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3.1

3.2

Cost Model Analysis

In CPM, time is related to cost and the object is to develop an optimum time-cost relationship.
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The overall project duration can be reduced by reducing the duration of only the critical activities in
the project network. The durations of such activities may be reduced in two ways.

> resources for the eariycdrhpletion of such activities.
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Project Cost

To
(a)

tal project cost is the sum of two separate costs:
the direct cost for aocomphshmg the work, and

(b) the indirect cost related to the coniroi or direction of

that work, financial overhead, lost production, and the
hike etc.

The components of the total cost are shown
infigure below.
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Fig. 3.1 Cost-Time Relationship of a project



33.2

Components of Project Cost

Indirect Project Cost

]

Indirect costs on a project are those expenditures which cannot be apportioned or clearly allocated
to the individual activities of a project, but are assessed as a whole. The indirect cost includes the
expenditure related to administrative and establishment charges, overhead, supervision, expenditure
on a central store organization, loss of revenue, lost profit, penalty etc.

Indirect cost rises with increased duration, considering only overhead and supervision. Itisrepresented
by a straight line, with a slope
equal to daily cverhead.

But when there is a loss in profits,
due to inability to meet demand
or due to some penalty due to
delay, a corresponding cost
increase must be added to the
cost of overheads, producing the L

: O Project duration indirect cost
curve. Such a loss is called the ) (Supervisory overneads) O Project duration
outage loss.

The total indirect cost curve will Fig. 3.3 Indirect Project Cost
thus be curved.

indirect cost
Indirect cost

Constant rate of rise

Direct Project Cost

It is the cost which is directly dependent on the - ,
amount of resources involved for completion of g5
activities. -

Itincludes labour, materials, plants and machining 80
etc. 760 Three shifts
To get the same work done in less time, we have
to increase amount of labour, equipment and time
saving material that too at extra charges which
simply means increase in direct cost.

6\8\ Two shifts

Direct cost (Rs.)
~
[wo}

65
The project has the highest cost corresponding to \ (60)
the crash duration, and has normal cost 60 Single
corresponding to the normal duration. shift
Normal time (t,) : Normal time is the standard b51 2 3 4 5 6
time that an estimator would usually allow for an Duration (days)
activity.

Crash time (t) : Crash time is the minimum possible time in which an activity can be completed, by
employing extra resources. Crash time is that time, beyond which the activity cannot be shortened
by any amount of increase in the resources.

Normal cost (C,) : This is direct cost required to complete the activity in normal time duration.

Crash cost (C,) : This is the direct cost corresponding to the completion of the activity within crash
time.



Col- L
Lof
B ! Linear
8 10\ "~ approximation %
B 8 Fo ~ 8
g O | ©
a b1 Actual
I} curve
o) S [
: '
:tc N ttn :I L L 1 ) ] :
Crash Normal Duration b — Tme  f = Tme 4
duration duration Straight line approximation Segmented approximation
Generalized direct cost-time curve Direct cost curve approximation

Fig. 3.4 Direct Project Cost

e The straight line or segmented approximation of the direct cost curve is helpful in carrying out the
project cost analysis. In such analysis, the cost slope is used.

Cost Slope: B
¢ The cost slope is the slope of the direct cost curve, approximated as straight line. It is defined as
follows :
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Total Project Cost and Op tion

e The total project cost is the sum of the direct cost and the indirect costs.

¢ We find that the minimum fotal cost is obtained at duration known as i
corresponding costisknown as ihe minimum c,[;j' It ‘Isincreased, total costwrll
increase, while if project duration is decreased to the craeh vaiue proj ect cost will be the highest,
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Steps in Crashing

1. Estimate project duration and find the critical path.

2. Find cost slope of all activities. '

3. Thecritical activity having minimum cost slope is crashed in first stage. The next stage crashing will
involve activity having second lower cost slope in critical path.

4. Total cost of project at this stage is calculated.

5. Steps 3 and 4 are repeated till all activities of project are crashed along critical paths and
corresponding time is crash time of project.

6. Itis to be noted that only critical activities should be crashed.

Doyou know" That certam non Crmcal actrvmes may also become critical in the process of crashing critical
aohvmcs i - ¢ ~

NOTE: In case of formaﬁon of ne itical path at any stage of crashing; wé have to do parallel crushing of
activities for whxch cost &ope ' mimum' o ‘ ‘
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3.4 Resource Allo:,ca,t,

* ‘Resource’ is a physical variable required for  14f -
completion of acti a kbe material, ok
manpower, mab'h pace, money or tfme %10»_ i
resources. . ) , é o

e Due to limited res s or Hmited project £  8 -
duration, it is req allocate resources in 5 L

ss a uniform demand
through out the proje ation can be achiev o
e  “Resource allocation”is deciding the resources - T
to each activity. 012345678910111213141516161819
e The diagram ‘which shows variation in the NP : — Days
requirement of resouroes with Ume is called . 4
"Resource usage prof//e or “H/stogram as shown
below.
Histograms are helpful to know the requirement of resources at different times in different activities.
e Resource allocation can be achieved by following two processes:

such a way thi

0 -

" Fig. 3.6 A Typical Histogram for Resource
Allocation

3.4.1 Resource Levelling

Here resources are considered unlimited. Project duration is maintained and critical activities remain
unchanged. Start time of some of non-critical activities are shifted within their available floats to create uniform
demand throughout.

3.4.2 Resource Smoothening

Here resources are considered limited. Project duration may be changed. Activities are rescheduled to
cut down the peak requirement of resources so that it does not cross the limit of resources. Available resources
should never be less than the maximum quantity required for any activity of project. Firstly, available floats are
used then if needed duration of some activities is increased or decreased as per the resource requirement.

" Doyou know? Resource smoothening and resource levelling both are trial and error methods.'



3.5 C(PM Updating

e The process of reviewing the progress of project execution and redrafting the network according to
latest requirements is called “updating”.

e During redrafting, scheduled dates are revised. New critical path may emerge and hence project
priorities may change.

e  Crashing of new critical activities may be required to make project on schedule.

e  Updating is necessary to compensate for deviations in actual execution of works and original plans.

e During the process of updating, neither activities are deleted nor new activities added.

When to Update?

1. Updating should be more frequent for shorter duration projects.

2. Forlarger duration projects, frequency should be increased as prO}eot Is nearing completion.
3. Whenever major. change in the duration of any of activity occurs then updatmg should be done.
4

If change in estimated duration occurs, updating is essential.

work. The project overhead

. Normal duration | Normal Cost | Crashing duration | Crash Cost
(days) (Rs.} (days) - (Rs)
12 6 7000 4 9000
2-3 10 9000 5 13000
Soiution:
@ -2 ®
6(4) 10(5)

In the network shown, normal duration of activities are marked adjacent to arrow and corresponding
crash durationin brackets.

The cost slope of each activity in computed below:

i o AG At _AC
ML e | SR ey
1-2 9000 — 7000 = 2000 6-4=2 1000

2-3 13000 — 9000 = 4000 10-5=5 800




Total normal duration of the project = 6 + 10 = 16 days.
Total normal cost incurred on the project = 7000 + 9000 = Rs. 16000/-

Now activity 2-3 has the minimum cost slope. Thus crash activity 2-3 first. The duration of activity 2-3
be crashed by 10- -5 = 5 days.

- Extra cost incurred in crashing the activityAQ—B =800 x 5 = Rs. 4000/~

After crashing activity 2-3, revised duration of project = 6 + 5 = 11 days.

- Direct cost of project for 11 days duration
= Normal costof project + Extra cost incurred in crashing the activity 2-3
= 16000 + 4000 = Rs. 20000/-

After crashing activity 2-3 fully, now crash activity 1-2 from its normal duration of 6 days to crash
duration of 4 days i.e., crashing activity 1-2 by 2 days.

Extra cost incurred in crashing the activity 1-2 = 1000 x 2 = Rs. 2000/-
. Revised project duration = 4 + 5 = 9 days.
- Direct cost of project = 20000 + 2000 = Rs. 22000/-

Duration {days) 16 oM 9

Direct cost (Rs.) 16000 20000 A 22000

indirect cost{Rs}| 16x400 = 6400 {11 x 400= 4400 9 x ,400 =3600
Rs. 400 per day : S . : e

Total cost (Rs) 22400 | 24400 25600

Thus total cost in minirmiumfor project duration of 16:days_éhd corresponding minimum cost is Rs. 22400/-

5"f'i¥?'?!nle:.'. 2 For the network shown below, determine the optimum duration and optimum

Activity Normal time Costtime | Normal cost | Crash Cost
{days) (days) (Rs.) {Rs.)
1-2 6 3 500 650
2-3 7 4 250 350
2-4 3 1 350 525
3-4 5 3 700 950

Indirect cost on the project occurs @ Rs. 105 per day.




Solution:
The cost slope of each activity is computed and shown below:

.| Normal time time | Normal cost | Crash Cost | Costslope

o Rsd R | Beley)
3 500 650 50
2.3 7 4 250 350 33.33
24 3 1 350 525 87.5
34 5 3 700 950 125

Network with normai duration activity times

Time duration

Total cost =

= 18 days

Now, activity 2-3 has minimum cost slope

So crashing aotwnty 2—-8 py 3 days :
Hence revised duratxon of pro;eot = 18 3 =15days
!ndsreot oost = 105 >< 15 = Rs. 1575

Crashed network
Still, the critical pat
Now, activity 1-2 h
So, crashing 1-2 b

Hence,

Dsrect Cost = 500 + 250 + 350 + 100 + (33.333 x 3)

cost slope on this critical path;fg

days

Revised duration = 12 days

Total cost =

Still critical path is 1-2-3-4

One activity (3—-4) along critical path remains to be crushed.

rect.cost =

=105 x 12 =

Rs. 3310

(500 + 250 + 350 + 700) +
= Rs. 3690/-

- Rs. 1

Even if activity 3-4 is crashed by available 2 days.

The critical activities will not change.

So crashing 3-4 activity by 2 days.

Hence,

revised duration = 12 -2 = 10 days
Indirect cost = 105 x 10 = Rs. 1050

Direct cost =

Total project cost = Rs. 3350

2050 + (125 x 2) =

Now, all the activities along critical path are crushed.

1900 + (50 .Q) - Re. 2050

Rs. 2300

(105 x 18)

= Rs. 1900

3(1)




Further crashing notrequired.

Duration (days) 18 15 12 10
Direct cost (Rs.) | 1800 1900 2050 2300
Rs. 400 pe 1850 1575 1260 1050
Total cost (Rs.) 3690 3475 3310 3350

Thus is can be seen that for optimum duration
t = 12 days
Minimum cost = Rs. 3310

Exampl Given below is the table showing durations and costs of various activities of the

network shown below:

Activity Normal duration qumal Cost’ :"(‘:’r'as'h’duration CraSh ost
f(days) {Rs:) 2 {days) .
12l b 4050 3
23 | 7 310 4
24| 3750 il 8
3-4 6 : 5520 3 10550

The overhead cost of the project is Rs. 1750 per day. Determine the. éptimum duration of the
project and the corresponding cost.

Solution:

The critical path of the network 1-2-3-4

Total normal duration of the project = Sum of normal durations of
each activity on critical path = 18 days

Atime scaled version of the network is drawn with critical activities
onthe horizontal line.

@ 5(3) © 7(4) @ 6(3) @

1
1

1 T T T 1

6 1 2 3 4 65 6 7 8 9 10 11 12 13 14 15 16 17. 18



Activity | ACRs) | At(days) |Costsiope (Rs/day)
1-2 9500 — 4050 = 5450 5-3=2 2725
2-3 7520 ~ 3150 = 4370 7-4=3 1456.67
2-4 5650 — 3750 = 19001 9-6=3 633.33
3-4 10550 ~ 5520 = 5030 6-3=3 1676.67

Total duration of the project = 18 days
Direct cost of the project = Sum of the normal costs of each activities = 4050 + 3150 + 3750 + 5520
= Rs. 16470/

First Stage Crashing

0 1 2 3 4 5 6 7. 8 9 10 11 12 13 14 15 16 17 18

| i § 3
T t 1

Now for crashing the netwark, select that critical activity which is the minimum cost slope which is
activity 2-3 having the cost slope of Rs. 1456.67 per day. Activity 2-3 has the crash time of 4 days i.e.,
it can be crashed by 3 days. Crashing activity 2-3 by 3 days wil not affect the non-critical activity 2-4.

ration=18-3=15days

Thus revised project duratio

Extra cost of crashin
Revised direct cost ¢

Second Stage Crashing

5(3) /L 4(4) o B(3) L
©; @ ©, (4

§ ! | { 1 ' § ; 4 | 1
t T T T T t T t

o 1 2 3 4 5 86 7 8 9 10 11 12 13 14 15 16 17 18

Activity 3-4 can be crashed by 6-3 = 3 days but crash it by 1 day only so that activity 2-4 also becomes
critical.

Thus revised project duration = 15 -1 = 14 days

Extra cost of crashing activity 3-4 by 1 day = 1676.67 x 1 = Rs. 1676.67/-

Revised direct cost of the project = 20840 + 1676.67 = 22516.67

But this second stage crashing has also made the activity 2-4 as critical.

Further Stages of Crashing
Further crashing will involve two paths viz. 1-2-4 and 1-2-3-4.



Further crashing can be done with the following three options:

(i) Crashing activities 2-3 and 2-4 simultaneously with the combined cost slope of 1456.67 + 633.33
= 2090.

(i) Crashing activities 3-4 and 2-4 simultaneously with combined cost slope of 1676.67 + 633.33
= 2310.

(iif) Crashing activity 1-2 alone with the cost slope of 2725.

Of the above three options, option (i) gives the minimum cost slope and thus the extra cost of crashing

2-3 and 2-4 by 1 day = Rs. 2090/- but activity 2-3 cannot be crashed further since its duration now is

already equal to crash duration.

Third Stage Crashing

Thus another option is to crash activities 3-4 and 2-4 with a combined cost slope of 2310. Of the
activities 2-4 and 3-4, activity 3-4 can be crashed by 5-3 = 2 days after which activity 3-4 cannot be
crashed further.

Revised total duration of the project = 14 - 2 = 12 days

So extra cost of crashing by 2 days = 2310 x 2 = 4620

Revised direct cost of the project = 22516.67 + 4620 = Rs..27136.67/

Fourth Stage Crashing

Now the only remaining activity is activity 1-2 which can be crashed by 5 - 3 = 2 day with a cost slope
of 2725. -

Revised project dura'ti:oh =12-2=10day

Extra cost of crashing byi?days = 2725 x 2 = 5450

Revised direct cost of the project = 27136.67 + 5450 = Rs. 3258667

Total cost of the p

Project duration | 10
Direct cost (Rs.) 16470 20840 22516.67 27136.67 32586.67

Indirect cost (Rs.) | 1750 x 18 =31500 | 1750 x 15 = 26250 | 1750 x 14 = 24500 1750 >< 12 =21000| 1750 % 10 = 17500

Total cost (Rs.) 47970 47090 47016.67 48136.67 50086.67

Thus optimum project duration is 14 days which is having the minimum total cost of the project which
equals to Rs. 47016.67.

The table below gives activities for a construction project along with other data.

Normal Crash

Activity Time (days) | Cost{Rs) | Time(days) | Cost(Rs.)
1o 7 60 5 90
= ; e 2 100
o 5 50 3 70
05 8 100 4 120
A 5 150 2 180
4-5 2 70 ! %0




The indirect cost of the project is Rs. 30 per day. Crash the activities and find the minimum
project duration and associated project cost.

Solution:
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The cost slope of each activity is tabulated below:

i Normal Crash '
Activity Time (days) | Cost(Rs.) | Time (days) | Cost(Rs.) AC 'C(;Zt-lzfﬁe
1-2 7 60 5 9 30 15
1-3 4 80 2 100 20 10
2-4 5 50 3 70 20 10
2-5 8 100 - 5 10 20 5
3-4 5 150 g 180 | 30| 10
4-5 2 70 1 90 20 20
Total project durat on = 15 days
Directp st ='Rs. 510

Indirectcost = 15 x 30 = Rs. 450
lotal project cost = 510 + 450 = Rs. 960

8{4) P =E

T

m

=4 T.=12
T,=8 =13

~

On the critical path activity2-5 has minimum cost slope.
Activity 2-5 can be crashed by 4 days but doing so will create other critical activities.
So, crashing 2-5 by 1 day
Hence revised duration, t = 14 days
Indirect cost = 30 x 14 = Rs, 420
Directcost = 510 + 5 = Rs, 515
Total = Rs. 935



Revised Network

Now, there are 2 critical paths 1-2-5 and 1-2-4-5.

Further crashing will involve option

(i) Crashing 1-2 by 2 days with cost slope of Rs. 15 /day.

(i) Crashing 2-4 and 2-5 simultaneously with combined
cost slope Rs. 15/day

(i) Crashing 4-5 and 2-5 simultaneously with combined
cost slope of Rs. 25 /day

So let say, crashing 1-2 by 2 days first;

Hence, Revised duration = 14 -2 = 12 days

Indirect cost = 12 x 30 = Rs. 360
Directcost = 515 + 30 = Rs. 545
Total cost = Rs. 905

Revised Network
Now, crashing 2-4 and 2-5 simultaneously by 1 day
Hence Revised duration = 12 -1 =11 day
Indirect cost = 11 x 30 = Rs. 330
Direct cost = 545 + 15 = Rs. 560
Total cost = Rs. 890
Revised Network
Now all three paths, 1-—2—5 1—2 4-5; 1»—&4—5 are crmoai
So crashing options are o '
(i) Crash2-5and4-5by 1 day with combined Cos’t Slope Of Rs. 25/day
(i) Crash 2-5, 2-4 and 3-4 by 1 day
using combmed Qpe of Rs. 25/day
(i) Crash 2-5, 2-4and 1-3by 1 day
using combined cost slope of Rs. 25/day
Say, lets crash 2-5 and 4-5 first by 1 day
Revised duration = 11~1=10day
Indirect cost = 30 x 10 = Rs. 300
Direct cost = 560 + 25 = Rs. 585
Total cost = Rs. 885

Revised Network

Now we can either crash 2-5, 2-4 and 1-3 or 2-5, 2-4 nd 3-4 by 1 day

As combined cost slope is same.

So, let say, crashing 2-5, 2-4 and 1-3 by 1 day

Hence, Revised duration = 10-1 = 9 day

Indirectcost = 30 x 9 =Rs. 210
Direct cost = 585 + 25 = Rs. 610
Total cost = Rs. 880
No further crashing is possible.
Hence minimum cost = Rs, 880

For optimum duration = 9 days.



Q.1

Q.2

Q.3

Q.5

Total Project Cost versus Time curve is/fan
(a) S-shapedcurve

{(b) Parabola

(c) U-shaped curve

(d) Straightline

In the cost optimization procedure the cost slope
for each activity can be estimated by the formula

crash cost - normal cost
crash time - normal time

crash time - normal cost
crash cost— normal cost

normal time = normal cost
crash cost~ normal cost

crash cost- normal cost
normal time — cr ask‘ t:me :

The normal duration and,normal oost of an activity
are 10 days and Rs. 350/~ respectively. The cost
slope is Rs. 75/- per day If the crash duration is
8 days, then what h cost of the
activity?

(a) Rs. 400/
(c) Rs. 600/

"~ (b) Rs. 500
(d) None of these

In the time-cost optimization of a project, the
project can be crashed by expending

(a) all activities on the critical path

{(b) critical activities having minimum cost siope
(c) activities on subcritical path

(d) critical activities having maximum cost slope

Match List-1 (Cost) with List-ll (Features) and
select the correct answer using the codes given
below the lists:

List-l

Optimal cost

Overhead cost

Direct cost

Indirect cost

OO w>

Q.6

Q7

;’ (a),', ;

List-11
1. Activity related
2. Developed by crashing process
3. Project-related
4. Contained in or contributing exclusively to
the related product
Codes:
A B C D
@ 4 3 2 A1
by 2 1 4 3
(cy 4 1 2 3
@ 2 3 4

What is the process of incorporating changes
and rescheduling or replanning called?

(a) Resource allocation

(b) Resource smoothing

(c) Resource levelling

(d) Updating

Scheduhng helpsin
the project

) F ’:nan__a! control of the project

Q.8

(c) Preparing the estimate tor the project
(d) Carrying out the project in an orderly and
effective manner

The resources in a construction project are mace

up of

(a) office staff

(b) construction materials like cement, bricks
etc.

(c) office space

(d) skilled and unskilled manpower




