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Construction Flanning
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1.0 Introduction:

Project management may be

of planning, executing

from inception to completion -

cost, for a

with

a given

accordance available

resources.

described as the

technical and
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“The management process

should be

capable uf

raccepting possible alteration at any stage that may




" result whens:
¥ Basic assumptions change.
t.Driginal estimates are no longer valid.

X New facts, changes and restrictions occur

which could not be anticipated.

In general the management process must be
dynamic, its most important goal is not necessarily
completion of project exactly as planned. The
principle aim should be to achieve the intended
objectives of the project in the best possible way

and with the best possible result.

The following diagram shows the main activities

of the dynamic cycle of the management process.

Flanning
¥ Set objectives \\
¥ Survey resources

¥ Form strategy

—— SR o S * |

Cdntrnllinq Executing

¥ Measure achievements Allocate resources

against goals buide execution
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1.1 Organizations and Contracts:

There are numerous alternative contractual and

approacheés to the
The principal categories

organizational design and

construction of a project.
include the following:

¥ Traditional approach

x Turnkey (Design-Construct or- Design—Manade:

¥ Owner—-Builder

¥ Professional Construction Management.

Each has  its advantages and disadvantages for a

particular application, and geach has developed a

certain degree of flexibility soO that many of the

individual'alternativesioverlap one another.

The organizational and contractual relations could

be complicated in some traditional approaches, or

simple and clear in prnper.management appraach.

Client & User

Designers

Contractors

OR

Advisory

Committe

fig.1%2 show samples of organizations % flow charts

-
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Traditional -

: ) i © " Turnkey = 2
' Design-Build T ) Design-Manage -
) — I General ’ : i Engineer Engineer Construction
R Contractor : Contractor Manager
’ T ) . -
3 Own Forces ; . General . Conslruction
esign -
Subcontractors Work ‘ D Er Contiactor Design Manager
. : | Own Forces - Independent
g 1 Subcontractors
i h — Work ) Contractors
® Separale designer ; A & Sindlei : .
= : : R g rm responsible for both
® Single general contractor * Single firm responsible for both . S dEsign Gl cgnslruclion
& Numerous subconlractors - design and construclion - ' o Fixed price, or negoliated individual
® Fixed price, unil price, guaranteed maximum, | * Specialty subcontractors l ) construction contracts or subcontracts
or cost plus a fixed fee construction contract ® Fixed price, guaranteed maximum price, or cost * Fixed price. guaranteed maximum price. or cost’
» Negotialed professional fee for design services . plus a fee design-construction contract Gl §id dgemgn prsiii oy co:lncl

Owner-Builder Professional Construction Manager

General Contractor Construction Manager

l Owner l | Owner | % | Owner I

Design Construction General Contractor ‘ Desien Consltruction
Departinent Department ) Design Acling as g E Manager
: : Construction Manager
Contractors and Optional Own _ I A Number of
Subcontraclors Forces Work Subcontractlors . Independent Contraclors
) _ | ® Three-party team of owner, designer and construclion
) ® Three-party team of owner, separate designer, and manager
) general contractor acling as a construction ® Fixed price or negotiated individual construction
* Owner responsible for manager :

contracts directly with owner

design and construclion ® Fixed price or negotiated indepzndent subcontraclors * Construclion manager may act as nwntr's agent to
e Oplional own lorces work e Conslruction manager usually acting as agent [or owner extent del d
E g B elegate
conlractors and subcontractors .

Negotialed proflessional [ee lor construction management
* Fixed price, unil price, or : services with cost reimbursement for subcontractors
negoliated construclion contrects Negoliated professional fee for design services

Negoliated prof:ssmnal fec [or construction
management services

Nepoliated professiona] fee for dcswn services

Figure | Alternate contractual approaches.
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Planning and Control Technigues

1

;O Intrnduction:

Planning and control are the maior

of the project management

twin functions

responsibilities.(They

are the two sides of a coin) .

pPlanning and conktrol &

re the most challenging tasks

faced by the "Project Management”.

Once the prnfessional con

chosen,

contractual agreement have

the project team

owner’s

challengi

struction manager has been

and even when fair and equitable
v united all members of
and oriented them towards the
goals, the team will still face the most

ng part of project management: Planning

Control to bring _the project to completion on

and

schedule,

within budget, and in _accordance with _the

owner’s

functional objectives. For this they will

need the
and all

fullest understanding and control process

practical tools that can be put at their

disposal.

Planning

at All Stages:

Planning
varying
at which

work it

is applied' at all project stages in
degrees of detail, depending on the Stagé
it is being carried out. For construction

is usually divided into pre—-tender,



and short term planning on site.

pre—contract,
q is done to allow the estimator

Pre—tender plannin
estimate of cost based on the .

to arrive at an

methods of wo
y out the work. Programming at

proposed rking and an estimate of the

time required to carr
the pre-tender stage is usually
only the phasing of the

in an outline form

to consider main

operations.

Pre—contract planning is carried out when the

been won and the project 1is considered

contract has

more fully. Planning at this stage includes the

overall pragramme,

material schedule,etc.
the operations ~down excessively or it

labour schedule, plant schedule,

The overdall programme should

not break
will become unrealistic.

Short term planning on site is daone in greater

detail and the programmes &

t this stage are broken

down much further.
Control must be carried out to make planning effective,

witgout control planning lose
continuously to up-date the plans and.

in the light of

s much of its value. It

must be applied

o enable reconsideration of work ahead

what has already taken place.

Ssamples of pfe-tender method statement

is given in fig.3
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CONTRACT: AMENITY CENTRE SHEETNO: COMPILED BY:

& OFFICE BLOCK
NO. OF SHEZTS DATE
Jiem Quanziry Remarks

Hoarding  45linzar
metres

Accommo- -
dation

Temp. - ‘.
Servicss

Excavation 105

cubic
merss
140
cubic
metres
General -
Hoisting
& Trans-
pornation

Erc:t;d along N.E.
boundary of site 2-5
retres high

Vehiclz 2c0258 via works
entrance

Cross overin S.W.
lootpath ’

Workmen ace=ssvia |
metre wics gate in hoard-
ing (position shown oo
sit=z lavout drawing).

All accommodation to be
firm’s s;andard sezrional
huts (position shown on
sit= lavout drawing)
Toilzis providzd in form
oi mobile unit.

Provids elearial, water
& W.C szrvicssas
shown on site layout
drawing.

Reduced level dig
Front bucketof J.C.B. 4
- casy going.

Tic beam renches
Rear back-acizr bucket
of J.C.B.4.

Iriernal drein rrenches
Rear back-acizr bucket
ofJ.C.B. 4.

Disposal of surplus spoil
Remove to tip <00 meir=s
distance using lorries -
within works,

The 1ower crane will be
used for lifting all
materials uniil frame i
complete when it will be
= aced by a 750 kg
piatforri hoist which will
be buih adjacent 10 T.C.
beiore it is removed.*
N.B. all bricks & biocks

Labour & Time
Plant  Reg'd
Deys

Jcarpsniers 2

2labourers 1

darpemers 8

3labourers 3
Plumbs=r & 3
mate }

(8]

Elecmrician
& mate
JCB.4& 1

operator &
3 labourers

JCB.4&
opzrator & 4
3 labourers

2lormi=s 5
& drivers

Tower 80
ecrane &
driver

Hoist B0

Fig. continued

liem

Conzrzting

Reinfores-
ment

Quaniiry

420
cubic
meues

420
cubic
meures

420
cubic
mezires

31
tonnes

Lobour &
Remarks Pzt

lifted onto foar before
crane removed. Platform
hoist used for lifiing
materials used in
finishings.

Mizing 2laboersms

The conarete will be 300,200 liwr=
mixed in 2300200 jize  mixersstup
elearizally powered

reversing crum mixsr,

baving a built-in weigh

bzicher, thz 2ggregate

being deliversd 10 the

weigh batchsr by a hand

scraper. All located at

south comner of site.

Cement isto be stored in

120 toone silo located

directly over the mixer, £

Trw_;:ranmw‘ n Tower
Mixedconcreteistobs crac: 500
tansferredioalllevels  kpapacty

by means of the tower 2] mewre
crane using a 400 lize max rsach
skip. + driver
Placing 3labourers

The concretzisto be
compzcied by meansof  Immarsion
vicrator, vipralor

Work Area 3neel
Allreinforcing stecliobs fuxes
cut & bent on site in the

arza set asids at the east

comner of the site,

adjacent to the existing
building. Thz squipment

in this arza consists of a

scaffold rack for siorage

of neel when dalivered,

and a szaliold rack for

siorege of steel when

processed.

Plans Power
Cutting bench, bending  bender
bznch and power bender
ali on hard standing and
covered with tarpauiin on
ascafiold rame. -

Time
Reg'd
Days

5

624




Fig.3 continued

Remarks

Traonsport

Steel lifed 1o the
required level using the
tower crane.

Working Area

All formwork is to be
produced on site in the
area setaside atthe S.E.
end of the building. A
joiners” shop to be
provided consisting of 2
scafiold rube frame
covered with a tarpaulin
and having a concrete
bardstanding.

Plont
Electrically powered
circular saw,

Transport
Formwork lifted to
required level using
tower crane.

Foundarions
Rough boarded forr-
work to bases and edge of

floor slab at ground floor. -

Columns

12 mm plywood sheet
with 100 mm % 50 mm
sawn backing. secured by
column cramps (see
drawingno. )
supported by telescopic
srops. -

Lobour & Time

Plant Req'd
‘ Days
Tower
. crane

8 carpenters

Labour & Time
Remarks Plant Reg'd
Days

Beams :
12 mm plywood she=t
with 100 x 50 mm sawn
backing to sofiitz and
sides, supponed by
Telescopic props.

Slabs

12 mm plywood shezt

with 100 mm x 50 mm

sawn bearers on

expanding stez! fioor

centres, . ]

Mortar for bricklaying 1 labourer
will be mixed in 2 150/100

litre mixer lozated on

hard standing adjac=nt to

the T.C. or hoist. A.

bazged cement store will

b= located aloagside.

Scafiolding will b= of 2 scafioldzrs
indepzndentypz 1 m

wide with staging 212 m

intervals and be

constructed of rubular

stezl. A ramp will be

provided atthe N.W.end

of the building to provide

access 1o all piadorm

levels.



Characteristics of _a good plan : .

t The pian must have definite objectives.
t It should be simple, the aim is to outline complex

‘situations in a simple way.

t It should be based on appropriate practical information.

f It should use available resources to the utmost.

t It should be flexible, it must be possible to alter

certain elements of the plan without disrupting the entire
planand there must be a reasonable degree of slack built

into the plan. _

t It should provide proper standards of expectations, by

proiding identified and quantified mile stones along the

way so that easy control may be exercised.

-

Objectives of information system to aid in management

planning :

i- To provide an organized and efficient means of measurinag,

collecting, verifying, and quantifying data reflecting the

progress and status of operations on the project with respect to

schedule, cost, resources, procurement, and quality.

2- To provide standards against which to measure of compare progress
and status. Examples of standards include CFM schedules, control

budgets, procurement schedules, quality control specifications,

and construction working drawing.

3- To provide an organized, accurate, and efficient means of

/0
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converting the data Ffrom the operations into information.

U The information é ystem should be realistic and should recognice
¥ Tha means of processing the information (manual,computer,..)
¥ The skills available, and

¥ The value of the information compared with the cost of

obtaining it.

4- To report the correct and necessary information in a form which
can best be interpreted by management, and at a level of detail

most appropriate for the individual managers or supervisors who

will be using it.

In keeping with the principles of management by excebticn, the

following two objectives should be added

S- To identify and isolate the most important and critical
information for a given situation, and to get it to the correct
managers and supervisors, that is, those in a p&sitioﬂ to make

best use of it.

&~ To deliver the information to them in time for consideration and
decision making so that, if necessary, corrective action may be

taken on those operations that generated the data in the first

place.

A model for proiect planning and control :

The flow chart in fig.4 models the operations, flow of information,
and decision making process characteristic of a feedback control

system appropriate for a medium to large sized engineering

{1



External Factors:

Tnitiate according

W - =

3) to planned schedule, . \ Standards for ) \\\
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\\‘ emeargency calls; etc. ,// - — annual accounting
S, s — claims & disputes
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Project Planning and Control,’
iMarch]Q?& £|J. 71.)
| i

J } I |

|

"Journal of the Construction Division, ASCE. vol. 102, no. CO1,

I | | /



1t has been designed to reflect the obliectives

construction project.
I

stated in the previous section.

Note .that although this flow char applies
uction process where the two phases

equaliy well in  the

conventional design and constr

are largely separated, a control system of this type can have 1its

greatest impact in the professio
y between all aspects of the system:

nal construction management approach

where there is a strong inerpla

concept; designjg procurement; and construction. Thid approach is

especially prevalent in large heavy—-industrial prnjecté, such as

refineries, power stations and in the large building .field. In

projects of this type, engineers involved in design and those in

construction interact continuously to optimize the facilities from

both paints of view.

Components: In the flow chart, the project is ifnitiated according io

a predefined plan(box 1) and operations get underway (box 2). The
plans also become reference standards for control purposes (box 3).

As operations continue, external factors (box 3) such as recently

imposed standards or newly available materials 1in design, Or bad
weather, procurement delays, foundation excavation problems, oOr even
unexpectedly good conditions on thesite, may cause the course of
operations to differ from the plan, or may prDvidElepDrtunitiES for

improving on the plan. The operations underway gener ate indicators

ar proaogress (quantities in place, elapsed time, money expended, or

resources consumed) which may be measured (box 4) and fed as., data

into a system (box &) to produce information for decision makers.

This information processing system refers to planned standards

(box S), such as schedules and budgets, to show deviations,
variances, and trends. The information is analyzed and made

available through reports (box 7), which may be stored for future

/3



reference (bax B8), or given to engineering managers and supervisors
for their further analsis and decision making (box 9), or both. They
combine aand compare this information with their own sknowl edge,
.experience, policies, and other qualitative and quantitative
information and judgment (box 10) in order to produce new Or

modified plans for continuing and controlling the proiject operations

(box 11).

Feedback This is a +Feedback control system, and it operates

continuously through out the life of a project. Associated with it
ics a feedback time. Ideally, the time through parts 4, 5, &, and 7
should be as short as possible so that engineering managers and
supervisors can receive accurate and up-to-date information in time
to make decisions and formulate plans of action so as to have
maximum im pact in controlling thaose operations which are generating

the information in the first place.

On a small project, it is possible to short-circuit the path from

box 2 to box 9 and provide direct feedback.

On large projects, some improvement could be made through computer
applications. This is mainly to improve and expedite the operations
represented by boxes 4, S, 6, and 7 on the flow chart in order to
help resolve difficulties and improve the quality of information

available to decision makers.

/4



5.0 Planning and Control Tools

There are many different analytical tools and graphical

techniques for the planning, scheduling and control of

operations and resources. They range from simple check—-list
and bar charts, to more complicated charts, schedules, and
network plans, showing the inter—-relation of different

activities.

3.1 Check—=list =

The check—-lisst is prepared e, serve the required
purpaose and level of planning and control.
This could be for either of the following:

¥ Time progress

¥ Cost

¥ Quality

The level of details depends on the person who will

interprete the data and take the appropriate decisan,

this persan may vary from the top management to Ltﬁe

immediate supervisors.

The works needed to be performed to complete a project

are divided into a number of activities.

The activities may be glaobal or detailed in accordance

with the level of planning and contraol needed.

The check—-1list may take the form of a spread sheet or a
simple table form.
For each activity in the check-list the following is . to

be determined :

¥ The duration needed to complete the activity

s



¥ The activities needed to be completed immediately

the start of the activity into consideration

activities). This

befaore

(immediate preceding
for performing the project act

will form the
logic sequence ivities.

4

Also depending oOn the purpose of the check-list the

following may be added =

“!

¥ Building method

Resources neededf( labour, materials, equipments )
. [ .

X
£ Cost estimate
X

Allocation of funds.

Samples of check—-list is given in fig.S

16



- 2 Bar Charts:

I8 s

A bar chaft graphically describes &

well—defined collection

of a
the completion of which marks its end.
task ar closely related group

performance contributes to completion

projiect. A tyspical activity noted 1in
building project could global as

~"Foundation"
or more detailed as
"Excavate
Plain concrete
Reinforced conc
Back +ill™

A simple bar chart for a building proje

fig.b

Bar charts differ in the way they show
on the horizontal scale and in sev
diagrammatic style. Two of the most

be given.

Type 1 : Linear time—scaled for plannin

project

consisting

of tasks or activities,

An activity 1s a
of tasks whose
of the overall

a bar chart for .a

rete

ct is shown 10

planned progress
eral details of

common types will

o and linear

proqress—scaled for reporting
that the

In this type it is assumed

activi ity is a direct linear function
Therefore,
physical percentage
representing an actkiwvityas
bar shown on fig.7a

In order to report progress, a
sometimes placed immediately belaw the
initially also. '
shaded in

open

17

in planning, no attempt is
completion at any

The basic form is

progress on an
of elapsed time.
made to show the

point on the bar

the open
parallel bar is
plan bar, and is

Then as the Jjob progress, it is

g S ———m + =T
)
}
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rtion to physical work completed on the

elapsed time). This can be
in fig.7b or 7c. Note

direct propo

activity (not necessarily
presented on the plan bar as shown

progress, a work function,

.that the current physical
with the current

does not necessarily coincide

date, a time function. By comparing the

the open plan bar and with
indication

reporting
shaded reporting bar with
one aobtains only a rough

the current date,
ehind or ahead of schedule.

of whether the activity is b

The  type ¥ bar chart reflects activity status

rately only when cumulative
function of time. However, it is quite

schedul ed late or

accu progress is indeed a

direct linear

possible that the bulk of work was

early as shaown in +fig.8B. In this case the actual

' progress will not be properly indicated.

je I1 = Time—scaled for plsnnings time-scaled for

-eporting

In this type the planned cumulative progress

written at +he end of each basic time

week, month, etc.). The progress

percentage are

interval (day,

percantage' may be expressed in terms of physical work

completed, man hour expended, money value, etc. Fig.?

shows typical presentation of type I1 bar chart.

vantages of Bar Charts ¢

b Simple graphical presentation results in easy general

comprehension.

£ Good form of communication in the building industry

with basic understanding usually found at all levels

of management.

20
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¥ Require less revision and updating than more

sophisticated systems.
b 4 1t is especially helpful 1in turbulent early stages of
an engineering and construction project when frequent

changes and revisions are a fact of life.

imitation of Bar Charts :

b4 Because of their broad planning nature, ' they become
very cumbersome as the number of line activities, or
bar increases.

b Logic sequence, interconnections and constraints of
various activities in the project is not expressed 1in
the diagram.

¥ It is difficult to use it for forecasting the effects

that changes in a particular activity will have on

the overall scchedule, or even to project the

progress of an individual activity.

¥ It is therefore limited as a control tool.
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-1 Introduckion :

Project planning and control are the most challenging  tasks
and responsibilities for the project manager.

Project managers need o management tool that enables Lhom Lo
mantpulate  large numbers of  job activities and complicated
sequential relationships in a simple and understandable fashion.
The network diagram is a simple and effective medium for
communicating complex job iriterdependencies. 1t serves as a basis
for the calculation of work schedules and provides a mechanism

for controllin5 project time as the work progress.

The network Is a three phase procedurs consisting of:

Planning, Scheduling, and Time monitoring.
X Planning construction operations involves the

determination of what must be done, how it is performed and the

sequential order in which it will be carried.

¥ Scheduling determines calendar dates for the start and

completion of project completion.

4 Time monitoring is the process of comparing  actual Jjob

progress with the programmed schedule.

9-2 The planning pliase :

Planning is the most challenging task faced by Line "project
management”". Normally, it involves all stages from briefing,

designing, construction and commissioning.

Y e e FH = e
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The planning function 1is accomplished by dividing tihe
project intc many components ar time-consuming steps called
"activities" and establishing the planning diagram is important
because all the data calculated and all the reports produced, no
matter how sophisticated a system or how large a computer may be

used, are only as valid as this model on which they are based.

This, makes it essential that the construction planning must
be done by people who are experienced and thoroughly familiar
with the type of field work involved. It is of necessity, that
ane person must’construct the job network, but inmput information
from many sources must be sought. Guidance from key people
involved with project such as estimators, project manager, site
superintendent and field engineer can be obtained from a planning
meeting, or a series of such got together. The netwérk serves as
a medium whereby the job plan can be reviewed, criticized,
modified and improved. As particular problems arise,
consultations with individuals can clear up specific gquesticns.
The important point here is that there should be full group
participation in the development of the network and collective

views must be solicited.

Participation by Key subcnntréctors is also vital to the
development of a workable plan. Normally, the prime contractor
sets the general timing reference for the overall project. Then,
individual subcontractors review the portions of the plan
relevant to their work. An important side effect is that this
procedure brings subcontractors and the prime contractor together
to discuss the project. Problems are detected early and steps

toward their solutions are started well in advance.

It must be recognized that the project plan represents the
best thinking available at the time it is conceived and
implemented. However, no such scheme is ever perfect, and the

need for changes is inevitable as the work goes along.

-A.H.Hosny
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The project program must be viewed as a dynamic device that
is continuously modified to reflect the progressively more
precise thinking of the field management team.

Construction planning may be said to consist of three steps:

1) Determination of the job steps or "activities" that

must be performed to construct the project.

~) FAscertainment of the sequential relationships among

these,activities.

3) Presentation of the planning information in ths form of

a network.

5-3 Job activities :

The project 1s subdivided for planning purposes into
segments called activities. An activity is a single work step
that has a recognizable beginning and end, and requires time for
its accomplishment. The following are suggested gquidelines for
identifying activities : '

1) By area of responsibility. Work items dbne by the
general contractor and each of his subcontractors

should be separated.

2) By category of work as distinguished by craft or crew

requirement.

5) By category of work as distinguished by equipment

requirement.

4) By category of work as distinguished by material such

as concrete or steel, .....

-A.H.Hosny

=)

/5



Ain Shams University Strutural Eng. Dept.

S) By distinct structural elements such .as footings,

walls, beams, columns or slabs.

6) By location on the project when different times or

different crews will be involved.

7) With regard to owner’'s breakdown of the work for

bidding or payment purposes.

8) With regard to contractor’'s breakdown for estimating

and'cost—accounting purposes.

The activities used may represent large segments of the
project or may be limited to small steps. Too little details will
.1limit planning and control effectiveness. Too much details will
confuse the project manager with voluminous data that tend to
obscure the significant factors and increase the cost of the
management system. Planning detail varies with the level of
project management involved, according whether it is for top
management or for the execution engineer who is responsible for a

particular job.

5-4 Job logic =

Job logic refers to the determined order in which the
activities are to be accomplished in the field. The start of som=
activities obviously depends on the completion of others. On the
other hand, many activities are independent of. one another and
can proceed concurrently. Much of job logic follows from well-
established work sequences that are usual and standard in the
trade. Nevertheless, for a project of any CDhsequence, there 1is
always more than one general approach and no unique order of
procedure exists. It is the planmner’'s responsibility to select

the most suitable alternatives.

-A.H.Hosny
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Fig (6.7) The precedence diagram scheduling for the relocation of 4 km pipeline ard a ccntrol room , general job plan
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B .0 Resource Level inmng

B—-1 Introduction :

Resource leveling is the process of reducing the demand for
the resources on the various project dates by re-scheduling the

non-critical activities to suit the minimum resource requirement.

Leveling applies to all types of projects and is independent
of the t?pe of network being used. Common resources to Ge
considered for leveling personnel, material, equipment and
finance, to keep demands at a minimum. Also constraint on any of
the resource items should be considered such as limited site

storage area ....etc.

In modern projects, particularly very large ones, the need
for leveling is more pronounced than in smaller projects because
there 1is a greater economic gain in making the adjustment. In
these large projects‘the quantity of resource is often large.
Furthermore, some of the resources may Ee large "and quite
expensive to obtain and operate. Contractors working in more than
one project may need to level resources in order to keep with the
demand of each one of them especially if the resources were
distributed among the projects. Therefore, many attempts have

been made to find a satisfactory method to level resources.

A study of.modern operations research techniques suggests
that linear programming can be applied to solve the problem.

However, due to the big number of variables in the resources of

(C)-A.H.Hosny ]
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construction projects, the use of computers will be essential.
Hand calculations are not feasible in most cases to get accurate
solutions for resource allocation and cost optimization.
Attention has turned to the development of simplified procedure
designed to give good answers while recognizing that the results

may not be optimal.

The simplified procedure consists of a set of rules-of-thumb

designed to progressively lead the user to a feasible solution.

There have been two approaches to these simplified

solutions :

a) One sets as its objectives the minimization of the
levels, and thereby the costs, of the resource while holding to

the CPM project duration (Unlimited resource leveling).

b) The other takes as its objective the minimization of
the duration time of the project while keeping the resource units

fixed (Limited resource allocation).

B-2 Leveling Objectives :

The reasons for resource leveling can be grouped into three

major categories :

First : The need to meet the physical 1limits of a
resource. For example if limited number of workers or equipments
are 'availéhle, leveling will assist in reducing their daily
demands so that they-cope with the limits. The same thing happens

when there is limited daily funds.

(C)-A.H.Hosny
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Second : The need to avoid the day-to-day fluctuations
in resource demands. The rise and fall in the demand level 1is
very undesirable, especially when the resource is labor. Hiring
and releasing of workers on a short-term basis -is troublesome,
inefficient, and costly. It is not conductive to attracting and
keeping top-quality workers. There are also costs that are due to
work inefficiencies because new employees need time to learn
their tasks and even previously empioyed persons need time to

readjust to the working conditions of a particular job.

Third : The need to maintain an even flow of application
for the resource. This appears when the project employs high-cost
resource units as cranes, patching plants, ...etc. Such equipment
should be able to work continuously'due‘to their ownership costs

which are involved even if they stand idle on the job site.

8-3 The traditional leveling approach :

This‘approach begins with the addition on every project day
of the resource rates for each activity scheduled in its early
start schedule position. These sums are called the daily resource
sums and represent the demands for the resource over the time

duration of the project.

Table (B.1) shows the early start, early finish, total
float, free float, resource rates and the total resources
required for each activity in the construction of reinforced

concrete footing discussed previously.

(C)-A.H.Hosny



t) Example :

Mo fotialiee Duratice | fréceding
tDays) Activaties
Draw the netuork for the given activities . 1 Move 1n 3 -
2 Ercavate B 1
' 3 Prepare form 7 1
4 Prepare steel rfts. q 1
e =
. S Pour plain concrete 1 2
& Set form 2 X9
7 Set rits. 3 4,86
B8 Pour concrete 1 7
i 3 10
Prep. Form
.
S 7 12
0 1 3 i 2 1 11 5 12 12 3 14 14 7 Y7 17 8 18
Move In Excavate S Pour P.C. | — ot Set Form | Set Rfts. o Pour Concrete
0 b 5 3 8 11 11 1 12 12 2 14 14 %, 17 17 1 18
5 q 7
Prep. Rfts.
10 q 14 r==== Critical Path

Figure (6.4) R.C. footing, precedence diagram schedule
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th. Actl?ity Duration| ES EF TF FF Resource|Resource
. Rate/day days
| Move in 3 C 3 0 0 4 12
2 Excavation 8 3 11 0 0 8 64
3 Prep. forms 7 3 10 2 2 6 42
4 Prep. rits. = 3 7 4 7 6 24
5 Poiir P.C. 1 11 12 0 0 4 4
6 Set form 2 12 14 0 0 4 8
7 Set rfts. 3 14 17 0 0 4 12
8 Pour ‘concrete 1 £7 18 0 0. 4 4
Total = 170
Table (8.1) - R.C. Footing

8-3-1 Unlimited resource leveling :

Figure (B.1) shows the bar chart and the resource leveling

for the reinforced concrete footing. Above each bar 1is

rate of the activity. As a rule of thumb in order

the
to

of

in

resource

keep the same total duration of the project, the leveling
resources is made by moving the non-critical activities within
their {float. The critical activities have been plottedrfirst
(C)-A.H.Hosny



Activity No. Resource Rate/dsy 1 i 5 5 5 é 7 b 5 10 11 lé——_lg 14 15-_ lé i% TR
1 Move i 4 1 =
oY " 2//6/4///4£4;1
Q
)
s 8 - 1 8
3| 2 FExcavation P VA VA T A W
>
-
§ 5 .Pour P.C. 4 :27?7 j-
s S 4 4 B
g 6 ct form -77/‘5_// ‘
2T e a |
S Set rfts. I A T
8 Pour conc. 4 §Z7i5
—
583 Prep. forms 6 > !, -6 ———— ] |
i e LN AT IY EA LA ATl ]
-
oY - ¥
O~ . e 5 - B el s T S NSRS SR Sp——
i | e (gt A S A W A T Wil Wi e e it
ga | | | .
i_O Total = 170 4 4 4 20 20 20 20 14 14 14 8 4 4 4 4 4 4 4
l—act . 4 P
Delaying activity 4 T W .
T 6 6 6 6 6 6 6
- b = & + + + 4
f_ 1 Total = 170 4 4 4 14 14 14 14 14 14 14 14 10 10 10 4 4 4 4

Figure (8.1)

Bar chart & recource

Jeveling for the reinforced-concrete fooling
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order to quickly identify the non-critical activities with Tloats
as they are the ones which could be shifted during leveling. Trne
daily resource sums appear in the line EO below the bar chart.
The total of the daily resoufce sums is 170 resource days. For an
ideal resource level the sums would average 170/18 = 9.4 resource
units. However, the minimum resource level must be equal or
bigger thgn the average daily resource demand (Total resource
sums / duration of the project) and/or the maximum resource rate

for an activity.

1t is noticed from figure (B.1) that the maximum daily
resource sums, before leveling, is 20 units and is neeced in days
4, s, & and 7. In order to reduce this value Dné or both of tre
non-critical activities must be shifted. Shifting activity 2 owilld
rot cause any reduction in the maximum daily resource sum in view
of the fact that there will still be cverlapping betwesen the
three activities 2, 3 and 4. In the same time shifting activity 4
by less than 7 days will rot reduce the maximum daily resource
units required. Therefore, the suitable position to give the best
leveling of the resource without extending the project duration,
would be by shifting activity 4 seven days. The results of this
shifting is shown in lire El, where the maximum daily resource

cum is reduced to 14 units.

Figure (8:2) shows another presentation for rescurce

leveling, where it shows the bar chart and resource histcgram for

the same example.

g8-3-2 Leveling under limited resource allocation :

Figure (8.3) shows the bar chart after resource leveling for
the same example, but under constraint that the mawimum daily

resource is equal to 12 units. This results that more leveling is

(C)-A.H.Hcsny
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Figure (8.2)

Bar chart & renourcc histogram for the R.C. footlng ,

before and &after leveling (Unlimited resource leveling) |



