule.

    This is because the value of the late-start derived from the original CPM calculations, unlike the total-float, need not to be changed every time an activity is rescheduled due to insufficient resource availability.

    As such, the ELS rule can be applied with much less computational effort than the LTF rule, and accordingly has been used as a basis for the resource scheduling.
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Figure 6.8  Resource scheduling procedure using the ELS rule
   The resource scheduling procedure using the ELS is outlined in (Figure 6.8) . 

     It starts from the project start time and goes through cycles of identifying eligible activities according to the network logic.
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