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CHAPTER 1
INTRODUCTION

1.1 Need for the Study

Increased competition, customer demands. and higher quality requirements in the
global environment have all forced the construction industry to pay much more attention to the
concept of “performance™ over the last two decades. Ience it was inclined to acquire a
thorough knowledge in project and construction management of” a Residential Apartment.
Hence the study on “A study on Project Management and Appraisal with reference fo

construction of a Residential Apartment in Coimbatore™ was carried out.
1.2 Primary Objective

e To study and understand about Project Management and its appraisal with

reference to construction of a Residential Apartment in Coimbatore

Secondary Objectives

« To study about estimation of the various cost components, resource requirement and
time frame required to expedite the construction ot a residential apartment.

. To explore the significance ol various methods and techniques used during

different project phases.

. To examine the various cxternal & internal variables and atiributed associated

with civil construction projects.



CHAPTER 2
LITERATURE SU RVEY

2.1Review Of Literature:

The construction industry plays significant role in the economy of developing countrics.
For example, in many developing countrics, major construction activities account for about
30% of the total capital assets, 10 % of their GDP, and more than 50% of the wealth invested in
fixed assets. In addition, the industry provides high employment opportunity, probably nexi
after agriculture | (Ofori, 2006), (Jekale, 2004)]1.Despite the construction industry’s
significant contribution to the economy of developing countnes and the critical role it plays in

those countries development, the perfonmance of the industry still remains generally low.

As shown in a financial analysis textbook by Fisher and Jordan(1996), onc way of
pricing a product to meet expected profit is to quantify risk and build a required rate of return
that comprises riskless rate plus compensation for individual risk factors. Based on several
years’ working experience, Connolly (2006) explained that risk has cost, which can sometimes
be catastrophic. However, it is not easy to predict or 0 price risk, as shown in a survey of the
top400 US contractors, which revealed that pricing 15 a complex and difficult task lor

enfrepreneurs (Mochtar and Arditi, 2001)

Several studies have referred 1o construction as a riskier sector in comparison to others
(see for example, Baloi and Price. 2003 and Ahmedetal, 2002). A study by Hugheset al.
(1998) proved this based on secondary data provided by Dun and Bradstrect (DB) on mere than
3,000 UK construclion  COMpAnies. It showed that the fisk of insolvency s higler
in construction compared to other industries, but pot cnormously different. Qut 0 {3,126
analyzed finms who hada DB raing in 1994,207 (7%) of them were oul of business
by1997. However, during periods of market growth, the business failure rate in the construction

sector was only marginally higher than the average for all secter,



CHAPTER 3
METHODOLOGY

Methodology

Construction project management 1s a relatively young ficld. However. its impact
has been quite remarkable. It has become an important practice for improving the efficiency
of construction operations around the world. This deals with some topics and tools of the

large field of project managerment.
3.1 Type of the Project:

The study incorporates itself 1o a Literature module. It studies the various tools, technigues
and methodology adopted in the construction industry. Hence the aspects involved n the
study donot confine to the regular requirements and the following tools and technigques

adopted are herewith explained

3.2 Analysis And Tools

7 CPM

» PERT

» MS PROJECT

Using Ms Project:

o The details of Process and Resources can be known using the tool, when the resources
is needed? and what is the next process? ,when it can be executed with exact start and
finish date can be known with this analysis and iool.

e Using the MS Project {MSP), baseline of project ,when the project is started Show many
days is need to finish the event and activities is update. The deal of project or the event
is identified using the tools MSP | hence the necessary action and fast tracking strateay
were used to rectify the deal.

« Cost Management is the main thing in the project.they only decide the growth of projest
and wealth of organization.cost needed at each stage and how much is needed Lall the
details can be taken from the tool.

e Variance between the actual coat and cstimated is caleulated casily. Time deal in cach stage

is identified and how much cost is spent on the work i noted using the ool.

3



CHAPTER 4
PHASE OF PROJECT MANAGEMENT & APPRAISAL

4.1 The Need for Project Management

The construction industry is the largest industry in the world. 1t is more of a service
than a manufacturing industry. Growth in this industry in fact is an indicator of the
cconomic conditions of a country. This is because the censtruction industry consumes
2 wide employment circle of labor. While the manufacturing industry exhibit high-
quality products, timelines of service delivery, reasonable cost ol service, and low failurc
rates, the construction industry, on the other hand. is generally the opposite. Most

projects exhibit cost overruns, time extensions, and contlicts among partics.

4.2 The Construction Project
A project is defined, whether it is in construction or not, by the following characteristics:

- A defined goal or objective.
- Specific tasks to be performed.
- A defined beginning and end.

- Resources being consumed.

Projects begin with a stated goal established by the owner and accomplished by
the project feam. As the team begins to design. estumate. and plan out the droject.
the members learn more about the project than was known when the goal was
first established. This often leads to a redefinition of the stated project goals.

4.4 The Project Life-Cycle

The acquisition of a constructed facility usually represents a major capital
investment, whether its owner happens to be an individual, a privaie corporation or &
public agency. Since the commitment of resources for such an investment 1s motivated
by market demands or perceived needs, the facility is cxpected to satisfy certain
objectives within the constraints specified by the owner and relevant regulations.

From the perspective of an owner, the project life cycle for a constructed facility may
he illustrated schematically in Figure 1.2. A project is expeeted to mect market demands or
needs in a timely fashion. Various possibilities may be considercd in the conceptual

4



planning stage, and the technological and economic feasibility of each alternative wili be
assessed and compared in order to select the best possible project. The financing schemes for
the proposed alternatives must also be examined, and the project will be programmed with
respect to the timing for its completion and for available cash tlows. After the scope ol the
project 1s clearly defined, detailed engineering design will provide the blucprint for
construction, and the definitive cost estimate will serve as the baseline for cost control. In the
procurement and construction Stage, the delivery of paterials and the erection ol the
project on site must be carefully planned and controlled. After the construction s
completed, there 18 usually a brief period of start-up of the constructed facility when it s
first occupied. Finally, the management of the facility is turned over 1o the owner for full
occupancy until the facility lives out its useful life and 1s designated for demotition or

conversion.

The project life cycle may be viewed as a proeess through which a project
is implemented from beginning {0 end. This process is often very complex; however. il can
be decomposed into several stages as indicated by the gencral outline in Figure 1.2. The
solutions at various stages are then integrated to obtain the final outcome. Al Ithough cach
stage requires different expertise, It usually includes both technical and managcriat

activities in the knowledge domain of the specialist.

All stages from conceptual planning and feasibility studics 0 the acceptance of
facility for occupancy may be broadly lumped together  and referred  to as the
Design/Construct process, while the procurement and construction alone are traditionatly

regarded as the province of the construction industry.
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Figure 1.2: Project life cycle

There is no single best approach in organizing project management throughout a
project's life cycle. All organizational approaches have advantages and disadvantages.
depending on the knowledge of the owner in construction management as well as the type.
size and location of the project. It 1s important for the owner to be aware ol the approach
which is most appropriate and beneficial for a particular project. Saving small amounts ol
money during construction may not be worthwhile if the result is much larger operating
costs or not meeting the functional requirements for the new lacility satisfactorily. Thus.
owners must be very concerned with the quality of ihe finished product as well as the
cost of conmstruction itsetf. Since facility operation and maintenance s a  part of the
project life cycle, the owners’ expectation 1o satisky mmvestment objectiv‘cs during the

project life cycle will require consideration of the cost o { operation and malntcnance.
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4.4.1 Preconstruction phase

The preconstruction phase of a project can be broken into conceptual planning.
schematic design, design development, and contract documents.
Conceptual design:

. Very important for the owner.

- During this stage the owner hires key consuitants including the designer and
project manager, selects the project site. and establish a conceptual estimate.
schedule, and program.

- The owner must gather as much information as possible about the project.

_ The most important decision is to proceed with the project or not.

Schematic design:
- Durng this phase, the project team investigates alternate design solutions.
materials and systems.

- Completion of this stage represents about 30% of the design completion for the project.



Design development:

Designing the main systerms and components of the project.

Good communication between owner, designer. and construction manager -8
critical during this stage because selections during this design stage aftect
project appearance, construction and cost.

This stage takes the project from 30% design to 60% design.

Contract documents:

Final preparation of the documents necessary for the bid package such as the
drawings, specifications, general conditions, and bill of quantitics.

All documents need to be closely reviewed by the construction manager and
appropriate owner persommel (o decrease conflicts, and changes.

With the contract documents are almost complete;, a detailed and complete

cost estimate for the project can be done.

4.4.2 Procurement phase (Bidding and award phasc)

4.4.3

The project formally transits from design into consiruction.

This stage begins with a public advertisement for all interested bidders or an
invitation for specific bidders.

in fast-track projects, this phase overlaps with the design phasc.

If the project 1s phased, each work package will be advertised and bid out
individually.

It is very important stage to select highly qualified contractors. It 1s now wise 1o

select the under-bid contractors.

Construction phase

The actual physical construction of the project stage.

This stage takes the project from procurcment through the tinal completion.

It is the time where the bulk of the owner's funds will be spent.

It is the outcome of all previous stages {i.c.. good preparation mears smooth

construction).

The consultant will be deployed for contract administration and construction
SUpErVisiorL.

Changes during construction may hinder the progress of the project.
8



4.4.4

Closeotit phase

_ Transition from design and construction to the actual use of the constructed
facility.
- In this stage, the management teain must provide documentation,  shop

drawings, as-built drawings, and operation manuals 10 the owner organization.

_ The as-built drawings are the original contract drawings adjusted 10 reflect all
the changes that occurred.

. Assessment of the project team’s performance is crucial in this stage for
avoiding mistakes in the future.

. Actual activity costs and durations should be recorded and compared with that

was planned. This updated costs and durations will serve as the basis for the

estimating and scheduling of future projects.

Figure 1.3 shows the increasing cumulative cost as the projects Progresses while the

influence in the project cost and scope decreases.
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4.5 Major Types of Construction Projects

[n planning for various types of construction, the methods ol procuring
professional services, awarding construction cONtracts and financing the constracted
facility can be quite different. The broad spectrum of constructed lacilitics may be

classified into four major categories, each with its own characteristics.

1.5.]1 Residential Housing Construction

Residential housing construction includes houses and high-rise apartments. During the
development and construction of such projects, the developers usually serve as surrogate
owners for design and and take charge, making necessary contractual agreement construction.
and arranging the financing and sale of the completed structures. Residential housing designs
are usually performed by architects and engineers, and the construction exceuted by butlders
who hire subcontractors for the structural, mechanical, electrical and other specialty WOrX.

4.5.2 Institutional and Commercial Building Construction

Institutional and commercial building encommpasses a groat varicty of project types
and sizes, such as schools and universities, medical centers and hospitals. sports facilitics.
shopping centers, warchouses and light manufacturing plants, and skyscrapers for oftices
and hotels. The owners of such buildings may or may not he famitiar with construction
industry practices, but they usually are able to sclect competent professional consultants and
arrange the financing of the constructed facilitics themselves. Specialty architeets and
cngineers arc often engaged for designing a specific type of puilding, while the builders or
general contractors undertaking such projects may also be specialized in only that type of
building
4.5.3 Specialized Industrial Construction

Specialized ‘adustrial construction usually involves very large scale projects with @
high degree of technological ~complexity, such as o1l refineries. stec. mills.
chemical processing plants and coal-fired or nuclear power plants. The owners usually are
deeply involved in the development of a project, and prefer to work with designers-builders
such that the total time for the completion of the project can be shortened. They aiso want
to pick a team of designers and builders with whom the owner has developed good working

relations over the years.

10



4.5.4 Infrastructure and Heavy Construction

Infrastructure  and  heavy construction  includes projects such as highways,
tunnels, bridges, pipehnes, drainage Systcms and sewage treaument plants. Most of thesc
projects are publicly owned and therefore Ginanced either through bonds or taxes. The
engincers and puilders engaged in ‘nfrastructure  construction  are usually  highly
specialized since each segment of the market requires different types of skills. However.
demands for different segments of infrastructure and heavy consiruction may shiil with

saturation in some seginents.

4.6 Construction Projects Participants

4.6.1 The Owner ( The Client)

The owner is the individual or organization for whom a project is 1O be built under
a contract. The owner OWRS and finances the project. Depending  on the owners’
capabilities, they may handle all or portions of planning, project management, design.
engineenng, procurement, and construction. ‘The owner engages architects, engineering
firms, and contractors as necessary to accomplish the desired worlk.

Public owners are public bodies of some kind ranging from agencies trom the
country level to the municipal level. Most public projects or facilities are built for public
use and not sold to others. Private owners may be individuals, partnerships. corporations.
Most private Owners have facilities or projects built lor their own use or 10 be sold.

operated, leased, or rented to others.

4.6.2 The Design Professionals

Design professionals are architects, engineers, and design consultants. The major
role of the design professional is 10 interpret or assist the owner in developing the project s

scope, budget, and schedule and to prepare construction documents.

Architect: An architect is an individual who plans and design buildings and their
associated landscaping. Architects mostly rely on consulting engineers for structural.

electrical, and mechanical work.

11



Engineer: The terml engineer usually refers to an individual or a firm engaged in the
design or other work associated with the design or construction. Design engineers arc
usually classified as civil, electrical, mechanical depending upon their specialty. Therc arc
also scheduling, estimating, coOst, and construction engineers.

Engineering-Constructr‘on Firm: An cngincering—conslruction firm s a 1ype of
organization the combines both architect/engineering and construction contracting. This

type of company has the ability of executing a complete design-build sequence.

4.6.3 The Construction Professionals

The constructions professional are the parties that responsible for constructng
the project. In traditional management where the owner, design professional, and coniractors

are separate companies, the contractor would be termed a prime contractor
Major Stakeholders

Chent

Facility

Funding Agencics
Manager e

Qpsrators

Project Manaqet

End Users

Authoritins

Supervision

Cansultants

Dussigpn

Constrnfion Sl}l'(lhlii(‘.r! Consultants

a
Cantractor Comandtants

4.6.4.The Project Manager

The project manager is the individual charged with the overall coordination of the
entire construction programm for the owner. These include planning. design, procurement,
and construction. Among his/her duties:

Clear definitions of the goals of the project.
_ jnvestigate alternative solutions for the problems.
. Develop a detailed plan to make the selected program reality.

- Implement the plan and control the project.
Construction Manager: The construction manager is a specialized finm or organization

12



which administrates the on-site erection activities and the consulting services required by the
owner from planning through dcsign' and  construction 10 commissioning.  1he
construction manager is responsible for design coordination, proper selection of mazeriaks
and methods of construction, contracts preparation for award, cost and scheduling

information and control.

Project Manager'’s Organisation Chatrt

(ol [T=1114
Consultants’ Local
Office

project Director

‘ Head Office support l S l ~ L
" i project Manager

Project Control Board

ort I

Administrative SuUpp

construction}. | Contracts HSE QA/QC ijeclt Technical
Manager Manager Controls Manager

Manager Manager Manage!

dackage | Contract : HSE ; oarqc |} Cost Plapning Technical
engineer | | Administrator -1 Engineer [ Engineer §| Controllers i | Engineers | Team
N . . . Document
1T Specialist [
4 JCONTRACT STRATEGY

Contract strategy means selecting organizational and contractual policics required for

pment o the contract strategy comprises #

the execution of a specific project. The develo

nt of the choices avail

complete assessme able for the management  of design and
construction to maximize the likelihood of achieving project objectives
4.7.1 Contract

A contract 1s defined as: "an aoreement made between two OF HOFE arties which
fa]

is enforceable by law to provide something in return for something else from d second

party”. Contracts can be very simple Of they may be very long and complicated legal
act is properly set-up it is legally binding upon. The two partes e

documents. When a contr
y have undertalken. as expressed i@

expected o perform the various obligations the

mutually agreed sct of contract documents.

. Competent Parties
. Proper Subject Matter
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- Consideration

- Agreement enforceable by law
- Proper Form

- Consent of the

4.7.2 Selection of Contract Type

The selection of contract type to be used for a construction project 1 made by the
owner, acting upon the advice of his Engincer and his legal advisor. The selection must
meet the owner Objectives and takes into account the constraints that might relate to the
project. Consultants and contractors should be tully informed by the project objectives

and constraints. The scope and the nature of the project will primarily afiect the seiection

Select Contract
Tender Meetings

Revise and Evaluation
Place Contract

Fig. 2.1: Steps of contracting process

of type of contract

4.7.2.1 Project objectives

The client will have a aumber of overall objectives. These objectives may b of
primary and/or secondary importance. Primary objectives include functional performance.

time objectives, and cost objectives.

a. Project Scope (performance): The project scope defines the extent or the arca that the
contract covers. Any additions or OMissioNs during the life of the project will Increase of
decrease the guantity of work involved. [ikewise, any changes in design must O¢

14



discussed carefully 1o establish whether or not they arc likely t© Affect the scope of the

project.

b. Time: The scope and time are closely interrelated. Decisions must often be made on
the effect of increasing of decreasing scope on fime. 1f the completion date ot a project is
critical, then increasing scope will call for an accelerated program. The extra cos!

associated with this acceleration must be quantified.

c. Price: The cost of a project 1s closely related to scope and time. The effect ol the
contract on price, and the various incentives and penalties that can help to keep price
steady must be discussed and clearly defined.

On the other hand, secondary objectives could arise on a construction project and. would

exerl a major influence over contract strategy  decisions pxamples ol secondary

objectives are:
. Allocation and payment for risk.
. Training of the client's staff.
. Transfer of technology.
. Involvement of contractor in design.
. Involvement of client in contract management.
. Choice of labor-incentive construction.
. Use of local material and resources.

- Protection ot the environment.
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4.7.2.2 Project constraints

All construction projects have constraints that influence the achievement ol the
project objectives. These constraints should therefore, be considered  when choosing

an appropriate contract strategy. There are a variety of constraints and these arc examples:

. Availability of funds.

« Availability of contractual incentives.

- Method of tendering.

« Project location.

. Target dates of the project.

- Possibility of design changes.

. Availability of resources.

- Seasonal working.

- Number of contractors willing or able to tender.

= Inflation.

Factors influencing contract choice

Three main factors influence the choice of a given contract including: the incentive,
risk sharing and the {lexibility.
4.7.3 Project Delivery Methods

The project delivery method translates what project partics are involved in the project
and how they interact with each other and called also project organizauonal structure. The
choice of an organizational structure should be related to project obj ectives  and
constraints. It can be facilitated considering the following factors:

. Size and nature of the work packages within the project.

. Selection of the design team form in-house resources external consultants or

contractors.

« Process of supervision of construction.

- Restrictions upon using combination of organizational structures within the

project.

. Expertise which the client wishes to commit to the project.
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The various project delivery methods are summarized as follows:

4.7.3.1 Traditional approach

This is the most common approach 1 civil enginecring projects in which the design
has to be completed hefore construction  can start.  Design and  construction  are
wsually performed by two different parties whe interact directly and separately with the

owner. The pros and cons of this approach ar¢ summarized as follow:
Advantages:

. Price competition

. Total cost is known pefore construction starts

. Well documented approach used in most government projects.

Disadvantages

- Longume

- Design does not benefit from construction expertise

_ Conflict between OwneT, contractor and AL

Therefore, this method is fine in many Cases where the project 18 clearly definable.
design 1s completed, time need not be shortencd. and changes are untikely to ocour
during construction.
4.7.3.2 Direct labor
In this approach. owner organization performs both the design and construction using

its in-house labor force.

. Used by large authoritics

- The owner performs both the design and the construction

- May use consultants for some specialized designs

- Most suitable for small projects

. Can be used when expertise are available

- Low risk projects

- Inadequate scope definition

4.7.3.3 Design-build

In this approach, a single organization is responsible for performing both design
and construction and, in some Cases. providing certain “know-how” for the proicct. The
pros and cons of this approach arc summarized as follow:

17



Advantages:

. Onpe contract that may inchude know-how
. Minimum owner involvement
. Used for fast-track projects in order to reduce tme
. Co-ordination between design and construction and easier in implementing the
changes
Disadvantages
. Cost may not be known until end of the construction
- High risk to contractor and more cost 1o owner
. Design-build company may reduce quality to save cost
4.7.3.4 Turnkey
This approach 1s similar to the design-build approach but with the organizaton
being responsible for performing both design, construction. know-how (if any). and
project financing. Owner payment is then made at the completion (when the contractor turns
over the “key™). An example is franchise projects in which a new branch of a restaurant

chain needs to maintain the same desigr, construction quality, and food service quality.
4.7.3.5 Build-operate-transfer (BOT)

[n this approach, a business entity 18 responsible for performing the design, construction.
long-term financing, and temporary operation of the project. At the end of the operation
period, which can be many years, operation of the project is transterred to the owner
This approach has been extensively used in recent years and is cxpected 1o contimue

4.7.3.6 Professional construction management (PCM)

[n this approach, the owner appoints  a PCM  organization (also known as
Construction Management organization) o MAanage and coordinate the design and
construction phascs of a project using a Teamwork approach. The design may bu
provided by specialist design firms and in some Cases by the PCM organization. Wit
high level of coordination between the participants, innovative approaches of overlapping
design and construction (j.e., fast tracking) can be adopted. The PCM organization aims @l

holding a friendly position similar to that of the consultants in the traditional approact.
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4.7.3.7 Contractual relationships

Within cach project delivery method, the contractual relationships  among the
project participants car take various arrangements and the owner needs  to make @
decision regarding the proper arrangement that suits the project and the partics involved.
The different contractual relationships associated with various project delivery methods

arc illustrated in Figs. 2.2 (A represents services and S contractual relationships).
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Fig.2.2. Contractual relationships
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Fig. 1.11: Various Forms of construction Management {CM) Contracts

19



4.7.4 Types of Contracts

There are many types of contracts that may be used in the construction
industry. Construction contracts are classified according 0 different aspects. They
may be classified according to the method of payment 10 the contractor. When payment s
based on prices which submitted by the contractor in his tender, they aic called cost-
based contracts. Examples arc cost-reimbursable and target cost contracts.
4.7.4.1 Lump-sum contract

A single tendered price 18 given [or the completion of speeified work o the
satisfaction of the client by a certain date. Payment may be staged at intervals on the
completion. The contract has a very Jimited flexibility {or design changcs. The tendered
price may include high level of financing and high risk contingency. Where considerable
risk has been places with the contraclor, this coniract may lead to cost cutling. trivia
claims, or bankruptey. Contract final price 1s known at render.
4.7.4.2 Admeasurentents contract

In this type of contracting, items ol work are specified in Bills of Quantitics OF
gchedule of Rates. The contractor then specifies rates against cach item. The raics
include risk contingency. Payment 1S paid monthly for all work completed during the
month. The contract offers a facility for the client to introduce changes 1o the work
defined in the tender documents. The contractor can claim additional payment for apy
changes in the work content of the contract. Claims resolution s very difficult besausce the
client has no knowledge of actual cost or hidden contingency. Tender price 1s usually
increased by variations and claims. Two forms ol admeasurcment contract arc usually
used: bill of quantities and schedule of rates.
Bill of Quantities Contract. Tenderers entet rales against cach item of the estimated
quantities of work. The quantitics arc re-measured  during the course of the coniract.
valued at the tendered rates and the contract price adjusted accordingly.
Schedule of Rates Contract: 1t contains inaccurate quantities ot work, possibly with
upper and lower probable Jimnits. Therefore. 1t s common for separate rates 10 be quoted
for labour, plant, and materials. The contract price 1s derived by measuring the
man-hours, plant-hours and the quantities of matcrials actually consumed, and hen

pricing them at the tendered price. This contract is best suitable for repetitive WOrKS.
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4.7.4.3 Cost—reimbursable contract (cost-plus contract)

The contractor 1s reimbursed for actual cost plus a special fee for head oftice
overheads and profit, no special payment for risk. Payment may be made monthly in
advance. The contract invotves a high level of flexibility for design changes. Final price
depends on changes and extent 1o which risks materialize- The contractor must make all
his records and accounts available for inspection by the client or by some agreed third party.
The fee may be a fixed amount or percentage of actual costs.

4.7.4.4 Target cost contract

Cost largets may be introduced 1nto cost-reimbursable contracts. In addition 10
the reimbursement of actual cost plus percentage fee. the contraclor will be paid a share
for any saving between target and actual cost, while the fee will be reduced if actaal cost
exceeds the target. The target figure should be realistic and the incentive must be
sufficient to generate the desired motivation.

A briefl summary of the level of nisk exposed by cach of the discussed contract
forms is illustrated in Fig. 2.3. As shown in the figure. competitive bidding contracis (l.ump
Sum and Unit Price) are among the top risky contracts © contracts and thus present

a challenge in estimating their cost and schedule at the bidding stage and before 2

commitment 18 made.

0% Turnkey lr_f_ﬁ_ﬁ. 900
Lumpg Sum l‘
Unit Price | S
GMP -/
Cost Plus v
‘ %
Owner Direct Foree i
100% T
OWNER RISK CONTRACTCOR RISK

Fig. 2.3: Level of risk associated with vanous contracts

4.7.4.5 Timeand material (T&M) contracts

T&M contracts are a hybrid type of contractual arrangement that contains aspects of
both cost-reimbursable and fixed-price-type arrangements. T&M contracts rescinble cost-
type arrangements in that they are Open ended, because the full value of the arrangement is
not defined at the ume of the award. Thus, T&M contracts can grow in contract valuc as

if they were cost-reimbursable-type arrangements.
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Contract Strategies
Basis of Contract Scope of Conatract Special Conditions

Build Own
Operate

e | Build Own Op-
. & Transfer

-
Design &
Caonstruct

Lump Sum
Turn Key

4.7.5 Contract Administration
As it was discussed in the previous sections, there is variety of lypes of contracts
used in civil engineering projects. Each type has its specific characteristics. Contracts may
be prepared under the heading of one type but could include characteristics ol more than &
single type.
The contract is defined by the contract documents, which are developed from the
tender documents. Ina Jogical order, these documents refer to the following subjects:
- Input from the client (task description).
- Qutput of the contract (specifications. results to be achieved).
. Prices for the contractor's contribution.
- Responsibilities and procedures (liability, resources provided, time schedule.
payment conditions, change procedures, ete).
Contract documents are usually arranged according to the following sequence.
- General (for any project}.
- Special (for a specialty arca of the project).
- Supplementary (unique to a given project).
. Additional (during bidding or negotiation).
- Agreement form (for singing very important and particular clauses).

. Modifications (during contract fulfillment).
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The complete contract agreement usually consists of the following decuments:

. Conditions (general, special, supplementary).

. Drawing and specifications.

- Addenda.

. Agreement form.

- Modifications.

Information usualy included in the agreement are of three parts. The first part is 2
<hort introductory paragraph which defines the parties. gives the date ol the agreement,
and state that each party agrees o what follows. The sccond part contains the clements ot
contract and defines the work to be undertaken. The final paragraph confirms  the
agreement and provides space for signatures of the partics. Thus, the agreement usually
composed of the following articles:

1. A short intreductory paragraph.

Scope of the work.
Time of completion.
Contract documents.

Performance bond.

2

3

4

5

6. Contractor's insurance.
7. Owner's insurance.

. Laws. regulations and permits.

9. Payments.

10. Extensions of time.

11. Changes in the work.

12. Owner's right to terminate the work.

13. Contractor's right to terminate the work.

14. Confirmation and signatures.

4.7.5.2 Conditions of contract

The conditions of a contract arc rules by which the execution of the contract is o
be governed. They set-out the responsibilities, rights, and Liabilitics of the two partics. They

also set-out the actions to be taken by the parties 1f and when cerlain eventualitics should
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arise. No two civil engineering contracts are similar. Probably. no two construction
contracts are truly the same.

4.7.5.3 The standard (general) forms of conditions of contract

Standard forms are prepared jointly by professional bodies and organizations
representing contractors or by large organizations and public bodies 1o suit their own
circumstances. The intention is that a common approach by the parties 10 all contracts will
be achieved and standard interpretations of risks and responsibilitics involved.

. Definitions and interpretations.

- Engineer and Engineer's representative.

. Assignment and sub-contracting.

« Contract documents.

- General obligations.

- Labor, Materials, plant, and workmanship.

- Suspension.

. Commencement and delays.

« Defects liability.

. Alternations, Additions and Omissions.
- Procedure of claims.

- Contractors’ equipment, temporary works and materials.
- Provisional sums.

- Certificates and payments.

- Remedies.

- Special risks.

. Release for performance.

. Settlement of dispules.

« Notices.

- Default of Employer.

- Changes in cost and legislation.

. Currency and rates of exchange.
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Delays in approval and examining work.

. Work acceleration by the client.

. Late delivery of materials supplied by the client.

. Different ground and/or site conditions.

- Unforeseen events and disasters.
4.7.6 Selecting the Contractor

Selecting key personnel and organizations that will participate in a project is a major

step for the owner and can mean the success or failure of a project. By large. the
competitive bidding process has been the main vchicle for contractors (o obtain jobs. The
process is required by law tor public projects. which has been the largest percentage o fall
projects, except in emergencies such as war or natural disasters.

4.7.7 Sub-Contracting

On almost all construction projects. some of the work is sub-contracted o
specialty contraclors, known as sub-contractors. The greatest part of the work 1s sub-
contracted on building projects, with a lcsser amount usually sub-contracted on hecavy
construction projects. The contractor who employs sub-contractors 10 carryout part of the
works must be totally responsible for their workmanship, performance, and general
behavior on the contract. Any communication on these aspects should be made between the

main contractor and the client.

4.8 PROJECT PLANNING

4.8.1 Introduction

Planning is a general term that scts 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. Plamning involves the breakdown of the project mto defimable.
measurable, and identifiable tasks/activities, and  then establishes  the  logical
interdependences among them.

Detailed planning for tendering purposcs 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 Figurc 4.8.
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4.8.2 Project Planning Steps
The following steps may be used as a guideline, of checklist 10 develop a project plan:
1. Define the scope of work, method statement, and sequence of work.
2. Generate the work breakdown structure (WBS) to produce a complete hist of
activiues.
3. Develop the organization breakdown  structure (OBS) and link it with work

breakdown structure © identity responsibilities.

4. Determine the relationship between activities.
5. Estimaie activities time duration, cost expenditure, and resource requirement.

6. Develop the project network.

4.8.2.1 Work Breakdown Structure (WBS)

The WBS 13 described as a hierarchical structuse which is designed to logically
sub- divide all the work-elements of the project 1nto a graphical presentation. The full scope
of work for the project is placed at the top of the diagram. and then sub-divided smalier
elements of work at cach tower level of the breakdown. At the Jowest level of the WBS the
clements of work 1s called a work package. A list of project’s activities is developed from
the work packages. To visuatizethe WBS, consider Figure 1.2 which shows a housc

construction project.
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Figure 1.3: Five levels WBS

4.8.2.2 WBS and organimtional breakdown structure (OBS)

The WBS clements at varicus levels can e related to the contractor s
organizational breakdown structure (OBS). which defines the different
responsibility jevels and their appropriate reporting needs as shown in Figure 15
Production activities: activities that involve the use of resources such s labor.
equipment, material, or subcontractor. This type of activities can  be castly
identificd by reading the project’s drawings and specifications. Examples  are:
excavation, formwork, reinforcement, concreting. ete. cach production activity can have

a certain quantity of work, resource needs, COStS. and duration.
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Figure 1.5 WRS linked to the OBS

Procurement activities: activities that specify the time for procuring materials or
equipment that  are needed for a production activity. Examples arc. brick
procurement, boiler manufactunng and delivery, cic.

Management activities: activities that are related 1o management decisions such a8

approvals. vacations, €tc.

4.8.2.3 Activities Relationships

In order to identify the relationships among activitics, the planning teamm nceds Lo
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 onc?
A circle of activity precedence will result in an impossible plan. For example, 11 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 1.9 illustrates ti:c resulting
activity network.
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Figure 1.9t Example of a circle of activily precedence
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.
Overlap ov lag
Overlap between activities (negative lag) 1s 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

overtap (lag) means 2 delay is required between the two activities (Figure 1.10)

+ve overlap (-ve lag) -ve overlap (+ve lag)
R R

Figure 1.10: Overlap among activities
Types of activities relationships
Four types of relationships among activities can be defined as described and tllustrated
below (Figure 1.12). Typically, relationships are defined (rom 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.
¢) Start to start (SS). The start of the successor activity depends on the start of the
current activity.
d) Start t© finish (SF). The successor activity cannot finish until the current activily

starts.
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Figure 1.12: Types of relationships

4.8.2.4 Drawing Project Network

A network is a graphical representation of the project activities and  thetr
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 onc 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.

There are two ways that are commonly used to draw a network diagram for a project:
1. Activity on Arrow (AQA) representation.
2. Activity on Node (AON) representation

Activity on arrow network (A0A)

In this method, the arrows represent activities while the nodes represent the start
and the end of an activity (usually named as cvents) (Figure 1.13). The length of the
arrow connecting the aodes has no signiticance 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.
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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 (Figure
1.15). AON representation allows the overlap oY lag representation  on the

relationship arrows

Connecting activities.
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Figure 1.14: Use of dummy activity

I Activity number _ "\"U-\.'—*—
. 3
~ Activity mnw }//

10 20 :
@ L —— ._CD i3 depends on

16 30 Kuf) ¢
‘ e depends on A and 13
Q \L ‘I_Z/ 1 depends on ©
/20>//
33 —_
pd 1()\
o/
-

/’;) //// - 1 depeads on A
N T depuends oR
k \\ — (i-.) ;v::cu(:s on ::
@
12
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49RESOURCES MANAGEMENT

4.9.1 Resource Definition

The first step in resource management 1s 10 decide exactly what resources are
considered important enough to be managed. While the most resource used is people or

workers(such as welders or carpenters), it may also include other resources such as
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machines(such as an excavator or loader), space on a project where space i restricted and
where this restriction linits the amount of other resources winch can be deployed at any
one time, financial resources (money) that are needed to pertorm the required work,
or materials needed to accomplish different activities
4.9.2 Resource Management

The most important cesources that project managers have © plan and manage on
day-to- day basis are people, machines, matenials. and  mMoney. Obviousty. i these
resources arcavailable in abundance then the project could be accclerated o achieve
shorter project duration. On the other hand, if these resources arc severcly limited, then the
result more likely will be a delay n the project completion time. [n general, from a
scheduling perspective, projects can be classified as cither time constrained or resouiet
constrained.
Resource leveling (smoothing

A project 1s classified as ume constrained in situations where the project compleuion
time can not be delayed even if additional resources arc required. However. the additional
resource usage should be no more than what 18 absolutely necessary. Accordingly. the
primary focus, for purposes of scheduling, in time constrained projects is 10 prove

resource utilization. This process 18 called resource leveling ot smoothing.

Resource Resouree
Resource ﬂ_ \
timit
Time AETRTY
Resource profile with hugh Resource profile with noe
resource flucteation and fuciuation {idenl usued) and
exceeding limit helow resauree Tl

- Projeci time: constrained
- Resources: unconstrained
- ()bjﬂcti\/c: Y ET TESQUTCLS USUgE
Figure 7.1: Resource leveling (smoothing)
Resource scheduling
On the other hand, a project 18 TESOUrCE constrained it the level of resource

availability cannot be exceeded. In those situations where resources are inadequale. preject

delay is acceptable, but the delay should be minimal. The focus of scheduling i these

situations 18 to prioriize and allocate resources i such a manner that there is minimal project
delay.
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4.9,3 Resource Allocation

Resource allocation, also called resourcc loading. 1s concerned  with assigning
the required number of resources identified for cach activity in the plan. More than one typt
of resource may be assigned to a specific activity.

4.9.4 Resource Aggregation (Loading)

After each activity has been assigned ‘s resources, the next step is to aggregalc
the resources used by all activities. Resource aggregation 15 simply the gummation. on 4
period—by—period basis, of the resources required to complete all activities based on the
resource allocation carried out previously. The results arc usually shown graphically as a
histogram. Such aggregation may be done on an hourly. daily, 0F weckly basts.
depending on the time unit used to allocate resourcesi example is shown in Figure 7.2,
where, for a particular resource, the required resource units for cach time period are writien

on the bar chart

i ! ! :
__W““1\2\314\5\s=7&3i9
Activity :

A 10 | 10 : | 1

D 2610{10&8%

Totat resource
units requirament LY 18

15

Resouree

[ I

Figure 7.2: Resource aggregation
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Figure 7.3: Resource aggregation chart showing resource requirements associated with
carliest and latest times along with highlighted resource requirements for eritical
activities

The non critical activities, activities which atc not on the critical path, do not have
fixed starting and finishing times but ar¢ constrained by the carlicst and latest starting
and finishing times. This situation offers the planner chance for adjusting the demand for
resources. Figure 7.3 Jlustrates such situation. which shows the resource aggregalion
when the activities scheduled on their early times and late times. It can be seen that the
resource requirements that arise when hoth carliest and latest start times are considered
are different. The shaded area represents (e resources required by the critical aclivitics, @8
these activities have a fixed position because their early tmes cqual their latc fme.

4.9.5 Resource Leveling (Smoothing)

As shown in Figure 7.3, the problem of resource fluctuation appears after the
initial scheduling of the project without considering the yesources. The peaks and vaileys in
the resource profile indicate high day-to-day variation in the resource demand. Resource
smoothing is the Pprocess that attempls 1@ determine & resource requirement  that i
ngmooth” and where peaks and valleys are eliminated. Yor example, even if 7 units ol a
given resource are available at any onc time, utilizing 3 of these units each week s
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Resource units

preferable than using 4 units for the first week, 7 the next, 2 the next and so on.
12

10

12345678910111213141

Lh

Time

Figure 7.4 Preferred resource Usage
4.9.6 Scheduling with Limited Resource
Shortage of resources is a major challenge for comstruction projects. Often. the
number of skilled labor is limited, related equipment has 1o be refurncd as seon as possible.
and / or a bimited require our special consideration. Scheduling under these resource

constraints becomcs a complex problem, particularly when more than one reseuree {s limited.

Activity

Resource

Figure 7.13: Resource needed exceed resource limit
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The technique that deals with limited resources has been referred to as "resource-

scheduling” or "resource-constrained scheduling”.
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Figure 7.14: Resource scheduling using least TF rule

These heuristic rules are based mainly on activity characteristics. The Two 1105t
effective and commmonly used heuristic rules are the least total-float (LLTF} and the earliest
fate-start (ELS}). These two rules have been proven 10 provide identical results, with the
ELS rule being advantageous compared to the LTF rule. This is becausc the value of the
Jate-start derived from the original CPM calculatons.

4.10 PROJECT TIME-COST TRADE-OFF

4.10.1 Time-Cost Trade-off

The objective of the time-cost trade-off analysis is 0 reduce the original praject duration.
determined form the critical path analysis, t© meet a specitic deadline, with the least cost. in
addition to that it might be necessary to finish the project in a specific time to:

_ Finish the project in a predefined deadline date.

. Recover early delays.

. Avoid liquidated damages.

. Free key resources carly for other projects.

. Avoid adverse weather conditions that might affect productivity.

. Receive an early completion-bonus.
- Improve project cash flow
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Reducing project duration can be done by adjusting averlaps between activitics or
by reducing activities’ duration. The activity duration can be reduced by ong of the
following actions:

- Applying multiple-shifts work.

_ Working extended houts (over tme).

. Offering incentive payments {0 increase the productivity.

. Working on week ends and holidays.

- Using additional resources.

- Using materials with faster installation methods.

. Using alternat¢ construction methods or sequence.
4.10.2 Activity Time-Cost Relationship

In general, there is a trade-off betweed the time and the dircct cost 1O complele
an activity; the less expensive the resources, the larger duration they take to complete an
activity. Shortening the duration on an activity will normally 1nCrease ity direct cost
which comprises: the cost of labor, equipment, and material. It should never be agsumct
(hat the quantity of resources deployed and the task duration arc inversely related. Thus
one should never automatically assume that the work that can be done by one man in 10

weeks cap actually be done by 16 men in one week.

A simple representation of the possible relationship berween the duration ol ar
activity and its direct costs appears in Figure 8.1
Cost Crash duration

% &
| Crash cost

Normal duratien
I ! Normal cost
SR 1

Figure 8.1 Tllustration of linear time/cost trade-off for an activity

38



The linear relationship shown in the Figure 8.1 between these 1WO points implics thal any
intermediate duration could also be chosen. 1t is possible that some intermediate point
may represent the ideal or optimal trade-off between time and cost for this activity. The
stope of the line connecting the normal point {lower point) and the crash point {upper
point) is called the cost slope of the activity. The slope of this line can be calculated

mathematically by knowing the coordinates of the normal and crash points.
Cost slope = crash cost — normal cost / pormal duration - crash duration

As shown in Figures 8.1, 8.2, and 8.3, the least direct cost required to complete an
activity 18 called the normal cost (mintmum cost), and the corresponding duration 15
called the normal duration. The shortest possible duration required for completing the
activity is called the crash duration, and the corresponding cost is called the crash cost
Normally, a planner start his/her estimation and scheduling process by assuming the least

costly option

Cost Crash duration
&
Crash cost
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Figure 8.2: fllustration of non-linear thme/cost trade-olt for an activity
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Figure ®.3: Ilustration © I discretd time/eost trade-oll tor an activily
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4.10.3 Project Time-Cost Relationship

Total project costs include both direct costs and indirect costs of performing the
activities of the project. Direct costs for the project include the costs ol materials, labor,
equipment, and subcontractors. Indirect costs, on the other hand, are the necessary cosls
of doing work which can not be related to a particular activity, and in some Cascs cai
not be related toa specific project.

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 decreasmg the project duration, as the indirect cost arc
almost a linear function with the project duration. Figure 8.5 illustrates the direct and
indirect cost relationships with the project duration.

Project cost

Total cost

Optimum \
declsion

Direct cost

i R \

Project duration
Figure 8.3: Project time-cost relationship

The project total time-cost relationship can be determined by adding up the direet
cost and indirect cost values together as shown in Figure 8.5. The optimum project
duration can be determined as the project duration that results in the least project otal cost.

4.10.4 Shortening Project Duration

The procedure for shortening project duration can be summarized in the following steps:

1. Draw the project network.

2. Perform CPM calculations and identify the critical path. usc normal durations and

costs for all activities.
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3. Compute the cost slope for each activity from the following equation:
cost slope = crash cost normal cost / normal duration - crash duration

4 Start by shortening the activity duration ou the critical path which has the least cost

slope and not been shortened o its crash duration.

5 Reduce the duration of the critical activities with least cost slope until its crash

duration is reached or until the critical path changes.

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

critical paths.
7 Having shortened a critical path, you should adjust activitics timings. and floats.

8. The cost Increase due to activity shortening 18 calculated as the cost slope

multiplied by the time of time units shortened.
9. Continue until no further shortening 1s possible. and then the crash point 1§ reached.

10. The results may be represented graphically by plotting project completion time
against cumnulative cost increase. This is the project direct-cost / time relationship. By
adding the project indirect cost to this curve to obtain the project fHme ; COst curve.
This curve gives the optimum duration and the corresponding minimum

cOst.

4.11 PROJECT FINANCE AND CONTRACT PRICING

4.11.1 Contract Cash Flow

At the project Jevel, 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 1ts total income over a period of time i the company s cash {low.

C'ash flow = Cashin— Cash out = Income — FExpensc
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Forecasting cash flow 1s necessary for a construction company lor the following

reasons:

- To ensure that sufficient cash is availabte to meet the demands.

_ 1t shows the contractor the maximum amount of cash required and when it will be
required. Thus, the contractor can made arrangements o sccure the required cash.

- ltprovides a reliable indicator tO lending institutions that loans made can be repaid
according to an agreed program.

- Tt ensures that cash resources arc fally utlized to the benefit of the ownet aud

investors in the compaiy-

The three main ingredients in determination of cash flow are!

- Expenses (cash out) which represents the aggregale ol the paymoents which the
contractor will make over a period of time for all resources used in the project such a8
labor, equipment, material, and subcontractors.

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

. Timing of payments: in cash flow analysis, we arc interested 1 the finine oL

payments related to the work done by the contractor.

4.11.1.1 Construction Project Costs

In preparing the cash flow for a project, it is necessary to compule the costs that must be
expended 1n executing the works using activitics durations and their direct and indirect
costs. The principal componenis of a contractor's costs and gxpenses result from the use of
labors, materials, equipment, and  subcontractors. Additional general overhead <08t
components include taxes, premmums on bonds and insuranee, and interest on loans. The

sum of a project's direct costs and 1ts allocated indirect costs is tormed the project cost

The costs that spent on @ specific activity or project can be classified as;

_ Fixed cost: costs that spent once at specitic pount of tme (e.g. the Cost of
purchasing equipment, etc.)

. Time-related cost: oSt spent along the activity duration (c.g., labor wages.
equipment rental costs, €tc.)

- Quanrity-pmporrional cost: costs changes with the quantities (€.&-- material cost)
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Project direct costs

The costs and expenses that are incurred for a specific activity arc termed direct
costs. These costs are estimates based on detailed analysis ol contract activitics, the
site conditions, resources productivity data, and the method of construction being uscd for
sach activity. A breakdown of direct costs includes labor costs, material costs. equipment
costs, and subcontractor costs. Activities” dircct costs arc cstimated as presented

previously in chapter 3.
Project indirect costs

Other costs such as the overhead costs are termed indirect costs. Part of the
company’s indirect costs is allocated to each ol the company's projects. The indirect costs
always classified to: project (site) overhead; and General {head-office) overhead.

Project overhead

Project overhecad are site-related costs and includes the cost ot items that can not be
directly charged to a specific work element and it can be a fixed or time-related costs.
These include the costs of site utilities, supervisors, housing and feeding of project staff.
parking facilities, offices, workshops, stores, and first aid facility. Also. it includes plants
required to support working crews in different activitics.Site overhead costs are estimated 1o

be between 5% - 15% of project total direct cost.

General overhead

The costs that cannot be directly attributed a specilic project called seneral
overhead. These are the costs that used to support the overall company activitics. They
represent the cost of the head-office expenses. mangers. directors, design engineers.
schedulers, etc. Continuous observations of the company expenses will give a good idea of
estimating reasonable values for the general overhecad expenscs. Generally,  the  general
overhead for a specific contract can be estimated to be between 2% - 5% of the

contract direct cost. The amount of the general overhead that should be allocaed o a

specific project equals:

Project direct cost x general overhead of the company 1 a year

Expected sum of direct costs of all projects during the year
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Figure 9.1 Project cost and CXPRENSE CUTVES

4.11.1.2 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 g-ghape as shown in Figure 9.2. In
many contracts. the owner requires the contractor {0 provide an gcurve of Mis
estimated progress and costs across the life of the project. This S-shaped of the curve
results because carly in the project, activities arc mobilizing and the expenditure
curve 18 relatively flat. As many other aclivitics come on-line, the tcvel of expenditures

increases and the curve has a steeperl middle setion.

Cost

Figure 9.2: A sample S-eunve
An S-curve for a project can be developed using the following steps.
- Constructing a simple bar chart for all the tasks of the project.
. Assigning costs to each task using task duration.
Plotting the cumulative amounts of expenditures versus time DY smoothly

connecting the projectcd amounts of expenditures over Himne.
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4.11.1.3 Project Income (Cash-in)

The flow of money from the owner (O the contractos 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 tyne of
contract (¢.g., lump sun, unit price, etc.), these estimates arc based on evaluations of the
percentage of total contract completion  orf actual field measurements of quantitics

placed. Owners usually retain 10% of all validated progress payment claims submitted by

contractors.
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Figure 9.5 The S-Curve for the Exanple Project
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Figure 9.0 Project revenue and income curves
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Retention
Retention is the amount of money retained by the owner from cvery invoice, belore a

payment is made to the contractor. This 1§ to ensure that the contractor will continuc
the work and that no problems will arise after completion. This retainage amount renges
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 purposcs. Then. it 1s
deducted from contract progress payment. Applying this  strategy improves  the
contractor cash flow and prevents him/her from loading the prices at the beginning ot the
contract. This strategy, however, may be used only in projects that require expensive site
preparation, temporary facilities on site, and storagc of cxpensive materials at the
beginning of the project.

4.11.1.4 Calculating Contract Cash Flow

Having determined the contract expenses and income  as presented o the

previous section, it is possible to calculate the contract cash flow. 1 we plotted  the
contract expensc and I0COME  CuUIves against each other, then the cash flow is the
difference between the points of both curves. Figure 9.7 shows the cash flow of a specilic
contract. The hatched area represents the differcnce between the contractor’'s expense and
income curves, i.c.. the amount that the contractor will need to finance. The larger this
area, the more moncy to be financed and the more 1nterest charges are cxpected o

cost the contractor.

Cumulative cost {(LE)

Time

Figure 9.7: Cash flow bascd on monthly payments
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contractor may request an advanced or mobilization payment from thc owner. This shifts

the position of the income profile s0 that no overdraft occurs as shown in Figure
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Figure 9.8: Effect of advanced payment o1l improving cash tlow

in case of less number of payments (two or three payments) along the contract pertod.
this will lead to increase the overdraft as shown in Figure 9.9. From the previous study, the
factors that affect the project fnance (cash flow) should be considercd  when
catculating the cash flow:

. The project bar chart (project schedule).

. Activities® direct and indirect cost.

. Contractor method of paying his/her exXpenses.

_ (Contractor’s markup (mainly the profit margin).
- Retention amount and its payback time.

- Time of payment delay by owner.

- Advanced or mobilization payment.

Income

Cumulative Cost (LE)

Time

0 1 2 3 i 5 6 5 N

Figure 9.9 Effect of receiving two payments on cash flow
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The cash flow calculations are made as described in the following steps:
_ Perform project schedule and determine project and activities iming.
- Draw bar chart based on carly or late timings.
_ Calculate the cost per time period.
_ Calculate the cumulative cost.
- Adjust the cost according the method of paying 1t 10 produce the CXpenses.
. Calculate the cumulative revenue (revenuc = costx (11 markuph.
- 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.

4.11.1.6 Costof Borrowing (Return on Investment)

Cash requirements (negative cash flows) during a project result in a contractor
cither having to borrow money to meet his/her obligation of using funds from the
company reserves. which my 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
contract is to calculate the area between the expenses  and ncome  curves. 1o
simplify the calculations, the area is calculated in terms of units of LI x ume period

(money X time). The time may be in days, wecks, months, ete.

Cost of borrowing = net area interest rate(9.1)

4.11.2 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 studics
phase till the operation phase. In this case, the tme is much longer than that of the contract,
At the early stage of a project, the project eXperience negative cash flow as therc 1s Bo
income in these stages. [n the operation Stage, (he revenue will inerease than the

expenses
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Figure 9.15: Typical project cash flow

4.11.2.1 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 1s ranked the best.

Maximum capital

It is the maximum demand of money, 1.e. e summation of all negative cash

(expenditures). The project with minimum capital required s 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 ol both cash out and cash in equals zero. Whet
comparing alternatives, the project with the shortest payback period 1s ranked the

best.

4.11.3 Discounted Cash Flow

The value of moncy is dependent on the time at which 1t 1s received. A sum of money on
hand today is worth more than the same sum of money to be received in the future
because the money Ol hand today can be invested to earn interest to gain more than the
same money in the future. Thus, studying the present value of money (or the discounted
value) that will he received in the future is very important. This concept wili be

demonstrated in the following subsections.
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4.11.3.1 Present Value

Present value (PV) describes the process of determining what a cash flow 10 be received
in the future is worth in today's pounds. Therefore, the Present value of a future cash
flow represents the amount of moONey today which, if invested at @ particutar interest rate.
will grow 1o the amount of the future cash flow at that time in the futurc. The process © [
finding present values 1s called Discounting and the interest ratc used to caleulate present
values is catled the discount rate.

- Construction: Jimited work space;

Changes 1n soil condition than the sol} reports
Construction method used;

Availability of skilled labor;

Equipment preakdown; and

Effect of varied weather and environmental conditions on
construction.

- Physical: Periods of high tides, temperature. cte;
Placing fill in dry season; and
Diverting water canals in Ume of low flow.

- Design: Design incomplete: Design changes:

and Design errors.

- Financial: Inflation which results 1N reducing the purchasing power of the
currency; New restrictions applied on jrmporting materials and
cquipments; Exchange rate fluctuation;

Changes 1n taxes.
Availability of funds; and
Delay payments by client.
- Political: Change of local laws and regulations:
{nflation which result in reducing the purchasing power ol the
currency;
Eftect of wars and revolutions: and

Necessity 1o use local resources.
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. Management: gcheduling errors,
Space congestion,
Errors in bill of quantities: and
4.11.3.2 Net Present Value (NPV)
Net present value (NPV) 18 the sunmation of all PV of cash flows of the project,
where expenses are considered negative and incomes are considered positive. A projoect will
be considered profitable and acceptable if it gives a positive NPV, When comparing

projects, the project with the largest (positive) NPV should be selected.

£.11.3.3 Internal Rate of Returit (IRR)

The internal rate of return {IRR) of a capital budgeting project 13 the discount raic
(r) at which the NPV of a project equals 7€ro. The TRR decision rule specifies that @
project with an IRR greater than the minimum return on capital should be accepied.
When choosing among alternative projects. the project with the highest IRR should be
selected (as long as the TRR is greater than the mipimum acceptable rewurn ol capital). The
IRR is assumed to be constant Over the project life.

4.11.4 Finalizing a Tender Price

The total price of a tender comprises the cost and the markup. The cost inchudes direct
and indirect COStS. The markup, on the other hand. includes profit marait. financial

charges (cost of borrowing}, and a risk allowance margin (Figure 9.17)

Cost

Figure 9.17 Components of tender price
4.11.4.1 Estimating Profit Margin

Profit is the reward the contractor expecting o gain form performing a specific contract in

retune of his offorts and skills. Also, profit 18 the part ol moncy that the conuractor will
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retain after paying every thing including the taxes, the insuratnce. cle. Estimating a value
for the profit margin 18 usuatly depends on the market conditlons. However, the fectors
that might affect choosing a profit margin values are summarized as follows:

- The contactors’ competition t0 win a project;

. A contractor's desirability for work;

_ Volume of work that the contractor has ata certain Lme:

. Size of the project and it complexity:

- Location of the project; and

_ Jdentity of the client and the engineer.

4.11.4.2 Risk Management
Uncertainty and rsks usually leads to projec completion dclays and cost
overruns. Uncertainty is the gap between the information required Lo estimate an oucome
and the snformation already possessed by the decision maker. Thus, the carly assessment
of the risks and uncertainties which would affect the construction ol a project may improve
the performance in terms of time and money
Risk management is defined as the process for systcmatically identifying. analyzing. and
responding 10 rigk events throughout the life of a project 10 obtain the optinm OF
acceptable degree of risk elimination Of control. Accordingly. the mator sieps of risk
management are:
. ldentification of risks;
. Responses 10 avoid, reduce, 0f transfer risk:
- Analysis and assessment of residual risks atter the risk responsos, and
_ Adding time and /or cost contingency for residual risks n the project estimates.
Main categories of sources of risks are listed along with some examples of cach calegory as
follow:
_ Administrative: Delay in possesses of site:
Limited working hours;
Limited access t0 the site; and

Troubles with public services
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- Logistical:

- Construction:

- Physical:

- Design:

- Financial:

- Political:

- Management:

Shortage or tate supply of ditferent reSOUIces!

Site remoteness problems; and

Difficulties in communications with different partics involved.
limited work space;

Changes in soil condition than the soil report;
Construction method used:

Availability of skilled tabor;

Equipment breakdown; and

Effect of varied weather and environmental conditions on
construction.

Periods of high tides, temperature, Cte

Placing fill in dry seasotl, and

Diverting water canals in time of low flow.

Design incomplete:

Design changes: and

Design errors.

Tnflation which results in reducing the purchasing power of the
currency;
New restrictions applied on importing materials and equipments:
Exchange rate fluctuation;
Changes In 1axes;
Availability of funds; and
Delay payments by client.
Change of local laws and regulations:
Inflation which result in reducing the purchasing powet of the
currency:
Effect of wars and revolutions: and
Necessity to use local resources.
Scheduling errors;
Space congestion;
Errors in bill of quantities; and
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Estimating of cost and duration based on standard figurcs.
- Contractual: Contract type and 11s suitability for undertaken work;
Co-ordination of work; and
Iiability towards others.
- Disasters: Floods and storms,
Fires; Earthquakes:
Accidents; Diseascs;
and Other acts of
OD.
4.11.5 Pricing Policy
Having all contract costs (direct and indirect), and markup components (prof
margin, risk allowance and financial charge), 1t is time to finalize the bid price. While. the
direct cost are associated directly 10 the contract activities. indirect cost and markup arc
not associated with specific activities but with the whole contract. Accordingly. pricing
policy is the method by which the ‘ndirect costs and markup will be distributed among
the items of the bill of quantitics, 5O that the bid price i8 ready to be submitted to the
client.
4.11.5.1 Balanced bid (straight forward method)
In this method the indirect cost and the markup will be distributed among different
items based on their direct cost; 1.¢., the more the direct cost of an item, the more its share

from indirect cost and markup. The resulting bid price 15 called a balance d bid.

The share of specific 1tem Direct cost 0 s~ of this 1tem

Total contract direct cost

4.11.5.2 Unbalanced bid (Loading of Rates)

The contract price is said to be unbatanced if the contractor Traises the prices ou
certain bid 1tems (usually the early ltems on the bill of quantitics) and decreascs e
prices on other items so that the tender price remain e same. This process 1s also
called the loading of rates. The contracior usually loads the prices of the first items W
ensure more cash at the beginning of the coniract and 10 reduce the negative cash

flow and accordingly reduces borrowing of money.
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4.11.5.3 Method Related Charge
The prices cntered in the conventional bill of quantities might not represent the reat
cost of the work defined in the individual items. This is because not all cosls are
directly related to the quantity of work completed. Therelore, adjustment of the price duc
to a change in quantity of a particular item may not represent the real variation in cost. This
is usually produces Unnecessary amount of uncertainty and financial problems in many
contracts.
The main advantages of usmg the method related charges are
- Allows a system evaluation of changes.
_ It realistically reflects the cost of construction which reduces the effect of inflation.
_ No need for loading of rates {unbalanced bidding).
- Improves cash flow.
4.12 PROJECT CONTROL
4.12.1 Problems that may Arise During Construction
In construction, no project, almost, is execcuted as planned. € ontrol needs to be
carried- out due to the dynamic nature of the construction process. Controlling after project
finish is trivial and updates are usually done periodically. The following is a list of the

factors that may cause such problems:

- Change in activity durations and guantities.

. Sudden changes of the availability of resources.
- Change orders.

- Accidents.

- Procurement delays.

4.12.2 Schedule Updating

Construction  typically involves a deadline  for work  completion, 50
contractual agrecements will force attention to schedules. Morce generally, delays in
construction represent additional costs due to late facility occupancy of other factors. Jusi
as costs incurred are compared to budgeted costs, actual activity durations may b
compared to expected durations. In this process, forecasting the time to complete particular

activities may be required.
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For example, Figure 10.1 shows the originally scheduled project progress versus
the actual progress on a project. This figure is constructed by sumuming up the percentage
of each activity which is complete at different points in time: this summation can be
weighted by the magnitude of effort associated with each activity. In Figure 10.7. the
project was ahead of the original schedule for a period including point A, but is now Tate at
point B by an amount equal to the horizontal distance betwecn the planned progress and

the actual progress observed © date.
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4.12.3 Delays Analysis

Work changes mean changes in the volume and duration of work to be purformed
from that envisaged at the start of the contract. Variation in the torm of addition and
deduction result in more or less cost and time to cxeccute the varied itcm. On  the
other hand, omissions mean less cost but not necessarily less time. [t might resuit
in  wasting resources. For instance, if the quantity of work in a critical activity 1s
increased by x% then the duration of the activity will be extended by x%. The direct cost
of the activity should be increased by the same ralio while the indirect cost of the

contraci might be increased for the extended period.
4.12.3.1 Types of Delays

Delays can be divided into the following categories:
_ Those over which the client has control; compensable delays:
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- Those over which the contractor has control; non-excusable delays;
- Those over which the neither party has any control; excusable delays: and
- Concurrent delays.

A brief description of each category is given below.

Compensable delavs

A delay is deemed compensable to the contractor when its within the control of. is the
fault of, or is due to the negligence of the client. Examples include:

- late possession of site;

- taulty design;

- incomplete drawings and specification:

- changes in sCopE;

- suspension of work;

. differing site conditions;

- late delivery of client-supplied materials; and

_ cHent's failure to disclose information vital to the contractor.
For this type of delays, the conditions of contract should allow the contractor i be entitled

to a time extension and to monetary recoOmMpense for extra costs associated with the delay.

Non-excusable delays

In this category, the contractor's own actions or inactions have caused the delay.
The contractor is entitled neither fime extensions nor monetary recompense from the client.
He may pay liquidated damages according to the contract.

Excusable delays

These are occurrences over which neither the client nor the contractor has any
control. Example includes:
_ unforeseen future events which the contractor has not been aware:
- impracticable things which the contractor car only do at an EXCESSIVE COSL
. events in which the contractor is blameless. such as material shortage bevond
what was expected at the tume of bidding.

The contractor should declare the excusable delays. The sole relife for these delays 1s a

time extension.
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Concurrent delays

Concurrent delays are two or more delays that occur at the same time. either of
which, if it occurred alone. would have affected contract completion date. They can be
classified as follows:

. excusable delays and non-excusable delays;

. excusable delays and compensable delays;

. excusable delays and compensable delays and non-cxcusable delays: and

. compensable delays and non-excusable delays.

Concurrent delays with an excusable delay  will generally be considered  as
excusable delays. For these delays, the contractor is entitled to time extension if the delays
are on the critical path.

4.12.3.2 The As-Built Schedule

The as-planned schedule of a contract is its initial schedule. The as-built schedule
will show the time status of the contract and the causes of all the time changes that

happen. Both schedules will be drawn as time-scaled diagrams.

The as-built schedule provides a complete record of the work as-buiit. It shows all
delays encountered and the actual starting and finishing dates of every activity. When
compared with the initial schedule, it gives the date for the evaluation of each tme
delays encountered during consiruction
4.12.4 Earned Value Management

For cost control on a project, the construction plan and the associated cash tlow
estimates can provide the baseline reference for subsequent project mMonitoring and
control. The final or detailed cost estimate provides a bascline {or the assessment ol
financial performance during the project. To the extent that costs arc within the detailed

cost estimate, then the project 18 thought to be under financial control.

The key to a profitable project is to keep construction costs within the budeet and te
know when and where job costs arc deviating. The budget determines the amount of cash
that will be required over the various periods of the project. Various techniques are
usually used for cost control such as S-curve method and earned valuc technique.

These measures include:
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Budgeted Cost of Work Scheduled (BCWS)

BCWS measures what is planned in terms of budget cost of the work that should to
place (i.e., according to the baseline schedule of the project). BCWS curve can be plotted
by accumulating the budget cost of the initial schedule.

Budgeted Cost of Work Performed (BCWP) (Earned value - EV)

BCWP measures what is done in terms of the budget cost of work that has actualiy
had been accomplished to date. BCWP curve can be plotted point by point alter cach
reporting period. Here we accumulate the budget cost on the schedule that shows the actual
percent complete.

Actual Cost of Work Performed (ACWP)

ACWP measures what is paid in terms of the actual cost ol work that has actually
been accomplished to date. BCWS curve can also be plotted point by point after cach
reporting period. Here we accumulate the actual expenditures on the schedule that shows
the actual percent complete.

Schedule Variance (SV)

It is the difference between the eamed value (BCWP) and the planned budget cost

BCWS).
SV = BCWPF - BCWS, SV > O indicates ahead ol schedule
Cost Variance (CV)

1t is the difference between the actual cost (ACWP) and the carncd value or the
budget cost (BCWP).
CV = BCWP— ACWP; CV >0 indicates cost saving

Money

1 BOWS

BCWP

Cost
Variunce

Mhuduthwm I

Figure 10.5: Earned value measures and indictors
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CHAPTER 5
CONCLUSION

5.1 Summary of Findings
Contract strategy
A proper contract strategy for a project involves five key decisions:
- Setting the project objectives and constraints
- Selecting a proper project delivery method
- Selecting a proper contract form/ type

- Contract administration practices
Project Planning

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

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

Activities representation.

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

When a project plan is first devised it 1s likely that the plan will identity peaks
of resource requirements. However, given the finite nature of resource availability. it may
be impractical to meet such peak resource needs. Ideally, there should be an cven
demand for resources over the entire project duration, with a smooth increase at the
beginning of a project and a smooth decrease at the end. Given the limited nmatare ol
resources, consideration should be given to the project resource requirements; the project
plan should be rcfined when necessary so that it is practical.

Project Time-Cost Trade-Off

Reducing both construction projects’ cost and time is critical Iin today’s market-
driven economy. This relationship between construction projects” time and cost 1 calicd
time- cost ftrade-off decisions, which has been investigated  extensively o the
construction management literaturc. Time-cost trade-off decisions are complex and require
selection of appropriate construction method for each project task. Time-cost trade-oll.
fact, is an important management tool of overcoming onc of the critical path method

fimitations of being unable to bring the project schedule to a specified duration.
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Project Finance And Contract Pricing

A project's cash flow is basically the difference between the project's income and its
expense. The difference between a company's total income and its total expensc over @
period of time is the company cash flow.

Project Control

The limited objective of project control deserves emphasis. Project control procedures
are primarily intended to identify deviations from the project plan rather than to suggest
possible arcas for cost savings. [his characteristic retlects the advanced stage ai which
project control becomes important. The time at which major cost savings can be achieved is
during planning and design for the project.

5.2 Conclusion

This study had attempted to study the nuances of 2 project management and appraisal with
reference to a construction industry in Coimbatore. The construction industry is thus an cmerging
industry significantly in Coimbatore. It is more of a service than a manufacturing industry.
Growth in this industry in fact is an indicator of the economic conditions of Coimbatore. This 18
hecause the construction industry consumes a wide employment circle o f lakor anc
commitment . While the manufacturing industry exhibit high-quality progucts.
timelines of service delivery, reasonable cost of service, and fow failure rates. the construction
industry, on the other hand, is generally the opposite. Most projects exhiblt Cost oVETrHns.

{ime extensions, and conflicts among parties.
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ANNEXURE-1
ANALYSIS AND REPORTS

USING
MS PROJECT
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MASTER CONTRUCTION PROGRAM OF A RESIDENTIAL APARTMENT IN
SINGANALLUR, COIMBATORE. (USING M5 PROJECT)

Project client: XYZ

Project contractor: ABC engineers & contracior

Project site area: 22 acres (which consist 0 { phase 1& phase 2).

Phasel land area: 7 acres

Phasel built-up area: 6, 26,436 sft

Phasel saleable area: 8, 14,329 sft

Project value of phasel: 100 crs.
Contract Start Date - 12-Sep-2011
Planned Finish Date - 31-Mar-2013 (18 Months)
Planned Finish Date (R1) 30-Sep-2013 (25 Months)
Planned Finish Date (R2) 11-Dec-2013 {28 Months)

Planned Finish Date (R3) 30-Junc-2014 (34 Months)

e Phasel consist of 7 Tower, Each tower has 72 Flats & each floor has 8 Flats. Total
flats in phasel are 486 Flats.
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Project Updates — ABC’s Past 6 Months Performance

INVOICE PLANNED Vs ACHIEVED

LABOUR HISTOGRAM
MANDAYS /|[MANDAYS/
SLNO MONTHS
o MONTH DAY |
1 Jan-13 9406 314
2 Feb-13 10249 342
3 Mar-13 9577 319
4 Apr-13 10498 350
5 May-13 13523 451
6 jun-13 14690 490
7 18-Jul-13 9263 545
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LABOUR HISTOGRAM

INVOICEPLANNED Vs ACHIEVED |

VALUEINLA KHS{

[PLANNED ACHIEVED %

SLNO  MONTHS 1\yoICE INVOICE ACHIEVED
- [, S AU PR - -
1 Jan13_ | S02 141 28%
2 Feb-13 | 423 202 48%
3 Mar-13 602 232 39%
4 Apr-13 | 547 228 42%
5 May-13 | 520 279 54%
6 Jun13 579 263 45%
7 18-Jul-13 | 597 143 24% |
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