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projects.

the effect of price escalation during the construction

projects of similar type, correlatioh of work to floor area has

• \

ABSTRACT

The study was undertaken with a view to develop a methbd for

plans and specifications are available. From past information of

cost estimate of civil Engineering projects before the detail

project,

been developed and it is found that there is a reasonable

consistency between. quantities of works and floor area of

stage has been evaluated. Lbad bearing. ~all and normal reinforced

different buildings. Also from past information of cost of a

results seem to reasonably forecast the proposed costs of such

items are listed for use ih estimating the cost of a proposed

concrete slab type residential buildings are studied ahd ~he

works of the projects are grouped into 7 major work items. The

average values of ratios of works to fioor area of 7 major work

~ buildingO. These values are then applied to new projects and the.
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DEFINITION AND NOTATIONS

Floor Area The gross floor area of the building

C : The total project estimated cost

Rqi": ratio'~ of work df item i to floor area

pi unit price of work item i

At Totai fioor area of the building

Ag Ground floor area of the building

Y Expected period of completion of project

Q. : Estimated quantities of work item i

Qij: Quantitiesfo work in work item i in project j
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1.1 General Remarks

and

is frequently

based on this

the economic

materials pricing,

or predesign estimatepreliminary,

Initial appropriations are often

it iB alBo uBeful in appraising

CHAPTER I

lNTiwDUCTION

1.2 statement of Problem

feasibility of alternate projects.

and time-consuming quantity estimates,

labour estimates.

Therefore,

,iuBtified.

estimate and

There are humerouB methodB ofeBtimating the c6nstruction costs.

These are classified in accordance with the stages of desighs and

cost of execl.ting the methods.

The final estimate of a construction project must be close to the'

actual cost of the job when completed, because it 1S generally

used as a basis for submitting a bid. Making a firm estimate

requires considerable amount of design work as well as detailed
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unit.

be

This

floor area

The cost of. the

by comparison,

short-cut estimates in

i.e length;

and in providing a rough

The cost of proposed new

in determining the order of

The costs of new projects are then

that is satisfactory for many specific

feasibility of new prdjects,

magnitude of proposed construction,

purposes.

i) End product unit methods: Preliminary,

oo

method requires the analysis of numerous completed projects, so

plant capacity can be identified.

projects of any given magnitude can then,

terms of end product unit are useful tools in appraising. the

ii) Physical size method: This method also requ1res information

estimated with accuracy,

that general relationships between unit costs and project size or

works req~ired for the project and then multiplying them by - the

The classifications ate:

check on estimates obtained through more refined methods.

neW project may be estimated by determining the quantities of

iii) Work unit method: In this method costs per unit of works are

estimated by multiplying the size of new projects by the cost per

or volumes of the structUres.

of completed projects. From the past information the costs can be

designed as a function of physical size,

calculated based on the current market prices.

corresponding uhit prices of works.



3

or specifications of works.

and

priceof

labour,

this method can

in case there are

in case

design and plan of the

However;
in case of price escalation and

similar to the end product unit method,

the estimates must be made with gr~at care. and

However,

nor cost differences in case of alternative design

nor they can provide cost differences in case there

cost adjustments

This method can also be applied quite easily and

escalations of construction materials,

easily .. However,

price
This method cannot provide cost adjustments

equipment,

known.
Physical size method is used when the size of the project i~

are alternatives of design or specifications o£ work.

used with caution, fully recognizing their limitations.

End product unit method is used for predesign estimating in many

types of Civil Eniineering projects and can be applied quite

they can not provide cost adjustments
escalations,

conveniently.

Work unit method provides most accurate idea about costs and can
provide

only be used when detailed drawing,

projects are available.

alternative specifications of works.

The above discussion reflects the shallowness of the present

methods of predesign cost estimate. Hence it is necessary to

develop a method of estimation int'Qpred~sign stage which can
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escalations of construction materials, labours etc.

of the cost of a project from the preliminary drawings.

\'
f

i
"

\

he

impossible to make

This type of estimate

or other cosntructiDn,

how these prices will vary in

when it was

powever a method is needed for a

When one estimates the future price of

industrial plant,

But he does not know,

In many cases,

Forecasting cost estimates are generally made befo~e the plan and

provide accuracy, similar to the physical size methods and ~t the

1.3 Objective and Scope of Study

same time can provide cost adjustments in case there are price

ig used by all key people involved in the building process by the
O'olner or his consultant during the feasibili ty study, by the
designers to evaluate possible design alternatives and by the

An estimate at the concept or preliminary design stage cannot be

reasonably accurate easily completed and inexpensive prediction

rough design sketches.

~uch as materials. labour, equipments; financing cost and general

precise as it is based on the owner's space requirements and

the future.

specifications of a project are available.

The -cost of new construction is made up of variolls components

or overhead expenditures.

a given building,

contractor. for bidding and budgetting.

components.

knows only the past and present costs of the aforementioned
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escalations.

works;

~.'

r~
c,',

,
\

the influence of price escalation should be

i.e the methods for the preparation of cost estimate

the predesign stage,

information of cost of projects to make a reasonable accurate

reasonable predictions of how prices would change the owner was

1.4 Outline of the Study'

the effects of pricelescalatiol1s and change of specifications of

i) All the available methods for forecasting construction cost

Thus for the prediction of a reaRonably accurate tiost eRtimate in

considered carefully.

asked to take the riRk of under writing all possible price

ii) It is believed th.t there exists relatiohships between

estimate in the predesign stage and at the same time to provide

there is a reasonable cohsistency in the t.tios of works to one

The project work has beeh divided into the following .ctivities:

will be critically reviewed.

The objective of this study is to demonstrate how to use past

estimate

Rquare meter of floor area which can be expressed as cubic meter

quantities of .works and the physical sizes of buildings i.e.
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information of some completed buildings will be collected from

and

the rate of

Engineering Bureau

With the help of

Then by multiplying

the variation of cost

the necessary data

on the cost estimate during

(PWD).

the effect of price escalation during

labour etc.

floor area,

it is necessary to establish a statistical
"

the total quantity of each item of work for

i. e,

and plan drawings and design of such an ideal

In order to provide the effect of price escalation of

one square meter of

ii i )

variation of cost,

govetnment and private agenoies.

the total quantity with unit price, the cost can be calculated.

with time.

Knowing the relationship of each item of work with the square

etc. per one square meter of floor area.

building will be collected from L,ocal~ovt.

of concrete, killogram of reinforcing steel, square meter of wall

meter of floor area,

a building of ~iven size can be estimated.

relationship between cost and time i.e,

To find the reasonable cons~stency between quanti ties of wo'rk and

For this purpose the construction cost of a single ideal building

will be estimated with past and current schedule of rate.

Schedule of rates,

construction process,

statistical relationship between cost and time,

congtr\Jctio~ materials,

(LGEB) or Public Works Department

construction process can be predicted.



iv) The

projects,

7

results of this study will be examined with iome new

i.e. the applicability of this result will be verified.
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corrosponding curves are shown in Fig. 2.1

CHAPTER 2

REVIEW OF LITERATURE

drawn from the Federal

to a unit cost per mgd,

the conversion factor.

in Table 2.1 and the

A sample of 44 steam-

Plant capacities ranged

unit construction costs of primary

2) Steam-Electric Generating Plants:

electric plant waS used in this analysis,

In the same procedure,

Power Commission's annual publication.

treatment plants have been converted

using 100 gallons per capita per day as

These calculation are presented

I) Sewage treatment plants; These data identify direct

construction costs fbr more than 500 sewage treatment plants.

These data were converted to an ENR (Engineering News Records)

construction cost index of .100 and rela~ionships between unit-

costs and plant capacities (expressed as population equivalents)

were developed. These relationships were tabulated for both

primary and complete sewage treatment plants.

William R. Park 11) in 1963 developed preliminary cost estimating

data for fo~r different types of Civil Engineering projects: (I)

Sewage treatment plants. (2) Steam-electric generating plants,

(3) School construction and (4) Public housing.
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2.4.

result are shown in Fig. 2.4 and the data are summarized in Table

which are

In general a single

Sri this method is not

or the number of pupils and the cost

Cost relationships have been developed

Also the requirements of building have

This study was concerned only with public

2.3 .• But it is seen from the data provided that

Table 2.3 summarizes pertinent data,

They ranged in size from 4 stories to 32 stories high,1961.

project to project.

reasoriably accurate.

1960 and 1961.

changed and become more complicated.

Nowadays the shape and size of room has been changed largely from

to

proof construction. A total of 34 such buildings were included in

this analysis. All of tHem were built during the period from 1956

per pupil;

based on a sample of 33 public elementry schools built during

plotted in.Fig.
there is no correlation between ei ther the number of pupils' ahd

and contained 350 to 6000 rental rooms each.

apartment unit will include an average of from 4 to 5 rooms. The

4) Public Housing:
housing developments involving multi-story apartment unit of fire

the square feet per pupil;

3) School Construction:

from l2 mw to 62$ riti$~ The costs are summarised in Table 2.2 and

are plotted in Fig. 2.2.
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By usirig

they developed a linear equation that

including th~bdilding height.

0.0235+ 1.1045 In A .•.1.1268 Jfi) II"In C =
1\

or C = Ai. 104 •• 'III. 12 ••• e-O•1l23•

in which ~ = the predicted cost of I'lbuilding with the typici'll.'/"

floor area. This equation is of the form:

floor area of A sq-ft, I'lndheight of II ft.

building cost data. liedeveloped the equl'ltionthat defines the

In 1984. Saeed Karshenas [3] presented a cost estimating equation

for multistory buildings which was derived from historical

•

where L = location index; F= type index; P=Price index; H=height

cost of a building in terms of two variables: height and typical

of stories, Q= quality index; and T=technology index.

The equation that they had derived is

the building techriOlogy.

C = 81.49+23.93L+10.97P+6.23F+0.167H+5.26Q+30.9T

historical building costs,
defines the square-foot cost of a building in terms of six

variables: height, type, location, construction year, quality and

expresses the square foot cost of the building in terms of

A cost equation was developed by Kouskoula nnd Kochn (2) that

several variable,

'"
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included in the model. The actual cost of a building, therefore,

is a

price index etc. The above mentioned methods have not considered'

'.. ,

by using these methods.

then the effect of change or price on the cost cannot be revealed

the breakdown of individual wo~k item.

historical cost data and least square method. The accuracy of

value of variables that influence the building cost, but are not

Therefore; when the market price of some work items are changed

to the actual cost of the building C. The ratio Cj)~\J=

or C = Al.lo.s .111. 12.8 • .,-0. 023S.€

The above two methematical relationship were derived by using

cost estimation of a building had been improved by considering

random variable whose value for a given building depends on the

such influencing parameter as building height, type, quality,

InC = -0.0235+1.1045 1~A+1.1268InH+ln€

'"The predicted cost C for a building will never be exactly equal
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site conditions.

16

itemwise cost of the project can be ca'lculated. Then by

i) Careful study of the ready plans, drawings, specifications and

THEORETICAL CONSIDERATIONS

3.1 Theoretical Aspect

accurate method. With the help of this method the cost can be

calculated by adopting the following procedure:

Work unit method for estimat~ng construction cost is the most

ii) List the items of works.

v) By multiplying the quanities of work with the respective unit

factors such as construction methods, equipments needed, type of

labour, market price of material, availability of materials etc.

price,

adding all the itemwise cost the total project cost can be

estimated, which can be expressed in the following general form:

~,l\iii) Calculate the quantities of work itemwise.
, ,~.•. '\
r:f '
~

iv) Determine the unit prices of works, considering all the
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escalations of construction materials or labour cost or when the

Predesign

( 3 • I I

This is not applicable

when there are price

these methods will not be

However,

End product unit method and physical size

n

c =

QI = the quanti ty of work item i

PI = the unit price of work item i;

where C = the project cost

materials, labour etc. as well as can provide cost differences in

It is seen from the above expression that this method can provide

unit price of work.

cost adjustment in ca~e of price escallation of construction

case of alternative specification of works by re~evaluating the

in the predesign stage.

But this method can only be adopted when detailed drawing and

reasonably accurate results.

method are normally applied 1n the predesign stage.

design are clearly defined and available;

The other two groups,

estimate can be prepared quickly and sometimes they can provide

in case alternative specifications;

able to adjust the estimate;
i)

owner wants to know the magnitude of effect in the project ciost
'"
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in the same way as work item method.

The unit prices of work items can also be determinedevaluated.

But the problem 1S to determine the quantities of each work item

and to introduce the effect of money inflation which occurs

during the period of construction process.

Incase of predesign estimate the same expression for project ~ost

estimation must be-used as work item methods, because by using

this relation leqn. 3.j), the magnitude of change in costs from

the changes in the specifications of work or the price

escalations of construction mateiials or labour costs can be
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3~2 Evaluation of Items of Work

the items of

wall and floor

sanitary, drainage

limit and unavailability of required

"Load bearing wall'and riormal reinforcedthe

time

only

On account of the

information,

concrete slab" type building construction will be studied. After

careful. study of informations collected from different Govt.

organizati6riR and priv~te constructi.on companies,
work can be grouped as follows:

i) Earth work in foundation excavations.

ii) Structural works which includes reinforced cement concrete

(R.C.C), Reinforcing steel, load bearing brick work.

iii) Wali arid partitions ~hich includes 5" brick wall partitions,
Doors arid Windows.

iv) Finishing works which include ceilirig,
finishes.

v) Plumbing works which include water supply,
system.

vi) Electrical works which include lighting system, power outlet,
electric fan, etc.



All the datas and information. were collected by d~rect contact

Questionnaires as shown in the

20

limesand filling,

and Private Agencies.

3.3 Data Collection

vii) Othe~ works whic~ inclbde brick soling,

terracing (L.C.C). cement co.ncrete (c.c).

with Govt.

Appendix are sent to them.
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CHAPTER 4
RESULTS AND ESTIMATING PROCEDURES

4.1 General Remark

The study is carried out only for "Load bearing wall and normal

reinforced concrete slab" type residential buildings. Data and

informations of 11 such buildings are collected from Public Works

Department, Consulting firm and Local. Government Engineering

Bureau. All the buildings were built during the period from 1984

to 1988. These buildings ranged in size from 1 to 5 stor~ hi~h.

contained 1 to 10 apartment unit and 116.17 m' to 1115.20 m'

floor ar~d. Schedule of rates from the financial year 1984-85 to

1988~89 was obtained from the office of Executive Engineer Local

~ovt. Engineering Bureau, Jessore.

A building construction project consists of a few hundreds of

.work items as classified for inclusion in the bill of quantities

and contract doccuments. But for the purpose of analysis, all

work items may be conveniently grouped together into a small

humb~r of work items as mentioned in section 3.2. Some minor work

items are riot included in ~h~ above grouping,whibh should be

adjusted by the estimato~ with careful consideration to the

quality of the building required,
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In Bangladesh biddirig of all building projects are done on the

basis of unit prid~ df work ite~s. Hence cost estimation includes

two main steps. They are (i) take off ~uantities and (ii)
pricing.

1'.••
I

type

"Load

Construction costs including sanitation and electrification of

upazila chai~man's quarter were estimated on the basis of past

and present (~) 1984-85 to 1988-89) schedule of rates and a

statistical correlation w~s established which is shown in Table
4.1.

In Table 4.2 bills of quantities of major works of 9

bearing wall and normal reinforced concrete slab"
residential buildings are shown.

4.2 Results

For estimation df qUantity of work requires for a particular

project, averagi values of the ~atios of ~~ch item of work to

floor area (Rq, ) were compUted from the available dates of past

projects, which i~ shown in Table 4,3. This can be ekpressed by
the following equations:
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r"r
!

purpose

(4.1)

3.2J are related to ~he total floor

In

the other six major class of works as

(QI ! lAo! )

"other works" which includes brick soling,

n

j=l

lime terracing and cement concrete (c.c), on account of

Ro\ = 2:

n = total ntimber of projects (sources).

q = 2: for ground floor area basis: At! ::Ag, Rt'= Rg\

where Ro' = ratios of works of item i to floor area.

Q, ! = quantities of work in work item i in project j.

Ao! = floor area in project j .

For q = 1.2.

where q = l: for total fioor area basis; At! = At, Rt\ = R.\

Except "other works'i.

classified previously [Art.

filling.

area (At).

their distinctive difference in materials requirement,

The average value Rqi, range of variation, standard variation and

etc. they are correlated with the ground floor area (Ag).

coefficient qf variation are given in Table 4.3 and 4.4.
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\,

of

(4 .2)

(4 .3 )

Expected periodx

* (1 +M)

n

i=.1

distributed throughout its expecteduniformlyis

n

i=l

= 1/2xO.12id

= 1/2 x Rate df increase in cost

= O.06Y

project

is also assumed that the expenditure for construction of a

where QI = estimated quantities of work item i.

At = Total floor a.rea
A. = Ground floor area

PI = unit price of work item i

M = the mark up

It is seen from T'bie 4.1 that the average rate of increase in

•completion bf the project (Y) in year.

C = At 2:: (Roo. * PI ) + A. 2 (R. I * PI )

expressed as:

donstruction period.

cost of building donstruction project is about 12% per year. It

Then M = K Y

The cost e"stimation dquation of a proposed project can be



(\
\ I

(4.4)Hl+0.06Y)

n

i = 1 .

n

i=l

4.4 Estimating Procedure at Predesign stage

il Survey the land on which the ptoposed ptoject is to be built.

iiI Measure the area of the land.

25

follows:

because of their larger vatiation from project to project,

The proposed estimating ptocedure at predesigri stage are as

4.3 Accuracy of the Results

the values are less than 20%. The results which have the

coefficient of ~Briatiori ldrger thdn 20% are not suggest to tise

is the measurement of accuracy of the result. Some of the values

of co-efficient of variation are larger than 20% whereas .most of

The results in Table 4.4 shows the coefficient of variation which

C = At . ~

Thus the equation 4.3 becomes



other purpose~.

from Tabl~ 4.4.

each item and ~um them for the p~o.ject cos~.

considering the clear space requirement ofbybuiltbe

iv) Determine the areas for carpark; and space requirements for

iiil Calculate the maximum floor area of the building which can

municipalitYi the constraints in the building cod~.

26 ,

vI List the work items and average value of the ratios of work

vi) Determine the unit price of each work item.

vii) MUltiply the ratios of work b~ the flbor area.

viii) Then multiply the result in (vii) by th~ unit prices of



Table .: 4.1

.Financial
Year (n)

Eatimated cost of a reaidential building caloulated with the help of acheduled
of ratea ( from Jry1984-85 to 1988-89) and variation of cost,
iii
I I I I,Cost at the ,Coat relative ,Increased % 'Price relative' % increaae
,beginning '. or . ,with respec~ 'P:;984-85/1988-89' in 4 yearsof the n lJ.nkrelatJ.ve ,to the prevJ.- , '
: (Tk) i iQUS n. '1, ,

Aver8~e increase
per year

-.i(>.

1984-85 4,35,417.00

1985-86 4,83,125.00 110.95% 10.95%

1986-87 5,38,591.62 111.48% 11.48%
1987-88 5, 90,172.37 109.57% 9.57%

1988-89 6,45,797.67 109.42% 9.42% 148% 48% 12%

:'\

'"...•



Table : 4.2 Bills of quanti~ies o~ major works ot Residential Buildings

Number of app~ent Unit
Year Built
To~alfloor area ( ~)
Number of stories" ~
Floor area of 1 st0r7 (M')
Typical floor height (11)
Ploor area of one~
apartment unit (M') 108.35 119.00

GEIlERAL INl'ORl'.AT rON PRO.r.EC':: NO. 1

1
1984-
116.17
1

153.35
,.05

116.17

2

"-198"-
334.;5
2

167.28
,.05

83.64

,
~

"-198"-
278.80
2

139.40
3.05 .

69.70

"-
"-1984-

20"-."8
2

102.2"-
,.05

51.12

5
1

1<?88
297.40
2

'''8.70
3.05

'''-8.70

~
8

1988
866.80
"-216.70

,.05

Z
8

1988
952.00
"-238.00

3.05

~
10

1987
"65.00
5

93.00
3.05
"6.50

a, .._---
8

1987
111~•.20

"-278.80
3.Q5

139.4.0

1.Earth work in foundat~on
excavation (11')

2. STRUCTURAL '.ORK3:.
Reinforced cement concrete(~3)
Reinforcing steel (Kg)
Load bearing briCK worK(Il')

,. WALL AND PAllTrrrONS
5" briCK wall (~)
Doors (~)
Windows (Il:!)
Total doors & ~in1ows area(M2)

"6.73

26
2160
60

31
2"-
25

"-9

207'56

7A. 67
8130 6011
179 1"6

83 75
6; 63
71 58
136 121

85

35
4'7~5
109

56
37
"-5
82

,,~
'/

~9
6700

152

52
39
37
76

191 230

1Ll-8 "56
~,?800 22320
"88 "95

~55 156
154 18LL

309 3"-0

328

123
11l.L53
:'LL9

1"7
11LL

9"-
208

C.ntd ••••

697

223
20158
584-

143
201
1"-1

3"-2

"'"



1 2 3 4 5 6 7 8 9
!

4.FINISHIRG. WORKS :
a. Ceiling fiBishes: ~

Total finishes area( ) 112 330 268 198 288 860 948 458 1098
b.Wall finiahes: T~tal

432 1638 1310 1078 1360 2588 3550 2415 4751. finisbes area. (11)
Skirting (ri\ 57 123 102 75 125 264 272 188 354

~. Floor finishing :Total !loer ~inisbes
area (112) 103 260 250 170 280 808 812 455 917-

5.-PLtnmIl'ffi;';OIlKS: .
Total Number of toilets(Unit) 3 8 8 4 5 16 16 - 10 24
Total No •.of Kitcben(Unit) 1 4 4 4 1- 8 8 10 8
Total No. of Batb sbower(Unit)3' 8 8 4 5 16 16 10 24

6. l:LECTlUCAL wORKS
Lighting (Poin1:S ) 18 60 60 48 38 112 120 90 160
Power outlet (Points) 6 20 20 20 9 40 40 40 64-
Electric Fan(Points) 5 16 16 12 10 32 32 20 48

7. O~~ \/OllKS:
Brick soling:~otal Area(M2) 167 307 269 188 245 370 406 170. 551'
Sand filling:Total Vol.(m3) 39 70 53 33 62 99 113 40 148
Lime Terrscing :Total VOl'm3~13 20 16 12 16 22 26 11 31
Cement concrete:Total vol.(m )13 24 21 14 . 29 41 55 17 62

...,
'"



Table: 4.3 Correla~ion of works wito ~loor area, ?igures trom item 1-6 are expressed in terms ofrations of quaD~ities of works to toe floor area.and !1~s in item 7 are expressed
8S toe ratio of quantities of works to the. grOUJ:ld floor ares.

GE!lEIlALINFORl\I,TION:PROJ::CTNO. 1 2 3 •• 5 6 7 8 9Floor" area (~) 116.17 33".56 278.80 204.48 297.40 866.80 952.00 465.00 1115.20DARTl!.oR!: ~a~b vork I

0."022. 0.6187 0.5595 0."'56 0.3866 0.2203 0.2415 0.7053 0.6250

Floor area (m 1m )
2. STllUCTURAL1I0!lKS:

!l.C.C./l!'loor area (,.3/m2) 0.2238 0.2212 0.2403 0.1712 0.1832 0.1707 0.1638 0.2645 0.1999Rein!orcin~ s~eel/!l'oor area
- (Kg/m2 ) 18.5934 24.3005 21.5602 23••.•.97 22.5285 22.8426 23.4453 24.6301 18.0756Load be8riD~~riCk work/

tloor area 1m 1m2) 0.5165 0.5352 0.5243 0.5330 0.5099 0.5629 0.5197 0.5349 0.5238
3•. WALLANlJPART~IONS:
5. Brick vall/tloor area(m2/m2) 0.2668 0.2480 0.2690 0.2738 0.1748 . - - 0.3161 0.1282Doors Ifloor area(m2/m2) 0.266 0.19"3 0.2259 0.1809 0.1311 0.1788 0.1638 0.2"51 0.1802

lIindov Itloor area(m2/m2) " 0.2152 0.2122 0.2080 0.2200 0.12•.•. 0.1776 0.1<?32 0.2021 0.1264
Door & windows/floor area

(m2/m2) 0."213 0."065 0.4339 0.4009 0.2555 0.356"- 0.3570 0••.•.'2 0.3066------ -_._- --- .-". rnr.rSRIlfG 1I0!lKS:
a.Ceilin~ finishes- areal

floor area (m2/m2) 0.96", 0.9863 0.9612 0.9683 0.9683 0.9921 0.9958 0.9849 0.9845b.Wall tinisbes areal
tloor araa ( m2/m2) 3.7186 4.8959 ".6987 5.2719 4.5729 2.9856 3.7289 5.1935 ".2602
SI<ir1:in.; Ifloor area( m2/m2) 0."906 0.3676 0.3658 0-3667 0."203 0-3045 0.2957 0."043 0.317"

c.Ploor finisbes area I
tloor araa ( m2/m2) 0.8866 0.771 0.8967 0.8313 0.9"15 0.9322 0.8529 0.9785 0.8222

Contd •.•••
w
o

---.~J ,



Project No .. 1 2 3 ••• 5 6 7 8 9
.5 .'PLUMBIl'IG1I0llK.5;:

Wo ..of-toilet/Ploor area
(Uni1:s 1112) 0.0258 0.0239 0.0287 0.0195 0.0168 0.0184- 0.0215 0.0215 0.0215No ..of kitchen/rloor area - 0.0092 0.0215 0.0072 0.0107(Uni1:s I .112) 0.0086 0.0119 0.01"3 0.0195

'~o.of showers/floor area
(Uni1:s1 112) 0.0258 0.0239 0.0287 0.0195 0.0168 0.0184- 0.C215 0.0215 0.0215

6. ELECTIlICAL.0llJrS :
"Lighting points /floor

0,1'793 0.2152 0.23"7 0.1277 0.1292 0.1935area (poitl1:s 1m2) 0.1549 0 ..1435 0.1720"PoWer outlet /floor
'ares (Poitl1:s 1112) 0.0516 0.0597 0.0717 0.0978 0.0302 0.0461 0.0860 0.057'" 0.06"-5;Elec~ic fan/ ~loor
area (poin1:s/a2) 0.Cl"30 0.Cl"78 0.0573 0.0586 0.0336 0.0369 0.Cl"30 0.Cl"30 0.0537

7. OTlIEll\lORKS:
a.. Bricks soling area /

.....-..... ground noor area(m2/m2)1 •••.375 1 ..8352 1.9296 1.8388 1.6"-76 1.71l74 1.7058 1.8279 1.9763
b. sand filling: Vol.1

ground floor area(m3/m2)0.3357 0.4184- 0.3802 0.3227 0•••.169 0.5214 .0•••.7•.7 0•••.301. 0.5308c..L.C.C.:Vol ../G.!loor
.area ( ,m3/m2) 0.1119 0.1195 0.1147 0.1173 0.1075 0.1199 0.1092 0.1182 0.1112

d. Cement concrete Vol./
G. Ploor area(m3/m2) 0.1119 0.1434 0.1560 0.1369 0.1950 0.1892 0.2310 0.1827 0.2223

w~

~-:)



8.5%

25%
16%
18%

16%

;5%

32

11.5%

Coefficient
ofvariation

Contd •••••.

0.0610

0.7212

0.0121

0.0601
0.0;17
0.0;48

StsndsrddeviationR,snge

0.9612-0.9958

0.2555-0.4;;9

0.2857-0.4906

0.1282-0.;161
0.1;11-0.2451
0.1244-0.2200

0.7771-0.9785

0.5099-0.5929 0.002

Averap;e
value

0.2;95

4.4 ststisticsl Correlstion of works to Floor area •

Brick work/floor sres
(m;/m2) 0.5289

Doors/floor sres(m2/m2) 0.1996
Window/floor sres(m2/m2)0.1865
Doors & Windows/
floor sree(m2/m2) 0.;762

4. FINISHING WORKS :
s. Ceilinr,finishes sres/

floor ares(m2/m2) 0.978;
b. Wsll finishes ares/

floor ere. (m2/m2) 4.;695
Skirting/floor-aree
(m2/m2) 0.;692

c. Floor finishes srea/
floor ares(m2/m2) 0.8798

;. WALL A1'!llPARTITIONS:
5" brick wsll/ floor
srea (m2/m2),

2. STRUCTURAL WORKS
R.C.C./Floor sres
(m;/-m2) 0.294; 0.16;8-q.2645 0.02;5
Reinforcin~ steel /floor srealKg/m2) 22.1584 18.0756-24.6;01 2.22

1. EARTH WORK IN FOUNDATION:
Esrth work /floor ares
(m;/m2) 0.46;8 0.220;-0.705; 0.162

Tsble



ITE" Averep;e Rongevalue

33

16"

17%

2~

Coeericient
oCvariatiQtI

0.0037

0.0695

0.1576

0.0088

Stondet1rlevlation

0.0048

0.003~

0.0082

1.0375-1.97631.7373

0.1736 0.1119-0.2310

araB /
area

a. Brick,oolin!ground floor
(m2/m2)

e. No. of shover/
Claar area(Unita/m2) 0.0219 0.0168-0.0287

Electric fen/floor
araa (pointa./m2) 0.0463 0.0336-0.0586

b. Sand [iilingl Ground
Claar araa(m3/m2) 0.0256 0.3227-0.5308

c. L.C.C.I Ground floor
BreD ( m2/m2) 0.1103 0.1075-0.1199

4'.. CelDent concrete /Ground floor area
( m3/m2)

7. OTHER IIlJ1ltS:

5. PLUt1BING1I0R!S I

a.No. oC Toilet I Claar
ereo ( Unito/m2) 0.0219 0.0168-0.0287

b. Ro. of kitchen I
Cloor erea(unit/m2) 0.0128 0.0072-0.0215

6. ELECTRICAL IIORKS j

Lightin! point! floor
araa (pointa 1m2) 0.1722 0.1277-0.2347
Power outlet i floor
araa(pointa 1m2) 0.0627 0.0302-0.0978



34.

4.5 Testing Model

The ma1n objective of this study is to formulate a method

requiring minimum estimating time, workable with the actual

availability and sufficl~~accuracy. The results of this study

is examined with a new project" and it is observed that the result

1S reasonably accurate. It is shown in Table 4.5 to Table 4.7.

The description of the new project is givewn below:

Project Name: D~Type Govt. Staff Quarter.

Construction Authority: Public Works Department
Total floor Area: 743.52 m2
No. of story 4

No. of Apartment unit: 8

Floor Area of each unit: 92.94 m2

Ground floor Area: 185.88 m2

Type of building: Load bearing wall and normal reinforced

Concrete Slab.
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-------------- ------------- -- _ .. -------------

Itsmwise
estimated cost
(Take)

6393.33

29361.96
9768.00

11412.00

20366,64
116957.16
11529. 00
152744.03

----- - ".-.. -_ ..

28.00
36.00
42.00
233.50

1803.56
600.00

18.54

1200.0019.51

16.28
16.28

344.84

151.90 3354.45 509540.96
16475.21 25.00 411880.25
393.25 1588.95 624854.59

.".- ...- .

178.07 269.00 47900.83
140.97 1614.00 227525.58
138.67 1291.20 179050.70

-_.- _ .. .._._--_.

Estimated, Unit
quantities' price'

(Taka)

727.38
3248.81
27~.50
654.15

Ratio

0•.0128

0.0219
0.0219

0.9783
4.3695
0.3692
0.8798

0.2043
22.1584
0.5289

0.2395
0.1896
0.1865

(m2)
-(M2)

(M2)

(m2)

Item

--_._- . - - - .--- - - ------- -._- _.. _ .._-_ .. --

3. WALL AND PARTITION
5" Brick wall (m2)
-Doors (M2)
Win~ows (M2)

5. PLUMBING WORKS :
-a.No. of Toileta(Unit)
b-.No. of Shower (Unit)
c. No of Hnn~ .ash basin

(Kitchen Unit )

2. STRUCTURAL WORKS:
!l.C.C. (M3)

Reinforcing -steel (kg)
Brick work (m3)

4. FlNI"HING WORKS :
a.Ceilin~ finishes
b. Wall finishes

Skirting
c. Floor finishes

Table 4.5 Estimation of Pro,iectcost ( 8x92.94 m2.~ 743.52m2 4-Stoi:l.s-d
Government Staff Quarter )

-1.EAR'fA~JOIJ(IN Ji'OUNDATION:
Earth work ( m3) 0.4638

_________ - - - 0- •



32007;50
9322;00

86050.00

36

Itemw1ee
estimeted
cost (Tk)

I____ ~I ....- . _

250.00
200.00

2500.00

i
Unit price I

(Tske)

322.93 118.36 38221.99

79.11 70.62 5586.75

21.24 2330.46 49498.97

32.27 2118.60 68367.22

---_ .. --_ ..~.. _---

128.03
46.61
34.42

--------- ---- -- _.- --------

6. ELECTRICALwonRS i

No. of lip'htinp; pointe 001722
. .

No. of Poiel:' outlet 0.0627
No. of Electric fsn 0.0463

--_.
7. CtrHERwonKS :

s. Brick eolinl' (t12) 1.7373

b. SAnd flllin~ (t13) 0.4256

c. L.C.C. (t13) 0.1143

d. Cement concrete (113) 0.1736

____ .._. ._------- --~---- .. I

Item Retia Esti~eted:
Quentities. I

I
I
I
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\

171.37
148.12
124.04

679.28
2934.56
2?!l.28
704.69

154.76
17868.00
403. 82

16.28 16
16.28 16
9.51 8

128.03 128
46.61 48
34.42 40

322.9~ 3~3.02
79.11 81.23
21.24 19.73
~2.27 25.37

~44.!l4

---_.- -- ...--- - ----

727.38
~248.81
274.50
654.15

151.90
1E;1'75.21

~9~.25

WORKS I

(m~)
steel (Kp;)
(M~)

---------- -" . - . -----~------------------

7. armm WORKS I 2B, Brick solin~ (m )
b. SBn~ ~illinp; ( m3)

3c. L.C.C. (11 )
d. ~~~ent concrete (m3)

Item

5. PLUMBING WORKS:
B.No. of toile9~units )
b.No. of Bath( units)
c. 1'10.of IlhndwBsb Bssin(tJnitsl----------- - ----------

; \" \

6. ELBCTRICAL WORKS
Lip;htinp;points
Fo.er outlet pointa
Fan points

y

------_.- ~.... -- . --------

4. FINISIIING WORK I

8. Ceilin~ finishes Bres (m2)
b. IInll finishes atea (m2)

Skirting (m2)
c. Fioor finishes area ( m2)

3. II~LL AIm PARTITIONS
5" brick wsll ( m2) 178.07
Door's (m2) 140.97
Win~ow~ (m2) 1~8.67--------------. -------- - --- -- -------_.

2. STRUCTURAL
Concrete
Reinford n~
Brick work

1. E~R1'H \JORK IN FOUllDATJON:
EArth work (1Ii~)

____ ~ ~ __ • __ - •• _._. -0 _ • _

Table 4.6 Comp~riaon between the eatimate~ qURntitiea of .worka
______ "-R.=.t_p",r",e,,-,d,,-,e,.,s,.,i=P;!1stsge a/nUos t desi!!""n~=B,-,t:.=s:.<g~e,-=,_'---------

I I: EstimAted Quantities, Estimsted quantities
: at pre desi~n. sta~e : st post desif,n stsre

__________________ l . ~. .__ - . - ---'- ----.-------



38

-------_ ..- -_._- -- ----------------------'------- - - .

+ 0.02%
2.89%

13.95%

+ 1.75%
+ 1.75%
+ 18.87%

+ _7.08%
+ 10.70%
+ 20.24%

6.97%

+ 3.90%
-4.82%
+ 11.79%

-1.84%
-7.8%
_-2.6%

32000.00
9600.00

100000.00

28856.96
9600.00
-9600.60

39416.25 3.02%
5736.46 2.60%

45979.98 + 7.65%
53642.95 + 27.44%-_ .._- - -- - _ ..-

2691537.90 - 1.60%

19019.84
105644.16
9587.76

164192.77

46098.53
239065.68
160160.45

519134.68
446700.00
641649.79

-- - _._'_. - --_._-

32007.50
9322.00

86050.00

38221.99
5586.75

49498.97
68367_.22

2648339.40

29361.96
9768.00
11412.00

20366.64
116957.16
11529.00

152744.03

47900.83
227525.58
179050.70

509540.%
411880.25
624854.59

- .. - -----.-. --- - - ---_._.- -' --- ---_. -- _._-

Reinforced cement concrete
Reinforcing steel
Brick work

PROJECT COST

7. OTHER WORKS:
a. Brick solinp:
b. Sand filling
c. L.C.C.
d. Cement Cencrete

5. PLUMB ING WORK S :
s. Sanitary wara
b. Bath room ware
c. Kit_chen ware :

6. ELECTRICAL SORKS :
Lighting points
Power outlet points
Fan points

4. FINISHING WORK :
B. Ceiling finishea
b. Well finishes

Skirting
c. Floor finishes

3. WALL AND PERTITIUNS
5" brick wall.
Door
Winl10w

1. EARTH WORK IN FOUNDATION 6393.33 5851.59 +9.25%
2. STRUCTRUAL WRoks:------- .---- --- -------- ---------.--- -----

Table : 4.7 C01!lpariaonof percentage Error of cost at pradasign stage
and post desi~n stage.____-~'----------i---- ------,---.~.----

Item ' eatimeted cost Estimated cost' % error
: at predesi~n 'at post design'
: stage (Tk) : stage -(Tk.) •------------- ---- ,---- --_._ ..----- ------'--------
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v

the building

for example. the proportions of

(ii) to give the owner good value for his money

index went from 100 to 190; an increase of 90% in 7 years or

DISCUSSIONS

Forecast [4) there are interesting figures. From 1967-1974. the

5.2 Effhbt df Price Escalation

escalation. In the Turner Building cost Index-1980; First Quarter

provides a more flexible solution for alternative design and help,

CHAPTER 5

the bost data are alway~ proved to have changffidue to the price

crisis at all level of private and Govt. Price forecasts based on

There is no question that rising costs and limited fund creates a

using patent stone flooring and mosaic flooring. This study

various building. components. For this purpose.

design should have several possible alternative solution to be

cost control at the predesign stages.

chosen. The choice might be.

owner's budget,

Cost control in predesign stages has three main objective: (il to

ensur~ that the actual cost of the building does not exceed the

5.1 Cost Controls and Aiternative Design Solution

12.a5% per year. From 1974-1979. it went from 190 to 246; an

and (iii) to achieve a proper balance of expenditure over the
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increase of 56% in 5 years or 11% per year using 1974 as the

base.

The ~esllit of this study shows ~hat from FY-1984-85 to FY-1988-

89, the cost index went from 100 to 148; ~n increase of 48% in 4

years or 12% per year using Fy-l984-85 as th~ base.

The design consultant may have to prepare a predesign estimate on

a project which ~ay not start cons~ruction two year~or more.

During this period, he should be able to change the project cost

due to the price escalation. The present study provid~s a better

way to determine the effect of cost escalation. The estimator

will be able ~o ~repare a revise ~~timate of the project by

directly changing the unit price of the work items and then

multiplying by the qbantities of the work items a~ determined

earlier.

The effect of price escalation during the p~riod of con~truction

can be evaluated by using eqn. 4.4.

"',
o.,.
II:
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iii) Normal reinforced concrete flat slab floor system.

il Load bearing wall and normal reinforced concrete slab system.

•

three types of floor design system are in common;

Different design system has different in quantities of concrete.

reinforcing steel, partition walls etc. Table 5.1 shows the ratio

of work to flo~r area in load bearing wall and normal reinforced

concrete slabs (Type II and normal reinforced concrete slab and

beam (Type 2) floor system.

This study IS concerned only with load bearing wall and normal

reinforced concrete slab type residential buildings.

iiI Normal reinforced concrete slab and beam system (Frame

structurel. and

In Bangladesh,

they are:

5.3 Effect of Type of bifferent Floor SYRte. on Predesign Cost

Estimate
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items.

recommended to proceed .with. different approach for those work

isIt

It is to

0.9245

0.1449

0.4418

78.6403

Type 2

indicated that the

0.2395

0.5289

0.2043

22:1584

Type 1

it is

Reinforced cement concrete (m'1m' )

Description of ite.

Table 5.1 Ratio of work to ~ross floor area in load bearing wall
and normal reinforced concrete slab type buildin~ and
normal reinforced concrete beam and slab (frame-
struct'lre) floor system.

because of their lar~er coefficient of variation.

Reinforcin~ steel (k~/m')

Load bearin~ brick work (m'I.')

5" partition wall (ml/m')

estimation method provided a ~ood prediction re~ardin~ the cost

5.4 Accuracy of the Estimation

From the results of testin~ models.

------------------------~----------------------------------------

--------------------~----------------------------------------_._-

be noted that the using avera~e value to estimate the quantities

of 5" brick wall and some other work items is not accurate enough

6f a buildin~ project which have an error less than 5%.
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CIIAPTRR 6
CONCLUSIONS AND RHCOHMHNI>ATIONS

Due to the limit of time and the availability of information,

only one type of building construction is studied. Also the floor

to floor height of all buildings are 3.05 meter and foundations

were designed under average soil condition. So, it is con~idered

that the following topics could be of significant interest and

use to further knowledge in this field:

it is recommended to use another

From the results of this study, it is observed that most of the

ratios of work to floor area have co-efficient of variation less

than' 20%. The values, which have co-efficient of variation larger

than 20% are not accurate enough and hence these values are not

recommended for use in estimating. The effect of price escalation

can also be determined by directly changing the unit price and

re-evaluatihg project co~t. Th~ results of present ~tudy is

examined with a new projects and it is found that the total

~stimated project cost is quite accurate with an error of less

than 5%. Po~ some of the wbrk items like 5" partition~ walls,

ea~thwork in foundation excavation etc. which have larger

coefficient of variation,

methbdology.
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il A study of buildings with different floor tb floor height in

order to est~blish relationships between quantities of work and

floor height.

ii) An investigation of buildings under different soil condition

in orde~ to correlate qudntities of work with soil condition.
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APPRNDIX

Questionnaires

1. Geheral information

Project Number:

Number of apartment units;

Year built:

Total floor Area 1m'):

Number of stories:

Typical floor height 1m):

Floor Are~ of one story (ma)~

Floor area of one ~partment unit 1m'):

2. Earthkork in ~ound~tioh .xcavaticin 1m'):

3. Structural works

Reinfcirced cement concrete 1m'):

Reinforcing steei (kg):
Load bearing brickwork (m'):

4. Wall & partitions

5" brick wall (m'):

Doors (in'):

Windows (m' ):

2
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5. Finishing work

I'll Ceiling finishes (rna I:

b) Wall fini shes

Total finishes area (rna):

Skirting (rna):

c) Floor finishes (rna):

6. Plumbing works

Total number of toilet (unit):

Total number of kitchen (unit):

Total number of bath showers (unit):

7. Electrical works

Lightin~(points):

Power outlet (points):

Electric fan (points):

8. Other works

Brick soling (rna):

Sand filling (m3):

Lime terracing (m3):

Cement concrete (m3):

47
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