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In a similar manner the probability of completing the project by 21 weeks is determined
as below:

The number of standard deviation Z, = Ts—-Te _ 21-25 s

Gre - 4

From the table of values of area under normal curve (Appendix A) it is found that
1s corresponds to an area of 0.34134 (Ref. Exhibit 16.18)

> Exhibit 16.18 : Area Corresponding to 16 to the Left of the Mean :
]
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the probability of completing the project in o 9:5 which is equal to 0.16. This ™
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-""Oi,ﬂh correspondS t0 0.95 has to be fou;(tij9 nmmfﬂ curve, the number of standard deviation
\"h116650— to the right of the mean (je, T ) ?l’-lt, This g observed from the table (Appendix A)
2 4 1.64 X 4 = 31.6 days, ¢ 'he scheduled time is calculated as I, + 1.640
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cashi"g CPM Networks
I
{ network, deterministic acriv:
. |nCPMnN - SUC activity time ectinn.
loped under conditions of normg| wo Z tme estimate are used. These time estimates are Crashing CPM
et stimate does not take into consid r. 'Ng and known as normal time estimates. A normal Networks: To
ime & i ivi €ration overtime working or use of abnormal resources ~ reduce the normal
ro g : : ’ i - ct duration to
of Project duration time in CPM networks is determined i raog

I varioy O . - ) the desired shorter
S activities in the network. Hence this project duration activitios

eto .
complete the project. However if the project manager o the critical path

€ project to be below the normal duration, it is are crashed by tha
use of additional

r9S0Urces\exXpoensas.

Me options such as hiring additional workers and

i ing ¢ i o o
~xchines or increasing control with supervision on critical activities to reduce their completion

vme,
in ‘these instances,. t'he.g'oal is to identify the time versus cost trade-offs and to evaluate
;zmative plans for minimising the sum of the indirect and direct project costs.

The cost of resources required to complete an activity in the normal time is known as
~omal cost' and the cost of completing an activity in less than normal time by crashing or
=jucing the duration by using more resources is known as 'crash cost'. The crash cost is
wund to be higher than the normal cost.

To compress the normal project duration to the desired duration time, we have to
wncentrate on the crashing of activities lying on the critical path. As we crash the activities
nthe critical path, we must ensure that no other path on the network becomes critical. If in
"t processing of crashing the activities, some other path becomes critical then the activities
nthat path must be considered for crashing.

%ps in Network Crashing
. Step 1: Determine the time-cost ratio for each activity in the network. This ratio represents
tincrease in cost for a unit decrease in time.
Increase in cost

o io = e
Time-cost ratio decrease in time

crash cost — normal cost
s e e
» normal time — crash time

]

| Step 2, Identify the activities on the critical path and select that activity on th?-glﬂ“ca]
"hich hag the smallest time-cost ratio and crash that activity to the extent possible.

‘%COStep 3 : Observe whether there is any change in the cri‘ti.cgl pgth i.e., any '(:'t??lr pf[Lh
® critical. If so, calculate the time-cost ratio for the activities in the new cri 4(; p;{ ,
3 4 inc 3 on
| 4 Repeat step 2 and 3, till the activities are crashed to reduce the project duratio
SSired time period.

ing illustration.
" Metwork crashing is better understood through the following illus
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[lustration : W/m
Activity L Laa’sh//’ ’ESTLL—— Crash
,fir."flf/ p 10,000 14,000

1-2 6 3 5,000 8,000

1-3 4 s 4,000 5,000

2-4 3 6 9,000 12,000

3-5 8 ) 7,000 8,000

¥ | otal cost | R 35,000 Rs. 47,000

/L,_

/L—’/” ith normal times for activities.

work diagram w

Step 1 : Draw the net

his1—->'2,2-—>4,4—>5

Critical pat
weeks

Project completion duration = 16

The normal estimate of project com

Step 2 : Calculate tim
Increase in cost

Time-cost ratio = — = -
Decrease in time normal time — crash time

pletion is 16 weeks at a co

st of Rs. 35,000/-

e cost ratio for each activity.

_ crash cost — normal cost

Activity Time-cost ratio
S
. 14,000 - 10,000 _ 4,000
1-2 6_4 =T - Rs. 2,000/week
. 8,000 - 5,000 _ 3,000
4-3 -7 = Rs. 3,000/week
o4 5,000 - 4,000 1,000
3-2 =T - Rs. 1,000/week
- 12,000 - 9,000 _ 3,000
8-6 =75 =Rs 1,500/week
.« d—5 8,000 - 7,000 _ 1,000
7 -4 3 = Rs. 333.33/week
* _ indicates activities on critical path. =
= o I,
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: Draw the network di .
Step 3 : U : lagram vy -
oject completion duration below:. 'th all Crash timings for the activity and find the
i h times f e
with crash times for each activity jt js ¢ _
weeks and the corresponding cost is Rs. 47 O%lz)nd that the Project can be completed in 10

Step 4 : Can we reduce the Project Completion time to 10 weeks without increasing the
ost by Rs. 12 OQO? To determmfe .this’ We have to crash the network by 16 — 10 = 6 weeks
by crashing the time for each activity on the Critical path to the extent possible. The activities
on critical path are selected for Crashing one by one based on their time-cost ratio, taking the

activity having the !ea§t time-cost ratio first for the Purpose of crashing (i.e., to reduce the
normal time to crash time),

Since activity 4-5 on Cfiﬁ_Cal path has the smallest T-C ratio (i.e., Rs. 333.33/week), crash
this activity to the gxtent possible j.e,, by 3 weeks (i.e., from normal time of 7 weeks to crash
time of 4 weeks) Since we have to reduce the project duration by 6 weeks i.e., from 16 to 10

1 3, 3—» 5 become
_ltean pe observed that both paths 1= 2, 2— 4, 4;" 51;n\,iee-l::from 16 weeks.
"cal paths, The project completion time is now reduced to G e e
' 10 reduced the project duration to 10 weeks, dfrom t}é ;"5?\;; sl activity 1-2 by 2
"<al paths th 1-2, 2-4, 4-5, reduce ivity time of activity
ks ie, fror)y/] 26\,\\:5::; (t?)nz;piveeks Ion path 1-3, 3-5, Fe.dfjce theh asc tlle\:sg?elr“TTme-cost ratio
by "eeks i.e., from 8 weeks to 6 weeks (Note that activity 3-5 ha

n13) The modified network diagram is show below:
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ivity Time (weeks) Cost (Rs.)
Activity Activity 7 —
4 (crash) 14,000 (crash)
" 4 (normal) 5,000 (normal)
- 2 (crash) 5,000 (crash)
- 6 (crash) 12,000 (crash)
3?-, 4 (crash) 8,000 (crash)
4-
Total cost Rs. 44,000/-

The increase in cost to crash the project completion time from' 16 wetiksrto «;: 2
Rs. 9,000/ i.e., (Rs. 44,000 - Rs. 35,000) instead of Rs. 12,000/ is we use crash
crz;sh, cost for all the activities to complete the project in 10 weeks.

Comparison of PERT and CPM Methods

(i) PERT is a network method for proj
1950s for the Polaris submarine pr
3000 contractors, suppliers and a
submarine project ahead of sche -
Critical path method (CPM) was developed by E.I. du Pont De Nemours & (o
to schedule the start up and

. activite ™
shut down of major plants. Since these plant
repeated frequently the times were fairly well known.

ect scheduling which was first deveiopefj M
oject. This technique was used to schedule mc

: ing the %::
gencies and was successful in completing
dule by about two years.

(ii) The main difference betwe
probabilistic or determinj

L . 851‘1\“'?
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If the time estimat

stic.

. . ime e
€s can be made with high degree of certainty, such t
erministic time estima

. are SUP
) imes af¢ ™
tes. On the contrary, if the ac?ua’ tﬂ'{fch time &
and can only pe estimated with probability of variation,
are called “probapilistic ¢ i
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most likely time estj
because of the
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In a PERT ne

: twork, the
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us EXperience,
individual

enct e
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aclivity times are random 2 set con
© be random, Hence it is not possible t©

(iv)



ment
ot Manage
__proje

pletion tim i - i
150 calculated for a PERT network. es of each activity or event
als

in CPM ne_f"‘forkathe actnv:t': time is estimated based on the resources employed to
out the activity. FOWever, k € time of any activity can be compressed by allocating
" urces to carryout that activity (i.e., by

spending more money). Thus CPM assures a
ore res0 A y). Thus

ime-cost trade-off rather thar;(the prObabjI'Sth times used in PERT. To express the time-cost
| elationship, N CPM network, normal time, normal cost, crash time and crash cost are
L used.

i

Applying Project Scheduling to Service Firms

Every firm wh’ether it is a manufacturing Or a service firm, needs to plan, schedule and
complete large perects at one point of time or‘another. For example, installing a new computer
stem or relocating a hospital are large service projects for which PERT and CPM networks
«n be used. For relocating a hqsp;tal, a large variety of planning considerations had to be
uken into account such as vehicles and ambulances to be used to move patients, police

scots or the vehicles etc. To coordinate all the activities, a project network will have to be
developed before the move.

tvaluation of PERT and CPM

Advantages

() Useful at several stages of project management, especially in the scheduling and control
of large projects.

(i) Simple in concept and not complex mathematically.
lii) Networks help to perceive quickly relationships among project activities.

) Critical path and slack time analysis help pinpoint activities that need to be closely
watched.

V) Useful in monitoring both time schedules and costs.
i) Applicable to a wide variety of projects and industries.
| Limitations

() Project activities must be clearly defined, independent and stable in their relationship.
{':") Precedence relationships must be specified and networked together.

("”.) Time estimates tend to be subjective and are subject to judging by managers.

) Tog Much emphasis is placed on the longest or critical path and near critical path is not
Monitored closely.

e
" Computers i Project Management

l
‘ Seve,PIrOJeCt Network may contain thousands of activities and may repregent wor k t'hat'spans
™ 4 years, Drawing such network would require enormous amount of time and it is difficult
et : d continually have to be redrawn.
' Loy, P 10 date as the project progresses and it would continually .
| . Puter : proj : ecially for large projects. A
| Mpugg, o Nighly useful to support project management especialy 197 aie Proje®. o
Yl ° Can store, update and selectively retrieve data about a project an lca.n pg :
itost 8tc OUtputS in terms of plans and status reports. Actual start dates, completion dates,
| v Can pe recorded as the project progresses. . ' esses
! May Zcomputer can provide a rolling wave of detailed information askthe szojsgt'f Pfg‘i o
Valuable 1o sort activities in the order of increasing slack to identify

3
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I SOLVED PROBLEMS
ve low:
or the data given be
1. Draw the network diagram f . -
e Immediate predecessor Activity
Activity | Activiy |
A e
B A
¢ A
D B, C
. C
F D
G E
H e

Solution :

The dummy activity 3-4 has been introdu

- ced here because activity B and C oo
precede activity D and activity C precede

s activity E.
- gar?h‘f, a network diagram for the activities given below and determine the it
-
Activity Description of Duration of Immt‘di"t:vm
activity activity (month) | Predfc_efit/
A Design Plant 12
B Select Site 8 :
C Select Vendor :
D Select Personnel 3 A
F Prepare Site 12 :
([‘ I\fdrnuiag,ture Generator 'lé ;
) : fepare Operations Manual 3 C
nstal| Generator y
i Train Operators : D’ G
J Obtain Licence : .
N ) S
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