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ability :
ation of thesp techniques.

ction .xﬁanagement is a cumbersome job. The
manager is responsible for completing the job

mplish his goal through co-ordinating the efforts of
y-separate individuals and organisations, most of
n are not under his direct control. In a construction
t, these include architects, engineers, main con-
, sub-contractors and suppliers, in addition to
people directly under him. ;

ate the work of the various agencies involved
ructing the objective. Yet the complexity
s operations force him to divorce himself from
“of detail and to deal only with the broader
of the problem, He is inclined to think and act
generalities. Lacking suitable planning tech-
or management aids, he is unable to comprehend
il the full aspect of an operation. He is not
aware which operations are critical, and thus,
e special attention, or precisely how a delay or
n one activity will affect other activities fol-
it, or affect the success of the operation as a
t is clear that what is needed is a master plan,
Wwill provide the project manager with an upto date
icture of the operation at all times. The plan should
follow a uniform system which can be clearly under-
00d by all. For building and civil engineering works
ced is fulfilled by a suitable planning.technique.

This paper describes various planning techniques
for building and civil engineering works, and
res their merits, limitations and essential

Juisites for success. :

for planning techniques

s,in reasons for using planning techniques in build-

civil engineering works can be given as :

In construction
better control during construction
1) better assessment of effects of change in planning
(. i) to meet completion date
(%) to reduce construction time

) to reduce indirect cost and in certain cases
direct cost as well : j
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f{anning techniques for building _a,'nd civil . f

paper shows the necessity for using planning techniques for building
and describes the merits and demerits of the various techniques available. While showing
ar and milestone charts have basic limitations of not being able to clearly indicate inter-

ncy of different activities/events, it suggests the use of network techniques, of which, the
ence diagram type of network can represent operations more logically. For repetitive type -
construction like houses, the line of balance technique is most appropriate and its widespread .
s is, therefore, proposed. Other factors like personnel participation, knowledge of techniques,
of programme, and use of past experiences are important for the successful

ule and within the budgeted cost. He is required

oject manager’s main task is to direct and -

) better co-ordination of various agencies involved

1
i e

Hence, it can be said that there is need for planning :

techniques to increase efficiency in construction,

Types of planning techniques } &

The various planning techniques which can be used by

a project manager are :
- (i) Gantt or bar chart »
(#%) milestone chart ° : WA

'y

(#4) network methods, such as
critical path method (CPM), or
project evaluation I
(PERT), or
flow chart or precedence diagram | ;

() line of balance,

Gantl chart or bar chart :  This method was developed
by Henry Gantt around 1900 and consists of two co-
ordinate axes, one representing the time elipsed and
the other the jobs or activities performed. The
activities are represented in the form of bars, Fig 1.
The length of a bar indicates the duration the activity
takes for completion. Generally, in any building or
civil engineering work some activities can be taken up
concurrently and some will have to be completed
before others can begin, Thus, in a Gantt chart, some
of the bars time-wise run parallel or overlap each other,
while others run serially with one bar beginning after
the preceding bar ends.

The limitations of the bar chart are that it does not . ¢

clearly show the interdependences among the various
activities in a programme. A simple fact that two or
more activities scheduled for simultaneous or over-
lapping completion does not necessarily make them
related or interdependent, or completely independent.
For example, in a project involving foundation excava- .
tion, for erecting shuttering and laying of concréte the
time to be consumed would be as follows : foundation

excavation ten weeks, erecting shuttering seven weeks, -

laying concrete eight weeks,

If the activities are allowed to run in strict sequence,
the total time taken for the completion of the project
would he 26 weeks. As can be scen, the erection of
shuttering can only start after the completion of, say,
one half of foundation excavation, Similarly, laying of
concrete can only start say, 2} weeks after the erection
of shuttering starts. The bar chart for this is shown in
Fig 2. According to this plan, the shuttering erectors
still have two weeks of work after the excavation work

g and civil engineering '

and review technique °
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Fig 2 Limitation of bar chart — Interdependencies of activities
b not clear

is over, If now, say, due to certain unexpected difficulties
the excavation work is delayed by one or two weeks
how will this reflect on the shuttering erection or the
concrete laying jobs? This is not revealed by a bar
chart.

A bar chart cannot be used as a control device since
it does not show the progress of work. In a dynamic
programme, the knowledge of the amount of work in
progress or that completed is absolutely necessary.

Changes in a plan are a necessary part of a large project

and a bar chart does not offer much assistance under
such circumstances. Further, a bar chart is unable to
reflect the uncertainties or tolerances in the duration
times estimated for various activities.

Milestone charts : Due to the limitations of the bar
chart to meet the requirements of modem day’
management, efforts were made to modify it by adding
new elements. One such modification was the evolution
of the milestone chart. Milestones are events which as
the project progresses can be identified when completed.
In the bar chart a bar which represents a long-term job
is broken down to several pieces each of which stands
for an identifiable event. Each event is numbéred and an
explanatory table given identifying the number with
the event. This work breakdown increases the awareness
of the interdependencies between tasks. Fig 3 shows
a bar chart and a corresponding milestone chart.
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Fig 3 Milestone chart corresponding to a bar chart

Fig 4 Network of milestone chart shown In Fig 3
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The milestone chart was an improvement on the
hart, but it still had one great deficiency ; namely
did not clearly indicate the interdependencies

fwork meihods : An extension of the milestone

vas the network where the events are connected
trows in logical sequence. The milestone chart in
3 is shown in the form of a network diagram in
4, It will thus be.seen that for each event
is a fixed sequence of construction, viz., event 4
ot be started before the completion of events 2 and 3.

M and PERT networks — In any network the
can be laid either on the event or on the activity.
n the stress is laid on an event, the network is
called Project Evaluation and Review Technique
(PERT). Whereas, an activity oriented network is called
tical Path Method (CPM). Both are shown in I7ig b.
other main difference between CPM and PERT
at the former docs not take into account the un-
rtaintics involved in the estimation of time for the
ecution of activities while the PERT docs. In other
rds in CPM, single estimation of time is considered
e in PERT three-time estimation is invariably
sidered for an activity. Generally in building works,
gle-time estimation for any activity is considered,
1ce it is proposed to discuss the merits and limitations
PM only.

erits of critical path method — The critical path
lod of planning has the following merits over bar
ts:

(/) When using CPM, the interrelationship of all
operations is clearly seen, Iig 5. On the contrary
the normal bar chart does not do this and
consequently requires the dependence of one

the project manager. This is not only difficult,
but almost impossible on large projects.

(i) Using CPM in case of delays, critical operations
require particular attention. However, when
bar charts are used on a large project many
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Flg 5 CPM and PERT networks

r- | Finish to start: B cannot
T start until A has finished

2 Lag finish to start : B cannot
start untll x days after A has
finished

.3 Start to start: B cannot
start untll A has started

0

4 Lag start: B cannot start
until y days after A has started

F
E § Finish to finish : B cannot
l E" finish until A has finished

A Fz
6 Lag finish : B cannot finish
[_L_‘ until z days after A has finished
A £ 7 Lag start and finish : B cannot
| | - start unti!cr days after A has
B * started and B cannot finish
Sp [ until q days after A has finished

Fig 6 Unique logic conventions for precedence diagrams

activities tend to be “crashed’ unnecessarily
as it is not possible to remember which activi-
ties are interdependent.

|
|
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analysing and scheduling are sepa-
' using CPM. This allows a greater
tration on the planning aspect and thus
clearer understanding of the project.

easier for a new incumbent taking over
completed project to become familiar
progress of the project if the CPM is used.
};f CPM — The basic_-assumption in CPM
w diagram realistically represents the
ioct. Tor various reasons this may not

it is difficult to construct an arrow
which depicts every important sequenc-
fonship properly. Often It is ensier to
two activities as sequential whereas, in
. thoy overlap and should thercfore, be

“down further. For example, concreting

brickwork in foundation, Fig b
dependent on each other. But brick-
be started after laying concrete in
in section of foundation ;
as planning and arrow-diagramming
v at the very early stages of the project,
ten impossible to foresee all eventualities
ow for them in the arrow diagram,

4 dﬂow charls or precedence diagrams:
be drawn in the form of flow charts, also
srecedence diagrams as  an alternative

ore conventional CPM' network. When
w charts the activities are usually repre-
tangles and the relationship between
own by a line linking them. Flow charts
e diagram networks eliminate the first
CPM, since the sequencing relationship
us activities is done properly as will be
we logic conventions, Iig 6. These are

arts (precedence diagrams) networks.

ruction programme for a bridge in the form
nce diagram is shown in Fig 7. It can be seen
events are represented more rationally. For
s A202 and A203 indicate that the latter
til 18 days after the former has started.

ance technigie : The line of balance, Fig 8
echnique which is suitable for repetitive
The main advantage of this method is
better indication of the dependence of
n another. It is very uscful during the
roject, because it is immediately obvious
¢ action needs to be taken.

nce schedules are series of inclined bar-
each trade. The big difference between

chedules are inclined at different angles to
e of working of the various trades, they
- indicate the relationship of manpower

speed of working of one trade against
hlighting the risk of collision courses and
manpower allocation. Schedules can also be
gramme plant utilisation and materials

de a margin for error and to ensure that one
ot interfere with another, time buffers are
inserted between the trade schedules. The
ile in the diagram, represents the handover
the building components.

_ nts for success in planning techniques

Ttain essential requirements which should
to in practice for the planning techniques
sful. These are :

nce schedules and a traditional bar chart.

(#) Site personnel participation — Site personnel like
engineers, supervisors, sub-contractors, suppliers, etc.,
should be encouraged to participate in the planning
right from the initial stages to completion,

{#7) . Knowledge of technique — The contractors and
other personnel responsible for planning and imple-
mentation of programmes, should have adequate
knowledge of the technique being used. For this it is
suggested that reftesher courses on planning techniques
should be organised for field staff by universities, the
National Building Organisation, the Central Building
Research Institute and other organisations.

(#6i) Practicability of programmes — The planning
programmes should he practicable consistent with the
resources that can be made availablo.

(fv) Tilling up of deficiency — Actual progress should
be reported at small intervals of time, say weekly or
fortnightly and timely measures should be taken to fill
up deficiencies, if any.

{v) Use of past performance — Experience gained in

previous projects should be made use of in preparing
any new programmes,

(vi) Planning cells — In the initial stages, organised
departments should set up planning cells with adequate
and appropriate experience to assist contractors in
preparing workable programmes.

{vif) Support from higher level — It is essential to
have the support of higher levels of management for
adoption of modern planning techniques.

(viti) Revision of programme — Planning programmes

.need revision all the time and are constantly being

| Foundation excavation 6 Centring/shuttering
2 Concreting 7 Precast unit slabs
3 Brickwork 8 Base concrete
4 Damp-proof course 9 Floor finish
5 Brick work In superstructure 10 White/colour washing
140 —
120
100
80—
-
bl
- &
:'
=
60
40
20
1 Lh 1 L
[} 60 120 180 240
Time __ |
boffer 2 bays - J

Fig 8 Line of balance programme for one hundred and forty
houses showing schedules of critical activities



done so cven in developed ‘countries where these tech-
niques are widely used. Such revisions should not be
taken as failures, but should be considered in a Ppositive
manner, since based on experience gained in implementa-
tion, better workable programmes can be planned,

Conclusion

Bar and milestone charts have basic limitations as
compared with CPM, precedence diagrams and line of
balance method of planning techniques. For repetitive
construction like those of housing, the line of balance
method is most appropriate and its use should, there-
fore, be encouraged. :

Participation of site personnel, adequate knowledge of
techniques, practicability of programmes, use of past
performance records, timely action for filling up defi-
clencies, setting up of planning cells, etc, are the essen-
tial factors for success in use of planning techniques
and should therefore be given full consideration,
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