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Chapter 1
" 1,1 INTRODUCTION

1.1.1 The Problem and the Scope of the Study

Thig study degls with the selection of techmological
alterngtives of production, a problem referred tc as "choice
of techninues™ in ecoromic theory. Selection of an appro-
priéte technique (or a techmologicsal alternative) has to be
made with respect to specified objectives and available
resources. Selection of proper techniques from =mong many
available slternatives has been one of the m~in tasks while
planning for economic development. Generally developing
countries 1like India are handicapped by problems of scarcity
of non-lc-bour resources, abundant labour force, 1imited
foreign-aid limited tochnical know-how etc. to mention but
a few of them. Hence detailed cxercises on choice of
techniques, separately for each sector of a given cconomy
taking all the related constraints and objectives into
gccount, are of great significance for proper planning. The
subject matter of this project work is one such exercise.
The tpehnical @ olternatives are identified through
‘engineering analysis and the choice of technigues is made
in the context of the objectives of economic plamning. In
particwler, the implications of the distribution of
generated income in the selection of appropriate techniques

are investigated.
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This study is confined to the construction-sector of
the Indian economy. Construction includes buildings, road
and bridges, dams, irrigation works, industrial plants etc.
This study however, covers only buildings and road

construction.

The two exercises (for buildingsznd roads) proceeded
in the following ways First the cutput 1s fixed as explained
‘1ater in %his chapter. WNext, all the possible technical
al ternatives of producing this output are identified. Then
22N Une yeopthed a0d ecovomic constraints, i€ any, are
formulated., Optimal levels of the technical plvefnabives -~
with respect to the speccified objective (cost minimization
or employnent maximization) are then obtained by means of »

linear programming model.

Various approaches have been adopted previously in
dealing with the problems of choice of techniques. Generally
statistical data cross section or time serics ecollected at
the fim or plant level have been used in these approaches
to identify various available alternative techniques. The
resul ts based on such cx-post dats may not reveal the fuil
potential flexibility and scope for choice of techniques.
Analysis based on thesc data gets confined only to the
range of gtatistical observations which may be guite

narrow. In addition, these approaches generally identify
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only two factors,; capital and labour, and treat them as
homogeneous goods., Two points are to be noted here:

(a) Ornly capital and labour are considered as
variables and current inputs are not; this may be alright
if the output is narrowly defined in which c¢ese, not much
change in the levels of current inputs is expected between
techniques. However, if output is defined by the functional
needs that wthey satisfy, the changes in current inputs may
become significant and should be considered while selecting
techrigues.

(b) Capital and labour are in fact heterogernous.
When capital is taken to be homogeneous it is assumed to be
shiftable between technigues, which may not be important in
choice of technique in & static framework, However the
assunption of homogenity of labour and capital igrores the
different skills of labour and types of capital required for
different techniques and the various constraints on the
availability of such skills and machines in the economy.
Besides, it ig necessary to identify labour of different
income-clagses separately for a simul taneous anaslysis of
choice of techniques in the context of income distribution

in the society.

The choice of technique from among several
al ternatives identified by econometric methods are in some
studies based on the criterion of factor proportions or

factor-productivity or rate of reinvestible surplus etec.
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The implicit objectives behind these criteria are maximization
of employment or achievement of full employment of tne factors
(in the case of factor—proportions), or maximization of output
with the available limited stocks of factors (in the case of
facbor—produc‘tivity) or realisation of some desired future
rate of growth of the economy (in the case of rate of surplus).
The 1last criterion is motivated by the conflict between
maximization of currsnt output and future rates of growth.

1t is many times assumed that all reinvestible surplus would
in fact be reinvested and thzst workers do not save anything.
Both theseé assumptions may be question: ble. in view of these
shortcomings, we would like to break away from such conven-
tional approaches at least on three accounts:

(a) In our analysis we will take all the relevant

* engineering considerations into asccount. 4An
obvious udvantage of this is the realization
of the potential flexibility in the suobstitution
possibilities among various inputs.

(b) Important current inmputs, in sddition to the
factors. capital and labour are explicitly
accounted for. Thig p;tov1des a full scope for
the optimal zllocation of resources.

(¢) Lavour corresponding to different income-classes
are ldentified. This gives an understending of
the distributionsl aspects of income in the
seclety clearly and zlso fecilitates the
imposition of various constresints on the

availsbility of certain skills of labour.

1,1,2 The Concept of OQutput

Usually in such exercises, the output is specified
in terms of technieal specifications ¢~ the 1 1terials used

which seens to be a rigid criterion. The arguments generally
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glven are that when meaterials are changed the outputs are
different goods and the technigueg for producing one good
canmot be compared with the ones producing a different good.
It need ot be so, and some flexibility can be brought into
our epproacii., If two outputs are substitutable having the
same functional utility, the techniques in producing them
can be coinpared, though these two outputs differ in technicsl
specifications. For cxample, a2 stone-built house may be
different from a brick-built house according to technical
specifications. 4ll the while, they correspond %o the same
type of ouiput with a common fundtional utilitys a house for
living; ond hence the technigues in producing them can be
compared, Based on such an approach of functionsl utility,
the output in the exercise on building construction is fixed

to be 'z iouse’,

I+t is generally observed that the bulk of the single
storey hp*ﬂf—*bﬁ built in this coun’ry possess some common
cheracteristics among themselves, apart from the architecture
and 'finishes'. For exanple, the plinth area of these
houses usually ranges from 300 to 500 square feet. The
doads duc tw roof ete., are usually borne by the super-
structurc walls of these buildings. (4n alternative way
of construciing them is tc build load-bearing reinforced
gement~concrete colunns at the gy pnerg - 0f the building,

and ron-load bearing superstructure =znd partition walls).
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The other common features of the single storey houses are
that they generally have one gitting room, one bed room,

one store~room, oNe Kitchen and the usugl facilities of bath
and water clogette. And in fact, these common features,
forming the essential infrastructure of a building szre the
most important, from the point of view of functionsl wutility

¢of the house,

The architecture and "finishes" of thesge houses might
vary from building to building. ZFor instance, the walls of
a building might not be plastered or even white-washed,
whereas in some cagses they might be plastered and painted
with colours. Similarly the floor of a house might simply
be a neat coat of cement or it can be even terrazo or mozaic
flooring. Though such varistions in finishings and archi-
tecture do exist from building to building, “he essential
infrastructure of single storey houges usually display
negligible variation. Hence any snal ysis done on thig part
of the congtruction ¥ a house can be easily applicable to
most of the single storey houses. Moreover, the functional
service, provided by this infrastructure of found-tions,
walls, floors and roofing is of strength and enclosurc. The
user can be considered to be indifferent to the technology
of building this infrastructure. ©On the other hand pcople
may have sirong preferences regarding finishes such as

colour and fixtures. Though one cen normatively prescribe
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“a get of finishes and examine the pro™lem orf choice of
\techniques of producing such finishes, the veriations and
combinations required would be very lerge. Hence this study
is confined %o the examination of appropriate techniques for
the essenlisl infrastructure of the house and the "finighesg"
are not included in the study. 4 representative single storey
house Serving as a modost dwelling is selected for this
project work. It has o plinth area of 450 square feetleppror).
It has onc entrance—room, one sitting-room, onc bed-room

one store-room, one kiichen-cum-dining-room and a bath and

water closette of specified dimensions. It is supposed to

be a structure with lo~d bearing walls. Any house with these
characteristics is assumed to provide the same level of

utility. OConclusions drswn regarding the construction ofthis
house can be extended to single storev houe:s in general. Single
storey house~congtruction is the major part of the building
construction.in.Indiéx Hence, this study can help us draw
importan’ conclusions on building construction in India.

S0 the "output™ in this exercise is the infrasgtructure
essential from the construction point of view, of a single

storey house.

In economic theory an isoguant is defined to be
the locus of a1l efficient input-combinations for producing
» given level of output.  4n input-combination is

efficient if level of no input can be cut down unless level
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of at least one of the other inputs is increaged . Different
points on an igoquant indicate different input-ratios and
‘also techniques of production for producing a specificd level
of output. These isoquants should be convex towards the
origin and negatively sloped implying thet for recducing the
levels of some imputs, levels of some other inputs (at least
one of them) have to be increased. However, if more than
‘pwo inputs are considered, these isoquants might appear to

be positively sgloped, though still corex, in a two-
dimensional frame (i.c. any one input versus a weighted sum
of all the other inputs). Besides, with the definition of
output based on functicnel utility, for a movement along an
isogquant, not only the input-ratios change, but also the
technigal specification of the house may change (e.g. from

a brick-buil t house to a precast-block-built house). Thus
any "isoquant®™ drawn in this project on building construction
is preferred to be called as an "igohouse™ fo distinguish

ite character from that of the usual isogquants commorly

used in economic literature. An "isohouse" is defined to

be the locug of all input combinstions for producing a

house providing a given level of functional utility.

The output of road construction is olgo similarly
defined., A4Aczain the concept of functicnal utility is
followed and the output in the exercise on road constru-

ction ig fixed to be a Ya road of oane kilometre length
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with strength and traffic carrying cepacity of a National
Highway". This road can be an asphalt road or a cement
concrete rond or puzzolana concrete road ete. Techniques
employed in building these roads will be compared, because
the functional utility of these roads is the same viz.,
service as previded by a National Highway bearing o given
traffic-density per day. An isoguant drawn in this analysis
on rmad-construction will be called as an "isoroad"™ for the

same reasons for which we definced the notion of an isohouse.

1.1,3 Quiline of the Anglysis

Our first task is to identify all the technicol
al ternatives (or technigues) in constructing a house or a
read, Construction of a house is split into several stages.
Various al terrative ways of completing each of these strges
are 8ecpouratoly identified. Talle 1. 1{a) below explains the
basis of 1listing out these alterngtives. 4 detalled list
of 211 these sl ternatives is included in Chapter V. Common
building techniques are 2il included in the model, For
example, at the superstructure level, the choice-sect i.e4
list of the alternatives from which choice can be made
consists of briek, stone (random, ©osnd Couve stone)
and precnst block masonry techniques in different mortars
of varying proportions., &imilarly at the roof level,
re-inforced cement concrete roofs of different concretes
of different encgineering designs (see appedix 4) are

considered.
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Table. {-1(a)

Guidelines for Preparation of Option-list of
Tcehnical™ A ternatives

(Building Construction)#*

Stpee ]

Method of Construction

(1)

(2)

(3)

(4)

(5)

(6)

(1)

Bundation bed:

(a) for load bearing
walls

(b) for pertition walls

Mund ation of guper-
gtructure of load
bearing walls

Foundation and s"per-
structure of partition
walls

Ryof

Flooring

Externdl plastering

Internal plastering

(1} lean concrete
(ii) modcrately strong concrete
(iii) strong concrecte

(i) brick in coment mortar

(ii) bri-k in cement-lime mortar
(iii)brick in lime-surkhi mortar
(iv) stone in cement mortar

(v) stone in cement-lime mortar
(vi) stone in lime-surkhi mortar
(vii)precast block in cement-

lime mortar.

(i; brick in cement morter

(ii) brick in cement-lime mortar
iiidbrick in lime-surkhi mortar
iv) precast block in cement-
lime martar.

(i) 'Balanced'** roof in leap
concrete, moderately strong
concrete, strong concrete,

(ii) over reinforced roof in
cement concrete
(iii) urder-teinforced roof in
cement concrete
(iv) reinforced brick roof.

(i) brick flooring
(ii) rough chiselled srndstone
flooring
(iii)finely dressed samdstone
flooring.

(1) cer..nt mortar plastering
(ii) cement lime mortar
plastering
(i) cement-lime mortar plasterin,:
(lig cemert mortar plastering
(iii) lime-surkhi mortar plastering.

* Sce chepter V.

terms,

R ey

## For the mcaning of these engin-cring

see footnote on page i of

chapter V,
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Similarly the construction of a road of given
1eng$h.is split into several stages. Various al ternative
technigues of production for cach of these stages are
enumeratédzﬁajle.jhl(b) presents the basis of listing out
these alternatiVéS§' All the techiniques that are commonly

 employed 'in the bdnsﬁfuction of National Highways are
. included in the,mddél. I+ may be moted that in constructing
 'ff§£dsEfﬁrifhéxperformance requirenent of National Highways,
fﬁtecﬁnongicél gl ternatives are very few,

Tabla 1.1(b)

Guidelines for Preparation of Option-list of
© Tecimical . Alternatives

(Road Construction)*

Bt e s -

(1) Bituminous {Asph=zlt)Road#*+
(2) Cement concrete road with cement~concrete subbase

{(3) Cement concrete road with water-bourd macadcem
gsubhase

(4) Cement concrete road with lime-concrete subbase

(5Y Puzzolana concrete vruad with lime-concrete
subbase.

o r——

¥ See chepicr V. % Bitumen and asphalt core ref-rred symonymously
in this project.

Having listed out all the technical altcrmatives,

the next tagk would be to determine the efficient combi-

nations and appropricte levels of these alternatives for

“ producing the house or the road as defined above. For

this purpose a linear programming activity-sznalysis model

is sct up. The objective is to minimize the total cdst of
/"‘\—-’s-" R

AEvETICAL 3

S N
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}¢construutlon. The cost of operating an activity consists
Qf the fblloW1ng-

-cost of intermediate inputs (cement, steel,
, bricks, lime etc )

mwterlals to the site of
constructlon), and

3iNijeacb intermediate input has to be produced first,
boing available for construction. The costs on
#gaﬁh.intexmediate input can also be accounted in a similar
namer.

The need for breaking the cost+ of ooch it rmedi ©
input into several components arises due to the followihg
jfrsasons: |

(i) The flexibility involvaed in defining the output
?based on its functional utility causes variation in the inter—
mediste inputs from technicue to technicue. This leads to
‘variation in the material resources also, other than capital

and labour. Then guch conversion of intermediate inputs into

‘primary resocuces gllows exploring the subsitituti.n possibil-
~ iticg between thege resources also,
(ii) Congtruction is just one of the sectors of the

~Indian economy. The conversion of intermediate inputs in+

prim~ry wccsourges i.:. the explicit reeognitisn . f th. setivitios
of production @f int.medicte inputs provides - link-ge to v,

Uther 2 otirs of the _coromy. Then ths sh-@cw-pricgs of +h oo
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piﬁma;y:r359urcés given by a Mmrster-progromme® bosed on gencrol
‘efffii;iifibrium ~rnalysis invelving -11 the scciors of the eecrnwmy con

¢ eaally us.d.in the "sub-programmc" of the construction

if any, required in the

rbduction of the 1ntermed1@te inputs required in the

H}constructlon of a bulldlng and a road. Prices used were those
é.prevalllng in 1972. Sum total of all the above mentioned cousts
‘l:‘(diTECt and indirect) total cost of éonstructicn.

This cost minimisation is done subject to balance eguations
for resources, employment constraints corresponding to
different wage-groups, output constraints, technical constraints.
An initial solution is obtained by maintainin< simply that
the required output should be nroduced with a non-negative
level of employment.

After the base solution is obitained, & thorough
sensitivity analysis is conducted for the exercises both on
buildings and roads. These are based on the (parametric)
variation of the interest rate on canital equipment, levels
of the employment both total and of the most unskilled labour,
price of cement and bitumen per unit. In the case of road-
congtruction these exercises include -1go the vrristion of the

cahemo of the goil and Tife of the conerete~roads,


http://www.cvisiontech.com

B2

-1 4=

‘For both the projects (on buildings and roads) in the

~ end we take up the variation of the objective funetion itself,

Here, the total employment is maximised subject to a cost
constréint; instead of minimising the to al cost subject to a

Génstraint‘ﬁnktqtal‘employment. The neced and methodology of

| i S i i ! AT .
~all;the above variations are explained later,

SECTION iIT

.2 GONSTRUCTION SECTOR IN THE INDIAN ECONOMY

o1 why‘gtu&y the consruction sector?

The construction sector does not remain simply a

" sector to meet socizl need for housing but alsc acts as a

prime-mover for Indan economic development. The level of

construction activity provides a good index for the efforts

4he country is putting up for development.

Table (1.2) gives information for the years 1960-61 to
1972-73 about the capital formation in Lthe form of construction
and total grosm fixed domestic capital formation in the country,
at 1960-61 prices and alsc at current prices. Table (1.3) gives
the same information in terms of percentages. Capital formation
#n construction is around 78 per cent more in 1972-73 than
fﬁat in 1960~61. However, the increase in any year OvVer the
previous one is not stesdily growing. Infact from 1966-67
o 1971-72 this growth rate is falling down. This is again
reflécted in %able (1.4) which presents net domestic product
at factor cost by construction gecltor. At 196061 prices,
net domestic product from const¥uction as a percentage of

total net domestic product in tlg¢ country has marginally
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Table ; o ¢ Gross Domestic Cgpital Formation by
i Types of 4Lssets

(in Percentage)

- v s W

ZY0 88 domestic capital formation

- . f—

year . at current prices 5t 1960-61 prices Y .
cons~  machi- change cons- machi- cinange
trucs nerysnd in truc- neryand in
tion egquipe stocks tion equip~ stocks
. ment ment 0 e
1960-61 51.8 1.7 16,5 = _ 518 31.7 16.5
1961-62 54.4 35.90 10 . i 53.7 516. 0 10.3
1962-63 50.7 36,6 8 49, 6 B fil 13.3
1963-64 50.2 39.0 10.8 0.4 38.5 il
1964-65 50.0 32.9 10.1 49,9 40, 4 CER
1965-66 ~ 53.3 40.0 6.7 52.7 40,7 6.6
1966-67 51.0 34,4 14.1 53.0 33.4 13.6
1967-68  57.0 36,6 6.4 586.3 36,3 5.4
1968-680 56.2 5.6l 2 5.1 57.9 37.2 4.9
1969-70 58,0 35,0 7.0 56.5 37.2 B8
1870-71 55.6 33.9 10.5 54.5 35.6 CE)
1971-72 56.9 37.8 5.3 55.3 59w 7 5.0
e-75 56,7 5 .0 4.3 55.7 40.3 4.0

- —— [ b e we———— e A e —— i

Source: Statement V. "Gross Domestic Capital Formation
by types of essets" in National Accounts Statistics
196061 to 1972~73 published by C.S5.0.
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increased from 4.7 pcrcent to 6.1 percent from 1960-61 to 1966-67,
while i1t fell down from 6.1 percent to 5.5 percent from 1966--67

to 1971-72. Howevor the level of capital formation in the form
of construction sector is generslly so high that in any year

gince 1960-61, it ccounts for more than 50 percent of the total

gross domestic capitval formation in the country as such.

Table (1.5) provides the information about the share of
construction in tho total fixed investment (gross) at several
Periods of time. Ior the fourth S5-year plan it wss estimated
that out of the totel plan investment of around Rs. 25000 crores,
ground 50 percent of it (i.e. Rs. 12000 crores) accounts for
all types of construction worksi. Out of this, building
construction accounts for Rs, 6000 crores of which housing
alone takes Rs.3000 crores. For the fifth 5-year planl, of the
totel expected outlay of sround Rs.50000 crores, the expenditure
on contruction is cxpected to bec not less than Rs25000 crores
and according to the indications avail.ble, housing construction
activity is expected 1o be stressed more in the futurc.

The importance of building construction can be further
uderstood by looking st table 1.6.1.7 and 1.82. These tables
describe gross capi®al formation in construction by kind of
services in absolute and percentage terms st current and 19 €0~ 61
Prices. Since 1950-51 +o 1970~71, barring two or threce years

building construction accounted for more than one fourth of

, the total capital formation in the form of construction, Infact,
since 1966, it is moic than one-third of the total. Both
transport (which includes roads and bridges) and building

1. Report on Building comstruetion: (1871 . —

2. Differences in the fiqures for total capital formation in

congtruction given in table (1.2) and (1.6) and (1.8) are
due tn diffgrence ir scurees ~F thn Aots . Fopmacs hERE

dlfferences are msrginzi,
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Table 1.5 ¢ Investment and EHaployment in Construction
Real GNP Real Bercent  T0tul Fercent Percent
. S— £ross of real employ— of total of recl
(%{n ‘t))llllon Fixed in- gross ment (in employ- GNP froa
f' vestment fixelIn- millions) ment in  cons-
as per- vestment A*¥® cons- truction
cent of in cons- truction
real GNP truction
+ +
1950-51 100.1* 12.5 3.9 -- - 3.8
1955-56 117.4% 15,6 70.3 101, 9 6,2 3.9
1960-61 139,4#%
Tan, aw 14.8 63,8 g il %0 4,5
1965-66 160,5%* 20.1 54,6 115,15 6.5 4,9

e

| 3.

+ Source: (i)

(ii)

1948~49

Egtimates of capiital formation in India:”
to 19€0-61,

Estimates of capital formation in India:

1060-61 o 1965-66. C.S.0. (Govt. of India).

* at 1958-59 prices.

¥* g% 1960-61 prices. *¥** excludes

agriciltural workers who numbered 31.5 millions in 1961.

Source: ®lmpact of Construction on Bnplc ment"” by N.V,A,

Noragimham in Imployment and Unemployment Froblems

of The FNear “ast and South Asia. Vol.II (ed) by

R.G,Ridker and H.Lubell,
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construction together account for rearly one-half ofthe
total capital formation in the form of construction. However,
the level of house construction activity in India scems to be
much below what might be considered the desired level from
normative considerations . We examine in the next section tle
present availability and need for housing in the country. The
level of construction activity will have to size substantially
on the future making it even more useful to study the choice
of techniques in this sector, particularly since the sector

has a lorge potuntial for employing unskilled 1sbour.

1.2.2 Availability of and Need for Housing

Housing is a necessity and is 1ext to food and clothing
in importance., India is suffering from chwonic shortage of
housing. Widely varying estimates were put up regarding the
housing shortage in India. Mathurl estimates the acute shor-
tage of houses to be of the order of 84 million units. Another
estimaie2 of current shortage according to National Buildings
Organisation is of the order of 21 million units of which 18
million: correspond to rural areas and 3 million correspond
to towns and cities. In rural areas, where 80 per cent of
of our population lives (see page on ) the condition of 70
million houses is considered so bad that they are required

to be rebuilt or thoroughly repairedg.

1. G.C. Mathur: (1g7g).

2. Times of Indis (26 4pril, 1974).
3. G.C.Mathur (1973).
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I¢ ig obvious {thet any of these estimntes cannot
be blindly believed especially when {1 ey so widely differ.
Differences in these cstimates may be due to dilferences in
(a) definition of the housing unit, (b) estimation precedure
and (c) the time periods considered nor of which is clearly
specified. Hence we make our own estimate in clearly defined

terms.

*
Tables1.9 and 1,10 present the percentage distri-

bution of households by number of rooms and households, for
rural and urban households respectively, a sample survey

carried out by N33, 4s the samples are fairly large sized
and sre snread ell over India, the information contained in
these tables may be generaliged for =211 Indisn households,
We would like to estimete the housing shortage (defined as
the additionel awelling accommodation required for meeting
the minimum necessary level) in Tndi: by meecns of a value
system {given below) devised by ourselves:

(1) Two persons (or less) require minimum one
room to live,

(i1) Taree or four persons reguire minimum two
rcoms to live,

(111) Five ;, six or seven persons require
minimum three rooms to live,

(iv) Bight or nine persons reguire minimum
four rooms to live,

(v) Ten (and more) persons recuire minimum
five rooms to live.

i Theséw%ﬁbles are bascd on th-o Nrtional Sample Suf%@y,
19th round, July 1964 - Junc 1965 No.195: Tobles with
notes on housing condition, ’ T =
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Besed on the above value system, the bhouseholds
facing houping shortage in terms of having toco few xooms
were identified from tables 1.9 and 1.10. The boxed p.rtions
0f these tobles represent shortage zones. Figures in

brackets ithere indicate the shortage of rooms, hy each

respective poug@Me¥d Sei e,

According to 1970 census houselist, there were about
97 million households in India (77.9 million in rural and
19.1 midlion in urban areas)lz Using this information =lon
with tables 1,9 and 1.10, additional rooms required to wipe
out the current shortage, are estimated and given in table

1.11, and suamarized below:

Fo.of sddir, ... Unite requiring 4dditioncl Roops
tional r-ng Rural Urba

required per

unit ey winE N e
1 33:93 million 5.17 million

% 14,35 million 5,00 million

3 3.01 million 0 48 1) il 1 1Zko 7T

4 0.50 million 0.2t million

A U A A A R < s v . i A s LS b s

B o -

The average household sizes as obsgerved in the
1970 houselist are 5.61 in rural arveas snd 5.49 in urbsn
2 \ : [ S
areas. 4cecording to the above v-lue system this implies

an average ouse (required by an average hovsehold )

S P G oA .

i Reg?mr’ ¥ Genersl amd Consus Commi ssioner, (1974)
o Registror Generesl ~nd Census Commisgsioner, (1972).
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Table 1.11: Estimates of the additional rooms required to wipe
out the current dwelling shortage.

e ¢ L., b i P sl

(in million)

Room-wisc
RBeguirement

Rural

One room
requirements

Bt -

7709 x (0.0657

+ 0.0663+0.0580
+ 0.0459+0.,0390
+ 0.0128+0.008%
+ 0.0109)=23.953

Urban

g B Wbt im . e ol T B e T

19.1 x (0.0638
+ 0.0711+0.0392
+ 0.037440.0347
+ 0.0097+0,0080
+ 0.0069)=5.17

T T

Two roon
requirements

U

7.9 x(0.0600

+ 0.0473+0.0295
+ 0.021040.0115
+ 0J0148)=14.35

19.1 x {0.0596
+ 0.04644+0.029%
+ 0.022240.0134
+ 0.0118)= 3.50

—— Y

Three roon
requirements

L e e & B T b

Four room
requirements

e —

7.9 x (0.0167
+ 0.014540.0075)
= 3,01 '

19.1 = (0.0178
+ 0.0097+0.0145)
= 0,81

77.9 x 0.0064
3 [0g 00

Hr—— T S

S i e e s M - e 2

19.1 x 0.,011%2
=0 . 2k
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should contain minimum three rooms, both in rural and urban
areas. 0, we define a ' standard' unit = 3-room house.
Then the shortage in terms of the stardard units will be

as follows:s

Rural shoripge

2% 93 million one-room houses imply 7.98 million
standard units.

14,35 million two-room houses imply 9.57 million
standard units #nd so on.

The total housing shoritage in rural areas of =0 1970

thus comes o 21.23 million standard units.

Urban shortage

Ly

5.17 million one-room houses imply 1.72 million
standard units, ete.

The total housing shortage in the urban areas of Indias,

by 1970 comes to 5.13 million standaid units.

Adding the shortages in the rural and urban areas
our estimate of the housing-shortage in India comes T0 be
56,36 million standerd units. (as on 1970) of three rooms
gach.

The annual rate of construction of dwelling units
N Tmiis is sround 1.15 million units® (definition of the
unit is not given). That consists of 0.65 million units
in rural areas and 0.5 million units in urban areas. &Y

way of population growth, India 1s adding approximately

I A i e . S =

e ke

1 Time of India (26 4pril 1974).
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15 million heads {2.57.) every year. If we assume that one
dwelling unit is required per every five persons, we would be
requiring an annual rate of 3.0 million units of construction,
merely to maintain the present level of shortage of housing,
¥ith growing popul-tion, the inadequac;, of housing is bound
to assume gigantic dimensions, unless compensating measures
. are taxen.

The reasons for the above lag in the performance may
be traced back upto the shortage of cement in Indis. Though
construction, is an important sector of the Indian economy its
level of overation has been crippled by the shortage cf.
Cement. Indigenous avsilabili ty of cement has assumed to be
such a special problem associated with the construction sector
of the Indian ecoromy that, finzlly a ban had to be imposed
on construction of certain types. Before we discuss this
special problem in & later section, let us review the employ-
ment implications =l so of this sector. Construction is an
important scurce of empluyment of unskilled 1abour force.

The ban imposed by the government of I lia a few years agu
is supposed to affect the employment of an estimated figure
of 66 1gkhs or so.

1.2.3 Employment Potential of the Construction—-Sector

India has 250 million adult workers approximately.
.16 million of them are in construction gector alone,
forming 3 percent of the populationl. 66 million of them g
74 The Times Ofﬁf}ﬁiaﬂ(ﬂl De?:ember 19745 .
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are suprosed to be engaged in building works, This
information is corroborated by table (1.¥) which says,

around 7 psrcent of the total employment (excluding

agricul turel workers) is provided by construction industry
itself. ©f this 7 percent, roughly 50 percent is absorbed
in buildin~s construction alone. Transport and Communicaticn
approximately provide 17 percent of the total employment in

construction (see table 1.12).

By nagture, construction industry is labour-intensive
providing employment to both, skilled and vnskilled persons,
It was fourd by the Institute of Applied Manpower Research
Institutel, New Delhi, in one of thelr analys&s based on
information collected in 1964, that out of the total number
0f 1R6NE graduate civil engineers in employment, about 9671
were engaged 1n only building construction and design. That
neans arournd 52 porcent of the total graduate civil engineers
are engaged in building construction. Besides, considering
the link~ge effects that this sector has, construction should
play an important role in wiping out considerably a large
part of the vnemployment, ¢f 2ducated as well as uneducated

persons in this country.

Hence, constyuction activity is likely to b=z
maintained at a high level. The low level of construction
activity in Indis may be ascribed primarily duve to poverty

of its people. Lagk of sufficient financial resources can
R ~ A R p— i

1l @ ¢ Matnur (1973
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Table 1,12 * The distribution of construction
workers in India : 19861

A " € ENIT 5 Fercemtaze.
Buildings 469 49 .7
irrigation 309 32.8
Transport 140 14.8
Communi cations 25 2.7
1943 T100.0

o e g Mo e e b e g e e e o,

e L S —

The percentage distribution of workers
engaged in construction activity in India: 1961

Croftsmen and production process

W rkers 83.9
Adninistrative and Executive workers 4.9
Clerical 4,86
Professional and Technical 2.6
Transpozt and communications 1.8
Services 1.3
O thers 0.9

100.0

VAR 1 B s Sy b . <k B i s i

Source: "Impact of Construction_on.Employment" by
N, V.A, Narasimham in Employment and Unemployment
Froblems of the Hear East and South Asia, Vol.II
(ed.) by R.G,Ridker and H.Lubell.
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be the reason for the low level of investment in the
construction sector. This can be solved only through oversll
geoncric development of the country, which is a long—-term
process. .bowever, thc low level of construction activity is
nany times ascribed to certain short-term factors =ls y viz.,
norn-availability of some rescurces like steel, cement, lime
0f prescribed quality’ etec. In fact i India it is very
frequently heard that shortage of cement is a serious
prodblem hindering the construction activity. If it were
true, it is necessary to search for alternstive techniques
which use commonly available resources like lime, surkhi

ete. servings ag substitutes 4o cement.

SECTION IN

1.8 A SPECIAL, PROBLEM OF CONSTRUCTION SECICR -~ THE
SHORTAGE OF CTHIENT

Cement shortage does not seem to be = recent phenomennn,
'In 1951-56, cement production was 4.6 million tons (m.t.)
against a demand of 4.8 mt. Therafter the gap widened - 7.7
mt. against 8.8 mt. in 1956-57, 10.8 mt. against 13 mt. in

1961-62 and 15 mt, ageinst 19 mt. lsst year, a shortage 4 mt.1

Lack of proper planning not or ;7 in ciment produection
but also in'other sgctors having linkages with it, seems

% be the orily explanation for this shortage. Estimates

2

Committee of Perliament” in its report observed th-t the

g

—-— s e p—

P e . . VA, A 5P e P v it

Science To-«ﬁy{ Jahusry 1975)
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oduction. Cement production has slipped to 70 percent of
the total installed capacity of 19.7 mt. ast year compared

.:‘s 80 to 88 percent z few years cgo. Wagon shortsage added

Science Todayl in a special study on cement notes the
._ dllov*dng: "The future appears even Pleaker. At an annual
growth rate of 8 percent, the Ministry of Industrial
ﬁevelopment hss estimated the dem-nd for cement at 28 mt.
in 1978-79, Thig would need a total capacity of 33 mt. to
-work at an assumed 85 percent efficiency. Though the capacity
| sanctioned for 1978-79 total 32.4 m.,t.e DUlk Of this, about
r-9 mt.,is dve for completion only in 1. /7-78. The actual
‘capacity in 1979, therefore is likely to be ~xly 23 mt.s
~and at 85 porcent capacity utilization this could at best
_.give only 20 mt. leaving a wider gap of 8 mt."! This is .p
approximate situstion. For exact production valuecs of

. cement see Tables 1.1% and 1.14,

———— PUIRPEE - ————

1/ Scicnce Today (January 1975).
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Fleds ¢ Regionsl Imbalance in Demend,Capaclty
and Cement Consumption in 1972

(ip million fons) _ ...

s oot West South To tal
3,239 3,610 7.423 19,760
£.491 4.461 6.038 15,715
3.025 4,433 4.562 16.74%

he Cement Industry Well-Fed?" by M.S3,Doralswany
‘Secience Today,  January 1975.

e 44 : Targets of Capacity ard Production
and Achievenent

Target of Capacity Targé%mz?z_c‘%ﬁ:ﬂm
capaclity installed Prodmiy. Prodn..

s —— | L e N

)~ - 3. 98 . 2.95
1951-56 5.31 5.02 4,80 4,63
‘{956-61 16.00 9 .30 15.00 7.97
n 1961~ 66 15.00 12,00 13.00 10,82
Liday 196662 - 14.96 - 12.24
.‘ 19 69-74 21,20 - 19.00 -

- 17.59 = 14255

- 19.55 _ 15. 20

(Report of Task Force on Cement Industry)

or "The Growth of the Cement Industry" in Menthly
commentary on Indian Economic Conditions™® by
Indian Institute of Public Upinion Vol. XV,

o, 2 (September 1973) .


http://www.cvisiontech.com

- 30 w

One cun guestion the optimion involved even in that
20 mt. estimate. Frr instance, power shortage may not allow
even 85 percent capacity vtiligation. .uality of limestone
may ot yield expected output. ZFroducers may not tske up

production atv the prices set by the Goverment.

dovever, we have had a fairly ambitioj s progr=mme of
exporting cement. Table 1.1. provides the infomation in
terms of tonnes, on export of cement since 1951 by this
country. I+¢ appears, however, that at present very little
cement is being exported. The Ministry of Heavy Industry
and Civil Supplies is keen to export 1.5 million tons of
cement to oil producing countries in “est 4sia for financing

the imports of furnance oil.

Egsentially two factors can play mein role in wiping
out the domestic ghorveage and exporting cement: proviginn
0f suitable infrastructure for the development of cement-
injustry, and designing a proper ecomomic policy.The former
includes creation of sufficient capacity, assurance of raw
material supply ( by the Govermment to producers) etc. and
these things can be taken care of only in the long rur. The
latter involves mainly a price.control on cement gale.

This is a short runmeasure. An increase in the price of
ceent per ton might reduce the demand for it. However,
this implies that pouse-builders should look for sl ternative
1/ This ‘ia?ﬁ‘.h}?natgon is bagsed on & report in Indisn Expreiss

January 12, 1§78. Detailg regarding when and over what
period his 1,5 million #9185 ipe 45 be exported A5t

goniprebsion;

"H-'e—f;{ "
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Tahleq,15 : Bxports of Cement

{000 tonnes)

R -

Year Quantity -~ Year Cuantity
1950-51 29 19 6b-66 39
1955-56 57 1966-67 14
19 €0-61 g2 198763 49
19 61-62 98 19 63— 69 205
19 62- 63 515) 19 69-70 135
19 63- 64 Sl 1970-71 168
19 64-65 31

O s TP R

Source: NMinistry of Foreign Trade.

or Table 57, Basic & atistics Relating to the
Indian Bconomy, by Statistics and Survey
Division, Planning Commigsion, New Delhi
(1950-51 to 1970-71).


http://www.cvisiontech.com

32 &

production technigues, which require less of or no cement
at all and thus substituting other materials for cement in
construction, The exercise on thevariation of cement price

igsintend.d for such on akalysis,

Chepter II is devoted to reviewlng the past literature
on choice o7 technigues. In that chapter, while explaining
the conveniional approaches we mote their shortcomings also.
Need for engineering production function and its importance
for the problem of choice of technology at 2 micro level is
then discussed. In chapter III the works and studies that
have alreadv been done on the Indian construction sector
are revieved. The ~nlyticel m dcl used in this study to
identify the appropriate technology is described in ohapter
IV. OChapter V displays the data-base of this study.

Chapter VI is gplit into two partsI and II. Part 1 presents
the resulig obtained umter building construction., Paertll
presents the results obtained under road constriction.
Ppendize-’ oontaining ~11 the enginec-ring calecul ations of
the building nd road construction is given after Chopter VI,
1t is f1lswed by all the data based on which this project-

study 1s ¢ rricd outb,
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dhap teyr 1X
REVIEW OF LITERATURE ON CHOICE OF TECHNI QUES

9.1 Inportonce of the problem of choicg of tochniguos

In dcvelopment planning, ailocation of investnent
resources ig o major provlem, This invives several chioices
at different levels. viz. determining the levels of invest-
ment for ¢ifferent sectors of the economy, selecting
different pro jects within a scctor and choosing the proper
techniques of production for a specified project. Hence
choice of technigues is an integral part of the development
policy of an economy. The number of alternative technigques
might be very large and different technigues usually imply
i fferent strategies of development. Quite often conflicts
arise betwoen the implications of various criteria of
selecting the techniques of production. The importence of a
criterion anerges out of the varicus social cbjectives and

resource constrzints.

Capital and labour are two factors required for
production of other commoddties. & technique is usually
defined by vorious factors such as capital and labour
required for producing a given smount of output. Given
a range of techniques, selection of an optimal technigues
depends upon the objectives and constraints present in

the system. The abjeciive nay be 10 maxinize employment
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or to maximisce social marginal productivity of investment
(when capital is scarce) or to maximize profits or output,

or to minimize cost of production and so on. The congtraints
can be resource constraints. Selection of optimal techniques
inwlves, among others, the following considerations: (a) Is
it an ccoromic choice or an englineering choice? The dis-
$inction belween these two will be taken up later in this
chapter. {b) Is the choice to be made at the micro level or
the macre level? An economy interested in maximizing overall
employnent need not nccessarily employ labour intensive
techniques in all of its projects. (c) Who makes the
selectiony public policy maker or a private enterpreneur?

The objectives of these two might be different. There ig mo
reason why o private enterpreneur would sacrifice his profit
for the scke of the society, He might use a technique which
gives him more profits, while the goverment might adopt the
one that provides more present consumption, beccause such
conswnption acerues to the poor. Technically such conflicts
do mot disappear even in socielist countries; but they are
wt imporiant there, because there is mo private sector and
so o private rrofits; and conflict, for exsmple, can cxist

orly t» the cxtent that present and fubure consumption

_levels conflict. However, in the countries where both

public and private scctors coexist, the goverment might
be able to influence the private sector in adopting a

particular technique~set in view of the benefits that can
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acerue t the society. This can be done by manipul ating
taxes and subsidies on factors of production, VWhether
producers react to such policies of goverment and how far
such manipul otions are effective in the real world, fomm

aAltogether o different set of questions.

2.2 oes choice exisgt?

Thus the question of choice of techniques is important.
And in the real worlid, infact alterngtives do exist, =nd a
gselection has to be made. However, it may be that rnot =211
the sectors of an ecoromy are tvechnoliogically flexible. 4
number of recent empirical studies have suggested that there
is infact not much scope for chnice of techniques in quite
nany inlustries., R.B.Sutcliffe's. study in this connection
is mentionable, To asgsess how wide is the spectrum of
techniques for particular industries, he did a comparison
of statistios measuring gapltel intensity within and between
different countries and at different times. 4 part of hisg
studry congigts of the ratios of the highest to lowest
average caplital intensity among four countries, the United
States, Mexico, Columbia and India, in 1945/50 separately
for differcnt dAivisions within the manufacturing secteor.
Barring the differences in the composition of output within
the major categories of production betwesen different arcas,

L

on the face of it a high ratio would be some indication of

i/ R.B, Sutcliffe, (1971).
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technmilogical flexibility, as it arpears thet there is a
wide range of techniques in use. Though his conclusions
about techmplogical flexlbility are supposed to be except—

ionally tcentative, it is worthwhile to note what they are:

For the four countries taken together, grain-mill
products, iron and stecel and cotton yarn and cloth divisions
of the monufacturing sector geem to be Bighly technologically
flexible. Tobacco manufactureys are alsc falrly flexible
whereas printing and publishing is comparatively inflexible.
However, onc may note that the statisties based on cx-post
data collccted by Sutcliffe may rnot reseal as much the
potential fiexibility of a sector as ex—-ante data based on
engineering congiderations might do (this particular point
will be elaborated later in this chapter). 4lso his study
lacks the investigation of the implicit objectives involwved
in the choices already mzde and the constraints under which
such choices are mgde. India, or Mexico or Columbia might
have imported the techmology (Aue to tied foreign-aid, say. )
from a foreign country, may be from the United States itself.
Then the observed capitel-intensitieos might correspond to
the domestic conditions of the foreign country rather than

of the importing countries.

Hig observations on construction industry also are
interesting, He concludes that construction activities

have eromous range of possible technigues, " This ig true
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of buildiﬁg;s, the congtruction of dams and other carth moving
operotions «..... #hen nethods in construction are labour
intensive, they tend to use large smounts of unskillced
rather thon technically skilled labour, though of course in
¢consequence this demands considerable quantities of

supervisocry labour™,

The flexibility of this sector should have bocn a
boon, especially for developing and over populated countries.
In chapter I we have already moted the importance of this
sector in terms of the gross fixed capltal-formation in
India, ALl development programmes reguire construction.
Techmlogicnl flexibility of an industrial programme is
different from that of its construction part. Hence, a
proper sclcction of tochniques in the ¢onstruction sector

can significantly incrcase the employment level in India,

2,3 Breviovg rescarch

The vast amount of researgh done in this field of
gcomomic planning can be classified into those corresponding
to problans of the macro-level or the microelevel. 4t the
nacro~level the problem deals with the criterion of
investment in several sectors of the ecoromy. These
criteria incdlude social marginel productivity (SUP)
criterion suggested by A B,Kahn and H,B.Chenery, marginal

per capita reinvestment quotient (MRQ) critcrion by
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" Galenson and Leibenstein, marginal growth contribution

eriterion by Eckstein amd reinvestible surplus criterion by
Dobb and Scn. For o criticism and an excellent review of

these critcria, works by Srinivasan® and United Nations,

;' BCAFE® may ve referred, At the micro-level the problem

" deals with the choice of techniques of production within a

“project. 4s we sre concerned,” in this project, with the

problem of choice of techniques of production at a nicro-
level, we would review only the research done for micro-

level planning.,

Pagt rescarch, in the context of micro-level planning,
can be broadly classified into the following threc approachcess

(i) Observing factor-proportions or factor-producti-
vities and rates of rcinvestible surplus for different
teckniques ond selecting the aprropriate techniques subject

to given foctor endowncnts positicn or anticipated future

. growth pottern af the cconnmy.

(ii) Stightly different way of going about is to fit
geomnetric production function using cross-section or
fime-serics ex-post data, and select a technique depending
upon the relative price~structure of the factors of
production in the ecoxmmy.

(1ii) 4&n altogether diffcrent approach 8 to bring
relevent cngincering consideratieons into the picture.

This can be done either by Manalytical method' or

1/ TN, Srinivasan (1962),
?}/ Unifcd Nations. FOAFE {1961).
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Mexperimentel method” (to be explained later) or a nixture

of these two. This approach is ex—-ante in nature.

Following pages ore devoted 1o noting the relative
merits, ccnccptually as well as in applicability, of the
above approcches. We will take up one by one.

2.3:1 Approach based on fsctor proporiions, faclor-
productivity and rate of reinvestible gurplug

4 tochnique may be defined either in terms of factor-
ratios viz. cepital to labour or factor-output ratios, viz.,
capital to owutput or labour 1o output ete« If we define a
technique by the smounts of capital and labour reguired to
produce a unit of output (i.e. capital-output ratio and
labour-output ratio), the problem of gelection of a technique
arises whcnever efficicnt* sl ternative techniques consuning
more{less) capital but less (more) labour are avallable %o
produce the same unit of output, 1In this case, naxinization
of output, while certain factors are scarce, dictates the
gelection of techniques of production. A ternatively, a
technique maoy be defined in terms of the proportions of the
factors used. In thisg case, relative scercity of different
factors of production dictates the selection of techniques

g0 that scarce factors are used sparingly and vice versa.

dccording to the definition based on factor-output

ratios, thc term factor "intensity"™ of a technique is

Inefficient alternative is the ane using more of
bath +he factors to produce the same level of output.
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relative to other technigues, hut not relgtive to other

factors., «according to the definition based on factor
proportions factor "intensity® is relzative to other facters,
Under this lotter definition a capital intensive tcchnique
is necessorily labour-saving. It should be noted that the two
defini tions. of & "technigue® may not lead t> identical
results, urless the inefficient techniques arce elininoted.
Let us write
K K
5 =i *

It ig obvious that need not change with a change

o o

in L, In other words capitel per unit of labour and labour
productivity may change ih such & fashion that they cannnt
affect the capital productivity. Hence a high capital-
productivity can be consistent with low capital per unit

of labour,

Puture rate of growth depends on investment or
saving (zssuning absorptive capacity of cepital) generated
out of the surplus realized by adopting any particular
technique, Hence not merely the factor proportions or
factor productivity but the surplus reslized elso matters
for selection of any technigque, There are many studics
sdopting this approach for studylng the problem of choice
0f techniguesy especially in the Indian context. These

incluvde, cmong others, works by 4&..1‘{.33@1'1:L and K.N.Rajg

1/ AKX, 8en (1968},
2/ K.N.Raj 4956 ).
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(éeparately) for textile industry, J.C. Sardesaral for Indian
small scele and large scale inlustries, Ghattﬁrjeez.etc.
for mustard oill industry ete, ,.fau.S-.Blfza,’}_}.a.?5 for textile

industry, etc.

8en saw the problem in the following way: workers
do ot save anything, while capitalists do and reinvest the
entire surplus. The wege rate is fixed, So adoption of

labour-intensive (employment maximising) techniques will

" maximize currcent consunption whereas capital intensive

(profit maxinizing) techniques by diverting the distribution
of income in fawour of capitalists will produce maximum rate
of growth of consumption. Sen worked out the case of dnmbar
Charka a5 o technique of cotton spinning. He calculated

the productivity of labour, net surplus per unit of output
and finally rate of surplus per unit of capital-investment
from the actual data. He concluded that this programme is
inflatory and is also likely to affect capital accwmulation

adversely.

However, Sen's assumptions have been gquestioned,
He asswmed that there is a limited stock of capital
available to start with and all the surplus can be » .3
reinvested by capitalists (absorptive capacity of capital).

Such assumptions about availability and zbsorptive copacity

1 J.C, Sandesara (1969).
2/ Chatterjec(1963)
3/ Ay S\ Bhalla (1964).
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of capitsl in the ecoromy are the direct contributors for
the reswlts he obtained. R.B.Sutcliffel argues that !
"assunptions about the distribution of income, the taxation
system, the nature of cconomic system, the inducement to
invest and many other factors have absclutely crucial
affects on the conclusions which can be drawn from theore-
tical discussions of the preblem of choosing an approprizte
industrizl technology"., Besides, 1f the society values the
consunption by the poor more thean that by the rich, then
Sen's type of argument against labour-intensive techniques
is ot canlusivez. There may be valid reasons for such =a
differentizl valuation by the society. 4s Gunnar Myrdal
roints cut, one of the factors contributing to this low
level of mroduectivity (of labour) in very poor countries is
the low lcvel of consumption of a major proportion of
population resul ting in extensive malnutrition. If we assume
that higher consumption results in higher productivity
(without o great time leg), then Myrdal's hypothesis would
in fact justify the adoption of labour-intensive technigues,
The lower savings nnl the lower stock of capital in future
may more ‘than be compensated by the increased productivity

of labour. In addition, the problem of income distribution

in the society is solved directly by generating the incones

to the lower strata of the population at the time of

i/ R, B, Sutcliffe, (1971).

2/ This statement is not applicable to dmbar Charka.
Anbar Charka is shown to be a dominated technique.
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productinn itself and thus creating higher purchasing power
at their digposal. This may be important in countrics where
the political institutional system is unable to redistribute

ineome atftor it is generated.

The truth regarding the low rate of surnlus of labour
intensive tochniques still remains to be enpirically verified,
Very few atiompts have been made go far in this direction.,

1 is concerned with the interrelstions

J.C.8andesara's study
fourd mmong size, capital intensity and other ccrmomic
characteristics in the Indian Industry. Average number of
workers employed per day denotes the size, and Capital-~
intensity 1s measured by the quantity of capital ceployed
per workcr, The ecoromic characteristics concentrated upon
are output, wages and surplus, each per worker, and also
output and surplus, each per worker. It covered the 29
industrics rsported in the census of Indian Manufacturgs,
and related to the period 1953-58, 4 brief sunmary of his
tentative conclusions based on an extensive correlation
analysis is the i‘ollowing#

(i) Snall units of not all industrics are 1abour~
intensive.

(i1) 81811 units have lower output, lower wage and
lower surplus, each per worker, and also lower sutput ard
lower surplus, each per unit of capital than larger units,

(1ii) (a) Labour-intensive technique has higher

output per unit of capital than capital intensive technique.

i/ J.C,8andesara, (1069),
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{b) "The hypothesis that labour-intensive technique
has lower surpius per unit of capital than capital-intensive
does nmot find support from any type of data. Actually, the

1 industries may be takcn as a

evidence on the ten and six
broad indication for the hypothesis that labour intensive

technique has higher surplus per unit of capital than

-papital~intengive technigque®,

(c) Positive assdciation between capital-intensity
and output, wages and surplus each per worker would mot be
established as the *overall evidence is either weak or

pretty much conflicting®.

Ho suggests that for India, appropriate techmology
would be large-sized units with lebour-intensive tcchniques,
while amall sized units and capitel intensive techniques
geem to be inappropriate, However, Sandesara mentions
several limitations seriously affecting his results. Other
important limitations to hisg study are the following:

(1) Factories employing 20 or more workers on any
day and using power orly are included in his study. 4 study
intending to analyse the affects of size on economic
characteristics of a fim shouwld not have ignored very
saall~scalc units.

(2) Value of capital (working and fixed productive

cepital) was taken as in the books of the factory which is,

by notion, different from the one reguired in cconomic :-v 3.
studies.
1/ He grouped the 29 industrices into three categories

mmbering 12, 10 and 6 cach and one industry
(Scwing Machincs) was climinated from the analysis.
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(3) Depreciation is calculated at the rates allowed
. the income tax authorities; This implies depreciation

‘-ELT‘

s depreoiation etc.), this affects the values of surplus

E‘:’ g -

5 (2) and (3) above cowld very much affect whatever
results he obtained anl hence not much confidence nceds %o be

. kept in the results of this study. While commenting on this

study R.B, Su*t:r::i.iffe1 mentions that there are other inputs
_to production than the ones used in this study, and alsc thav

larger units require more jnfrastructural capital which was

not accounted here; and this might explain his conclusions.
s Su‘bcliffe—'.‘s corment raises important issues in studying the

problem of choice of teohniquess what capital to account:

total (fixed, working, infrastructural all together) or onky

fixed or orly equipment carital? How to value capital?

How to estimate output & at actual utilization or full

utilization of the equipment involved in the operation of

o technigue? These are several problems which may crop

up in the empirical verifications about the theory of

choice of tochniques. Very few studies have attempted to

angl yse how seriously these issuecs affcct choice of

techniques.

v/ R,B, Sutcliffe (1971),

s
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Ohat‘t’erjeel etc. studied this problem for mustard oil
industry. The purpose of their study was (2) t» finl out the

problens that crop up in making such enguiries about choice

Uf techniques and (b) to present whatever results are availablc

. SV {1lustrations.

g

They identified techniques in terms of' capital labour
ratios. LEight units of mustard oil industry were selected
for this study, of which two were from Cglcutta, one from
semiurban surroundingg ncar Calcutta and five from villages.
Diverse circumstances about price differences, scales of
operation, locality of operation etc. under which these
techniquecs were found to be operating, affected the cstimates
of capitaly costs as well as output of different units, To
obviate tﬁese troubles the following methods were adopted:

(a) copital figures were presented in 3 ways referring
to total oopital, total fixed capital, totszl equipment capital.

(b) Value of copital was estimated in 3 ways: the
higtorical cost, market value and investment value,

" {e) all estimates of capital were prosented in temms
of actusl prices as wcll as on the assumption of . uniform

price for all units.
Gost of production was estimated as follows:

(a) cost elements were velued both in terms of actual
and constant prices;
. (b) cortaln clements were excluded soymetimes;

(c) catimates were mode both on the bases of actual
utilization and full utilization.

1/ Chatterjee _@9@,53 .
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OQutput is esﬁmated‘on the principles of
Eag actual price and constant price;
b) actual utiiization and full utiligzation.
With the primary data they have collected, mainly the
following were ealculaicd with the above mentioned variations:

i

2) capital per unit of labour;

b) capital-output ratios:

¢/ surplus~capital ratios;

d) value-added capital ratics; and

¢) rceovery period for various types of capital.
Though the aim of this study is not ambitious, it

gucceeded in finding out the problems that crop up in making

such enquirics about choice of techniques. However, it aiqd

not seek t analyse profounldy the conceptual problems

invwlved bechind the variations it considered except to

present whatever results they have obtained ss mere ' ..

11l ustrations.

4 scricus shortcoming of the approach behind all the
above stulics is that it has ignored ecomomies of scale,

‘I The caleulations about factor proportions and factor—

- productivity and rate of surplus are assumed to hold true
at higher levels of output also, which may not be correct,
';(t is necessary to justify or verify gnpirically such
agsumptions before this approach is adopted., The approach
baged on -'pmduction function®, to which we pass on next,

can be rated en improvement, atleast to the extent of

“ecomomies of sgale" are concerned.
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' e dep dopruach baged on egoremetric production function
[y Q}‘pmducﬁqn gset" describes all technically possible
finations of inputs and the resulting outputs. "Production
ﬁbion* relates the combination of inputs to the maximum
Wu‘t that can be produced with that combination. Hence,
“conceptually, it presupposes a technical maximization problem
:;‘wi‘thin itself, More generally, the production function
describes the boundary of the production set (or production
gurface), The production funetion corresponds to a given
atate of technology., It is worthwhile to note the difference
between "tochmology™ and "techniques™. A given state of
technmblogy corresponds to a production function and describes
a production surface in the input-output space. Different
points on this surface are different techniques. Different
techmlogics mean diffcrent production functions, Given a
production function, the technique to be selected depends
upon the economic envirorment of the world in which the
cholce is o be made. It is at this point, engincering
congiderstions and ecoromic considerations interact and the
problem of optimality turns out to be techno-cconouic in
nature. Hence the production function becomes a binding
constraint in the ecomomic analysis of production. The
choice of optinmal input combination to produce a given
output level depends also upon the relative prices of
various imputs. This sort of approach led many economists

' to estimate production functions empirically.
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Principal among such works =re by Minhas for
24 industrics in 19 countries, by Nerlove for U.S.Electricity
industry onl Kurz and Hanne for metel working industry. In
all the =hove studies cither GES (@gnstant Elasticity of
J stitution) vroduection function or genaralized Cobb Douglas
poduction function (which implics el-sticity of substitution
between rny poir of factors is one) wes fitted. Though it
ig beyoni our scope to critically review nl1 these stulies,
it ig of intecrest to mote how those studica remained
deflcient in solving the questions thot have baen addressed
to, owing o the eassuaptions invhlved in thenm. et us look

into Minhog! studyl in prrticular.

Mo aim of hig study includes (1) susgesting
enpirically usable reloti-ns for the analysis of substituticn
between coitel and labour, (2) ascertaining, guantitetively,
the differences in the cost of labour and capital in a
.fairly 1orge number of manufacturing injustries anl tC
derive muiorical estimotes of the elasticity of substituti n
between the two inputs. The merit of his study lics in
obtainin: on independent estimote of the elasticity of
substitution (¢ ) rather than inferring it from the
mathenaticel form of production function. Such an
indircct niothod of estimoting @ (of a constant elasticity
of substitution productinn function) invelves regressing

man years of labour per dollar worth of vslue added on

s s e R M - =

§/B. 5 linns (1963).

—
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e Wwage ratc. This mcthod is based on the equivalence,

with respect to wage rote and the elasticity of substitution
between coplitel and labour. He used inter-country cross

sgetion davn in estim=ating CES productisn function, separatcly

or 24 in'ustrics of 19 countrics. T.I%i.l'»‘le.yors1 study shows
nat estinmctes based on time series dsta widely Aiffer from
those bascd on cross sccetion data; and g priori it is .
impossible o kmow which of thun orproximate ¢ sctual
elagticitics, P.K,Bordhan's studya ¢ 3 she s that by
iregressing the sutput per worker on the wage rate, under
‘certain asswptions, “the regression chefficient will
.'JVeres‘tima'i;e the elagticity of substitution of the ex-ante

' producticvn function,

Minhas' indirccet method of estimoting the elasticity
of substitution is attractive becavse 2 kmowledge of the
capital dota is nmot required at a11l. But as pointed out by
Leif Johanson3 "ona can relate this to the parameters of
the production functicn orly if cne is willing 4o rely on
certain assuny tions concerning behaviour such as cost
minimizotion under competi tiVOl conditions gxr unier other

* gpecificd types of market situations™

-

N N S

L/ T, H.Mayor (1969).
7 P.K,Bardhan (1267, 1969).
£ 3/ L.dohensen (1972).
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I Two of the assumptions usually made for estimating
| the elasticity of substitution are (a) constant returns
‘ to scale and (b) technical progress that occurs is
| neutral in the Hicksian sense (i.c. capital-labour ratio
remains unchanged). However studies by C.5.J.0.0Herlihyt
for Latin dncrican Textiles Industry and G.K.Boonz fioxr

three intusirial and rmonindustrial sectors nf Netherlands

show that necither of the above assumptiosons holds trues

The conventional neoclassical theory, on which gtudies
by Mikhas, Nerlove etc. rest, most often identifies just two
inputs: copital and lebour; and treats them as homogeneous.
Uguelly the —roblem of choice of techniques ecomcs to the
surface whenever following types of situations are to be
tackled: a specific type of czpital is secarce and hence
whatever 1s -~voilable should be utilized optimally,
particular class of the jopulation (gagkilled labour) ncecds
neceasarily to be employed and hence given scme amount of
income divectly so that income distribution of the socicty
can be token care of; particular material like say, cement,
should be used to minimum possible level etec. Then the
usual production funetion at an aggr gnted level is mot

the relevant tool of =nalysis.

i/ C.8.7.0,0Heriiny (1972).
2/ G.K.Boon {(1964),
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Amo ther feature of the traditional production function
is that o continuwus spectrum of techniques is assumed o be
available, Though this assunption is one of convenicnce and
no deep problem is inwolved in treating it as an approximation,
this in gencral is mot true. Besides, another i sadvantage
of the statistical approach inwlved here is that one is not
sure whether the set considered in the analysis of production
al ternatives is completely exhaustive., It might be a simple
reflection of only these techniques which ar in vegue at the
time of dats collection, So conclusions about techndlogical
choice based on ex-post data, would only provide sut-of-dste
information about what was already known. Econometric
attenpts, occcording o R.Turveyl, to ascertain the prescnce
and extent of ecoromicg of scale in electricity gencration,
for ingtance, have been a complete waste of time; angd yet
ecommies of scale are substantial in electricity-generation,
flence this ayproach cannot offer o direct knowledge of
different tcchniques; Such a direct knowledge nceds ex—ante
dath with nccessary back-ground of engineering anglysis and

blue-prints.

Problems of the above nature got quite many applied

"ecommists disaprointed with the traditionsl marginal

- analysis of production functions. Wr ting a1 problems of

aggregation, JAshok Rudra2 suggests that engineering

production functiong using blue-print Aata might yield

Y R, Turvey (ed.) (1971).

%/ ARuirm (196).
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better resul ts. Moreover, valucs of capital and labour

obtained through this arproach, do not tell anything about
the ""choice of techniques" in its true ssnse, but indicate

only the=totels of these two factors calcilated from =

mixture of several technigues. But the problem of choice

of techniqucs should be solved at a more bagic level
concerning not only with inputs and outputs at shagsregated
level, but 2lso with the smount and the guality of energy
resources and other factors of production reqguired to
transfom materials (c.g. horsepower, calorific value cte.)
and other engineering variables (like safe bearing capacity
of the scil, permissible safeload, tolerance limits etc.).
This is why '*the production function® as Dorfman, Samuelson
and Solow say "is a description of the techmological

condi tions of production and the ecorn mist takes n> direct
responsibility for ascertaining it'. In faet, Johmqsen“'3

calls for a critical examinstion and even a refomulation

- of the very notion of production function because "the

crudeness of the concept of production function as it is
being used in most ecorometric research, is accordingly
out of propocrtion with the sophistication of the theorics

and methods by which it is surrsunded®™.

So, I believe that the traditional econometric
approach of setting up a production function eludes and
does not nccessarily suggest a satisfactory solution of

the provlen., Tet us "discard the concept of production

Y R.Iorfinan, P.A,Samuelson, R.Solow, (1958).
R/ L.Johansen (1972).
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function (macro as well as micro) el together and work in +

tems of blug-prints or activities ... .'1 taking relevant
engineering considerations also intc account. Let us take

up the engineering approach,

2.3.3 Bnginegring approach based on ex—ante
technological data

The 1ist of advontages of approaching the problem of
choice of technigues with technical background is long and

it inclules mainly the following (see Walters)zz

The range of applicability of engincering production
functions, derived directly from techmological data, is
clearly known in advance. Hence the responsibility of
agcertaining the optimum technique can be owned. Because
the data uscd are techmological data rather than statistical
observationg the results of techmolog cal progressacan be
eagily incorporated. As the data are based on technological
analysis, the results are not confined to narrow range of
ex-post observations urlike in ecomometric production
functions based on cross section and time series Aata. Due
to the saune reason, procige informetion for constructing
imput-output tables con be synthesised and hence more
accuratc plant cost curves can be drawn. Knowledge of
these input—output tables is very important while allo-~
eating the scarce resources to various sectors of the
economy.,

1/ T, N, Srinivasan (1963).
2/ AoioWalters (1983).
Y W,z2,Hirsch (1952, 1956)..
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dnl ters lists two more Aifferences of enginecring
production function from traditional production functions.
Pirst, as the cngincoring date reflects the most cfficiently
managed process or average expericnce, enterpreneurship
I exists inhercently in these data itself and is not explicitly
pecounted., Secordly, a fim operates both technical and
pon-technicel activitics. Only the former activities =re
. covered in cnginecering production functions and the latter
getivities 1ike se¢lling goods are mot considered. Hence
engineering production function is not a comprehensive
production function of the firm. However, one has to note
that thesc ore only differences between the two approaches

ad ot relotive merits of osne over the other.

Engincering production functicons are relatively more
difficult t¢ establish atleast in view of the following two
problems: First, usually the inputs are often spocified in
terms of cnginecering vorisbles like calorific velue, safe
bearing copocity of the soil etecs 4s the optimum technique
gelection is a techmweccromic decision, there must be a way
to connect these enginecering variasbles to economic variables.
- For example, calo¥ific velue may have to linked with the
‘nature and smount of fuel to be used; safe bearing capacity
‘to number of bricks and smount of cement, sand etc.
 required, Sccond problem ariges due to following reasonsi
a plant is considered to comprise several DProcesscsS.

Naturelly cngineering analysis of proiuctior starts from
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process lcvel on wards, finally to be synthesised into a

;'plant prduction function. Such synthesis is more difficult

[ 1 PR s g m—— s e TR

|

if the processes are all not independent ard additive.

Many engineering studices seen 0 exhibit incressing
returns t scale in general. However, as Walters points
out, proccss and plant functions are net suitsble for testing
hypothesis chout economies of scale of the fim. Cests of
mon-tecanicol activities like administretion, which are not
ineluded in these functions, may offset increasing returns

to a process of the plant or firm.

Despite several merits of this approach, listed

above, it is regretful thet adortion of this approach in

_ gcomomics is still in its incipient stage. Very few studies
| have been maode so far., Chenery's analysis for gas

~ transmission in pipelinesl, Hurz =znd Manne's analysis for

_ capital-labour substitution in metal machining, Vernon

“8pith's onolysis for electrical traneaissic: and heat

trangni gsion etc. -

and a few others are the lone examples
in this arcg of research. 4s it is beyond our scope to
review criticelly =11 these stulies here, let us be content

with locking into the fomer two studies.

Twe possible approaches in the direction of

L getting up "process and production functions from

engineering data", according to Chenery, are "experimental

1/ H,B.Chenery (1949, 1953).
&  V.L.Sith (1961).
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(i,c. 2 cut and try approach) and "anolytical method™
idealized system). Former one is Losed on extropolation
past statistics observed on similar systems., Operating
on 011 plents are used to design a new plant, mot
sarily hecked by a satisfactory theory of the rel=ation
the different elemonts to the yrocess taking plnce. The
fytical method is based on laboratory experimentation.

ﬁe process under considerstion is first reduced to an
syston, this con be obtsined as a way of mathematical
ivation from the basic physical, chemical and engineering
wlac, However, sincc the annlytical results lead to
struction of an exporimental model, o be modified on the
ig of oporating tests, final result often comprises both
g methods,. Chenery obtained two forms of the production
metion, One expresses (gas transmitted) output as a
funetion o fhorsepower and tons of pipe, derived purely from
modynanic considerations. The other one gives output as
function of capital and current inputs. Former one relates
s output to engineering variables, while the latter to
seoncmic voriobles. There could be o possibility of
stitution between horsepower of the compressor and pipe

e dimmeter. But such a possibility could exist only

owly botween capital and current inputs. This is

easy to understand, &maller the pipeline diameter,

ater the capacity of the compressor required; and any

varintions between these two might not significantly
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_the ecoromic veriables. However, Smith® comments on
ry.® work that it does mot make an expliecit analysis of
hergy Amput to the compressor process, which could have

elded substltution possibilities between current imub dlsp.

‘However, this type of spproach cannot be adopted in
wne current project., Construction is a vastly ramified task
?-dé'tails of its each anld every process may have to be lroked

ke
Into to get an optimal solution with respect to any objcetive.

experimental approach may not be possible becausc data Hn
g34:316. systans may not be applicable to new systems, thowvgh the
Eé)ld amd new systems arec similar in nature. For exanrle, data
?‘élatinp % & house built with dricks are mot applicable to

?hnuse bullt with precast concrete blocks, though basically

it ig a 'house' that is being built, 4n anslytical approach

pecomes a hopeless and cumbersome task with enomous eivil
ngineering celculations involved. Besides, this might load
Bo building several alternative types of %pilot' or

Lexperimental' houses, which might be a wastage somctimes.

"The other study by Kurz and Manne® is with regard t»
ngineering; estimates of capital labour substitutisn in
el @ooiraeae Moy eonsi‘erel in this anslysis a

Hdte nuber of enginccring tasks involving four reneral
fributest: seomciricnl shape, size of picce, tolerance

M 1ot size. They have observations on a set of machine

V. L.Saith (1961).
Kurz ané Manne (1963).
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1s regarding their mode of operation of the above
gincering tasks. For cach task they plotted ocutput per
prier verstus investnent per worker; and eliminated thereby
e points corresponting to inefficiens machines. The
griterion followed in doing so is that if in the perfor-
ance of o given task, ®omne machine tool had a higher
vestmen't coat and nmot a higher output than a second
schine tool, the first was said to be inefficient one and
88 deleted from" their annlysis. Thus they censored 1143
timates, supplied by Markovitz and ‘Rowe‘ to retain orly
90 such cstimetes. For these points, aznin Cobb Doudlas
nl CES type of ecommnetric production functions were

sstinated.

The nnerit of their study lies in estinating the
igoefficicnis for separate engineering tasks, so that it is
jeasy fo Hrrmulate a production function for any specified
mduct invelving the former tasks, sinply by picking up the
_Inrremwon?_ina estinates. However, in the Zlite-rature1 orn
preduction functions, the Kurz and Manne criterion for
flinination of inefficicent points nnd 2lso thelr measgsure—
ent of copital have boen criticized. Leif Johansen®

hows that by plotting cepital per unit of output versus
ghour per unit of output instead of output per worker

ersus investment per worker, the efficient points in the

O

E.& Furubstn (1965). Sec also L.B.Lave (1966).
L. Johonsen (1972).
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latter plot may turm out to be inefficient in the former.
However, it is tv be noted that such an alternative way of
: identifying the efiicient points would hardly alter the

over all results obiained by them.

Besides, though the specification of the production
functions in Kurz ard Manne' study involves sole enginecring
veriables (like scometric shape, tolerance, etc. ) other

than the ususl ecorwmic variables (capital, labour as
homogeneous units),; the essential approach in setting up

the function is ngnin based >n statistical technigues. The
analysis took engincering congiderations into account only
"2t a somewhat crude level. Thus it is more of an econometric
' production funcéion snd less of an approach answering Leif
Johansen's call montioned carlier. #ng, as Dorfman etc.1
put it "... the production function short circuits certain
agpects of the problem that the engineer camnot afford to
neglect. The ecormomist cannct afford to neglect them

" gither when he wonts to look inside the firm. MNoreover,

. there is some advantage in talking the engincers! language.
for, amonz other tiings, this is the language in which

D engincering and accounting data are expressed. This is

the point of view token in linear programming”.

R

1/ R.Dorfran et. al. (1958),
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4 Concluding observations

Fron the above, not o>rly the importance of engineering
'-nsi"lera'tions but =2lso the usefulness of linear programming
the choice of technigues problem, is to be noted. 1t 1is
interesting to note that Cheneryl also advocated adoption

f programming approach in solving the problem of alloscation
of rescurces and selection of technigues. We conclude that
n solving the problem of appropriate techmology in buildings
and foads crnstruction, mathematical programming methodology
hould be adopted and engineering consideraticns should be

1sed to identify the ~lternative tec.niques,

g

4, B, Chenery (1961).
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Chapter II1I

REVIEW OF LITER.TURE ON CONSTRUCTION SECTOR

3,1 Litgroture on Building Construction

In this chapter, we will review the existing litera-
ture on appropriate techmology for the construction scctor
in the Indian ecomony. Of the very few studies available on
| this problar, the fHllowing twe are important: "Performance
ipproach o Cost Reduction in Building Construction® - report
of the cxpert committee set up by Goverment of Kercla in

- denuary 197:11, and the report of the working group on

buildine -nd road construction by Appropriate Technical Cell,
Hinistry of Industrial Development, 1971. 4bove two are
relsted to huilding construction, about which we discuss firgst,

Road construction part is discussed later.

W R T T e

3.1.1 "Exert Comnittee Report®

P

The report of the expert committee set up by the
Keraln Goverment is thoroughly practical in its approach
towards the problem. It starts with a basic principle that
any reforn, rethinking, replanning and redesigning in
;’ golving this problem of cholce of techniques must stnrt at
the top and spread through all strata of the society. The
objective was to select techniques which result in saving
on nationsl cost and not necessarily »m private costs.

Mo achieve tlic objective of selecting only those techniques

-

1/ K.S.Parikh et. ala (1974).
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requring 1 large additional investments or rare skills or

mechanisotion they concentrated on "materials which are

_lomﬂly'made or locally available in abundarice or which can
be made by amall scale manufacturing pi-nts spread through-
out the =inte and for which the process of manufacturing is
labour-intensive, capital-saving ard fuel-saving". Thus
scarce maierial resources such ag cement, steel, ctc. can

be conserved.

After a careful thought over climatologicsal
considerations, this report of the expert committee (E.C.R.
henceforth) concluded that Kersla should have huildings
| light in weisht anl cclour, with adequate ventilation

facilities and protecting measures for walls.

Three suggestions made by E.C.R. are worth noting:

(2) Stone work should be preferred to brickwork
as Kerala obhourds in granite and allied hard
stones.,

(b) Secomd rate countrywsods can be used as
structural neaterial with appropriate seascning
ond  treatment,

(¢) Lime should be praferred to cement in building
construction,

The issuecs invclved in the substitution of lime for cement

are both tcchrnolosical and economic.
i

Techmlogically lime can replacéd . cement to g

b certain extent inmortars1 without affecting the safety

== — - &=

B/ Morinr is the pléstice and homogeneous product
obtoined by mixing appropriatcly sand, cement,
lime, surkhi etc. with water in specified
proportions.
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the structure, Infact additional advantages 2re obtained

by the usc of lime in building-morters: (1) Increased
plasticity =nd workability. (2) More flexibility under
gtress. (3) High bordsatrensth., (4) Base of retempering.

) Less crflorescence. (6) Lighter coloursd@ mortar and

1) dutogencus healing. Besides, lime is the oldest binder
and plasticizer, Its earliest use was in 4000 B.C, when it
;-' used in Egypt for plastering the world frRous pyrmmids,
was mode use of in the royal constructions of Mughal
empire in Inlia. Though lime can replace cement in mortar,
plasters and plain concrete, only cement can be used for
reinforced concrete works as lime would combde the steel

einforcenent,

The ecomomic implicetions of lime-cement substitution
geel 1o De meny. Table 3.1 gives a cost comperison of
2quivalent mortars using cement, cement-lime ard lime and
surkhit, I+t can be observed that switching over to lime

r lime and surkhi from cement will sove on fixed investment,
vel consimption =nd electricity too. However, in
mifacturing as well as in sctual use in construction,

ime and cllied mortars are believed to require more

abour than what cement does. Thus substitution of

lize etc. for cement may be even more welcome because

s B

Surkhi is mede by grinling burnt-bricks to powder,
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Table 3.1: Cost Comparison of Equivalent Mortars
Uging Cement, Cement and Lime, and
Lime and Surkhi

o A e

R e 3

176 oement  1:2:9cement 1:1:5lime

sond mo tar lime sand gurkhi sand
‘ mo tor, mo tar
cost*® of cost of cost of cost of produs

producing producing producing cing 1.20 million
one million 1.3Zmillion 0.56 million tomnes of surkhi

tonnes of tonnes of tonnes of (¥*) per year
cement per lime (*) lime (#%¥)
vear per year per year
. Rg, 40-45 Rs. 40 lakhs Rs, 18 lakhs Rs.8.2 crores
nvestment ¢rores with to burn and
(154 ) for- RS.4.1 crorcs
eign exchange to grind
1,50000 1, 40000 65000
tonnes tcnnes tonnes

loal ox 3,30000 or 1,50000 2, 40000
€000 BTu) tonnes tonnes tonnes
e 6 8
g, Blectrie. 80x10 £40x10  Kwh
Kwh for grinding

- PR

Bor a lorge scale modern plant.
for anall scale scctor operation.

S dhen 1:2:9 cementilime:sand mortar (by volume) is used instead
b of 1:6 cement: sand mortar (by volume) 1.33 tonnes of lime is
required 1o replace a tonne of cement.

##)ihen 111:5 lime surkhi sanl by weigh  of (1:2:8 lime:surkhis
" gand) mortar is used instead of 1:6 cement:sand mortar 0.60
" tomnes of lime and 1,20 tonnes of surkhi is required to

. replace one torme of cement.

(1) Tor equivalence ‘O‘f these mortars see I.3.Code 1439.
p Reproduced from: Performance Approach to Cost Redugtion
in Building Construction' - page 16,
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ECR rccommends many small or medium sized lime kilns

becausc "the ecomomies of scale are mot very dominant for
the lime kilns and small scale production of lime coan be
ecommically urderteken., ECR glso recommends that hand
oulded bricks should be preferred to mechanised bricks as
1% provides more employment agdcesst@llesatach: Tabke: - L
9.2 which gives investment cost of production and labour

gquired Tor alternative bricks and substitutes.

ifter en analysis of building meterials, ECR examined
rarious coilstruction techniques. It observed theot 1load
bearing masoncry walls are the most ccomomical and hence
Mthere is 1o case for the use of reinforced concrete framed
tructures for mormal buildings for three or four storeyed
Wildings in Kerala', It also recommends 4;2'" brick walls
fhich "con be made to satisfy all the requirements of

rength, durability, weather resistence and climatic comfort
generally cxpected by people®™. For roof work it suggests

. gfﬂe glab filled with Mangalore tiles as the cheapest and
asiest to adopt. Replacement of cement in a1l plasters

Nl mortars by lime and surkhi mixtur-es is insisted.

ther sugzgestions include brick jaeli walls as winlows,

indows with minimum nced for lintel s, frameless doors

Mi freme is necessary concrete freme is cheaper than

nber onc), rerlacement of concrete base by brickbat base

avings for all except for heavy duty floors. 411 these
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Invegtment Cost of Production and
Labour required for alternative
bricks and substi tutes

erial

18 Investuent for

e e

capacity of ten million bricks e, vear
in lakhs)

B

dand Woulced
i ' B4
achino-
loul -ded
pri 15
andlime 25
$,Cellul or 50

12

21

L N e

Foreign Exchange (Rs. in lakhs)

39

80

80

17o*

P

Gost of Production in Rs.per
1000 bricks

Total No,of Persons

cmployed

300

75

40

P ——

Remarks

Buildings upto
3 storeys

Buildings upto
o storeys

Fucl required
is 1/3 of thot
for clay bricks

Buildings upio
4 storeys.
No fuel

agricilivural land is required for 3 and 4

: rice pcr 2 cu.m.which is equivaient to 1000 bricks.

rece: Rao,:,V,R,, Masonry Blocks for Building Construction
2 Jowrngl of N,B.,O,, Vol,XVI, No.2, Octoter 1971.

voduced from: Performance Approach to Gpst Reduction
in Building Construction,
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geestions ore claimed to be consistent with the prcvigions
f the Nodonsl Building Code., FPercentage range of overall
seving on total cost is estimated for each stage of the
.‘onstruction seperately; and it was found that the overall
Baving can be anywherc from 10.6 4 to 32,05 Y. depending

pon the mix of sugaestions adopted,

The drawback of this report is its partial approach
towards the problem. First it analysed the selection of
building materials an® then the construction techniques,
Again when these techniques are evaluated, each stage of the
‘ eonstruction is picked out and then the corresponiding
techniqucs are analysed, This would be alright if oniy the
stages of the comstruction (foundation, basement, supsr-—
structure, walls, rocofs etec.) are all independent, and
_techniques sclected in any of the stages do not depend upon
‘the ones gclected in any other, But this is mot true in
building construction. d&bleast, some of the stages have
‘such interdcpendence, To resolve these difficulties, an
integrated approach involving a simul taneous evaluation of
the alternative dechnigues in all the stages is needed.

- 4 systoms apnroach based on activity-analysis and o mul ti-
Istage production prograrmming model should have provided

¢ such an intcgrated sznalysis and would be preferable for
evaluating the substitution possibilities ameng several

P building materials.
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Even the partial ayproach adopted by ECR is incomplete.
A thorough cost-analysis of each and every alternative is
missing., This could have heen done, for all the alternatives
in two weyst (a) in tems of the materisls and labour
involved i.c. in physical units; (b) in terms of rupecs i.e..
in monctory units. This analysis was done at an aggregated
level, cxcept in the cage of various roofing systems where
gome disagpregated detnils were shown (page 33y EOCR).

Am ther -sho rtecoming, though ECR cowld have done nothing

S about it, is regarding the institutional factors. 4esthetic
Bense, latcst fashion, doubts about the safety of the tuil’in-
etc. play quite an important rolce in the selection of
construction techniques, langalore tile ronfing is one

place where ECR is conscious of this issue. Suggestion of
different types of houses, also is due to this consideration,
hough 4'5" load bearing walls are structurslly adecquate, load
actors arc given such on exagperated Importance in building
onstruction, that even Indian Standards Institution in their
Building; Byelaws" specify that single storey houses must

pave 9" thick out side walls., However, to prove that all

he suggestions by BECR are technically sound, the report
resents 2ll the required engineering calculations in an

appendix ot the end.of it.

81,3 "Revprt on Building Copptruction"
Next, we pass on to "Regport on Building Constiruction®

{RBC hencefsrth) by Approprigte Technical Cell of Ministry
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of Indﬁstrial Development, It starts with explaining the
gtatus of Duilding construction in India, and various
eonsiderationg thet led to establish several huilding
research centres in India. Then it gave a detailed account
of several research rosults obtained independently by these
research ccnires. Anong these results, the working group
behinl RBC idontified certain aresas for implementing the
fappropriate building techmology™, Scme of them nre taken
up belows

(i) Bricks: RBC expressed the nced for modernising
the mgmui"acture of bricks, It mentioned in this connection
gbout a brick-making machine and high draught brick kiln
process developed by Central Building Research Institute,
Roorkee. [oparently a semimechanised brick plant incorpo-
rating brick-machine and high draught kiln process would

fulfil the requiremants of modern brick making.

(i1) Dime,Surkpi: Improved methods of manufacture of
building limc and surkhi have been argued for. Rectangular
"phattics® in which gencrully lime is burnt, causes waste
of heat rnd =lso produces lime of poor quelity. A4An
improved lime kiln designed and developed by CBRI for
burning lime succesgfully at stipulated temperaturcs

is recomueided.

(iii) High Strcnsth Deformed Barg: Reinforcements

with these bors will save on stecd up to 30%. . Hence
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nerease in their produttion is sought; because at present

hese ore produced only to a limited extent.

Other sugpestions include! (a) procurement, proper
pasoning, treatment and marketing of seconlery species of
milding-timbers and integrated mills providing sawing,
gagoning ond manufacture of finished Jjoinery products, (v)
letermine tion o_f locations for setting up plants f2r new
aterials like 1ight welght aggregates, sand-lime bricks and
llular concrete.

RBC' 5 suggestions regarding construction techniques

Moption of National Building Code by ell municipali-

ies is stressed., This code "contains a synthesis of the

_aignin-' mmd construction of buildings and incorporates over
0 speci fications »f building materials and 120 codes of
actices brought out by the Indian Stardards Institution®.
[t provides the required bye-laws facilitating the use of

ew matericls and construction techniques.

It recommended imrroved methods of bricklaying
P plastering cte, and training the artisans for enhencing

the productivity of Labour, It also rcecommended the

in the building comstruction. It suggests full prefab-

ication in seleoted areas for “large scale and long range
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‘housing prosrammes', Precast R.C.roofing units such as
cored unitvs, channel units, cellular units and waffle units
evolved by CBRI would save steel and cement substantially.

‘Besides thcey facilitate mass scale production to standard sizes.

It argued for adopting partial prefabrication (use of
gtandard joinery and standardised flooring and roofing
components, lintels, staircases, shelves etc.) and avoiding
framed structures upto four stories by using better guality
bricks or other substitutes, walling materials like c.c.

blocks, cellular concrete, sand-lime bricks etc.

RBC identified certain areas for implcementing the
appropriate techmology from the point of view of materials
and - techniques for rural housing. In this respect, RBC like
ECR argues for adopting local materials suck as bamboos,
thateh, mul ctc. However, 25 these constructions are prone
to be damozed by rains etc. such constructions should be
inproved by s0il stabilization. In the cnd it suggests for
setting up working groups on (i) urban housing cors truction
techniques, (ii) industrial building methods, (iii)
implementation of National Building Code, (iv) utilization
.of inlustrial and agricultural wastes and (v) rural housing.
y It recomuended a 100 percent grant-in-aid for the agencies

SPONsC ri g experiment:s:bion/demonstration in building projacts.

The report has certain limitations: First of all,

nowhere in this repoxrt is specified regerding, with resgpect
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0 what objective the technology is supposed to be * - ;
appropricte®. Lot of confusion seems to have prevailed.
The techniques and hence the materials selected do depend
pon whether one is minimising the cost of construction or
maximizing the employment, or reducing the time taken for
onstruction etc. The objective of the study is never

stated clearly.

(ii) Though mot =11,many of the suggestions by RBC

re in agreoment with suggestions by ECR. However they

iffer regording the manufacture of bricks. Unfortunately,

B0 report did not include any economic analysis on mechanised
Tick plants. Hence RBC's recommendation for modernising

bri ck mepufacturing is nmot acceptable in the absence of

uch cal cvl~tions.

(iii) Some of the recommendations by RBC appear to
e based on technical rather than economic considerations.
BC recomacnded the prefabrication (fully or partially)
echmolosy, in building construction in view of its speed
f eompletion and mass scale producti.n of prefabricated
nits. But the economic study of prefabrication has mot
poeen done. In fact it says "the optimum scale of operation
nnber of houges to be constructed employing
Trefabricoted bujlding techniques at economical cost

ould be detemiped, considering whether on site
f.abrica,'i;ion or off-site prefebrication would be

entageous®,  Recommendation of any process well before
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Buch cost celculations seems to be hasty.

(iv) Like ECR, BBC's epproach towards the problem is
380 prrticl. It alsc considered building materials
geparately; =nd then cach area of the construction separately
E evalunting the techniques. It also lacked a thorough
98t-analysis of various techniques. Hence, all the comments
de with rcspect to ECR, calling for an integrated approach
wlving systems - anslysis, apply here also. Broed

fatements 1ike cost-reduction, saving on cement and steel,
ficrease in the productivity may not enlighten as much as

formation with precise quantitative ‘gtails woulA do.

(v) inother shortcoming is that the price-information
, 'ardin{g certain machinery is vague; the relevant year is

ever specified,

(vi) RBC's suggcstions regarding the follow-up action
Inplancnting the appropriate technology should be
lconed~ Peoplein this country scem to be unaware of cheap
'tructian techniques, julging from the present day
L : tices. Hence there is necd for communicating and

fenincting various aspects of construction,

@8iter-ture on Fosd Construction

On rad constructicn the following three' are motable
_s:' Tost of road construction puhlished by Ehe Indian
erete Journal (October 1973) end "appropriate Techmologsy

0ad Congstruction® by Appropriste: Pechnical Cell, Mimistry
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t Indusirial Development (1978), and "Enplcoyment &n R-nd Trons—
prt and Rocd Construction™ by National Council of 4pplied Beonomic
gearch (IC.ER) New Delhi(1974). These are briefly reviewed belows

2.1 "Cost of Road Construction®

—

The article "Cost of Road Construction' by the

dnerete Lssoclaticn of India is purely technicsl in nature.
b considers the two s0il categories with CBR! valucs of 2%
w77, . The details of design and cost for flexible and

: .-gid pavement52 are worked out according to the guidelines
lggested by Indien Roads Congress (IRC) and UK Road MNote 29,
pe entirc onelysis corresponding to the two scil categories
done with respect to two values of commercial vehicles

Jer day: 500 and 1500, The details are presented for all the
different stoges of the road starting from the Preparation
subgrade ond also according to the zone-wise (81ifferent
as of the country were divided into four zoness).- The

Btizates of cost include present values of invesitment and

8 recurring costs such as annual maintenance snd renewal

e .

CBR (California Besring Ratio), a mmber expressed
in tems of percentages, indicates nature of the
soil where the road is built.

Bitminous pavements are flexible whereas concrete
Pavarcnts are rigid.

Zne I includes Punjab, Horyana, Himachal Pradesgh,
Uttar Pradesh, Delhi, Ra jasthan,
Madhya Pradesh, Gujarat, Maharashtra,
4Andhra Pradesh, Karnatska, Tomilnadu,
Keral a.

Zone Il includes A4ssam, Manipur, Nageland.
. Zone IIT includes Uttar Pradesh, Bihar, Orisse,
Zonc IV includes West Bengal, Bihar, Uttar Pradesh,
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_- surfacing at various periods, The cunulative costs upto
years ond at prescribed periods of 15, 20, 30 years over
8 range of interest-rates are presented. The conclusions

0f this anclysis are:

| (i) CBR: 2%, 500 comm. vehicles/day: rigid pavements
Bre cheaper in comparison with IRC guidelines at 20 years

0 zones I1I and IV at 211 rates of interest. In comparison
80 Brad otc 29, costs of rigid pavements are cheaper at

0 years in zone I, at 15 years in zone II and even in

nitial costs in zones III and IV,

(ii) CBR: 27., 1500 comm. vehicles/day: rigid pavements
re cheaper in comparison to IRC guidelines at 20 years in
one III for =11 rates of interest, and at 15 years in zcne
Y. In comrrison to Road Note 29, costs of rigid pavements
[ere cheaper in initiel costs in all four zones for all rates
; interest.

(iii) CBR: %Y., 500 comm. vehtcles/day: rigid
avenents ore cheaper in comparison to IRC guidelines at
} years with 8 and 10 percent interest rates in zonesITI
| 1V, a_nd‘at 30 years in zone TW. for all interest rates.
Lcomparison to Road Note 29 rigid pavements sre cheaper
B 20 and 15 years in zones I and 11 respectively, and
dniticl costs in zones III and IV for all rates of
terest.
(iv) CBR: 7%, 1500 comm. vehicles/day: rigid

vements orc ebomomjcal in ¢omperison to IRC guidelines
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t D and 30 years in zone III, and at 20 years in zone IV
for intercst rate of 87. and 10Y. respectively, and at

80 anl 20 ycars at 8%, interest rate in zones I and II
respectively. In comparison to Road Mbte 29, rigid pave~

ments are chicaper in initial costs in all the zones at all

Interest rates.

Though technicelly sound, the above analysis ignored
ertain important monecomomic factors like level of the total
employment generated, the amount of cement and bitunen cte.
equired in 1oad construction. Secondly, various al ternative
echnigucs hove mot been considered. Entire anclysis is

based upon one technique each for flexible pevements and

igid pavanents.

2.2 "Approvriste Techmology in Road Construction®

Hext, we pnss on to review the "ippropriate

lechmlogy in Road Construction® by Ministry of Industrial
bevelopment. It defincs an aprropriate techmlogy to be

LA technology which is more soynd than theot Prevalent in

be past and which results in better quality of congtruction
ith the requisite degree of durabiltity, structural strength
and ecomony so as to give the users an arpropriate pavement
#ith the required serviceability". Later, it splits the

‘research ¢fforts in the context of road construction in
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(a) salient achicvements in evolving new techniques,
(b) important findings of applied highway resecarch,
(e) utilization of locally available material,
(d) dcvelopment of new tools and appliances and

(¢) patented processes, materials and devices,

The suggested new techniqgues include lime stabilized

80il sub-bascs, composite pavements, bricksandwiched
peoncrete povements, burnt clay puzzolanas, prestressed

nerete pevoments., Scientific use of locallv available
materials 1ike soil, moorum and aggregates like kankar,
tlri‘i;e-;and shale etc, either in their natural state or in
mbinati:an with other stabilizing materials is sugzested.
‘Rest of the report contains information about training

geili ties for engincers, dissemination of the knowledge and

implementation of 211 the suggestions,

This report is purely descriyptive in regard to the
arious techniques suggested and no cost-analysis at 21l is

resented. IHence no commentsin particular are made.

3.2.3 "Employmept in Road Trengport am Rosd Construction

: Two of the chapters df this study by NCAER relate to
:ad-—constructio-n in India. This study is aimed at estimating
puie employment levqgl that can be generated in constructing
ifferent types of ronds for a given t tal outlay of expenditure

on rord-onnstructipn., The methodology adopted is as followss
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"To stert with, we have the total cost of a road

roject., This can be furiher broken up into several components

cost, but our mzin concern is with the wage and nonwage
omponents., This labour cost (which is the same as total

jage bill for the project) is the monetary value of the lzbour
put in the pioject, Given the wage rate, labour input in
hysical terms can be worked out as the finel step in our
omputation®,

Different roads have been class.fied into: nationsal
pighways (pleing), state highways (plain and hills), district
0ais (plains and hills) and village rosds. Due to region:1
_ariat_ions, no standard cost of construction of any particular
'Ype of road could be worked out as a representative for the
ntire country. A range of costs rather than one cost for o
given type of road is arrived at. All costs (at 1972 prices)
re expressed for one kilometre of road. Cost estimates do
0t include 10l cost and relate only to the cost of construc-

fion. Table 3.3 below gives the information on these costs:

Of the total cost of construction of any type of road
only 8% 1is. agsumed to be due to labour-input. Aassuning that
workmen is about 1:36 to 18392 for csrthwork, 1:7 for black
pping and 1:4 for cross drainage worss, the total wage bill
g gplit into that for the skilled and vnskilled categories.
. the mandays of labour required for one kilometre of rozad

are worked out ~msuming that Rg. 5 ond 15 are the wage rates
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Table 3,3
Cost of construction (Range) of one kilémetre of

Road for di fferent phases of work by Type of Road
(Rs.'000)

——— A T g8 i

Phage of work _

! Earthwork Black top- Cross drai- To tal
Type of Road pinglas- nage work

phel ting}

from o from +to from to from to

2Bl ANI36) L1 05T ds md2 5 24 272 295
76 83 61 67 28 30 165 180
[ "S5 84 63 70 37 41 175 195
:IMns) 6 75 54 59 29 31 151 164
; 63 73 S, G- BENL 38 158 170

35 45 - - - - 35 45

A

day for unskilled and gkilled workers respectively. Table 3.4
dves this information for nétional nighways (plains) and state
ighways (plains),.(Details correspomding to other types of roads
@ be had from NC,ER (1974)),

Finally this work concludes that "he employment content
ill be of the order of 5000 to 5200 man years per one crore

fpees of invesiment (or outlay) for construction of roads except
lage roads. Tor village roads this estimate is supposed to

1 7200 man yecars.

The 1limitations of this report include:

(i) Substitution possibilities between labouy, other

erial and ceopltal inputs sre not analysed. Thé cost estimates

ppear to corrcspond to orily one technique of construction for
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. Table 3.4
Skillecd and Unskilled Mandays Required (rsnge) for
congtruction of one kilometre of Rozd for Different
Phesos of Work by Type of Road

Y N TR

Ph;ée,s c_)f work

Earthwork Rlack Cross Total -
topping drainage
oer category from to from 1o from to from to
e ional Highways
200 220 434 473 280 293 914 aFe
21800 $H740 9100 9980 3360 3520 34260 87240
22000 B OO 9534 P4H3 3640 3813 35174 38226
ate Hi hways
113 127 250 267 187 200 550 594
13260 ¥E20 5250 5600 2240 2400 20750 22620
23373 U747 5H5HBOO H5BET 2427 2600 21300 23214

- L

ifferent typcs of roads mentioned in table 3.3. Hencc the final
ggtimates given by this report, of the employment content that can
be generated for a given experditure outlay of road-construction

ot be asserted to be the maximum possible level,

" (ii) Precise estimation of the total cost of road

:rfi,a struction is absent. To start with itself, one has the total
et of a ro~d project, the wage content of which is worked back
based on some assumptions., Estimates of the employment content
ght be sensitive to such nssumptions (espeecizlly wage rates)

4
]

#d hence they care more =arbitrary than precise.
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Chapter IV

THY ANALYTI CAL PROGRAMMI NG MO DEL

4,1 Introduction

A produection set describves all technologically
possible combinations of inputs and outputs. A production
function rclates the combination of inputs to the maximum
output that can be produced with that combination. Hence,
gonceptualiy it presupposes a technical maximization problen
within itself. I+ - mecans that the corresponding isoquant
describes ornly technologically efficient al ternative
combinations of inputs to produce a given output. "Optimaity™
comes into the picture after "efficiency". The choice of
| the optimal input combination to produce a ziven output

level depends upon the relative prices of the various inputse

het implieg, fPacidg Su¥ the production

- function ox the correspording isoquant is to weed out all
| the inefficient input combinations and o identify orly
the techrologically efficient ones. In an optimizing
programming model based on activity analysis the optimal

-' pdint with respect to a given objective is also an efficlent
Lome and the cfficiency fromteir can be identified from the
:_'produc’cion set by finding the optimal input-combinations
for all the possible variations of their relative prices.
: But this would be a cumbeysome task, if the exercise
involves sceveral inputs. In fact, in our model, there are

sixteen primary inputs and six claases of lrobours .
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' _However, in many cases We are not intercsted in varying the
‘prices of all these factors except a few of them., In other
'ﬁords, we are not concerned with the entire production
functi on but orly a part of it. Thus 1t becomes a manage-
able task to trace out the relevant part of the production
function by observing the optimal points dircectly from the
production sct itself, through a programming modcl, It
ghould be moted that using this programming model we are

| capable o answering o)1 the questions that the traditional
‘producticon function onalysis does and more. Though the
comple te (engineering) production function is mot ‘traced,
one can always get a new golution of the model when

corditions change.

4..2 Outline, of the Model for Building snd Road Construction

Nakednand” . LT B

A model based on linear prograuming is presented
below for tracing out the relevant part of the enginecring
producticon function and identifying the appropriate technology
building construction (single storey houses) amd road-
gonstruction. An aspproprizte tecllmlogy consists of the
opt:i.mal levels of various alternative activities availabdle
-for consiruction of a building or a wwad with respect to
‘gpecificd objectives and cconomic eongtraints which are

'ﬁppmpriate for the country,

There are two types pf 2ctivitles (or choice

‘varizbles) in the model: optivitics related to primery
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resources rcquired in preducing the imtermediate inputs
required in building construction and road construction and
the activities rclated to seversl technical (or production)
glternatives. Primary resources include capital, fuel

(coal and clectricity), limestone, gypsum etc. which are
requircd in the production of cement, bricks, lime steel
gtc. As cxplained in Chapter I, output selection in this
exercise (one house or a kilometre of national highway) is
ased on its functional utility rather than on its technical
specifications. Generally variations in input levels from
echnique to technique are considered omnly with respect to
capital and labour but not with respect to intermediate
inmputs, in producing = technically specified ocutput. In
this case the levels of the material inputs other than
apital ond labour remain same for all the techniques and
tnce can be ignored. But in producing an output selected
n the basis of its functional utility, the intermediate
imuts 2150 vary {as in the case of trick-house and stone-
_ouse) from technigue to technigue and hence the material
mputs o ther than capital and labouy cannot be ignored.

hese must be accounted in full detail for exploi ting the
Ubstitution possibilities Yetween them. The resource
attivitics mentioned above e¢orrespornd to all these primary

resource inputs.
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The levels of the resource amd production activities

e to be determined such that the overall cogt of operating
el is the minimum possible, satisfying the following
fonstraints:

(a) feasibility of the programme is assured by
conforming o the technical specifications,

(b) needed output is produced at each stage of the
production,

(¢) resource requirements are met with,
(d) dcsired lsvels of total, direct and indirect

employments ac¢ording toc jifferent wage group
are generated, ahd

() m sactivity is operated at a negative level.

3 Defind tiong and Notations Used for Variables

The following table explains the definitions ard
tations of different coefficients variables and parameters
g pearing in the analytical models for building construction

and road oonstruction,

tation = Definition Variables/peremeters

[P

Vector of primary resources Variables
indd ceting the resource

requirements

Jector o fproduction activi-  Variables.

ties indicating the technica}l
al ternative of production

Intermediate input require- Parameters
ment Natrix {(ay s=requirement
of ith input + “produce unit

output of jth sctivity)

Primary resounce Matrix con- Parameters
verting intewmediate 1nputs

into primary xesource <

requirement aof pth pr: mag}

fcctor to prodice um‘t output

gsidn, OCR:websdhtimizs L“-'
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To tal labour requirement )
vector (1, ,=totcl labour recuired
by jth activity for its unit operation

Dizcet labour requirement Matrix (d ., Parameters
=lohour corresponding to gth income%d

Cleas, directly employed by jth

caCW.vity for its unit operation).

Parameters

Labow: ilctrix spccifying the lcbour Parameters
requizoiionts f5r unit production of
each o2& the intermcdiate inputs (s { =q?
L _ k ql
wage Aroup lcobour required to pro-
duce unit output of ith intermediate
inpnt),

Indirect labour requirement
Motrix (naizrequiranent of
lzbour corrssponding to gdh
wage sioup indircetly
cmployed by jth activity for
its vait operations),

Parameters

Output coefficients Matrix > A
qij=output coefficient of i derived by

ith activity in jth stage). e,

Matrix whose elements are Paraneters
derived from engineering

end technical considerations

W ensure a proper and feagi-

ble combination of technical

al ternatives,

Vector of cost coefficients Parameters
(in the objective funchion)
correspomling o +t. and x.
in T and X respectively L J

Identity matrix of approrpiate -
size

Desired total (direct + : - Pargsmeters
indiryect) employment

Vector specifying desired - " Paramcters
levels of employment of
various earning classeg
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Vector specifying the Porameters derived
necegsary output at each by engineering
stage of the construction calcwWlations

building or a road.

- o h A e e

$4,4 Assurptions and their Reallsm

I Assumptiong: The following assumptions are made 1in
friting out the model:

| (1) Levels of the activities are perfectly divisible.

(2) Total cost of the programme is the sum of the
costs cf the individual activities employed
at different stages of the production i.c.

c(x X, xg,__,,xn) =2 ¢ i X

(3) Entire system of the comstraints as well as the
objective function is linear.

(4) Mo direct fixed capital is employed by any
activity in building construction.

Realign of the Assumptions: First three assumptions

re required for applying lincar programming, All the above
gompticns are fairly rcalistic in the context of bullding

.I--- road construction in India. As an exsmple, 1:2:4 cement
gnorete work can be done in any fraction required, like 1 cuun
2 cum ~r 20/3 cu.n or 80/6 cu.i1 ete., Similarly if 1 cu.n.
such whrk costs sav Rs., X/= it is true in

gonstruction that Q cu.m. of the same work costs Rs. QX/-.

Mo totcl cost of the construction is equal to the sum

-::, tts congtituent sctivities 1ike foundstion, walls,

. of etc.
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Fourth assumption is also reasonablc in the sector

0f building construction in the Indian gconomy. This sector
:srnt yet1nechanised,‘eVen to a minor level, The result is
that the ~rly direct capital is a few trowels, hammers,
fbuckets ctc, which contribute little 4o the cost o
Gnstruction and hence can be igmored. So the assumption
hat direct copital involved in the operation of any

;cﬁvity in the building construction is nil, ig alose to
gality, owever, this is not true in road construction

Or which such an assumntion is not made.

20 Model fox Buildine Construction

4.5.1 Regource Congtrasintst The process of building

Bstruction is split into M stages, s follows (sce
lates 1 & 3):

Stage 1 : Construction or laying the foundation bed
for load bearing walls

Stage 2 ¢ Construction or laying the foundation bog
for partition walls

(93]
-
&)
]
&)
)]
1]

Construction of foundation for toad
bearing walls

Construction of foundation for partition
wallg

Construction of load bearing walls
Congtruction of partition walls
Congtruction of roof

[ V7]
el
&
0
(@]
N

5
6

Stage 7
8 Congtrmuction of fleoring on the ground
9

Stoge i External plastering

Stage 10: Internel plastering.
;éstages are numbgred such that the higher numbered stage

ually follows the correspording lower number stage,
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In each of the above N stages (M = 10), alternative
techniques are available. Let I.IS e the number of such

alternative techniques available in sth stage; arnd

s=1=10
= Tl
4= g2y s

Let us designate 21l the levels of the glternative
activities (or techniques) from all the above ten stages
taken tozether as follows:

— - 1
(X-l,XQ,Xg’lo.l’ijo-chn) - Xan

He hove an input-matrix called A (of order mxn),

hose elenents "w; -"s give the following information:

ij
ey requirement of ith input* to produce unit
= output of jth activity (i=1,...,m and j=l,...,n)

Let
AX = R (1)

where the vector R (of order mxl) gives the required total
aiounts of o211 the "m" (intermediate) imputs, to run the

production gctivities at a level of X,

But these 'm' inputs in turn ' re to he produced
first, before they sre availsble for buildimg:construction,
Such a production essentially requires capital and labour
aid other primary meaterisal inputs such as fuels, ores cte.
Let these except labour be known as "primary factors'or
primary rosources". Vo have accounted far such indirect

labour seporately later., We have a matrix B(of order kxm),

*# These ove intermediate inmputs in the sense, Tirst Aoy
have to be produced before being available for construction,
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whose elcments 'bpi s give the following information:

ez requirement of pth primary factor to produce
P unit output of ith intermediate input

(p = 1,-.0,1( al’ﬁ j— e 1,--.,m)
Mow BR should give the required total amounts of
gll the kK primary factors (capital, fuel ete.) for producing
the intemediate inputs R, Let these amounts be represcnted
by & vectwor T (of order kxi), and these must be provided by

the ecoromy. Then we can write the following:

ow given (1) and (2) , i.e.

AL = R and

BR = T
e wri te
AR = T
:r BAX = T' = C
or 1T - BaX= 0 (3)

.here I is on identity matrix of the order kxk.

The elements in T and X vectors are the variables
in sur molcl, which appear in the objective function
explained 1oter.  Hquotion (3). igs the first set of

eonstraints in the model,

b 2.5.2 Fnplongnt Gonstreints

4.5.2.1 Direct Lzbour: It is to be emphasised
that lebour force ia not included in both 4 end B matrices

“above, ‘he present model will take several types of labour
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killed workers, semi--gkilléd workers, unskilled workers
. depending upon their esrnings) into account. We have

enploypnent metrix D whose elements "dqj"s give the

llowing informations

d . = requirement of dircctly employed labour
4 corresponding to qth earning classg, in
unit operation of Jth activity.
(Ci = LlyeseaW. s J = 1,...-1’1).

DX should give the trtal requirement of directly
eaployed labour corresponding to all the w earning
cl asses separately to operate the production
activities at a level of X.

5, 2.2 Indirect Labour: For producing the 'm

puts thot correspornd to 'A' matrix, the labour required

ot telten intc account in 'B! matrix. This becomes

irect—le__bour for congtruction. We have a matrix S

P order vum) whose clements "sqi s give the following

Prmations

Sqi == requiremem_: of gth earning'-r class 1g_zbour'to

roduce unit amount of ith 'ntermediate input
Q= lyseegWy 1 = 1y.0.,ym)

W SA gives the required amount of labour of all the w

arning classes separately for unit operation of each

etivity, ©S4 is of the order (wxm). Tet

Sh =N (4)
en NX chowld give the total requirement of indirectly

gployed lobour correspording t 2llthe w earning classes
'parately to operate the production activities at a level

e,
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4.5,2.3 Direct and Indirect Laboug;

(D+) X should give the total requirement of direct
end indirecct employment corresponding to ali
the w earning classes separately for operating
the production activities at a level of X,

We specify a minimum level of employment for
each ecarning. class, that this construction
programme should sbsorb. These lcevels are
prescribed by a ¥ector E. Tk n

(+i)X > E (5)

s becomes the set of econstraints on the
gmployment levels for each earning class.

4,5,3 Total enployment constraintsg: 1t must be

brious that the total employment (aggregated, mot earning.
lass wise) generated by any activity j per its unit
peration iz the following:

Iotal employment & direct employment + indirect employment
5. o . &

- gy * g al (e)

Qj Nad nqj are the elements of D arnd N matriccs
respectively. Let i

Lﬂ[}_l, 12,01., lj LEE R | 11,1

Then LX > By (7)
geomes the fourth get of constraints (in fret this is a

gingle constraint) in this model, where Et is the stipula-~
fed miniinum amcount of total employment to be generated by

Mhis prograame, '
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4,5,4 Output constraints: #With the availsable

| production ol ternatives, we are to build a specified house.
This implics a certain amount of tasl at each and every
stage of its construction. These task levels can be
incorporated into a vector called Y.

Y = (Yl,Yg‘,...,Yk) where Yk = output required in

kth stage of cong=
truction.

We require a matrix Q of output coefficients to he
- Written: corresponding to the production al ternatives., The
elements e of § have the following meaning:

Ay = output coefficient of jth activity in kth stage.

Then ol |
D= (8)

becomes the fifth set of constraints in thés model.

4.5.5 Internal or Technicsl constraints: The nature

* 0f building construction is such that, one cannot build

. a house by picking up at random any o> tecaniques or

ff_ activity at o time from each stage. Some of the activities
| in one stnge may not be able to be coupled with some of the
cactivities In another stage. In a multistage production

'_ Programme somce of the stages might be independent in the
genzé, seclection and levels of the techniques in these
stages have nothing to do with the selection and levels

of the techniques in o ther gtages; but some of the stages
might be such that the selection and levels of the

techniques in these guageg cannot be done independently.
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.n the latier case, one has to account for the interdepen—
dences and intermal balances in production, In order to
take care of such internsl constraints that are dicteled .
by toc tochnical rel ations, a matrix P is written.

' Oorrespording engineering calculations involved in working
the ollowable activity-combinations,, determine the values
‘of the elencnts ij“S of P. PFormally these constraints

| can be written as

PX > 0 {(2)

Some explanation is necessary here to understand
~ how 'pij"s are derived ard what they stand for, Suppose
L and X‘j are two activities belonging to two different

stages 1. and j respectively. Say stagei. correspords to
foundation ond stage j o superstructure wall. 1f & wall
built by using technigue Xj can be constructed only on a
. foundation b-uilt by using technigue %4, a constraint to

this effect shouwld be introduced into the -model. Nig

constraint con be worked out as follows:

Let

1l

] superstructure wall work in cubic metres,
built by using technique Xj;j

foundation work in cubic metres, buit by
using technigue X .

1

and X

As the dimensicnsl details of both wall amd
| foundation are known (by means of engineering Aotatls

i given in Jppendix 4), we can ealculat the tengtly for


http://www.cvisiontech.com

- 101 -

which xJ arnd X; are built, by mul tiplving thoir levels
With proper constant®

Let us say K, x; = Length for which the foundation
= is built by u ing technique K_L

Jd bulft by tevcvlhﬂlqu i e

If technique Xj can go orly with X this impiies

that Ki}fi should at least be as long as Kij. (i.e.)
k’( - K >
J 3 = .
i ) If_.l
Kl Xj __23 O (i&)

The coefficients of x. and er (1 and g:-l respectively)
- : 4

become the elements ’piij'sof Es

The constraints of this type in building construc—
tion explein also the necessity of an integ ated systems
approach, as we have adopted here, in solving this problem,

* Bor instance, if the problem is solved in a partial

- approach, anclysing different stages of the construction
separately, it is possible to fird that Xj is the optimal
technique: omong the alternatives in stage j ard x4 . but
0t x; 1s the optimal one among the alternatives in stage i.
Then constraint (4) is mot satisfied. Hence, it is
Jecessary o analyse both the stagesi and j simul taneously
In building construction such interdependences exist from
| Poundation bed onwards ypto the material used in

"'——'—-—-t--u_s
* Tor ingi-nce i1f the wall is 97 wide =nd 12' high, then

X cublc feet of wal)l work amounts to i, /((3/4) Xipr)_, + /9

feet long wall, leme K;; = 1/9%
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E‘isuperstructure walls and sometimes even uptoc whether or not

¥

plestering is required at all.

4.5.€ Nommegativity constraints: These constreints

restrict the choice variables from assuming negstive values.
These are the following:

A

(10)
e

4.5,7 Objective function: Our objective is to

gelect the levels of different tuch}ucn:l ~ltirnotives,

80 thot the cost is the least possible. Here, the cost is
evaluated in terms of money consisting of cost of the k
primary foctors described in the T vector and 211 the‘
remaining costs involved in the oper- *ion ¢ * the tech= -

dleal alternatives X.p J = l1,6.4411 0 the X wvector.
;ﬂ. 3 b

The objective coefficients (Cj) of the productive

: ctivities (Xj) include transport costs invelved through
fatemedinte inputs , the direct and indirect 1sbour
wsts and cny other miscellaneous costs. The objective
is thus to

T g =
winimize C _X] = igl Citi % et +1Ci XJ'..

Ejhere C is the order 1x{k+n)

T is the order kx1 as (‘tl,...,t}g = T' that

appeared in (3)
X ig the order nxl as (‘i-l,...,Xn) = X' as defined

Prle vlously
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0llowing:

(1)

T
Objective Function Minimige ¢ [ 7

- 103 -

4.5.8 Summary of Model »nd its Solution:

In & nutshell, the model is as written below:

x]
Subject to:

Congirsints:
(1) Resource brlence equations IT-BAX =0
(i1) Employment Constraints —
correspording to income~ (+N)X > E
classes ' il
(ii1) Totel Employment Constraints LX > E,
ﬁiv) ‘Output Constraints QX e 7
(v) Internal or Technical PX U
Constrrints B
(vi) Nonnegativity Constraints T, X 2R,

le solution vwarked out from the nobove model will give the

the optimnl smounts of "t."s i.e. capital,
fuel nnad meoterial resources that make the
construction progremme the least cost one
ot a given price structures

a8 a part of the solutinn, the optimsl levels

of various "X''s i.e. the production techniques
nvallable as #lternstives in building comstruction
and 21 50

the levels of employment of labour force
¢orresponding to different income-groups

4.5.9 Comments op the sbove Mordel: (a) capiltal

il the modcl appears only through the B-matrix., This is

the one required in the production of intermediate irputs
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ike cencnt, bricks, stel ctc. This is because of the
E_assumption that no direct capitel is inwlved in the
fconstruction activities.

? (b) Usually, labour is treated =s homogeneous.
éThis corresponis to our total-employment constraint., But
;td assess the impact on income distribution in the soclety,
the structurc of the employment is to be observed. In this
:model, g x different income—group's are ldentified and separate
:Iconstreints are maintoined for each o them. Including the
onstraint on total cmployment, there are in all seven
iconstraints on employment. Given such constraints ~t a

i,disaggrega'tod level, the following type of problem can be

Eanalysed.

E Increagsing totol employment may sometimes mean
inereasing cmployment of skilled iabour force belonging to
Bigher income strata of the socicty. Undesirable effects
pn the income distribution aspects of the society are
gbvious in this case. In such situations a minimum level
of unskillcd labour-employment olso can be insisted, by
placing separate constraints for different incomegroups.
E'. (c) The model converts every intermecdiate imput
into primery rescurces regquired on its own production.
w explonctions for such conversion vre the following:
(i) The flexibility involved in defining the
:outpu't beged on its functiomal utility, raised the necessity

of such o oc-nversion (ses page .485). The variation in the
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stermediate inputs from techniguern 19 technique in producing

sutput defined such a way, causes varistion in - hgd

imery motericl resdurces, ~nther than capital and labour.
) explore the substitution pogsibilities between these

aterial recsources also, they had to be accounted fox

) detoi.
(ii) Though this model is confined only to the

snstruction scctor, a lin kage to the other sectors of the

eomwny is provided through the nctivities of production of

stermediatc inputs. As mentioned 1 Chept r I earlier this

5 2 step towards gencral equilibrirun analysis from partial

gquilibirun anslysis within the scope of our study.

4,6 Model for Road Constructiont The only

e fferences botween the models for building construction ard

Ped construction are the following:

(o) The stages involved in road construction are
different from these in the building construction

exploined under 4.5.1.
(v) Direct capitol invelved in the operaiion of the

netivities in road-construction, urlike in
building construction, cammot be neglected,

The modifications brought into the model for road

onstruction nre discussed: below:

(&) Stages of the Road construction: Following
are the diffcrent stages involved in 1iffer .nt ways of

od construction:
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a®

Earth excavation

a®

Prepor-tion of subgrade

b

Sling work

>

Subhase work

Weoaring surface

Premix Carpet

ar

Seoling coat

n
(%
(5]
ol
[o]
w -3 o 83 W w fak] -

Wearing _coat.

..

Thene stages are derived from the work involved in
mstructing different types of roads for serving a given
ffic density., This means that different types of roads

ght require di fferent stages. Hence for building any
irticulor type of road, not all the above stages are

eessary. Ior exemple, to build a concrete roed stages 3,5,6

i 7 are not necessary.

4ll the above elght stages imply five different

es of rods. For ench type of rord seve.al alternstive
hniques ore accounted, These activities ferm the X vector
P 02d construction,

(b) Direct capital in road construction: Bach

iﬁt‘j (.Kj') in the Z~vector requires some amsunt of direct
pitel. (hcse details are given in the data provided ot

gend. The cost fixed ecpital is accounted by working cut

pecsonic rental rates fur such capital equipment based

the given interest rate.
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d,.. s+ = Rentol on fixed direct capital required for

€8P+ J  ynit operation of X 3

W consider B matrix. we Encw that

b . = requirement of pth prir ry factor to produce
i unit output of ith intermediate input
(pzlgpoo,k a.nd i = 1,....1!1)

IRii~rly from A& matrix we know that

<ol requirement of ith input to produce unit
outﬁut of jth activity (i.e. unit operation
)7 j)

3
r

hen I (bpi)(aij) = requirement of pth primary factor to
! 3 Produce necegssary inputs required for unit
- operation of Xj

3
et p rofer torentol on capital. Then

b (b_pi)(ai .) = Rental on the -capital required t°

g J rroducé necessary inputssrequired f r
unit operation of X, i.e. total
indirect capitel reGuirgd for unit
creration of Kj.

(a J+Z(b_: )} (a: ) = Rental on total direct and indirect
£ap. J° ;P e fixed capit . requ red for unit
operation ot Xj .
en the total rental €. on direct and irdirect fixed

P
pital required fo run the production activities at + level

Lis given by

- 2 v P
B ?[dcap.j + 520 )pi}('gij)‘] 5T =i

As far as comments on the esbo g model on road -
struction are concerncd, all those cxeent74.5.9(a)

gseribed urder buiiding construction hiyld true here also.
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Chapter V

STATISTICAL BASIS FOR THE MODEL

ol Introduction

The previous chapter described in detail the analyticel
gtructure of the 1linear programming model formulated for
Mentifyin: the appropriate techmology for building and read
natruction, This chapter is devoted to an evaluation of the
ptrical basis for all the data and figures required for the
medel, Ibllowing pages explain in detail how data were

bollected from various sources and hov they .ere processed.

2 Data for 4 mgtrix

Hlast of the data used in this project have been
$ollected Trom the documents called "dnalysis of Rates for
lelhi" Vols. I to IV published by the Central Public Works
bepartment (CPWD), Ministry of Works and Housing, New Delhi,
fhese docunents give data mainly about materials and mandays
quired ; »r unit operation of various techniques. Thesge
hnique s have been classified into different sections like
Irthw'ork, brickwork, stonework, concretework, reinforced
ment concrete work, flooring, roofing, plastering,

- _'shing ond road work ete. The material data correspon-

» to these technigues form the intermediate inputs

pement, bricks, lime, steel etc.) described in 'A' matrix.

se data conform to engineering specifications like water-
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;'n ratio, proportions by volume or weight, bulkage factor
€y and zrithmatic calctlations like number of standard

jize bricks or stones or blocks per cubic metre. For example,
e anount of cement needed for a cubic metre of 1:2:4 cement
pucrete 1s a constant which does not change with respect to
flg agent whio supplied the value of this constant. Hence

By differences in thes@ata from one srurce ‘o another are
irginai ond no special importance needs to be given for the
ethod of collection of the data. These data are gvailable
0th in physical and monetsry units in these documents.

petary units are baszed on 1972 prices. It is not explained
T_ywhere in these volumes, how the price data hsave been
dllected. However, only the data in physical units have

el used in the A-matrix of the model.

The roweof the A& matrix correspond to the f21loving inter-

681%, 10puts:  cegRent,bricks, coarse sandy,fingsand, spone aggregate,
eel, sardstone,diesel, and bitumen. The columns corres—
e construction (building or road). This set is the

bice set of alternatives from which proper techniques

amount of ith intermediate input

required per unit operation of ith
activity.

3
fad
1t
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1sts,Option 1ist a and Cption list b, consisting o7 all
fiese al texrmeztives in the construction of a building and
doed scpatately are provided below. 'A' matriceg for
uilding =nd road construction are presented at the end

of this wolume.

Option List-a

'"Option = list-a' consists of the productive activitics
i.e. tecinical alternatives availeble at various stages of
¢ construction of a building:

: Foundation bed for Losad bearing Walls:

14:8 Cement concrete foundstion bed : 148 FBL
1:3:6 Ceoment concrete fourndation bed : 136 FBL
132:4 Cencnt concrete fourdation bed : 124 FBL

: foundation bed for Partition #alls

-

114:8 Cement concrete fourdation bed : 148 FBP
36 Ceoment concrete fourdation bad : 136 FRP
12214 Cement concretec foundation bed : 124 FBP

: Swper Structure in Load bearing and Partition Walls:

[ M

Cemertt mortar brick wall 18 CBl#%, 13 CELP*
12 CBLW , 12 CELP
14 CBLY , 14 CBLF
116 Comont mortar brick wall 16 CBL% , 16 CBLP
[11:6 Cemont Lime mortar brick wall : 116 BLW, 116 BLP
£2:9 Cement lLime mortar brick wall ¢ 129 BLW, 129 ELP
#1:8 Ceoment Lime mortar brick wall ¢ 118 BLW, 118 ELE
£1:8 Cement Lime mortar brick wall : 113 BLW, 113 BLP
@11 Lime Surkhi gand mortar brick wall: 111 BLW, 111 BLF
B2  Lime Surkhi mortar brick wall : 12 LBLW, 12 LBLF

Coment mortar brick wall

3
2
4

Cement mortar brick wall

e sl

L% derotes Load bearing walls, LP deno tes Partition walls,
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Cementt mortar coursell stone masonry : 14 CCLW

[o - T <%

Cement mortar coursed .stone masonry : 16 CCL%

11:1 Lime Surkhi sand opursed stone masonry ¢ 111 CL
:1:8 Ceument Lime mortar coursed stone masonry ¢ 118 CLW
4 Cement mortar mandom Stone masonry : 14 CRLW%
1: 6 Cenent mortar random stone masonry : 16 CRLW
111:1 Lime Surkhi sand random”™ stone masonry : 117 RLW
11:8 Cetlent Lime mortar random stone masonry - 118RLW

Precast block wall + PCHBLW, PCHBLT

faze: Found: tion work under super structure

i3 Cetient mortar brick foundatien : 13 CBEL® 13C3FP+*
2 Cement mortar brick foundation : 12 CBFL ,12CBTP
4 Cement mortar brick foundation : 14 CBFL ,14CBFP
H Ceilent mortar brick fourdation : 16 CBFL, 16CBIP
i111:6 Cement Lime movtar brick foundation : 116 BFL, 116B¥F
11239 Cencrnt Lime morbar briek fourdation : 129 BFL, 129BTP
1:8 Cement Lime mordsar brick foundation : 118 BFL, 118B¥P
123 Cement Lime mortar brick foundation geallis) BELY. BN EBEE
i1:1 Lime Surkhi sand mortar brick foundation: 111 BFL, 111BF¥P
2 Lime Surkhi mortar brick fourdation : 12 LBFL, 12LBFP
14 Cement mortar coursed stond
foundation : 14 CCFL
60 Cement mortar coursed stone
' founrl stion : 16 CCFL
1:1 Lime Surkhi sand mortar coursed stong
- fourdation : 111 CFL

11:8 Cement Lime sand mortar coursed stone
forndation : 118 CFL

¢ Cement mortar rardom stone

found ation t 14 CRFL
6  Cement mortar random . stone
- foundation ¢ 16 CRFL
ii1:1 Lime Surkhi sand mortar rarndom stone
fourdation : 111 RTL

A

iicates foundation for LOad bearing wall s,
P that for pertition wallg.
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1:8 Cement 1ime sand mortar random stone.

foundation : 118 RFEL
Precast block fourdation : PCHIBTEL,
PCHBFT

: Roof Vork

P,

1014 QOemenih concrete roof of balanced design : 124 BRE
:1%:5 Cement concrete roof of balanced design g Il erBS
1:1:2 Cement concrete roof of balanced design s e ERE

2.4 Cement concrete roof of over reinforced design: 124 QRF

:2:4 Cement concrete roof of umder reinforced design: 124 URF

Reinforced brick roof ¢ RBROOF
1:3:6 Coment concrete roof of balanced design : 136 BRT
¢ Hlooring work
40 mnm thick 1:2:4 cement concrete flooring : 124 FLG
Brick flooring in 1:4 cement martar : 14 BFLG
Brick flooring in 1:6 cement mortar : 16 BFLG
Rough e hiselled sandstone flooring in
1:5 cement mortar s RELG
b5 ne dressé‘i sandstone flooring in 1:5
cemernt mortar ¢ LSl TG
: Bxlerngl and Internal Plasterine
12 mmthiek plastering in 1:€ ¢ ment wortar g M6 GPTIE
16 CPLE*
12 mmn thiek plastering in 1:1:7 cement O
1ime mortar 9 iy BLE
12 mm +thick plastering in 1:2:9 cement i I
lime pertar 129 PLE

12 mm thick plastering 1:2 lime surkhi mortar @ 12 LPLL

12 mm thick plastering 1:1:1 lime surkhi
sand mortar

(13

111 FLI

Option List-b

"Option 1ist-b' consists of the productive activities
. i,e. technical zlternatives, available for the road

Blonstructi:n. They =are as follows:

* 1 derp tes Laternsl, B denotes External plastering
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Cepi tal intensive excavation technigue ¢ CAPELC
Labour intensive excavation technigue : LABEXC
Prepnarztion of subgrade ;s PREPSG
Sldng work technigue for asphaltic road : OLING
later~bound macadam work technigue for

agphrltic road s WBLMC O

Prenix-carpet work technique for asphaltic
ro ad 3 PRERPT

Sealing coat work technigue for asphaltic road: SLCOAT

Cement concrete subbase work technique : 148 SBC
Line concrete svbbase work technique :111 SBC,*
111 SBP
‘ater bound macadam subbase work technique wBMSBC
Puzzelang concrete wearing coe. technique PUZ®CT
Gement conerete wearing coat technigue 124 WCT

5.3 Date for 'B' Matrix

T & e

Matrix B congists of the information related to
eonversion of intermediate inputs into primary resources

" like capitel.,, fuel etc. regquired in the production of the
Tintermediate irputs. Columns of B matrix correspond to the
tows of 14! matrix exsctly in that order. 3B matrix has rows
gorresponding to the following primary resources:

epital (Rs.) rypsun - ( tonnes) mangsneseore (tonnes)
electricity {(kwh) ¢ clay (tonnes) dolomite (tonnes)
00zl (tonnes) wster (tonhes) coarse sand (cu.m.)
'imestone (tormes) ironore (tonnes) finesand (cu.m.)
quarrystonc (cu.m.) sandstone ($g.m) diesel (litres)

i tumen  tonres) moorum (cu.m.) miscellaneous
expenditure (Rs.)

%11 gé’c‘“i}; intended for 124 WOT whereas 111 SBP is for
UZ&CT,
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he elenents "bij" s of B matrix mean he following:
b; ; = amount of ith primary resource required
J for producing a unit amount of jth
intermediate input.
The elanents "(b ?"')ij" sof "(BA)''matrix give the following
information:
(b ?)l = amount of the ith primary resource reguired
J directly and in the production of the
intermediate inputs reguired for ynit operation
of the jth activity. -
Date for 'B'“matrix were collected from several text books
0n engincering chemistry, and handbooks on civil engineering,

lable 5,1 rrovides the details regarding the sources of

information.,

Table 5,1
Item Unit Source of Information
lement tonnes "Outlir~s of “hamiicgl Techrno

logy" by Gopala Rao M and
Marshall S+tillig.

Bricks thousand 'Practical Civil Bngineers
Handbook™ by P.N .Khanna

" Stone o sregeate cu.m. "inalysis of Rates "by CP:D,
Inslaked lime quintal "Wworking of the exrerimental

improved 1lime kiln" by Khadi
and Village Industries Commisszion

' Surkhi cv.m, National Buildings Organization
Mbarrysone cu.,m, "Analysis of Rates®™ by CP.D
hrough and No. "inalysis of Rates®™ by CPWD
Steel K e "Outlines of Chemical Techno-

' logy" by Gopala Rao M and
Marshal Stillig

Jands tone SCeile "Analysis of Rates® by CPWD.
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4 Drvg on_DPirget Labour

Direct Labour details in the form of mandays reguired

gr unit operation of various techniques were obtained, again
fom Anolysis of Rates vol. I ¥ IV that have earlier been
eferred to. These details have been given occupstionwise

he. 1 class masons, II class masons, blacksmiths, beldars,
hishti and so on. Corresponding wage rates  for 1972 have

80 been provided. The occupation-classification given by
alysis of Rates for Delhi have been converted into Wage

oup clessification for every technique included in the
‘-natrix. Thus the 'D'-matrix is derived based on the
_fom.m,tion on wage ratgs, The following is the wage

tructure given by'Analysis of Rates for Delhi

Rs./day

I class mason (Brickwork) 8.80
II class mason (Brickwork) 7.00
Beckamith I class 8,80
Bhighti 4.70
Beldar 3.50
Coolie 3.50
Mate 4,70
Bandhani 4.70
figtry 8.80
Mzgson for plain stonework 7.00
lizgon fer ornamental stone work 8.80
I class. stone cutter 8.80
II olass stone cutter 7.00

pending upon the above wage structure the folleowing

rnir: groups have been identifieds
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il 1 O to 4 Rs./day
IL 2 4 to B Rs./day
IL 3 5 to 6 Re./day
IL 4 6 to 8 Rs./day
IL 5 8 to 10 Rs./day
IL 6 2 10 Rs./day

e point is to be noticed here. Obviously, we require some

pirical observations on the labour required for unit

eration of a technique. It is oniy the vast experiecnce
ich provides these data. Since the Central Public Works
partizent is one of the large concerns undertaking bhoth
avy cnd 1ight construction works, I relied upon the dszta
pplied in the 4nglysis of Rates by CPYWD regardine the

bour imputs.

5 Doto on indirect Labour

For the informstion required for S matrix, there is

t a tnique source from where one couwld get all the details

guired, Several sources of information were tapved. Data

labour component in cement production were collccted from
upublished study done at Indian Statistical Insti tute New Delhii
Kirit S.Farikh and M.R.Salujal on industrial wage

ruicture, Labour details for brick production are

2

Dilesised from an article of A.V.R.Rao® of Nationsal

ilding Crganization on brick-meking, ggg folltbwing documents

e e cae

L -

-— 2

Jhis study i1s based on the data given in the ond Occupetional
) survey of India,
2, Rao 1o%0).
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150 heve been particularly useful in obtaining the details
)0 labour components involved in the production of other
ntermediate 1mpitiss
(1) imnual Survey of Industries
(2) Practical Civil Engincers Handbook by F.N.Khanna
(3) Men or Muchines (A Philippenss Case Study of Labour
Capital Substitution in Road
Construction) by Dipak Lal
(4) Working of the Experimental Improved Lime kiln
by Khadi and Village Inlustries
Commission.
Phe wase (p.r day)-groups maintained for this indirect
abour are same as those for direct labour, i.e. O to 4 Rs.,

4to 5 Rs., 5 to 6 Rs., 6 to 8 Rs., 8 to 10 Rs., and greater

han 10 Rs.

.6 Information on "Precagti" Technigues

Information on precast techniques is collected from

e various publications of +the Concrete 4ssociation of India.
ta for these techniques are not available in CP¥D publication,
Jata in these publications arc available in the same form as

pat in .ralysis of Rates by CPWD. Hence, no more explanation
egardineg data~processing is needed. The following booklets of
e Doncrete Association of India have Yeen consul ted for +he
ieeded technical information:

(1) Elementary Hardbook of Concrete House Congtruction
(2) Low Cost Concrete Houses

(3) Precast Concrete Houses

(£) Low-cogt Soil Cement Houses
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Wt Data for Calculations of Output and Technical Congtraints

5.7.1 Building Congtruction. Output, as explained in

ghe first chapter, is defined tc be a house, serving middle
poome sroups. Its plinth area is 450 sq. Ftépsl Construction of
iis house is split inte several stages. Bach stage is

g€simed according to the technical requirements gpecified

j fational Bullding code and Building-Bye-Laws of Indian
fandord s Institution, with respect to all the techniques,
jailable in that stage. (See the Option list -a in thig
hapter). These civil engineering calculations determine the
Itput wefficients in Q matrix and the task levels in Y.
ndbooks published by National Buildings Organization, by
.Khenna, Gurucharsm Singh ete, and specifications suggesyed
§ Indien Stondards Insti tution and other text books on

lild ing construction7 concrete structures, and strength of
iterial 3 Ngve been consul ted at this level. Detailed
lerlations involved in the design can be seen in the

pendix -A, Drawings of the building in plank front eleva-

00 and exess section are shown in plates 1 % 3.

Onc can produce this output by employing any of the
:chniques described in the 'Opticon list -a' for the shove
ages of the consiruction., Altogether eighty six alterna-
¥es avc ldentified for all the stages taken together,

dle 61-2) in Chapler I explained the basis of formulating

i cption 1ist for this exercise. Common building technigues
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e a1l included in the model. iz, at the superstructurec
evel, choice set comprises of brick, stone (random rubble

ni conrsed rubble) and precast block masenry, techniques

n different mortars like cement, cement-lime, lime-surkhi
'rfers of varying proportions., Similarly at roof level,
einforccd—cement—concrete roofs of different concretes and
different desigﬂs* like belanced, over andunder reinforced
ases arc considered. At flooring level, concrete flooring,
Irick flooring, rough chiselled sandstone flooring snd finely
dressed sendstone flooring in different mortars have been
cludc'zd. For piastering, cement-plastering, cemcnt-lime
lastering and 1lime-surkbi plastering have been considered
epending upon whether it is external or internal plasterineg.
e nature of building construction is such that a

ouse cazaot be built by picking up at random any one technique
or activity from each stage. It implies that all the acti v
Mies in one stage cannot be coupled with =11 the activities

i ano ther stage. For example, a stone superstructure )

g w0t brilt on a brick fourdation. However, a brick
uperstructure is ellowed to be built over a stone foundation.

brick superstructure is not in general built over a precast

Thickness of e roof depends moon the amount of steel reinforced
0 it, The usual criterion of deciding this thickness is to

| make bending moment due to load on the roof equal to the
resistine moment developed by it. This is known as
. "lanced" design. Though these twe moments are not equal,

a gafe roof can still be built by ~djusting the steel and
concrete smounts. These two "unequal™ cases ave known ag
under reinforced and over reinforced designs. These
desi/ms explore the substitution possibilities be tween
steel and concrete.
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ock foundation. To take care of such internal engineering
straints dictated by the possible technical combinations,
netriz P is writven, The coefficients "Pij"s of P restrict
ie solucion to only feasible technical combinations. The

ivil cnsineering calculations involved in working cut such
lowable activity combinations determine the wvalues of "f;i jh"s.
lapter IV and Aippendix A can be referred for the details on

W 'pij-" s are derived. &gain, the handbocks by National
pildings Organization (N.B.0.) and Indian Standards

. istitution (I.8.7.) ard others have been consulted for these

alcuiotions,

Fortunately the nature of fixed proportions between
g activities that can be combined could be sufficient in
irking out these technical constraints. The fact that the
gth of the superstructure wall is equal to the length of
e found=tion (which is a linear relation) below it, is

plored here,

5.7.2 Rozd Construction: As reported earlier, cutpub

this case 1s defined to be a National Highway of one

lometre length with the following specifications:

Formation widthl = 12 metres

carriage way Widtﬁ % 7 metres
wheel Joad 12000 1b.

1

e I T s

Formation width is the finished top widt: of earth
work in fill/ cut for receiving the road stiructure.

Carriage way is the portion of the roadway designed
gnd constructed for vehicular traffic.
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Millowing are the different stages involved in different

eys of rcad construction:

Stage 1 Barth excavation

Stage 2 Preparation of subgrade

Stage 3 Soling work

Stage 4 Subbase work

Stage 5 wWearing surface or waterbourd
macadan work

Stage 6 Premix carpet

Stege 7 Sealing coat \

Stage 8 Yearing coat

- Bach gtege is designed according

the technical specifications required for a Nstional
ighway, These calculations determine the output coefficlents
Quatrix and the task levels Y. The following works
ve been very useful in this connection:
Practical Civil Engineers Handbook by P.N.Khanna
Hondbook on Civil Engineering by Gurucharan Singh

Bconomics of highway Pavement Design by Bh.Subbaraju
end M,P.Dhir

Appendix A gives the details on the calculations
WﬂVd:“OptiODrliSt—b' sives an account of the thirteen
fferent activities identified for road construction.
gse activities are included in the model on the bgsis
the five different types of roadsmentioned in table

b) in Chapter I.
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The nature of road construction is such that for
ildimf the road, not all the above mentioned stages are
gquiced. For example, for building a cement concrete road
tages 6 and 7 are not necessary. Similarly for building =2
itmirous road stages 4 end 8 are not necessary. To take
are of such internal engineerins constraints dicltated by

e possible technical combinations, a matrix P is written.
he doefficients "Pij"s of P restrict the solution to only
gasible technical combinations. Chapter IV and Jppendix 4

be referred for the details on how "Pij“s of P are derived.

8 Data ard Calculastions for Rentsl Values on Fixed Capital

—

5.8.1 Building Congtruction: It is to be noted that

e have assumed that for all the activities in buildingconstruc t-
on direct oapital is negligible, So only indirect capital
anains to be calculated for each activity. This is the

apitel required in producing the intermediate inputs. One

f the rows of the B matrix corresponds to capital. In

sleioting the rental values on caplitzl per unit of each

f these inprig 5 the capital~output coefficients given

yE.R, Salujal have been used mainly. For bricks, the

ffomation given by J;.V.R.Raoz on the corresponding initiel
vesfment ig utilizged. PFrom this, rentsl value on capiltal

wolved in the production of surkhi is deduced. Surkhi is

s

CNLR.Saluja (1971 )
A V.R.Rao (1970).
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owdered burnt clay or powdsr of over-burnt bricks. These

ental volues are calculated on the one hovsgshay assumption
hat copital provides the same services over its life of n

sars., Given n ard the interest rate i, the annual rental

is given by the following formwlo .

B - R l:Lli_i_).:n

1

lere P = present value (cost) of the capital
R = the annual rental
i = the rate of interest deslired

the number of vears

=2
1l

lovever, these calculestions require assumptions aboudb
sterest rate (i) and longevity of capital (n), TFor cement

d steel n is assumed to be 20 years, for bricks 6 years, for

ine 15 vears and for the rest 10 years. Rental values arc
btaineq for i = 5, 10, 15, 20, and 25 percent.

Rental values correspording to an interes? rate of

) percent are considered for the base (initial):

Mlution. Those correspomding to other interest rates are

sed Tor testing the sensitivity of the base gsolution
ptai ned.

‘5.8.2 Road Construction: Much of the information

the direct fixed capital required in the road construc-

ig provided by "dnalysis of Rotes for Delhi' by .

1=}

P iD Details correspording to the capital-intensive
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and 1ebovr-intensive techniques of excavation are berrowed
from "den or Machines®: 4 FPhilippenes Case Study of Labour—
Wapitsl Substitution in Road Construction™ by Deepak Lazal.
"fhese dcioils were teoken in terms of physical coefficlents
md Indian prices were applied to suit the Indian conditions.
for indirect capital, the data sources are exactly the same

s unler the case of buidling construction.

Procedure of calculation of the rental velues for
Sdirect ond indirect capital also 1s the same as under the

ase 0f Luilding construétion., The following table gives

3

etails of the life~time (n) assumed dn various capital

uipmen't 1temss

Bulldozer (S0 h.p.) = 6 years
Concrete Mixer = 15 years
Coal~tar boller = 10 ycars
Road rollcer = 10 years
ot-mix Plant = 10 yesrs
Wheel baryow = 4 years
Fick axe = 3 yoars
Sho vel = 1 year

Tork = 1 yeaw

Rental values are obtasined for i = 5, 10, 15, 20
m 25 percent (interest rate). The bese or initial
idtion corresponds to an interest rate of 20 percent.
nsi-i;ivity analysis with respect to other interest rates

s carricd out.
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9 Objcctive Funcition Coefficients

Cost coefficients in the objective function are based

1072 prices. Ye have already seen that the objective

(a)

fmction has two types of variables (or activities):

roduciion activities ('Xj) and (b) regource activities (tj).

{(a) Production activities: -

Gost per unit operstion of each 2le Tl VAR =

Direct labour costs+indirect labour coshs
+ Transport costs + Shuttering costs 11 any
4+ Miscellaneous costs if any.

Since complete information about the direct amd

ndirect labour comporents involved per unit operation of

ach activity (see D and N matrices) and also the COTTE SO N~
g wage structure are known, the direct and indirect labour

osts for each activity could be calculated casily.

Transport costs are involved in bringing intermediate
Biputs to the site of conatruction., Data on these costs are
rovided by 4nelysis of Rates, C.P.w.D. These rates corres-—
oml %o transport by mechanized means Ifor a distance of 5 lkm.
e rascs are used for calculating transporting costs of
recest techniques also, because the Concrete Asgoeiation of
lia 414 1ot supply 1972 transport costs for these
schniques.

Shuttering costs are supplied "y Mnalysis of Rates.

are incurred for reinforced cement concrete
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(b) Resource activities: PFor resources other than

gpitel, (i.e., electricity, coal, ores, sand etc.) their unit
osts i.c. Rs./unit at 1972 prices, are taken %o be the cost
pefficients. i‘he following documents were consulted for
btaining this information:
(1) Mineral Statistics of Indis, 1972
(2) inalysis of Rates for Delhi 1972 (CPUD)
(3) Schedule of Rates for Delhi 1972 (CPWD)
(4) working of the experimental improved
lime kiln by Khadl and Village industries
Commission.
o conciude this chapter on the statistical basis of the
eta requirsd for .. model, by mentioning that wherever the
ipures were required to be inflated to 1972 values from any
evious vear, the following two documents were consul ted:
(a) Index Numbers of Wholesale Prices published by
Central Statistical @rganisotion. (c,.5,0,)

(b) Beomomic Survey, published by Govt. of India.
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| THE NUMERI CAL RESULTS

his chapter reports and interprets the numerical
__Eesults obtained after solving the models described imn
%hapter IV for indentifying the appropriate set of technigues
lp'f production in building and road cc ,,struction} This

ghapter i divided into Parts I and II. The first part

ngists of sections 6.1 to 6.5 which contains the results

il thoir enalyses for building construction. The second

&

part decl s with road construction and consigts of sections

&

i).-5 to 6.10.

Port I
vl Appropriate Tech r Building Construction

The house that has been selected for this project
1k, has been alrcody described in Chapter I. Its 'plantg
ont-clevation' and 'cross-seetion' detalls are presented
plates 1 ¥ 3. Its engineering-desien details are given

ippendix de The problem on building construction had the

lloving number of constraints:

Resource-balange egquations 14

Eaployment congtraints corregponding

to carning-groups &

Total Employment constraint il

Technical constraints 5

Qutput constraints O
54

“¥or solving ihese problems, M3 360 and LBM 1620
computers were used. '
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d the followine mumber of structural (other than glack)

colunns:

Regource activities 14+|
Pmduction activities _B86
100+ = loi-

Botion 6.2 deadls with the discussion of the base (initial)
Meolution., Section 6.3 deals with the discussion of the
Bensi tivity analysis (parametric progremming) and related

| ssues.

Tor obtaining the base solution, we assumed the

nteres’: rate for rental-value on the fixed capital to be

D percent. The output (i.e. a house) is to be produced

'th o on-negative level of the total employment. The
mploymeni~levels of the di fferent earning-~groups also are
quircd % be at a mon-negative leve_. After solving the
gdel initicily, the base solution obtained is the followimng:

Table: (6.2,1-a) The Resource and Production detivitices
of the Base Solution

Objeciive. Function (minimized, co st) (0)= Rs,4882,57
lesource activities
313. 345 Kwh

1

fapital Rentel (K)* = 689,60 Rs. HFlectricity =

It

= 5,483 tons Limestone = 9.596 tons
= 0,156 tong Clay = 69,302 tong
= 11.75 %tons Ironore = 0.43 tons
» 3 ganesedre = 0.029 tons Dolomite = 0,020 tons
parses: nd = 12.56 cu.m, Quarrystone = 16,943 cu.n.
ine scnd = 2,675 cu.n. HMiscellaneous =93%1.292 Rs.

BT

& Thyo v ho Ut This project by capi.tal-cost we mean the cost
of renial on flxed capdtel.
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EE = T2 o

@Produ\_gtiqn activities

B . P A L A

1448 FAL == 2, 65497 cu.m, 148 FBP = 5.91191 cu.m.
5111 BIL = 2,8671 cu.m. 111 BFP = 1.5484 cu.m.
111 BLV = 14.02 cu.m. 111 BLP = 7.30 cu.m.

136 BRI = 41.82 sg.m. 124 FLG = 41.82 sg.n.

]

811 PLI = 16,61 sq.m.x102 16 CPLE = 10.03%10° Sq .
|

.

.
E i e

The plinth area of the house 1s 450 square feet. Then,

the veluc of the obiective function implies (4882.57/450)
10,85 Rs., per sQuare foot*, as an index for the cost of
onstruction at 1972 prices. This cost includes the capital
0st, wage bill end materials costs. Capital rentel cost is
0880, Rs, which forms 14 percent of the total cost. The
.ratio of *he capital rental %o output is 0.141255. The

fiege bill camc to Ra. 1696.37 which forms 34.74 percent of
the 45ts]l cost. This implies that materialsg amount to 51.13
Mercen’ of the total cost. In other words, while the
ateripls emount tc more than hglf and wage bill anounts to
Bore thon one~third of the totsl cost of construction, capital
ental cost, which is again only the indirect rental costs
Rieins the rcntal for manufacturing the major inputs,

.punts to a relatively jnsignificant part of it.

Lot us teke—up the production activities:

(1) 148 FBL, 148 FBP (1 cement:4 cosrse sends

stone ngpregate) cement coucrete work is suggested for

—— 7

Totc tiat this does mot include the cost of finishings.
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providine snd laying the foundstion-bed below the foundation
of both the load bearing walls and partition walls,

(ii) 111 BFL, 111 BFP (1 lime: 1 surkhi : 1 sand)
lime-surkhi mortar brick work is suggested for providing
the found-tion and plinth for both loasd bearing walls and
partiftion walls.

(iii) 121 BLW, 111 BLP {1 lime : 1 surkhi : 1 sand)
line-surkhi mortar brickwork is suggested for superstructurc
part of both, the load bearing walls which are 9" thiek and

2
(iv) 136 BRF (1 cement : 3 coarse sand : 6 stone

partition wells which are 4%" thick.

agTrvue) reinforced cement concrete work is suggested for
%the rmof of this building. This corrésponds to =2 "balancecl““
| desirn,

(v) For flooring 124 FLG (1 cement : 2 coarse sand:
ésts-no areregate) plain cement concrete work of 40 mm thick
ad finished with a ¥loating cost of neat cement is sugzesgted.

(vi) For internal plastering 111PLI (1 lime-putty :
leurkhi ¢ 1 fine sand) lime-surkhi plastering of 12 mm thick
gis foun¢ to be optimal.
| (vii) For external plastering 16 CPLE (1 cements
6 fine semd) cement plaster of 12 mg thirk is found to be
optimal ,

t 1s clear from the above susigested optimal technigue-
gt, thrt vtilizatlon of cement is reduced to the minimum

pssible Level. Whenever another material which can replace
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Ceent, w:ile meeting the technical specifications and hence
keeping the structural safety of the building intact, is
svailcble, such material is given preference. his is!
obvious from (ii), (iii) and (vi) above. For instance, at
the foundetion and superstructure level, it is generally
ovgerved that house builders employ techniques which use

more cement,  Usually the techniques adopted arc eithef brick
0T stone masonry in a cement mortar of a proportion varying
betreen 133 to 1:6 (cement : sand). Our solution suggests
brick tesonry in a lime-surkhi mortar of 1:1:1 (lime:surkhi:
sand) pronortion. isbsolutely no cement is used at all, and

lime wxt surkhi are substituted in place of cement.

8 we pointed out in Chapter TII, in view of the present
eement sivrtage, substitution of other building materials fox
¢ement is worthwhile, E.C.R., (Bxpert Committee Report) and
LB.C. (Report on Building Construction) suggest the use of
locally ovailable materials such as lime and surkhi, ete. for
tonserving cement. The interesting feature of the base
solution we obtained is that it supports those arguments,

It ghovld be noticed that, even at the prevailing price of
ement (1.e. 2 price et which there is excess demand) "lime-
_surkhi"' is less costly. Tt will be a4 fortiori so if the
;"price 0 cement is raised to reduce excess demand (g=e the

b
b
L
Esection °n elternative cementwprices in 6.3).
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Lot us look ot the employment aspects of the base
solution. It provides a totzl employment of 365.992 manﬁays
and the corresponding wage bill is Rs. 1696.37., 4s mentioned
previougly, this model does not take labour to be a homo gernous
product, Several classes of labour according to their wages
ere identified separately for direct and indirect employment.
The folloiing table gives the detalls of the employment
structurc.

Table (6.2.1-b) The Levels of the Buployment
carningwise) of the Base Solution

[ e IS S a.m

¥age-group Birect Mandays Indirect Mandays
Fmploy- Enploy-
P T ment ment e
0 - 4 Rg/day L 1 120.225 IL 1 118.195
t - 5 Re/day L 2 24 ,223 IL 2 13.034
5~ 6 Ra/day Dl 55 Nl o 5 4,606
6 - 8 Rg/day IL 4 40.056 IL 4 6.59
8 ~10 Rs/day IL 5 33,522 IL 5 4,487
210 Rg/day L 6 M1 IL 6 1.254
217.826 148,166

I —— L W ke - - ke e

The table implies that housing construction can
ereate wwughly 65 to 70 percent more amployment indirectly
in addition to direct employment. In other words, of the
total {dirvect =nd indirect together) employment that this
house-conatruction provides, 40 pergent of it is generated
through indirect employment alona. JThis emphasises the

impertonce of backward linkages that the Construction sector

has,
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Next, let us 1ook. at the composition of the employment.
'IL 3¢ -ond 'IL 1! correspomd to the most unskilled labour
earning lcss than any other category of the 1aboulr force.
Totsl cunloyment of this class is equal 1o (1-20.225+118.195)
938,490 mandays. Thig comes to more than 65 percent of the
totl employment (238.42/365.989 = 0.6513). This implies
thst the most unskilled labour force {(implying lowest income
croup) fomus a major part of the total employment provided by
the housing construction. It is relevant to know also
whether this unskilled labour £orce forms a major part of

both direct and@ indireect employments separately.

Mo employment of the most unskilled labour force is
190,225 nandays, out of a total of 217.826 mandays of direct
anploynent, This is roughly 55 percent of the total
(120.225/217.826 = 0,5520), It means, the most unskilled
labour force fomms a major part of the total direct

enplo yment,

Coming to indirect employment, the employment of

the most vnekilled labour force is of 118,195 mandays

i

out o7 n total of 148,168 mandays of indirect employment .

}- Tigs comes to approximately 80 percent of the total. This
is somewlhiat surprising at f$he outset. But looking at the
E intemediote inputs, it is easily undergtandable, Bxcept
| for cemcnt =md steel, the ether iftermediate imputs invelved

| are like bricks, lime, surkhi, stome agg¥egate ete. which
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mrmﬁmoﬁg. to smell-scale industries. Production of these
i%msig;?eiieVed to require limited amount of gkilled labour
mrmareLptively-to the largze amounts of unskilled labour

force. ‘his justifies the high proportion of unskilled labour
force in the indircct employment also. In fact, the share of
mscilled?1abour force in indirect employment is more than in

the dircr&;‘t employment.

The following conclusions emerge from the above
discussions

(3) Labour costs contribute to more than one third of
total cost of the housing construction.

(8) 40 percent of the total employment generated by
construction isg indirect.

(&) Employment provided by housing construction is
predominantly of the most unskilled 1labour (65
percent of the total).

{(d) Share of the most unskilled labour is significantly
high both in direct and indirect employment
separately.

(g)'Materials contribute to more than half of the
total cost of the construction.

(#) &t 20 percent interest-rate, the capital costs
constitute merely 14 percent of the total cost
of the construction of the house.

(?) The techniques using lime and surkhi turn.out

to be cheaper than those uging cement even at
its prevailling price at least for gsingle storey
housing construction, (i.e. a price at which
there is excess dempnd for cement). It will be
a fortiori so if the price of cement is raised
further. : ‘ |
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6.3 Sencitivity Analvsig

Scetion 6.2 presented and interpreted the base solution.
It ig important to test the sensitivity of the base solution
with resnpect to a change in certain parameters. For example,
one might want to know whether the same solution holds true
when the interest rate on the capital is chriiged from 20 per
cent ¢ 30 percent; what will be the set of production
alternatives 1if the total employment to be generated is
somewhot more or less than what is provided by the base
glution. To arrive at the changes in the optimel technique:
get with respect t a specific change in such parsmeters,
perametric programming has been done. Thus the model was
run with the following variations:

(1) Alternative levels of subsidies on total
cmployment generated;

(

0

) Alternative levels of subsidies on the employment
cf the most unskilled 1labour;

(3) ilternative interest rates for calculating the
rental values on fixed capital;

(1) Alternative prices of cement per unit (tonne)
and finally;

(5) Changing the objective function +5 maximising
the employment generated s bject to a cost
constraint, from minimiging the total cost
subject to the employment constraints of one
sort or the other..n this exercise parsmetric
verlation 1s done with respect to the total
o tel cost. '

. -7 . .
The varisnts are taken up one by one for discussion

in the followine pages.
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G,%.1 Sensitivity gnalysig with respect to total

fployiiongs Our interest is to know the changes in the
techiniqucs, with respect to a change in the desired level of
the tot:) employment. Base solution provided an employment
of 365,909 mondays. If higher levels of employment, say

400 or 00 mandays and so on are desired, what chonges should
be brouw~ht about in the production technigues., A prior
guestion is whether cmployment can be increased at all. Our

gnalvsis proceeded in the following ways

By raising the right hand side, Et’ of the total-
employncent constroint

(Ix > B+ |
in owr 0d¢l successively to higher and higher velues, it was
observed thint the total maximum possible employment thot cen
be provided with the given production set, is €06.31917
pandnys, ~ny further increase in the employment is
infersiblc in the sense that no combi-ntion of technigues
exigts il can gencrate the desired employment. This impliecs
thet ny certain changes in the production technigues, the
eeploy. .11t cnn be increased by 65, 67 porcent** more than
what iz piovided by the base solution. Neturally, this
will hove implications on the cost aspects elso, Before

we cxplo~e these let us discuss another issue.

¥ W4 v nt The base solubio. was obtained by maintaining

B,=0, B-O,

i comfpréssiars] TR/ WebRurriE@idn esiil.-aSFabs
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The model minimizes the totsd cost of construction
at a glven price structire. This is a problem usually faced
by an individual: the house-builder in our model. He would
wt g for increasing employment (which is a social problem)
if it raisges his costs. Thus the employment consiraint in
this probiem is nothing but a macro- constraint creeping into
amicmw-pnalysis. However, he will be willing to adopt
employient~raising techniques, provided someone else is
willing to subsidise the extra cost thot he will incur by
the ctopiion of such techniques. Ve assume that the society
ag a Wwle, 1i.e. its governmment provides such subsidies.
M& chonges in the production techniques adopted are rel-~ted
o chenges in the 1ovel of the subsidy. Mathematically
speaking, the employment constraint is written as follows:

LX - 1,0 8 =0 (1)
wiere S, (which is a slack column) demotes the +40%bal
mployment generated. The objective function is changed +to

i
Minimize C = C - CSt' St (2)
: X

memzCSt (the cost coefficient in the objective function
wrresponding to hewly introduced variable S.) denotes the
subsidy given peg urft of total employment. (2) implies
th~% net cost of co¥struction (i.e. gross cost of cons-
“trection minus total subgidy) is minimised. For Cq4=0
:(Le.zm7subsidy)’ solutian corresponds to the base

‘wlution and Qet eost is equal to gross cost.
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i low it 1s to be seen whether employment increases
?f(i.e. production techniques differ) as Og¢ 1s increased
;from 0 tv some positive value step by step. OSt is given
@auccessivcly higher values, and the corresponding changes
in the sct of production-technigues ore observed., Table

6.3.1.1 presents the results corresponding to this exercisc.

Chrnge in the set of technique.: starts from the stage
éf plestering (external) and extends upto the stages of
load benring walls and foundation below them, flooring and
ofing, Lime plastering (129 FLE) is found to be more
%:plomon-t-oreatir}g than cement plastering. However,
adoption o7 the tecinique of lime plastering is observed to
Iincreo.so the total cost of the construction compared to the
bese sclition. To compensate this additional cost, a rate
of subgidy of Re.i/-— per manday of the total employment is
equired. Similarly the technique of brick flooring (16 BILG)
cmpered to the concrete flooring (124 FLG), constructing
the foundntion and superstructure of the load-bearing walls
#ith ccurscd stone masonry in lime-surkhi mortar, the
technigue of over-reinforeing while reducing the thickness
of the roof (124 .0RF), ﬁ:ﬁ the teohn gua oi findly dressed
ftene Tlooring  arc abserved to be of higher employment
ptentic! compered o the technlques corresponding to the
bage s iution,  Adoption of these techniques increase the

fotal cost of the house-construction compared to the base


http://www.cvisiontech.com

e T A T TN Ml < 8 m e 3 -

adgl Q08T 66TT
0¥ 009 % 009 %
GG9% GS97¥ GGo¥
Tuv T 4T FoQ
66 S L6 04L6
T4 T4 T
30T got 30T
2671 Ge7T 26HT
vett veTt TETT
1622 994¢ 300g
BGH 1gT 18
91t 91T 911
o gg 5g 2a
2 30¢ 30¢ 20g
b 9484 3694 S0BL
0uLTGT 00EGT T33aT
Q028G eferdels 0L32G
909 G0g 709
L9TT GoTT g9 1T
b0~ T 1908~ - S16-
069 4 €95 4 629 4
0°t¢g 092 GTet

| . o . o k. . e U8 e v v Tm —w w cm m mea

808

LBBY
783G
03Tt
C3

63
0C%
V31T
83 0%
0Gt
31T
ov
00¢
2664
18931
04029
S99
069
3751
£F¥¥va

06

963t
03

63
81% 7
ovil
2869
agtl
66

qa
49%
L9 GL
3661
CLEGY
A%
¥a9
NG

9G3%

0°T

TR UUET e e v TR TR W TN e 4 W R L e

1ce ("8¥) 3SnodUBTTTA8 T

0 Amoﬂmvﬁ.a.omu U CY S PURG
@mmHANOﬁmvﬁMma suogsfIa-npy
893 (501 ) (W) pu=sSeuTy
9Gg T Amoﬁm:mav PUBSSS I 0y
03 mmoﬂxxmmggopu 91 TWOTOT
63(, , (SduUM )} oxossSousBuBy
015474 Amoﬂmvﬁm@ﬂgouv 8I0UOIT
CLLT AmoﬁMvAwmon+v Zoyep
§969 Amoﬂxummmd-ﬁoﬁ £eTn

9aT Amoﬁmv (ssuuwvy ) msdLy
96 (0iy)(Ssuuo}) duoisewyT
= (OTx ) (souucy) TROY
¢lg (umy) 49 (0 TI303 1w
967 L FOﬂ X) o/1
S ADOﬁ X) 0/ ¥
Iad% AmOH ¥) T/ TI1+T g
99¢% (Aepruw) (7T) Jnoger
069 (*sg) (¥) mitdep
288y (*S¥) 3ou-junouy

LBEY *SY(0 = *URsUCD IO
1800 S50IF)jumouny

sfepudm I9d

( *sy)qusuf oTdue

0 T2y 01 UO 2TPOIN

e T W at e e o= 4 8 3 4 u A e s e mm U e e i

(1) suswhiotdug Te30T ©Y3 U FTPeao eyj o3 3o2dsex ujta STSLATRUY A3 TATI TS US5

o BT A e iaei i)


http://www.cvisiontech.com

.LQaW PFyMo Yvo WV mesf% M vy A2 LmﬁtQ»ﬂJﬁ$ﬂ ¥*

Q*0l=HTd62T 0'0T=ATI6aT
9'9T=1Td73T 9 °9T=11473T

0°*0l=HTd63T 0°*QT=4T463T
9*91=17d4TTT 9 9T=1731T1T

e o,

9°9l=174T1T

SR ot SO S

O"OL=HTd63T O 0T=ETId09 T

9'91l=1TdlTY

W . T . " ——

&'V THTAAST 3*y =pTIGT 3'% =HTdST 3°% =HTIEIT Z°V =HTIoal 'V =HTIvaT
B IV=d0V3T 8°Tv=19w3T 8°TH=d0%3T 8'TH=dug9eT 8°1° =qugyel 8 Ty=7dg9cT
£°4 =qTET8T ¢4 =IWITT ¢4 =aTaTIT ¢ * 4 =d7aTlT ¢° 4 =J7aTll 24 =J3TaTIIT
i GTST=MTOTIT ¢ *gl=mTTiT S 8l=mTolTlT G Ql=pTNTTT O*HT=MTgTITT O*TT=mgTIT
§ 971" AMEAWT 9°T =qaTIT 9°T =adgTTT 9°T =ageTTT 9°T =daglTT 9T =awglil
1“_ 4°2 =TEOTIT Lt =T0TTT 4°C =TapTIT 4°C =TIHTIT 6'Y% =1iglil 8°% =1AgTTT
6°G =30I8YT 6°C =JaaerT 6°C =4gESPT 6°C =3a7ehT 6°C =JaI9bT 6°C =JOig I soNBTUY0S]
2V SIHSYT 2% STaevT ¢y =TT £°7 =Tagrl 4'% =TEIerT 4'% =T6g9pT eul Fo STeAeT TeuTrd
3+0 g+0 g+0 T+0 L0 T+0 ( vy ) 9T 4 9Ta
0T+64 0T+ 64 OT+8/ 7492 g+ee g +¢¢ ( (s ) 3T ¢ GIT
G+LET G+LeT G+4QT 9+%Q L+0% L +OF ( sy ) VIT + $Ia0
9+0 G+0 9+0 9+0 g+0 G+0 ( v ) 21T 4+ ¢
L +8¢ 9 +e¢ 9 +0¢ 8 +53 eT+%g ¢T+%2 ( i1 ) STII + grr
T1T+318 TIT+3Tg 0TT+3TE gaT+2eT T2T+12T QTT+03T (sfepuew) T g1+ TOT
ogte g 7Te LETT B862E LuTe ggle ("s) TEnprsey
15¢% LIG% arlg % 03 969T (“Su) TTra o3ey

604LT

— — =



http://www.cvisiontech.com

- 141 -

solution, Different levels of subsidy required per manday of the
total caployment to compensate the additional cost of the
construction involved in adopting such techniques of higher

aiploynent potential are tabulated in 6.3.1.1.

4t a level of subsidy of Rs.31/- per manday it appears

Lot the omployment potential of +the production set is fully

H

:
1
i
cemplored.  Correspomiing technique-set provides a level of
b
Y

totel omloyment of €05,70394 mandays as against the maximm

Z’Epossi‘blc caployment of 606,31917 mandays.
;

E Let us exemine the changes in the total cost of
ionstruction over the range of subsidy levels. Table 6.3.1.1

cives algo these details correspording to different subsidy

levels. Between Rs, 9 and 13.50, there exists a level of

rmanrie

subsidy ot which the cost of construction is exactly equal

;to the o tal subsidy given. Any increase in the level of

%

gubsidy beyond this level would mean that the total subgidy

fsmore than the cost of congtructior »f the housge.

Consider the solutions corresponding to the rates o

gibsidy of Rs. O, 1 and 9 per manday. Iet us refer them

)

tas seluwon I, IT and III respectively. Teble 6+3.1.1

presents the total weoge-bills correspording to thesge
wlutions ~1md also the corresponding *residuals™ (residual
i

= gross cost of construction - total wage bill = total

wst on 211 the matexrial resources including capital).
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W oberve that the total-employment and hence the wage-~bill

are increasing over the I, II and ITI solutions.

Novw, let us suppose that the government, instead of
givin subsidy on the total employment, bears the total
W@e%ﬂll, This mecans that the cost on labour ig nill for
the nuse—builder. Then it is optimal for the house-builder
to szlect the set of techniques thet minimises simply the
totel cost on all the non-labour resources i.e, the residuals.
Yow thc Zouse-~builder is free to employ as much labour as he
wants (because he need not spend a poise on them =nd the
%@vmﬂmeﬂi bears the entire wage-bill) if it saves on the
ﬁmﬂxbour resotrces. In this case the set of techniques
ﬁmrmgonding to solution IT becomes optimal because the
i%imuﬂwcost is the least here, Note that the lhouse-buildezr
Wuld save Rs. 8.99/—* on the non-labour resources if he
2dopts solution II insteed of solution I (base solution),

e wo1ld not adopt solution III because, though the employ—
bent 1avel increases it involves an increase in the cost of

mon-l-bour resources also. That means that no more

wstitution possibilities exist between labour and non-

-%MHTEOSQHTCGS nd in fact only a complementary-relation
pld s,

owever, solution III is interesting in a different
af. Observe the capital-output and labour-output ratios

or 211 the solutions, They are the lowest and highest

L.

7186,81 — B177.98 = 8.00
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regpectively for the solution III., Here, the expenditure

on the capital per rupee value of the construction is the
lovest ~nd the employment-level per rupee value of the
construction is the highest compared to all the other
golutions. This implies that the exp “diture on the capital
per manday of the total-employment is the lowest for solution
I, In this sense, this ig the least-capital-intensive

{or the most labour-intensive) solution of all of them. Now,
cen we assert that the solution III is the appropriate one
iforie is interested in providing the highest employment pewx
tpee of expenditure on the cost of construction? It would
seen thot eslution III is an inefficient solution requiring
botllw. more labour and more inputs. Yet under our definition
tf a house the imputs required for solution III may be gquite
different from inputs required for solution II”and a change
of relotive price of some of the inputs may make solution
Ill.a desireable one.When govermment's obility to enforce
icertain policiesto redistribute’ income is limited, one

mght consider solution III an approp iate cne. We will,however
;retyrn P this question in a different exercise. (See

Ethe exerclse on maximiging the employment subject to a

wst consiraint),

lowy, let us examine the share of the most ungkilled

labour in the total employment as the production technique-—

%ts 10t provide higher levels of total employment are taken
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up, Leble €:B3¢1lel shows that this share is consistently more
then 50 percent for all such sets described there., However,
thig sore decreases a8 the total employment increases. Thils
is hecnuse the techniques of higher employment poltential are
rel tively less intensive of unskilled labour compared to

those ~ith lower employment potential.

In the end, we will trace out the isohouse depicting
the 'l ternative sets of various techrnigues rcequired in the
production of the house. 4n lsohouse represents the cons—
truction of & house of specified dimensions, providing =
given lcvel of functional utility. In this exercise, the
employient is increased replacing other materials and rental
on copital, These materials and capital are aggregated into
one conposite commodity (using their prices as Weights) to
facilitete the representation of the isohouse in a two-
diners.onnl frame. Graph 6,3.1,1 shows the isohouses : -AméXis
sgpresents total employment in mandeys and Y-axis (leftside)
represents the values of the aggregated commodity represent-
ing &1l the other maferials and capital rental in terms of
TUpEE 5. ‘Thege values are the correspording values of
bjcctive function net of the wage bill. The upward sloping
mture of the isohouse is already ex] .ained in Chapter I
(see page 8). If more than 4wo inputs are considered, the

isoqurnts (here the igohouse) might appear to be positively
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sloped, though still convex, in a two-dimensional frame (i.c.

any one input versus a weighted sum of gll the other inputs).
a} ,

Initially there could be a substitution possibility
between the materials (including ceapital ) and the employment.
after a certaln stage, however, higher employment meant
higher ém‘ount%of materigls in the aggregate. The convex
nature of the isohouse can clearly be observed. Implications
of the marginal rate of substitution between employment
{totrl) and the composite commodity can be understood from
the Table 6.3%.1.2 which provides the details for the six
production~technique sets of table 6,3.1.1.

Table 6.3.1.2

b maama

o

" Incresase

Subsidy Total Composite  LnCrease over
(Eks.) Employment over pre- commddity previous
mandays) vious level or Residual level
» (mapdayvs) .. {Rs,) (Bs,)
0 365,989 - 3186, 20 -
1 369.74748 3.75848 3177 . 2066 ~3,5934
9 434,98934 65,24186 3398,7721 221.5655
13,50 603,86837 168,.8%903 449 6,7 677 1NO97.9956
26 604,809 0,940 63 +.516,9445 20,1768
31 605, 70394 0.89494 4540, 4899

23.54b4

Graph €6,3.1.1 shows also a plot between the level

of wial employment and the gross cost of construction.

bllowing table shows the incidence of increasing the

giployrient on the cost of construction of the house.
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Table 6:.3414B

Subsily To tal .Pércentage Gost of TPercenté,ge
(Bs.) Enployment increase construc~ - increase
. (mandays) over the tlon. over the
B base level (Rs.)} _ bage level .
0 365,989 - 4882,07 ' -
{Basge)
1 369.74748 1.027 4886, 22 0.075
9 434,98954 18.85 5443.13 11.48
13,30 603.8 6337 64,996 7638, 65 56,45
26 604.809 65.25 7662.81 56.94
il 605,.70394 65.5 7690.13 0745

From the above table it can be concluded that the
Plagticity of cost of construction with respect to total

enploynent 1g less than one.

6.%3.,2 Sensi tivity analysis with respect fo_the most

ngkilled labour force: In the previous exercise, we

%a&dressed ourselves to test the sensitivity of the base

ésoluti:n with respect to a change in the level of subsidy
i

|

}given 0 increase the level of totsl employment. In doing
o Wz observed that any changes made in the ¢ptimal
technicue sets providing higher levels of total employment
are ot seriously adverse to the share of the unskilled
1"labour in the totsl cmployment, in the sense this share

‘is -1veys more than 50 percent. However, it is important

Yo an~iyee the situstion when the subsidy is given to

g
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" employacnt of unskilled labour frrtveedticandsr. Wouwld the Techniguc

sets sciccted conflict any way with tic ones selected -
in tue nrevious exercise? This exercise ig devoted to

analyse these aspecis.

.¢c have two types of unskilled labour force : direct
ad incirvect (referred to as DL 1 and IL 1 respectively).
While e seek t increase the emplioyment of the unskilled
lobour force through these two sources,-'i.-eo direct and
indirect, the following guestions would arise ¢ should the
sibsidy be given for direct employment/indirect employment?
or shovld it be given for both sorts of employment of this
labour force simuldbaneously? 4s the aim is mere provision
of enploynent for the unskilled labouxr force, it shcuwld hardly
netter where and how it 1is pfovided: directly or imdirectly.
Hence mbsidy was specified for both soxrts of employment of
the unclkilled labour force and changes in the techniques sets
werc ~nolysed, The exercise is carried out in the following
way: . TOoW corresponding to the most unskilled labour in <the
medel 1o as follows:

(X - 1.0 8, =0 (1)
where ‘.:tjr* s of G are given by

g =D s+ N_ .

=4 1] 13

where Dlj and Nlj are the 1st rows correspording to un-

skilled labour force from D ond N matrices respectively.

This implies
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g. = total direct and indirect employment of the
J unskilled lebour force reguired per unit
operation of Jth activity.

The wodified objective function would be to

Iinimise (D = [T J— ng Sg
% £

where S denotes the total employment level of this unskillced
labour force, and Cg, 1s the amount of subsidy for every
o

unit {i.e. manday) of this employrent. ror ng = 0, the

solution correspords to the base solution,

This slgebraic formuwlation of the constraint providcs
the somce level of subgidy to direct and indirect unskiiled
iabour,

C is given successively higher values. Table 6.3.2.1

Sg
reports the results obtained, A subsidy of Rs. 1.25 per
nandey cinonges the set of optimel techniques correspomding wo
the base solution. However, this change ig simply the
replaceizent of cement mortar by cemelw-lime mortar in the
technique for exbernal plastering. This change increases
gross cost of construction by hs. 3.65, DBut since the
subsidy is far more than this increase (subsidy = 241.709x
1,95 = 302,136 Rs. ), net cost of construction is less than
th-t corresponding to the base solution., However, the
miilder 7ill mnot find it to be financially beneficial to

. change the technique set for further increases in the

subgidy, even upto Rs.11/-., This is because any changes

in the set of techniques may not bring down the net cost
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of construction. Mwever, i1f the subsidy is incrcased to

Rs. 11,50 the house~builder adopts those technigucs reguiring
more of unskilled labour. 4t this level, the technigues
corrospording to the superstructure snd fourdation of load
bearing walls and flooring are changed. Instead of brick
rasonry, rendom rubble masonry is adopted both in super—
structure and foundation. Lt should be noticed that lime-
supkhi movtar is not changed. Brick-flooring in 1:86

cement mortar replaced the cement-concrete flooring. dny
more changes do not occur in the technique set for further

increases in the level of subsidy up - Rs. .3.00,.

However, 1f az subsidy of Rs. 29.00 per manday is
provided, change in the technique set is brought through
repl ~ceitent of "136 BRF" roof technique by "1240BF" roof
technique (see option list and 4Appendix 4). Herc the
substitution possibilities between concrete and steel ore
taken sdvantage of. {Note "136 BRF'" is a 'balanced' design
srd "194 ORF' is an ‘overreinforced" design). This solution
does 0% change even if subsidy is increased upto Rs.44.00.
3ut if the subsidy is increased upto Rs. 45.00, again
some more changes in the technique set &aFé- brought, The
mortar used in building the superstructure and foundation
of partition walls is chenged to 1:2 (lime : surkhi)
composition from 1¢1:1 (1ime: surkhi : sand) composition,

Same holds with respect to intermal Lasste.ing also.
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Let us look at the employment aspects invalved in
the cbove changes from the tsble 6.3.2,2 below,
(a) 4 subsidy of Rs. 1.925 per manday can
increase the employment of unskilled labour
only by3.289 mandays over the base solution level.
(b) 4 subsidy of Rs. 11.50 per manday can incrcase the
enployment of this class by 36,338 mardays over
the base solution lovel.
(o) Lpproximately, at least a subsidy of Rs.29.00
per manday should be given to increase the
employment of this class by 83.034 mandays over
the base solution level.
There~fier egain a further increase by Rs., 16.00 in the
subsi¢y (i.e. Rs. 45.00 per manday) could bring omly an

increcse of 00156 mendays in the employment.

Table : 6.3.2.2

Subsicy T Employment  Incrense Tncrease B
level of DL 1 over the over the previous
{Rs.per ard IL 1 base level golution level
nend -~y ) (manday) (manday) (manday)

0 {base) 238.42 = -

1.28 241,709 3. 289 3. 289

11,80 274,758 36,338 33,049

29 S21.456% 83.034 46,696

49 322, 61 83,190 0,156

From the above three points, it may be concluded
that vhe policy of svbsidising for increasing the employw

ment o the most unskilled lsebour is not worth pursuing.
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This conclusion can be corroborated in a different way also.
fompare tables (6.3.1.1) and (6.3.2.1). For an spproximately
geme lovel of totsl employment of the unskilied labour i.e.
(IL t1 + IL 1), the technique sets in the former table provide
a hisgher level of total employment also, than that provided
by those in the latter table. This implies maximization of
tntal em ployment follows through a simul taneous maximization
of unglilled labour slso, while the vice versa need not be
true, Before drawing any policy conclusions based on these
technicsl observations, however, economic implications also
hnve to be noted. Let us designate the two policies as:
Policy &4 = To subsidise total employment,

E Policy B = To subsidise unskilled labour.

: Consider the following table 6.3.2.3 prepared from tables

E 6,3.1,1 ond 6.3.2.1.

Table 6.3.2.3

G A e

1 . Policy A Patick B e e
O 1+ To ol Hme-Subsidy Total IL 1+ Total . ~Sub="" -Total

1L 1 ployment ~Level subsidy IL 1 Faploy--sidy Subgidy
andays  mandays  (Re.)  (Rs.) mah- ment level (Rs.)

days mandays. (Re, )

S———:_p_ 3 n e e

bi1,70807 $60.74748 1.00 369.75 241,709 369.747 1.25 30R2.14
i 56202 434,98954 9,00 3914.904 274.758 412.745 11.50 3159.72
b1, 0251 €03.86857 13.50 8152.22  321.454 520.14 29.00 9322.17
22.2743 €04.809 26,00 1HB7£5.03 322,61 521,976 45,00 517,45

2283751 €05.70394 31.00 1B8776.82

e A
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In case (i) obviously policy B is preferable bccause
for the scie levels of total employment as well as the
enployment of unskilled labour a smaller amount of total
subeidy is incurred through policy B. In case (ii) also
policy B is preferable because the extra level of total
enployment (22.8244%4 = 434.98934 ~ 412.745) is insignificant
compared to Tthe extra amount of total subsidy (755.184 =
2914,904 — 3159.72) incurred through policy 4. However, in
911 the other cases it is mot so. Policy A& becomes preferable
to policy B in the cases (iii) and (iv) because for subs-
tantim) hisher levels of totsl employment and the same level
of unskilled labour, the amount of total subsidy incurred
through policy 4 is less than that through B. Hence we may
econclude thoet guiltable eqonomic policies that lead to maximize
the total employment rather than oniy the unskilled labour

showld be evolved.

Again, let us suppose that the goverrment bears the
wage-bill corresponding to the unskilled labour instead of
subgidising their employment. It implies that the unskilled
labour are freely aveilable for the house-builder and he can
enploy as mony as of them he wants if it saves on the non-
labour resources. 1In this case the solution corresponding
to the subsidy-level of Rs. 1.25 instead of the base
solution in the table 6.3.2.1 turns osut to be optimal
for him, I+t indicates that there exist some substitution

~2g8ibilities between the unskilled labour and wgll the other

resources.
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e conclude the discussion on this exercise by
presenting the isohouse displaying the substitution relations
between unskilled labour force and other labour force amd
materisls in building the specified house. Graph 6,3.2.1
represents employment of this labour in mandays on its Xwaxis
and the "regidval'™ in rupees on Y-axig. This residual which
represents all the inputs other than “e ungiilled labour,
apgregatell into one composite commodity is obtalned for each

technique se’ selected in the following way:

Regidual ¢ Gross cost of construction ~ Wage bill
correspording to DL, 1 and IL 1
(unskilled labour force)

Isohiouge corresponds to building = specified house.
In the initial stages of increasing the employment of the
lsbour forece in question, there <pe substitution possibilities
between cmployment of this labour and the residual. However,
nainly a conmplementary relation exists between them,

6.3.3 Sensitivity znalysis with respect 1o interest-rate:

ki =

The rentel values on copital equipment required in the
production of the intermediate inputs for building construction
- Jeperd upon the assumcd rate of inter st. "he base solution
correspords to an interest rate of 20 percent. Now, we seek

to know the changes in +the base solution i.e. changes in

the production-techniques with respect to the changes in

' the rate of interest. e consider the following rates of


http://www.cvisiontech.com

N i e i vl T -k

[}

I
Oy
0
<~

I

HT30gl
TIdtit

DT3T
v dE9 T

ITaliT
MIFETT

49T
™arTt

dad el

Tdd 871
309833
CLLS L
385991
29 &
943
63 08

Gz

m mom cw e

HTa0sT
TIIETT
DTIHET
A¥EI ST

ETd09 T
CTTATTT
DTATET
HE9 ¢ T
dTTIT
NTETTT
FIATTT
HETTT
ITLSHT
T 2P T

760061

LVl

8easT L

39¢
6vg
ST LT

g1

HTIpoT
IT4T1T

DTt
fHgoet

ITHTET
ATELLT

F3gLTT
TELTT

dHaIB7 1T
AT

6T 0T T
A
89316
99¢
3%
®lov

o1

- ST S T SRR em e e i

gII09 1
II3ITT

DTS T
dHHO 2T

JETTT
MIALTL

dietil

TETTT

d9A871

I BT T

00%Y

G

(0=

(

s
-

'sy

B e ECOM A r I W TR W o ket e e

SoNLTIN00L Tewn do

(;0 ¥) /¥

(4,0t X) 0/1

Aon X) 0/¥
Tompuew Y ) anogeq
("s¥) (¥) Tesrdeg

UOD JO 38 C0 8S0XF)
UT enTea ©a1305{qQ

(auaoaed)(T) e3vaL j3E8I8qU T

agex

—

1BeIVQUT 01 402085X U Tam S EEATRUy A3 TATY TSI

E

Tro~"o o E=1n we =2k 7]


http://www.cvisiontech.com

- 160 -

interest for this purpose ¢ & percent, 10 percent, 15 percent,
20 percent end 25 percent. Results are tabulated in table
Bude e 1s

It can be observed that the base solution is the
seme for @1l the rates of interest. Different rental values
on capital (K) merely indicate that the same equipment of
capital is valued at different rates of interest. Purther
digcussion of this exercise is avoided because the solution
which is 21 ready explained in the previous pages, remains

unchanzed over the range of the interest-rates considered.

6.3.4 Sensitivity asnalysig with respect fo cement

trice: In 211 the previous exercises, it is observed that
iy the optimal production techniques the use of cement has
been kept low. Since the objective is minimization of cost,
this reflects a high price of cement. In spite of such a
high price, in the rcal world generally technigues using
more cement are adopted. Given a price of 287,00 Rs.

per tonne of cement, the optimal production techniques
s¥iested by our model are thus in conflict with the ones
edopted in the real world, Such a conflict can arise if

the objective of the house-builders is not the same as
rostulated, mamely minimising the overall cost of construc—
tion, In general, 1t is cement and its price that are very
inportant in the field of construction. So changes in the
 optimal production techniques are important to observe, wi th

variations in the price of cement. This exercise is devo ted

to this analysisy
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This analysis 1s carried out in the followinsg ways

eongider the '"B'Y matrix cf our model:

r'a:)merrt: o aga (o o = I S SR S ‘WT
capital b11 b12
elcciriclty b21 b22
ot b51 b52
. . - B
itlgeellanous bki bkz

Cotunns of this metrix represent inputs 1ike cement,
bricks etc. and rows represent K primary factors (or resources)
iike capital, electricity, coal etc. reguired in the production
of the former "inputs . The price of cement is fixed in our

mdel, ant ve have the following relation:

K

Price of Cement per tonne = jgl (b31X price of jth resource}

Where column bjl corresponds to cement production. To +ake
care of this relation, the last resource called "miscellaneous

experiiture! is calculated as a residual in the following way:

!hsoell%mous expendliure k._l

(v inviived in the = price of - 1 (b X rrice
prr(luctl.m of a tonne cement rer J= gf +5

of cement torlle J

resource )

For the base solution, bk1 corresponds to a price of

cenent of 227.00 Rg. per tonne and 20 percent rate of
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intcrest on the capital. Now the value of b, varies as
the price of cement varies, In other words, by varying bki’
the price of cement can be varied. The following prices of

conent per tonne were considered for our analysis: 272.40 Rs.
(20 poreent increase over 1972 price of 227.00 Rs.), 249.70Rs.
{10 percent increase), 204.30 Rs, (10 percent decrease),

181,60 Rs. (20 percent decrease), 158.90 Rs. (BOlpercent

decr r3e), 136.20 Rs. (40 percent decrease) and 113.50 Rs.
(50 prreent deorease).. Resul ts obtained - ~re displayed in

tabl(; 6. '3?. ‘{IC- 1 .

t

«¢ digcuss the results wrt the fHllowing:
a. Production techniques selected, and

b. implications for employment in general and
0f unskilled lebour in psrticul-r.

(2) Eroduction techni ques

Of the seven gement-price voriations considered,

quelitative chenges {(i.e. one technique replscing ancther
ong epletely) in the technique-set occurred at five

instrnces. The variation in the techniques extended over

%
|
|

tre stages of internmal plastering, external plastering,
flooring, fsundstion and superstructure of 1oad bearing
walls ns well as partition walls. No change occurred in -

the techniques of roof and foundstion bed of the walls.

when cement price is increased by 10 percent,
external plastering tochnique is changed, It is optimal

to switch over to cement-lime plastering from cement
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plastering; that is psrt of the cement used inplastering is
replzoed by lime, Vhen the price is further increased by

0 pevcent over the base price (i.e. to Rs. 272,40), it is
fourd optimal by effecting a change in the flooring activities
ma. Plainceement—concrete flooring is found to be no move
optim .. Brick-flooring ir cement mortar is preferred. OSome
of the cement is replaced by bricks here. A4s expected, cement

is being replaced by other materials when its price is

increaged,

However when price 1s decreased, the solution is
uaffected by decreases upto 20 percent unlike in the case of
simil av f,-ncreases. No change occurs in the optimal technigue

_ set‘whe:? the price i1g decreased either by 10 or 20 percent.
ihen cement — price is decreased far below, i.e., upto 30 per

- cemt, then some increase in the consumption of cement has been

; brow b due to a change in the internal plastering techniques.

Here  ime~gurkhi-gand internal plastering technique 1s

! repl=ced by cement—sand plastering. However, a Turther

| decrcase in the nrice of cement, upto 40 percent below the

hese level, does not invite more-cementyconsuming technictues

to rerlace less—-cement consuming techniques. VYo change

oceureed in the techniquea—-set by a further decrease in the

price, wpto 40 percent, from 30 percent below the base

level, Now let us reduae the price of cement by half of iis

hage Level, i.e. cement costg only Rs. 113.50 instead of
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R:, 227.00 per tonne, It is observed that foundation and
smergtructure of the load bearing walls as well as partition
valls are, better, built with cement—cdnsuming techniques.

The ¥ime~surkhi-sand mortar is replaced by lean cement mortar
implying it is profitable to substitute cement for lime and
sirkhi, This tells us that, evern to use lean but not strong
cement mortars (1:6, 1:4, 1:3 = cement:sand mortars are
stronger in succeSSion), the price of cement has to be
decreased by at least half of the base level. Generélly
texthooks snd handbooks on building construction advice 1:6
(cement: sand) cement mortar to be used in construction. In
gpite of it, it is common to find that the house-builders go
for stronger mortars like 1:4 and 1:3 cement mortars. The
price of cement at which such mortars become ovtimal has to

bostill lower.

Table 6.3.4.2 sives the incidence of the price of
cemen™ on the cost of the house.

Toble 6.3.4.2

o

eemens price  change in the cost of ons— change in the

ABse ) price(percent) truction (Rs) cost (percent)
272.40 + 20 p.cC. 5318.701 + 9 p.c.

24370 # 10 p.Es h0588.796 + 4 De.Ce

227,00 .0 ‘ 4882,5%7 0

204,30 — 10 p.c. 4793, 66 - 1 p.c.

181, (O = 20 p.c, 4704.75 - 4 p.cC.

158,50 - 30 p.c. 4604,19 - 6 p.c.

136,20 - 40 p.c. 4501.71 - 9 p.c.

113,50 ~ B0 p.cCs 4374,00 - 12 p.c.

L, A



http://www.cvisiontech.com

- 166 ~

(b) Ewloyment asvects:

Table 6.3.4,1 gives the figures for the total labour

emplovient and the employment of the most unskilled labour.

Comparing with the maximum possible total employment
of €0¢.32 mandays associated with the production set available
inov: model, changes in the price of cement seem to have
very 1 ovginel influence on the level of the total employment.
Howeriry, a higher price of cement igs associsted with a higher
tevel o7 employment. This implies cemenfmconsuming techniqugs
ere lecas employment—creating, whereas lime gnd surkhi techni-
gucs create a higher level of total employment. In fact,
switching over 1o cement-consuming techniques from non/less
cemen-consuning techniques can retrench an employment of
(374,0035-322,058) 52.007 mandays, per house. Hence a like
in $h» price of cement can be heipful in two ways:

{i) because of the decreased demsnd for cement in
housing construction, the cement saved.can be
diverted to better uses like dam works, irrigation
works etc.

(ii) pecause of the switching over to non cement-
consuming technigues, employment level can be
increased.

The szoord of the above conglusions rests .on the assump~
tien St there would not be reduction in the level of
consvrvctionw-activi ty due to unavailability of cement at

¢héan rates; i.e. house builders substitute other materials

for coaent in building construction.
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It can alsc be observed from table 6.3.4.1 that
switching over to non/less cement-consuming technigues (i.c.
as the ~ dce of cement is increased) increases the totzl
emplovacnt of the most wnskilled labour{IL 1 + IL11), The
difference between the two extreme cases is ((120.257+124.233)
- (117.577+81.595)) 45.323 mondays. Noting that the
cerresponding difference for the total employment is 52.007
mandeys (see previous paragraph), we. conclude that adoption
pf more cement-conguming techniques gre particularly adverse

to the enployment of the unskilled 1labour.

Let us look at the changes in the levels of TL 1 and
IL 1 scnarvately. The differences between the two extreme
cases for IL 1 and IL 1 are (120.658-117.577) 3.081 and
(124.27%6-81.525) 42.643 mandays. Thi explsing that adopiion
of moe cement-consuming techniques are generally adverse to
the cnplovment of the unskilled labour force znd in parti-
ewlar o the indirect employment of this class. (This also
expl "ing the linkage effects of the construction sector, in
regard o employment). Thus a hike in the price of cement
geens 1o increas® the employment of this labour throush

an increased demand for and production of other materials.

Suimrrigine the above discussion, a hike in the

price of cement can be advocated for the following reasons:

(i) T+ leads to higher employment in general.

(i1) It leads to higher employment of the unskilled
labour force, thus contributing to a more
egalitorian income distribution in the society.
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(iii)} Demand for cement can be reduced from the housine

i -

construction sector snd thus saved cement can be
allotted to better uses, i.e. those uses where T
value oi social marginal product of cement is

at least as large as the hiked price of cement.

(¢) Isphouse

e conclude this analysis by presenting graphically
the isohouse for the construction of the specified house,
rgprecenting the substitution possibilities between cement and
other m: terials and labour. This is displayed in graph . . .-
6.3,4,1, Here the ig-heuse represents the production or
construction of one house, ZX~azxis represents tonnes of
tement vsed in the construction. Y- xis represents the
velue of ail the other materisls and labour~services in
mpecs, This velue is obtained as a residurl in the following
way for different production-technique ~sets:
Residunl = cost of construction - ,g'//total cement xﬂarice ol \‘,‘

Krequired cement por

(tonnes) y \to nne .

The prints on the igohouse represent different ways
of combining cement and other materials. 4Any combination
selected depends upon the price structure. Convex nature
0f the substitution of cement by: other materials and labouw:

eall cleexrly be obgerved.

4 laximizing the employment instead of minimizing the cogt

.

So far in @11 our previous exercises we were
nninis’ng the total eost of construction subject to emplo-

ment congtraints of ope sopt of the other, and various
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other congtraints., Different levels of subsidy were specified

0 incrcase the employment while minimising the net cost of

i
|
|

 corresponding objective function valuves were observed.

eonsiuction, and vhe optimal levels of employment snd the

?‘Howevo:if, for these objective function values (of cost) arec
K-the obhsorved optimel levels of' employment also the maximum
possibilc levels of employment? Is not it technically possible
to gincrote higher levels of employment for the same valueg
.of the objective function? In other words what is the
‘“maximum nossible employment subject to a cost constraint?
¥e wouwld like tco know whether the solutions in the former
exercise of parametric vari-tion of the level of subsidy to
dnereage the total employment while minimizing the cost arc
Iexac’cly gsame as the ones in this exercise of maximising Tthe
employnent subject to a cost constraint. This exercise is

devoted to answering this question.

| The model haes not been changed significantly except

that e previous objective function now becomes a constreint
| ‘
Lof "lons than or ecual to" in nature, and the previous total-
etploynent constroiat now becomes the objective function

to be n ximiged. Iathematically

naximige LX

T
Stbject to  C £ C
b4

:
|‘and all the other constraint remcining same as described

iin SAELENTE, a5 T is the specified level of cost of
- s 1L ’

: gonsgsrucTion,
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In the coghb-minimization exercise the base solution
csts us Rg. 4882,57. We observed that by offering a credit
for every unit of the total employment to increase its level,
the 1inimum pessible gross cost of construction for the
naxinia possible total employment is Rs. 7690.13. In this
exercige of maximizing the employment subject to alcost
onstroint, cost of construction (T) is allowed to vary
within Ghis range. el given the following vslues in
succession, and the production techniques are observed:

g, 483%.00, Rs. 5445,00, Rs, 6000.00, Rs, 6500.,00, Rs,.7000.00
s, 7621,00. The results obtained were tabulated in table
6,4.,1, A comparison.of table 6.4.1 with table 6.3.1.1

shows thet the chenges in the technigue sets are occuring

'in the Tollowing order in both the situationis:

(1) Cement-plastering is replaced by cement lime
plastering for external plastering (16 CPLE
ig replaced by 129 PLE gradually).

(2) Cement concrete roof 'balancingly'reinforced with
steel 1s replaced by cement concrete roof over
reinforced with stcel (136 BRF is replaced by
124 ORF gradually), -

(z)Ploin cement—-concrete flooplng is replaced by brick
fleosring which is again replaced by:finely deressed
atone floering (124 FLG is replaced by 16 BFLG which
ig rgoin replaced by 15 FFULG gradually).

(4) Brick-foundation snd brickesuperstructure in
lime surkhi mortar are replaced by stone built
foundation and stone~built guperstructure in
lime surkhi mortar for load bearing walls
(111 B¥L, 111 BLW are replafed by 111 CFL,

111 CLW gradually).
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(5) Mortar with which the foundation and superstruc-
ture of partition walls are dbuilt is chenged
from lime-surkhi~sand to p.re lime~surkhi
(111 BFP and 111 BLP are replaced by 12 LBFP
ard 12 LBLW),
(8) Mortar used for internal plastering ig changed
from lime-gsurkhi-sand to lime-surkhi one
(111 PLT is replaced by 12 LPLI).

Above characteristics are observed to be the same
whether we maximize employment subject to = cost constraint or
we ninimige the cost subject to sxw employment constrzimts (or
crodit on employment). This implies that the observed
optimal levels of totzl employment generated through a
guosidy given to incresse its level while minimising the

cost of construction are infact the maximum possible levels

¢1s0, for those corresgsponding costs.

Now let us return to the question that is ralsed in
the first parametric programming exercised ‘that is the
prop. ¥ set of techniques if one wants to maximise labour
prrrupec of expenditure (i.e. L/0). We could not answer
tnig cruestion inthat exercise because, there employment
| ismot mnximised. MNow thet the total employment is maximised,

sich 2 set of technigues can be suggested. Strictly

spogking this might involve a2 monlinecar programning
 cxercise where L/0 is directly maximised subject to
{ifferent constrzints. However now thst the situations

L behind tobles 6.3.1.1 and 6.4.1 are the same the.

_rformat on from these tables can be clubbed together,
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s, since wide variations of cost and employment levels are
wvered, the need for such an exercise can be avoided. These

jables present the values of L/0 corresponding to various
echniques-sets and costs. Graph 6.3.1.2 corresponds to

Sfable 6,3,1,1 and graph 6,4.1 to table 6.4.1. The verticsl casss

g these graphs demote L/0 i.e. mandays per rupee expenditure

d the horizontcl cmes, the total amount of expenditure -n cons-
petion, Both thoge plots shsw th + employment per rupee expendi-
ire initi~-1ly incrroses and r.aches z maximum level (for example
gint A in graph 6.4.1) as the house builder spends more »n the
nstruction of th. same house. If the experditure goes beyond this
gvel, other m-tovi-ls dominate over the labour services znd

fce L/0 falls.  Compzring grophs 6.3.1.2 and  6.4.1

r the correspording tables, we might conclude that the

duction technique-sct corresponding to Rs. 6500/- of gross

pst 07 construction (see table 6.4.1) is the proper one for
minising 1-bour services per rupee expenditure spent on
gstruction. This set creates on employment of more than

0B nondays per every rupee spent. One can ngoin workout

e optinum subsidy (or credit) to be given to the builder

wie Nim adopt this technique set.

We conclude the discussion on this exercise by
gsenting -~ plet which showg the relation be tween total
st of construction ~nd the employment in total. Thig

jgiven in graph 6.4.2., [The werticgl axes corresponds to
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 totel cost of construction end horizontal axis to total
employiient, Table 6,4.2 provides the interrelation ‘betwgen
[increr-sing the employment ~nd the cost of constructioan,

Pable 6.4.2

1 :
?Cost of T Fercontage Employment Tercentage .
| construction incresase over total iNeréase. over .
':(R35) F the base level (merdrys) aJ the bas;-: level s
; 4882.57 = 365,989 -
 4883.00 0,008 366,427 0.0027
| 5445.00 11,52 435.1.-2. 18 .89
:‘eoo@ 00 22,89 480.03 B1.16
! 6500.00 5313 520,47 42,21

7000,00 © 43.3% 558,615 52.63

7691,00 57.52 €05.708 65,50

e e . ot e e e e et e s R e Sy

¥rem the ~bove Eable it ean be concluded that the
elasticity of cost of construction with respect to employment
is less than one, a result which is already obtained in

exercisa 6.3¢1

6.5 Conclusions. for Building Construction

In this exercise we summarise gome of the important
conclusions daawn from the previous exercisesm on building
constructiomn. ‘

& douse of brick-magonry is cheaper than that of
stone-masonry or precagt blodk masonry. Accordihg to the base
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solution, the costs on lebour and materials amount to one-
third end hzlf réspectively of the total cost of construction
- of the houge. 4t an interest-rate of 20 percent, capital
- costs constitute oxly 14 percent of the total cost. At the
- prices prevgiling in 1972 the %echniques usimg lime and surkhi
are cheasper than thése msing cement, for simgle storey housing
ecnstruction, 40 percent of the tota) employment generated
. by construvction programme is indirect, The most unskilled
labour forms 65 percent of the total employment. Share of the
T mogt unskilled labour is significantly high both in direct
- and Indirect employments separately.

By changing the technical specifications without
affecting -the functional utility of the house the level of
fotal employnent and the employment of the most unskilled
. labour van be increased. To eompensabte the additiongl cost
of vonstructicon involwed in such o change. of techhical
specificationg suitadle oconomic policies may hgve to be
devised., The clasticity of cost of tonstruction with respect
to total employment is less than one, The techniques of
higher employment potential ane rclatively ess intensive
0f ungkilled 1gbour compared 45 thase with lower employment
potentigl, There’exist substitution possibilitias between
enployment (both totsl and of the mos% unsgkilled Xabour)
and the materislss

The base solution is insensitive with respect o

the range of dmtcrest-raotes that Is considered. However,
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it is sensitive with respe;:*t t> a change in the price of cement
pey tonne. 4 hikeé in the price of cemeh® is desired because
(1) it leads to higher folel empléyment, (ii) if lezds o higher
employment Level of the wriskilled lsbour thus contributing to
= more egaliterian income distribution in the society and (1id)

demard for ccment can be reduced from the housing construction

. sector and thus saved cement can be allotted to better uses

where the social marginal product of cement is at least as

large az the hiked price of cement.

The levels of cmployment indicated by the sdlutions
corresponding e ‘the abjective of minimising ‘the total cost
of c:mstrucfhi;*:t.l are in fact the maximum possible levels also
for those coxmespording costs. Hawever thHe base sglution
does mot maximise the total employment per rupee of cxpenditure

05/0.)' an ¢¥st of construction,
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Fant II
ROAD CONSTRUCTION
6.6 Appropriste Technblogy for Rosd Congtruction
The problem on road consfruction had the ;olloming

mmber 3£ constraints:

Resource constraints S 73
Direct and indirect Employment

o -

Inustret g aocording: dos waget groups
Totsl Empioyment constraintic 1
Technical constroints 3
Cutput constraints 3

29

g

and the folluwing munber of structuril (other than

glack) columns:

Resdurce activities 14
Production activities 13
_E{?‘_s

The ¥eod that has been sclected for this project
york Ias been, as already mentioncd in chopter I, one
ktlometre long national highway. Its other main chrcacter—

igtics are the following:

Formation width 12 metros
Carriage way width 7 metres
Yheclload 12000 1b.

Other technical details asre given in Spperdix 4.

-

leals with tR: disc ssgion of the bnse(initial) solution.
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Section 6.8 dcals with the discussion of thc sem=ird«f+r

anzlysis (parametric programmirg) and related issuesé

6,7 The Base, Solution fbr Roed Gomsfruction

for ’r&hé base solution, we Flxed the e.b.r.® to be
15, Life of aspheltic road is taken t3 be 8 years whercas
all the cone’ :te r. ds are assumed to be of 24 years life¥*s,
Haintenance costs for concrete roads are nil, but Tfor asph-It

13

|
|
I
|
l roads they are assumed to b 6 pereons of the cost of

congtruction of premix carpst .8 sceling ceas(?'IROZFDT

ISTCOAT™) petivitics, Interest rate dn ecapital ejuipkent

ig token to bBe 20 percents Sarie intcrest rote is used [ or
discounting o1l the futurc custs incvrred In the cese of
asphalt roads. Following is the basc solution obtainel:

Table 6. 7.1 ‘z- The Regcurce and 'Produg'l:ion
Activities ¢cf the Base "Solution

e+ e . . e A e Pk ! | o g e o 8L § i : R e

Objective Function (Mimimized cost) (0) = Rs. 114056.99

Resource Aétiwitiess
Capitsl vontal (K) = Re. 9413.193 Wuorrystone = 2556,827 r?

Heetricity = 5,676 Kwh Dinsck = 873,926 thnnerc
Coal = 2,041 tomes Bitunen = 38.588 “tarm.l
Coarse sand = 7.972 ms Ioora = 213,36 m"
Miscellancous
Bxpenditurc = Rg.182.4°2
Production AcHivitics ’
T, ABEXC " = 17540.€76 WRMCTI = 5%5.4
PREPSG = 120.0 PRORPT = 10¢.%298
SCLING * 10668 SLCOAT = 106,298

¥ c.b.r. (Wolifornia Beoring £atio),n number cexprassed in terms
of percentoge indicates nmature of the soil on which the rond
is built. Sce Appendix A.
## Sce the c:tercise on skternotive 1life for concrete rcad.
See appeniix A for defsiils regarding the treatment of
aiffavant 13fe timas af 4Aif{erent mads.
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A Qeseription of the =bove production activitics is given

later,

The length of the road is one kilometre. Then, it
implics that the cost of national highway construction is
(114056.99/1000) Rs.114.06 por mei¥e at 1972 prices. This
inciudes capitel cost, wage bill »nl materigly esst, Capital
crst ig Rs, 9413.19 which firms B.25% pereent of tho total
csst.K/0 is 0.08253, whcere XK is cost of rental on the fixed
capital and O.4s the b tal 2ost of riad construction:. See
table 6.8.8,1. 6rrrosponding wage bill is Rs, 43211, 613
which comes to 37.89 percent of the total cogt*, That
implics, materials amount$ to 53.86 percent of the total

- costs In gother words, while wage bidl. amsunts o moxe

than enestiiird amd motcridls amount. ¥ more than one-~h:1f
of the total cosi of road construction, capital cost,
dircet and indirecct, amowmts t» belativély a very smarl
part of it

Phe ‘rcsources regquired in tems »f
physical units for mgking this road obtained from ‘the
sslution arc given above, Hhe lcvels of these primary
resources Imply a certain amount of sach of the inter—
nediate imputic like tcmond, surkhi, ctcs which are

roqui¥fed dun aotued rr&d comstruction,

The produetiom ~etivitieg selected are as

followss:

® Full dotoils cT thc basc or initial solution can bo scon
in the Table 6.8:5+1. Sec the case correspording o
i = 20 pcrcont.
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(1) he labvour-intcusive tedhnique for carth-

' excavation work ig preferred £ the cepital-intensive

techniquc, THe capital-intensive tcechnique employs. a.

bulldozer 9% S0 horseit)owor,::whc.reas the labsur intensive

| technigue giploys simple #agls like shovel; plckaxe, wheecl
’qarrgw, bull tort ctes For every cubdic motre of carthwork

: done, the ldkour intengive tochmigue provides emplojyment of

= 0.3006 mandays whercos the capitol-intensive technique

- provides ciploynent of only 0.0045% mahdays.

(i) Preparation of su‘bgraﬁo. Subgrade is the
i' 5731 fewdation rcceiving the fbxéffia loads directly from
- the pavement. It is the wurface of the h-tursl ground (im
[ its final shopc aftor éompletion of earthwerk) on which €he
entire rrod structure rcsts. Preparation of subgrade includes
5r bringing it to the requircd camber and consolidatioan with
. rrad roller aftcr execavating the garth t9 an average of
E 22,9 an. depth. For this work thore is only one technigue.
 Honce, the zedivity °PREPSG™ is rcstricted %o be selected
- at the reguipcd 1ovel.
| (iis) Séling: After preparing the stbgrades seling
! work is tsken up in tho cese of asphdlt roads whereas.
; gubbase is loid ih the easc of w1l concrete rards.
; Soling is a gn thick (i.c. 15.24 m.) layer

i

. packed with amaller stones and rollcd over.

The initial selution providoes splihg and implics that
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~asphalt ricds are proferred for nationsl highwgys. PFunction
of soling 15 to sprood tniformly the traffic loads ohd
weight 2% the road structure above itsclif, =nd hchnee
protect the subgrades
(iv) Water bound macadems In the case of asphal t:

roads, this work is tcken up efter spldng work has been
completed., This werk implies laying a surface layer of &
road inh Which thg Toad metbdl has becn consclidatced 'with
waterr and carthy materigl or wock, particles, Stong

fragments ave first inberlocked by rollihg and then bowvnd

with smaller stone, gravel stc, VWhich is forced into the

interstices by brooming, watoring and rllings This surface

layer is 3% (7,62 cn.) thick, :
(v) Premix earpet:s This id mothing but a surfacing
obtained by laying bitumen with stone aggregate of preper
size te o thirtkness of more fhan an inch. Here it is 2.5
cn, thick,
(vi) Sceling coot: This is nothing but dressing of
bitumen aprlicd t7 open textured bituminous surfaces o

' rendcr the surface watortight and strengthen the macadam,.

. Thickness of this coat is about 1/2"
4As nentioned eaflicr, it is clear from the above
gsolution thot ogph#l % reads arc preferred f£Hr building

national highwayg. In India most of the national highways gre
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bt with ditumcr., Thus our solutian cxnfomms £ the aen&ral’pra,c-t,.

 tiée ,Relatively checper prices* of the moterials requived. in asphlat

r
| roed . conatrueticxdigie Ahis "roak prefépabilmever ibagds {tsQife

T e R e R T i B i i S i A

!
|
|
|
|
|
|

is much shogtcr and zlgd réquires sime amount of maintenance
expendituse ecmparcd 9 a concrete wead. However;a bitumen
roa¢ provideg a smoother ride than 2 eincretEroad ‘'which has
axpansion Jaints cvery few fiet.
Ouyr solution provides an cpployment of11389.154
nandays, The corro.s"po’rﬂ»'i;g wage bill is Rs, 43211.61. The
Tollowing tablc shows the details of the cmployment, direet

and indircet, according t5 the wage group classification.
Table 6.7.2. E“'nlo&ment detalls of the base soluticn of road

SLonatimetion,
Trcoma group Dircet Mandays Tndircct llandays
s Eaploymens Imployment ) :
0 = 4 Rs/day IL 1 7798.51 IL 4 1785, 648
4 - 5Refday IL 2 489,953 IL 2 Nil
5 - 68s/agy IL 3 1136.636 IL 3 i1
6 -8 Rsfday TD 4 Wi 1L % 44,013,
8 -10 Rsfday DL 5 89.721 ka7 14,671
210 Rs/day IL 6 181 IL 6 Nil,
Total 9514.820 1844,332

The $oble aboVe implics that the base solution
creates approximatcly 20 percent more ciiployment inmdirectly
in sddition t dirsct emplayment {1844.332/9514,82 =0.1936).

¥ Soo the oxorcisc om thp variation of the price of bitumen,
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The total indirect eviployment firms 16.24 percent of the
total (diréct -and. irdircct) cmployment. The role of indirc_:c‘b
employment sppears ¥ be less significant in ropad crnstruc-
tion comparcd t2 thnot im building construction, where
indircct wanloyncnt f#¢ms around 40 percent of the total

employments

Lot vws obgerve the composition of cmpleyment. IE 1° and
IL 1 are the least paid wage-ecarncrs. Thodr tatal omploymont
(liee I T 4+ IT 1) dig 9584.1%9 mandags. This is roughly
85 purcent of the totcl employment of 41389.1% mondays. Lt
means that the major bulk of the employmunt generated
though »vad eonstruction belongs ty the lowest wage tlass

garning legs than Rs. 4,00 zn day.

Loaking at the Tigures of direct employumenty the mogt
unskilled labotur forece comes to 82 porcent approximntely of
the total dircet employment (7798.51/9514.82 = 0.8196). The
corresponding figure for indircct cmployment is 97 poreont
approximatcly (1785, 648/1844.332 = 0.9682). The very high
percentage of this labour in indirccet cmpleymicnt is no%
surprising because, the wirk 6% ﬂ?-ﬁtiﬁg',&azossing,. crushing
ote, of guorry stine reguitres mostly unskilled labdur. For
asphalt road stone 1s The most important inputs it is
required in gnrling, watcrbournd macaden end promix carpet
activitics, Thus-ths base selution indicates a high proportion
of the most unskilled lzbsur in brth dircet and indirect

edploynents scparately.
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.[
.l TIn summery, the major conclusions drawn from the
! above discussion arc as follows:

| (a) Labour costs and materials' costs amount to
| nore than one third and sne-half of thoe total
cost of road construction respectively.

' (b) Capital costs smount tc less than ten percent
of the total cost of road construction, at
2 percent interest r{atc.

i (c) Roughly 16 percent of the total employment
| generated by road construction is indirect.

(d) Bulk »f the total employment generated by road
construction accrues t» the lowest-wage group
(85 percent of the total).

|

| i

| (¢) Shere of the most unskilled labour (belonging
| to lowest wage group) in both direct and indirect
| cmployments is very high (82 percent and 97

| pereent roapectively).

|
|

(f) Tor national highways an asphalt (bituminous)
™mad is preferred to a conceste road.

far Rond Construction

6.8 Somsi tivity Arclygis
: Scetion 6,7 presentgd mnd interpreted the base

i solution., In geetion 6.3 we siresscd the importance of

! festing ‘the sgnsitivity of the base solutisn with zespect

| §0 chenges in certain porameters. Por the exercise non road
! canstruction also, we have conducted a sensitivity snatysis,

Esgentially the following kimd of parametric programming
|
 exezcises hove been carried outs

(1) A ternative intercst-rates on capitdl,

(2) ALternative levels of subsidics on total
ciployment generated,

(3) ALternative levels of subsidics on the
enpleynent of the most unskilled labour,
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(2) 2 ternntive prices of bitumen per umit (tonne),

(5) M ternative natures 2f the soil where the
rrd is built,

(6) Mternative life for concreto rosds; snd finally

(7) Chcnge the sbjective functionto maximising the
caployanent goneratcd subject to a cost constraint
from minimising the total cost subject to the
cnployment constraints. In this excreise
parcnetric variation is donc with respect to
total cost 2L road construction.

IThe veriehts are taken up otie by one foP discussion
in the following p:gess

Enployment: The nced and methodology of this éxercisce are
similar 0 tiat for building construction. Methematically,
St which demrics the total cmploymont gencrated is defined
by the i‘oll:*_)wing cquation,

LY -~ 1.0 S‘l‘; =0 (1)‘
The objoctive Tunwvtiom he c%me 8
ilinfnise € = © ‘.X = Cope 4 (2)

whore C 4 (the cost cocfficients of the newly introduced
variable S, in the abjective function) denotes the subsidy
given per unit of the trtal cmployment. (2) implies that
net cost of construction (i.c. gross cost of construction
minus totdl subsidy) is minimized. For C g =0 {i.c.

no subgidy) sslutisn csrresponds t5 the base solutisn ond
nct cost 5 cqigl t» gross cast. Jow Gsb ig given varidus

valueg andl cilonges in $he coplaymant Lévels are dbscrved.
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Table 6.8,1.1'shows the resul tsobtaincd.

It is obscrved thot +ill C . is raiscd to a walue of
Rss 22/- per uridy mo change in the solutisn takecs places
It moafis thot sof of ontimal production techmiques is mod
changed implying thnt He t3tel employment is not increascd
even if a subsidy\of Rs, 22/— por wnit (menday) is given.
Total cmployn.nd remeins statisnary oF 11359.154 mandays.

Bwovery Whext the subsidy is raised %o Rs. 23/- per
nznday the sct of grodnetion Fechhigues is changed. Puzzolana,
concrete road With a limc-csnerctc subbase (PUZWOT and 111 SBE)
is preferred to a bituminoug road, as the former road has 4
Bigher cmploymemt patentiel of 5957.932 mandays (17317.086-
117559.154) por kilomgtre longth »f the mational highway
compared o ihc latter road (i.c. base solution). The
increase in tlic gross cagt of evnstruction dwe th such a change
of techniques is empensated by the trtdl subsidy. At &his
ievel of subsidy the gross cost of cwmstruction is Bs.
240262,19 and the trtal enploymont lewel is 17317.086 mandays
per kilomctre length of tho road.

For furthcr inercase in the totdl employngnt lével,
the raise in ihe subsidy Tuvdl required per mandays is
sbserved 1o be abmomeal. In frct, it is Rs, 750,00. Such
a lovcl of subsidy is of mo practical relevanee. Hore the
$otal employment level is 17349.574 mandays and gr553 cost
of eonstruction is Res 273388.87; the road is built with
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Table €,6.1.1 7
Senﬂ.,-';,ivj.ty Ai’lalysig vi th res ect to Qreditbm
total eirloyment

i =2%Y ©CBY =15 5/, majintenance costs on asphalt royds
(nerete roads' life = 24 ye=rs

—— = inrimie: @ a T e e - . e - - —— 2 m g e— —y

Credit on totzl c¢agloyment

(Rs./manday ) 2 28.0 7500
O.bjective values in Rs,
(gross cost of constn.=0) 114057 249262 273389
Capital (K) {Rs,) 9413 46353 55262
babour (L) (mandays) 11359 17317 17350
kK/0 (X 10 %) i8 2531 185962 202138
1/0 (x 10°) 9592 €9473 63461
I]{M[JI. (X 10°) 6 ;?2869 267 674 318522

1IL1/L (X 107) 343739 824251 818279
Rectricity (Kwh) 6 34593 43241
Coal (tonnes) 2 180 206
Limestope (tonnes) 0 61% 742
Gypsun ( tonnes) 0 17 22
Clay (tonnes) Q 323 225
¥ater {tonnes) o} 1297 1622
Coarsesand (m®) 8 757 754
Finesand (ms) 9 101 101
Quarry stone (w®) 2557 2131 2131
Diesel (1itres) 874 117 117
Bi tumen ( tonnes) 39 0 0
Hontum {m°) 213 o] )
Miscellareous (Rs,) 182 52177 74944
Total wage bill (x.) 43212 67961, 63,636

Residual (Rs.) 70645 181301 204753

gy R

Bbon T b e e i e S5 5 B Sy e A g - g = = - —p S T

o
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Table 6.8,1.1 ¢ (conk.)

192 =

. sty it it A e ey e B 8 AT e

Tt + IL1 (mandays)
W + ILe ( ¢ )
3 + ILB( ¢ )
ms+ILa ()
L5 + IT5 ( t'1)

IL6 + 1L6 ( ! Y

Optimal Levels o

7799+1786 B440+5834 BA4045787

£9040 911+ 22 911+ 22

113740 1137+ 112 1137+ 112
O 44 11+ 296 111+ 343
90+ 15 174+ 163 174+ 196
0+0 O+ 11%¥ O+147

LABEXC=17541 LABELC=17541 LABEXC=17541

Techniques PREI SG=120  FREPSG=120 PREPSG=120
DIING= 1067 1115BF= 533 1115BC= 533
YiLICDie 533 FUZWET= 1689 124WCT= 1689
PRCRET= 106
SLCOAT= 108
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cement toncraote weoring coat {124 WCT) over g lime

concrete subbasc {111 SBE),

Now, supposc the gavernment bears the cntire wage-
P11l imstend of anmouméing a subsidy level per manday. In
“that case tlic road-buildor would minimize simply the cost

of mn-labour resources., Thesc costs are prescented as
residuals (gross enst of eonstrizetion = wage bill) in tatle
6.8.1.1. Wo find thot the basce solution itself is the optimal
solution im +this case ms0. That mesms the slution whieh
minimises the gross edst of cmstruction mimimises plse the
cost of mon-laobour resdirces wnd thke woge-bill . sepatatcly.,

Phere exizts  complementarity between them,

Now, et ws coxomine fthe share of the mogt wnskilled
Tabour im ihe total employment as the production technigues
providing Higher level of thtal employment ane teken up
graduplly. Teble 6,8,1.1 ghows that this ghare is consist-
ently nmore than 80 poereent for &) the difforent scts of
production technigucs. Ibwever, this share is decrcasing
as the tstal cmployment incrcasés. This implies that the
techniques af highexr empluyment potentinl in the raad
congtruction are less intensive towoards the most unskilled
lgbour, Thus the marginal sharc »f the most unskilled

1abour is less than the average share.
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In the omd, let us trace the isornad represciting
al ternative scts af dd fferent production tichniques required
in the pro@uetian of oane kilenctre long road, . Isoroad
corresponls o crnstruction of a national highway of sne
kilometre lLength yith speeificd cheracteristics (wheel
1lond, foraotion snd carringe way width etec.) In this exereisc
cnployment is increased replacing or adding sther materials
and copitcl. These moterials -nd copitdl, just as in the
case of buwilding constructtion, are sggregated inty one
compasite conrndity using their prices as weiphts, This
focilitates o two-dimensinsnal representation of en isoronde
X-axis repregents thtal empleoyment in mandays onl Y-axis
represents The volues of the aggregate commadity representing
other matericls and capital in terms of mupees. These walues
arc obtainecd by substrccting the wage bills from the
objective function valuegs for gach optimal act of production

techniquess Graph 6,8.1.1 shows the isvrond,

-

The comvex noture of the isornsd canm be clearly
observed. JIbowever the upward sloping nature of the curve
implies thot the higher cnployment can be provided onky
ri¥h a higher smount of the c mporsite commodity (4.c. =1l
the other materials put togethe® &s o weighted sum.
Following tablc reveals the marginal rates of "substitutiod®
(in fact, complenentarity) between total cmployment and the
composite comwndity for the threc Aifferent scts of

production tochniques,
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’I—'able 60 81 1.2

To tal Increase Corrn'pasite " Incrcose over
Empl oyment over the commodity the previous
(nandays) previous or Residuzl level
level (BRs.) {Rs,)
,_{mandavs) : —
11359.154 - 70845..38 =
117317.086 5957.932 181301.176 110455,806

L 17349 ,574 32,488 204752.47 23451 ,294

Graph €.8.1.1 shows also a plodt between the level
of total cnployment ond the gross cast Df read construction,
Pebtle ©.8.1.3 below shows the incidence of increasing the

tatal cmplowricnt om the cost of vsad-crtistruction,

TgBlc 608@1 . EJ

Total chploynent Percontage  Gost of Pércont_ag'b_
(mandays increase construction increasc

nvar the over the

basc sylution vase 871 ntion

R e lgvel R g A CYE)
11359.15& - 114056,99 -
17317,086 52.145 200262.193 118,54
I1'2549.5'?4 52,74 273388.87 139.70

From the above table it con be concluded that
elasticity of the c¢cost of road construction with respect
to totdl wnployment &s morc than sne. The abvious

tonclusiin from this obscrvation is that, for & given
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exponditurc~outlay for construction of a national highway of
specificd dimensions, the base solution would mot »nly produce
a road of more length but also a higher lovel of total

eriploynent cumpared to any other sslutisn,

6.8.2 Sengitivi
employment of the mogt unskilled labrur: The row correspoxd-

ing to the most unskilled lebour ik the moded is changed o
be as iffollm:rs::

6X - 1.0 5, =0 (1)
whcre 'gj-"s of G e_‘ée as follows:

gﬁ = !D‘;l‘.j 4 Nl.’]

where ﬁlj and 1_\71. are the ist rows corresponding to the most

j
inegkilled levour fromt D and N matriecs rospectively. ‘This

implics

= total dircect amd indirecct cmployment of the
most unskilled labour requircd per unit
operation of jth activity..

The modifiod shjective function would be to
i

Minimise 9 = € tx_f o ng Sg‘
where 8 g (e tes the t:tnl compleyment level »f this wiskilded
workers; od ng is thHe lavel »f gubsidy per manday of this
employncnfs Tor C-’i’g = 0y thc salution corrcgponds to the Yaso
solution, Differcnt valucs given o C“Sg imply. differcnt
subsidy levels given for the employment of this labour,

Table & 3.2.1. presents the rosults obiained.
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Pable 6:8,241 g

Sensitivity Analysis with respect to credit on the
most unskilled labour :

l=20%  ©€BR=15 5. maintenance costs on asphalt reads,
Concrete roads' life= 24 Yyealrs

[ e e W -

(redit on the most un- *

skidled labour (Rs /manday.) 0 29
Objective values in Rs.

(gross cost of constn,=0) 114057 249 262
Capital (K) (Rs.) 9413 46353
Iabour (L) (mandays) 11359 17317
80 (x 10%) 82531 185962
1/0 (210°) 99592 69173
L (X 10°) 82860 267624
Iy Im1/L (X 10 6) 843739 824251
Rlectricity (Kwh) 6 3150
toal (tonnes) 2 180
Iimestone (tonnes) 0 617
bypsum ( tonnes) 0 17
Clay (tonnes) o 323
tater (tonmes) 0 1297
loarsesand (m°) 8 757
Piresand (m°) o 101
werry stone (m°) 2557 2131
Diesel (litres) 874 11%
Bitumen (tonnes) 39 o
foorum (m®) ly 213 o)
acellansous {Bs.} 182 62177

N L e S
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Table 6.8.2.1 % (cont,)

T BE [N N o,

fage bill for (IL1+IL1) 33545 49706
Residual (Rs.) 80513 199557

b1 4+ ILg (man days) '7'?—959*]_.:‘?3‘61 . §490+5832
w2 +IL2 £ ') 490+ I e 81 22
I3 + IL3 (') 1137+ ¥ <1137+ 112
W4+ Ina (') ' 0+ 44 111+ 296
L5 + IL 5( ) 90+ 15 174+ 168
Lé + IL6 (1) 0+0 0+ 117
Optimal Levels o LASEXC=17541 LABEXC=17541
Techniques PRFLSG=120 PREPSG=120

OLING= 1067 111SBP= 533
YRICIM= 533 PUZwCT= 1689
PRCRPT= 106
SLCOAT= 106

Ay B A D Smek DR S B ) B A P -
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Phe ontimal sct of production fechilgues change orly when
the subsidy is increcosed to Rs., 29.00 poy manday. This
new sct runains unchanged for all the subsidy lovels beyond
Rs. 29.00 nor manday; i.c. no amowunt of a raise in the
subsidy level pur mandsy of cnploypcent of the most unskilled
labour can dngrease their omplaoyment levels The sylution
coTrespomding to the level 3f subsidy of Rs, 29.00 per
nenday i.ce. the puzzolane riad whith a lime copercte subbase
provides the maximum ponsible empleyment lcvel. of the most
unskilled loboury Hwever, it is tv be moted that the shere
of the unskilled labiur cmong the total cmployment is less
in this gose than that corresponding 45 the base s»lution
(f.6. m subsid'}’)._ Dhot implies ‘the puzzolana conecxcte
ol is Less—-intensive of the most unskilled kabour

conparcd % the bitumimus wood.

Prom the table 6.8,2.1 it is obvinus that the base
gslution roricing oplimal for the yoad-builder evek if, no¥
he, but the spverament were t pay the woge bill of the
wnskilled 1lobour and he minimiscs s1ly the non-laboir
resource=costs. The residual eost (gross cost of constru—
ction -~ ware bill of* the most unskilled labsur), is less
for the base solution compared to %hgt of the other
solution.

Suppo-se the objdetive is 4 naxinise the emplay-
ment Yevdl ¢f the unskilled laboure Lok us designnte two

policies as follows:
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Prlioy 4 ¢ T subsidisc total cmployment
Polidy B : To subsidise the most unskilled labour.

Consider the toble 6.8,2.2 prepared out of the
inf~rmetion from the toble 6.8.1.1 and 6,8,2.1.
T{\_bl\? 6.8.2.2

i EO LA G Policy B
IL 1 Total Subsidy Total IL 1 To tal Subsidy Total

1L ¢ Enploy- Level Subsidy IL 1 Employ- Level Subsidy
(man- . ment (Rs.) (Rs.) (mon- ment (Rs.) (Rs.)

days) Mondnys. . days) mandayg ‘ s
9584,159 11359.1%4¢ O 0 9584,159 11359.154 O o

14073 634 17317.,086 23.0 39820297 14273 634 17317.086 29.0 413935.38

- —— -

Tron the above tablc it is oab¥isus that t» raise the
employment 2L the unskilled labour o a level of 14273.634
mandays the tital subsidy required under policy & is less
than that under policy B. Im this sense, subsidising the totsl
empleyment ot » Llower subsidy-rate is preferable o subgi-
gising the omployment of only the unskilled labour at &
higher sub‘gicly—rate when the abjeetive is to maximise the
employment-lcvel of the unskilled labour.

6,8.3. Scnstivity on . .
price of bitwacn: We have notcd that the base solution
implicd a hifi:'mimus (asphalt) road for tho proposcd
national highway. The base solubion correspords 0 o
pricc of Rs. 892.00 per fomna of bitumen. The sbjective
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has bcen ) mikimise the total cost of comstruction. The
tatal amount of bitumen required fo¥ this raad aecording o
the basc selution is 38.586 tomnes. However in vicw of thg
current international oil crisis, wide fluctuations in the
price of bitumen eon B¢ gxpectad. Hence, it is important 4
test thHe sensitivity of %he base s)lution with respect fo tho
prige of bituwmcn per tonne. Various levels of priec pep
tonne of bitumen were assued and correspording changes in
the set of production tcchniques were observed. Table

6.8.3.1 presents the resvlts obtained.

Bet us look at the pmdu;ﬁ-an techrdgues; ofnly when,
the price is raised %o Rs., 4200/= pox “t>nne a change in the
solution occurred. DMNow, the road iIs preferred to be built
with puzzolana wearing coat (FUZWCT) over a lime concrete
subbase (111 SBP) for minimising the total. east 5€ the road
constructions No more is the bituminous r»ad optimal and
henee the twtal quantity of bitumen reguirved isik. Dimeg,
gsurkhi, stine-aggregatc ond capital are syme of the resrurces

subgtituted Ty b umon.

Lot us draw “dur attention tawarfls the chenges
in the resource requiroments, when the price of bitumen
is increasgdls The Tollowing tuble provides some of tHeseo
degtails;
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Table 6.8.3.1 &
Sensitivity mﬂlsi’iiysis with Pegpect to price of bitimen
0¥, CBR= 15 5%, maintenarice costs on as‘ghalt roads.
. Concrete roads' ¥ife = 24 years
A W ] W = . - o, i S =

frice of bitumen per tonne

(Rs,) €92 2900
tbjective value in Rs.
(ross cost of constn.=0) 114057 249262
Bitunen { tonnes) 39 2]
fapital {K) (Rs.) 9443 46353
labour (L) (mandays) 11359 17317
lesidual (Rs.) 87356 249262
Nevtricity (Kwh) B B4593
wal (tonnes) 2 180
linegtone ( tomros) 0 617
typsun ( tonnes) Iay 17
flay (tonnes) 0 323
Tater (tonnes) i0 1297
loarsesand £m5) 8 787
finesand (mﬁ) D 101
narry stome () 2557 2§31
oo rum ((ms) 913 8]
Mesel (1itres) 534 117
fiscellaneous (Rs.) 192 62177
M1 + IL1 (mandoys) YWS+1786  8440+5834
L2 + ILg ( f°¢ ) 290+ © 911+ 22
63 + I3 (& ); 1137+ © 1137+ 112
L4 + ILa ( ¢ ) O+ 44 111+ 296
L5 + IL5 ( f¢ ) 90+ 15 174+ 163
Lé + IL6 ( Y ) 0+ O+ 117

| ]
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Table 6.8...1 (cont.)

S P R Y

jtimal Levels of LABEXC=17541 LABEXC=17541
echniques PREFSG=120 PREPSG=12C’
SOLING= 10€¢7 111SBP= 53¢
WHICIM= 533 PUZWCT= 1639
PRCRPT= 106

SLCOAT= 106

S ot S -y Gy M 8 & b e s o S - - -
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Bitumen pe.rOc:nt carltal pcrcont Tabour percent cost of bercent

%)rlce chan (K, change (L) change const- change
Rs/ in ulo (Rs.) in men= in L ruction in the
fopne) price copital days) . (Rs,) cost

692.00 - 9413493 -~ 1n359.14 - 114056.99 -
4200.00 506,94 46353, 345392,43 17317.08652.45 29262195 118,54

- .- - . - — o ik

I+t is clear from the above table that to cffcct

relatively o little percem#ge increase in the cmployment, the
necessary pcorcentage inerease in the price of bitumnenis vexy
high, Hence, we may conclude that the price of bitumen
canmot be a policy varinble to effecct changes in the
cmpleyment levelss Amyther dimpor$ant point $o be noted

here is the cmormsus increase 'in the capital scrvices
required for xoad comstruckion if the present internationsl
0il, erisis were fo inczeasc the domestic price of bitmmen

to a vory high level,

Lot us Yook at the dmplications of the risc in the

R R R R R R R R R R R R R R R R R R R R B R R R R R R R R R I R RO R R R R R R R R R R R mmE—E————————E—

price of bitumen on thc ciploymint of the most umskilled
laboyr. Tha clifﬂer@nc‘c between the #wo cascs (table 6.8, 3,1)
as far as thc most ul;ls-k'ﬂlec‘l labour is comcerned is 689,459
mandays. GCorresponding differconce in the total employr:nt
levels is 5957,982 mandays, However, we mote that the

share 52f thc unskilled labaur ansng the total wmplojment

fell when the Hrige of bitumen was inereased., This'tan be®
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wrdersticé easily. becange the so:;l.‘i'ng,‘premix. carpet and
gealing cont activities rcquire cssentiglly orly unskilled
labour an® hordly any skilled labour bélonging to highe.:
wage Broups, whieh is mot druie ¥n the casc of the activities
of any concrcte road. 8o, we conclude that the hike in the
price of bitumcen affccts the comprsition of the total
caployment adversely t» the maost unskilled labsur.

Sumnrising the abtove Adiscussion, & rise in the
price of bitunen has wory undesirable affects for the
f2llowing rcasons:

(1) The chango in techniques brought absut in

¢spor. ¢ to increcasing price of bitumen
Zeneratves very little additional cmployment.

(ii) On the othcr hand it raises the outlay on
capital axpenditurce for road construction.

(iii) A risc in the price adversely affects the

most unskilled labour as far as the composition
of the total cmployment is concerncd.

peet t2 noture

lygis with »
of the m& For any wopd, the 5341l Founlation rceeeives

the traffic loads, from the pavement. “The subgrade is tho
surface of the natural ground on which the entire road

structure rc¢sts. If thg subgrade fails the perfomance of

 the whnle rond gets affceted. Strength of the subgrade

| deperds on the braring capacity of the sodil "CB? (California

 Booring Retdo) is a meosure of the lond canrying espacity

(resigtance to fireat ponetration) of any soil ex granular

haterial which ds cxpressed as a percentzge of the load
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Table 6.8.4.1

Sensitivity Anelysis with Hespect to CBR

i- 0¥/, 5 7. naintenance costs on asphalt roads .
Concrete roads' life = 24 years

= - - Bk A Y e o . -y = . s » e
BR (%) 7 10 15 20

Mjective values
in Rs.(gross

wst of constn. 135715 127052 11405% 109725
Ea;ital (K)(Rs.) 11348 10574 9413 H 26
labour(L) (mday) 12092 12339 11359 11033
1/0(x10%) 83617 83227 82531 82262
4/0(x10©) 95729 97116 99592 100548
1/4( 7.106) 873478 856985 828688 818139
Rec. (Kwh) 6 6 8 6
bal (tonnes) 2 2 2 2
linestone( tonnes) 0 0 8 o]
typsun{ tonnes) 0 ¢ g o)
lay (tonnes) € ¢! @ 0
iater( tonnes) o 0 o o
tarse sand(m®) 8 8 8 8
Knesand (m°) 6 o 0 o}
narrystone{m®) 682 3282 2557 2332
Yiesel(1litre) 70 932 874 .55
% tumen( tonnes) 39 39 39 39
oorum (m°) 243 213 213 213
liscellaneous({Rsy 223 207 182 Wi

b 2 = —— e A i B e e -
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Table €, 8.;11 :(eont.)

AL

REA Bl

EZ-FIM{M.,@&Y) S737+2897  8362+8092  7799+1786  7611+1683

Te+IL2( *') 650+0 58 6+0 490+0 AB8HO!
L3#+IL3( ') 1137+0 1137+0 113740 113740,
I4IL4( ¥') 0+61 0+54 0+44 O+11,
TS+ILS( ') 90+20 90+18 90+19 90+14
L6+In6( ') 0 +0 0+0 O+0 0+0

ptimal levels \ / . : 3

:f Techniques L ABEXC-=17541 LABEXC=17541 LABEXC=17541 LABEIC=17541
PREPSG=120 °~ PREPSG=12C PREPSG=120. . PREP3G=120
DOLING= 1956 LING= 1600 SOLING= 1067 SDLING= 889
THEiICI= 533 \BICII= 533 WBMCIM= 533 WBMCII= 533

T 186 Ear: 108 HIBiE 106 H&BH- 188

S



http://www.cvisiontech.com

- 209 -

carrying copoeity of a stamderd crushed rock specimen (which
is taken o8 of 100 percent value) determined by a penetration
test, This is an arbitrary figurcs: a surface having a CBR

- of 200 petcent is one in which o load of 1360 Kg. his %2 be

: exerted ty drive im & cylindrical flab plunger with @ base
area of 19.% sq. . 0 a distance of 0.250 mm a$ the rate -

' of penetration of 0.125 mm per minwte ™,

| Y& hiove cinsifered CBR ¢ Be of 1§ poreent for the

 base siution. MNow our intePest is 1 know whgther the base

. golution rembinsunchangedyhen the naturc of 'the seil i.c, its CBR
changes. .Jo have considered threc other values of CBLRR for -

this excredsc. Sce Anpendix f.

f-noidcr tho teble 6.8.4.2 0n the next page. 1% gives the
dctails on dcsign thickncsses of flexible (bitumimus) and
rigid (conerotc) pavemcnts for varisus CBR percentages. Those
details enzrespyml t3 o wheelyload of 12000 lbse The table
implies the following variations in the thickness of the
soling wark for differcnt CBR values
CBR
/4
10
15
20 5" = 12.70 cul.

Table 6.8.%2.2 sz implics that in the case of

concrete reds, nature of the soil within the range we have

| ¥ Sce Practical Civil EnEineersTI;uﬂdb’).ﬁk”bY‘P.N‘.Khr.i.rﬁm.
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Design thicknesses,of flexible and rigid
pavements for various CBR values

Yheel load «= 12000 1b.

Subgrad e Total thickness Thickness of concrete

CBR of flexible gl ab required over
percent - pavement 3 in, WBM subbase
2 278 10.0"
3 23" 10.0%
5 kWA 9.5"
% 14" 9.5%
10 12" 9,.5"
15 A g.5"%
20 g" 9.5%"
30 P 9.0"

Note 1. The design thicknesses shown for flexible pavements
are overall thicknesses and superior surfacing such
as bitumious concrete form part of the degign crust;
but sufface dressing etc. are provided over and above.

2. In case of rigid pavements; thickness of concrete
glabs shown in addition to 3 in, WH.

Source; Taken from table 1 of "Economics of Highway

Payment Design" by Bh.Subba Raju and M.P.Dhir.

Road Research Papers No.37. C.R.R.I., New Delhi
considered docshot demand any change in crust thickness of
the road, Thickness of the concretg slab is ylways 9.5%
for OBR values of 7, 10, 15 and 20.

S0, in our exercisey; charge of CBR implies change in
output requirg of only goling work, We changcd the cutput
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coefficient of the spling work anccording to the desired CBR
values. 'Iho results are talnilated in table 6.8.4.1.

We obsexrve that the nature of the sejl has no effect
at all on the set of prodﬁcﬁomfechniques. seleeted. In .all
the cases bitiminous road is praferred to & poncrete road,

However, we observe the following two points from
table 6.8.4,1: (i) capital expenditure per rupee cost of road
construction falls as CBR value incresses i.e. as the soil
gets firmer, (ii) Labour per rupee cost of road constriction
iricredses as CBR vilue increases. |

Note that the £a1% in the output of the soling work
required is lcgs in proportion to the 'increase in the CBR
value {see anpendix 4). So, soling by itself being a |
lobour consiming activity, the two'poirits are easily under-
standable., Graph 6.8.4,1 presents these results,

6,8.5 Sc

rate: Use of interest rate is required in calcwlabing the
refital vdlues on capital equipment required directly or in
indirectly in the road construction end amlso in discounting

all the future costs (relaying premix carpeét and sealing

coat for every 8 years and maintenance costs) involved in the
thie case of bitwttineus rxvads. - The base solution corresponds

to an interest rate of 20 percent.” Now we would 1like to

Know whether the base solution remains wnchanged if the pate of

interest is varied from 20 percent <o stme other yalue.
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Table €.8,5.1

densiiivity Analysis with respect to Interest Rate

CBP. = 15. 57. maintenance costs on asphalt road., Concrete roedd life = 24 yerrs

e P - — e iy e St S - -

Interest Rate (1)in (*4¥ -+ 3
Objective valte in Rs.

(gross cost ol constn, =Q) 144161
Capital (k) (Es.) 6532
Tabour (t) (uendezs) 15244
K/0 (X 1c%) 45313
1/0 (X 2% 91869
K/L (X 10%) 493232
Electricicy (Kwk) 10
Coal {tcnras) 4
Limestone {tonnes) 0
Gypsun ( o nnes) ol
Clay (torres) 0
Water (tonAes) (4]
Corsesand (m3) 15

Finesand (m®) 0
Zuarry stoie (@)

2842
Diesel (1itres) 1140
Bitumen (tonnes) 70
Hoorum (m>) 213
Miscelleneous (Rs.) 182

| S——— D ey (il Sl B § YT e

-

10

127290
7262
12238
57054
96144
593423

D0 O D m M

S s

2690
298
83
213
182

15

118 €03
8253
41685
69886
98524
70687

Q0 O S

o o W

260
920
44
213
182

A B W

20

114057

5413
11359
82531
9959¢
820 €88

™
&
O O o oo

25
111778
10706
11155
95775

99797
959700

2 O O O W

2526
845
35
213
182
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Table 6.8.5.1 ¢ (tont.)

e S

DLt + Ib1 (mendayvs) 898742422  B8353+2082  8004+1896  7799+1786  7670+1717
me + Ing (4 ) 5140 502+0 495+0 49040 48740
34 I3 (' ) 113740 113740 113740 113740 113740
IL4 % ILa ( Y ¥ R+53 0+48 G346 0+44 . 0+43
L6 + IL6 ( t* ) 411+18 100416 93+15 00+15 87414
L6 + H6 (' ) 040 0+0 0+0 0+0 0+0

Cptimel levels e Technicues IABEXC=17541 LABEXC=17541 LABEXC=17541 L iBEXC=17541 LABEXC=17541
PREPS(:=120 PREPSG=120 PREPSG=120 PREPSG=120 PREPSG=120
SOLING= 1067 SOLING= 1067 OLING=1067 OLIKG= 1067 SCLING= 1067 N
WRMCIM= 533 WRMCIM= 533 WHMCIM= 533 WHICIM= 533 WEMCIM= 533 ™
PRCRPT= 19% PRCRPT= 147 PRCRPT= 121 PRCRPFT= 106 PRCRPT-= 97|
SLCCAT= 193 SLCOAT= 147 SLOCAT= 121 SLCOOAT= 106 SLCOAT=

—— o ity S m— e S} Smntin . i+ e Wcn W o

97

A W e S O
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We have considcred the Following imterest rates : 5 percent,
10 percent, 15 percent, 25 percent. Results were tabulated
in table 6.8.5.1.

We observe that the base solution has not . changefl
E:p‘af'l for a¥} the interest-ratc variations. Lower values
of capital fental (K) as the interest-rate falls meyely indde
cate the samc amount of eapital eoguipment being valued at a
lower interost rate. Further discussion of the figures in

the table 6.8.5,1 is unMececahry.

6.8,6 Alternati

previous cxcrcises assulle 1ife of bituminous road and concrete
roads to be of 8 and 24 years respectively. These assumptions
dgrc made by the mllowing'mamation available in civil
engineering homibooks:

Tife of bitumimous grouted mecadam = 8 ycars

Lifc of bituminous premix carpet =8 to 15 years

TLife of concrete roads = 25 t5 40 years.

As the bituminous roed is found ¥ be optimol with
the azsumption of its 1lifc to be 8 years, a fortiowt it
will be optimsl with ahy assumption of its life to be more
than 8 ycars compeared 17 concrete roads 1ifc of 24 years.
However, it will mot be possible to conclude so if the
concrete road 1ife is assuncd o be 40 years. Hence we

decided to azssume that concrete roed ¥ife fo be 40 years, ¢
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Table 6.8.6.1 "
Sensttivity Analysis with respect to in%erest rate
CBR = 15 57. maintenance costs on bitumenous roads, Congrete roads' life = 40 years

-
e E Ee e A o AR RS W8 6 % B R W el S O W

-—— e

e e e T R VTN

Interest rate (percent) ) 10 15 20 25
i i ues in Rs. = :
(%‘3323“032»6"% constn. =00 162750 132467 120183 114579 107409
Capital (%) (Rs.) 7204 492 8337 9246 10392,
Labour (&) (fendsys) 14268 12521 11791 11387 10923
X/0 (X 1% 44262 56554 69363 32438 96751
L/0 (z 10°) ' BRE66 94521 97940 89782 101699
X/m (X 0% 504891 598318 708268 329502 951381
R
Flectricity (Kwh) 13 9 7 6 5
Coal {(tuines) 5 3 2 2 2
Limestone (tovnes) 0 0 (¢} [} o
Gypsun (tonnes) C 0 0 o Q.
Clzy (tonnes) o} 0 0 o) 0
Vater (wonnes) o ) o 0 £
Coarsesand (x°) 18 12 9 8 7
Finesand (m°) 0 0 0 0 0
Quarry stone (mz) 2997 2733 2619 2561 2491
Diegel (Mitres) 1285 1038 932 878 812
Bitunen (tomres) 8% 58 45 39 3y
Horrum (m°) 213 213 213 213 213
Miscellaneous (Rs.) 182 182 182 182 182

W I RETE R e T ey VoA e A e E il SR IV Mt B i s e e W B el i R R i W U W ATk w e (T adEiW i!_l (LN} » A


http://www.cvisiontech.com

. = T o — - i b b e S G it S TR H e g TR A e O B e i o o - S
- ey - P

DL1 + IL1 (nondays) 0 633+27 &7 8531+2178 8058+1925 7816+1795 752441639

mwe + L2 ('Y ) 53140 507+0 49 6+0 49040 48440

DL3 + IL3 () 113740 113740 113740 1137400 113740

L4 + [La ( ' ) 0+57 0+49 0+46 0+44 0+42

DLS + IL5 ( '+ ) 123+19 103+16 " 94+15 S0+15 - 85414

L6 + In6 { ) " 040 040 0+0 040 040

Optimal level 6f Tachnigues LABEXC=17541 LABEXC=175%41 LaBEXC=17541 L#BEXC=17541 LABEXC=17541
PREPSG=120 PREPSG=12C . PREPSG=120 . .ZEFSG=120 ) PREPSG=120

DLING=1067 SOLIKG=1067 SOLILG=1067 SOLIFG=1067 SOTING=1067
WEMCDI= 533 WBMCIM= 533 WBMCII= 533 .BICII= 533 WBMCIH= 533
PRCRET= 240 PRCRPT= 160 PRCRPT= 125 PRCRET- 108 PRCRPT= 86
SLCOAT= 24C ° SDCOAT= 169 <" OATz 195 SLCOAT= 408 SL,COAT=. 86

i e v e—— - '

LTG =

TR = -

-
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and obtain thc solutions with respeet €5 wvartous interest

rates, Table 6.8.6.1 prcscnts the results obtained.

We obscrve that the set of production t’oc'hniques. is
exactly the some s the onc obscrved urder the corresponding
exercise with the assumption of 24 yvars life for bituminous
rords Howgver, the levels of premix carpet (PRCRPT) =nd
sedling coat (8LCOAT) activitics will be higher this time
because the mumber of re-tayings afd total maintomance cost of
these activitics will be higher during 40 ycan§ compared to
24 yedrsg bime-poried.

We closc the discussion of the results on this
exercdse by pointing out that tha lower values of eapital (K)
(table 6.8.6.1) as the intercst rate falls down merely

indicatc ‘the samc amount of capital equipment being valued

ot a lower intorest rate.

cmploymont ; £ o n cost constreints

Every thing of the medel remains the same except thaf

. now we will

Maximisc LX :
' T
Subject to 0] £ T or (0)
X
where G = o speeified lovel fer the ¢ost of the rod”
construction,
In the cost mindmigation exercise thic base svlutden

costs us Rs. 114056.99. So, here in the gmployment
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Table 6.9.17%

Meximization of employment subject to a cost constrair®

K,

i= 20/. CBR = 15 57. maintenance costs on asphalt roads.

. mowa

-

Labour(L)(objective value)
mardays)

11359

Amount (0)(cost of constn.inRs)114057

Capital (X) (Re.)
K/o (7 195)

£/0 (X 1°)

K/L (X 10°)
Flectricity (¥ivh)
Coal (tonnes)
Limestone (tomnes)
Gypsum (tonnes)
Clay (tonnes)
Vater (tc.an2s)
Coarsesand (ms)
Finesand (mé)
Quarry stne (ms)
Diesel (litres)

Bi tumen ( tonnes)
Hoorun (m*) _
Migcellaneous (Rs.)

LRI R O e o R S Ay S N

9413
82631
99592
828€9

(v T s W T T <o T S o

0
2557
874
%9
213
182

EEEImiEIEE wa-aa MR EL AR WY

128 67
148274
18762
126535
86778
145814
8759
47

156

4

B2
328
198

26
2449
€82

29

169
16872

13872
171086
24994
146092
81083
180176
14591
7

2€0

7

136
547
524

43
2377
565
22
183
26331

iy iEBary 4 a im R

16335
228114
40575
177873
71829
247634
29183
152
521

15

o7 2
1094
640
86
2198
235

Imiske

[

Concrete roads' 1life = 24 yeaars

17319
250925
4€9 68
187177
€9022

271185 -

35189
181
€26

18
316
1320
757
101
2151
117
o

Q
63057

17338 47820
262331 273789
91179 552€2

195093 202138

66079 €3461
295241 318522
39277 13241

154 206
€85 742
20 22
270 225
1473 1€22
756 754
101 101
21351 - 2131
117 117
0 0

@ 0

69093 74944

B R R R N R e e gy Y LA

= 6124

P
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Table 6,9.1 ¢ (cont.)

- sl 2 o LK 2

)
- s S

51 + IT1 (mendays)
DL2 + ILg { *¢ )
W3+ I3 0 )
Th4 + ILg ( ' )
Ws + 15 ( ')
e + 6 ( *F )

Optimal luvels of Techniques

7799
+1786

49040
$137+Q

D4dd
90+15

§+{:

LABEXC
=17541

PREPSG
=120" "
L) NG
=10 67
~BMGCIIM
=533
PRCHEPT
=106

SLOOAT
=106

7961
+2810

587+6
113%+28
£8+108
111+52
0+30

L4ABELC
=17541
FREPSG
=120 1
SOLING
=797
*BMCIM
=398

PRCRPT
=79

SLCOAT
=79
1115BF
=135

PUZYCT

=428

8069
+3493

6€8+9
121357+47
474150
125477
0449
LABEXC

=17541
PREPSG
__.120 b3
B0LI NG
=617
WELICIM.
=308

PRCRPT
=€2

SLCOAT
=62
1113BP
=223

PUZWCT
=713

e el s e .

8340
+5200

845+19
1137494

944237 1114300

8440 8440 8440
+5828 +5791 4+5759
941422 911422 911+22
11374112 1137+112 11374112

161+1420. 1744165

0499

LABEXC
=17541
PREPSG
=12
0T1 66
=16%
Bichd
=83
PRCRPT
=17

SLCOAT
=17
111SBF
=450
PUZWCT
=1425

0+119
LABEZC
=17541

PREP SG
=12C

13958P
=97
PUZLCT
=1073
111SBC
=37
124%CT
=116

131 4322 111+343
1744181 174+195
0+133 D+147

LABEXC. LABEX
217541 =17541

PREPSG- PREPSG

=127 =12C
$138BE  3115BC
=244 =533
FUZLCT 124%CT
=774 =1639
111SBC

=289

124¥G7T

=915

. e e B
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meximisation cxcrcise, we h-we taken T = {14056.99 for
sbtaining the initigl sylution. Then onwards C ig ratsed
gradually. The restlts orc taobulated in table 6,9.1w

The bose solution wnfier this cxercise is exactly the
pae as the ome in the cost-minimisation cxercise
Let Us obsgrye the valucs of the labour per mupee-

vélue of thc easty of constwuction from table 6.9..1

We #ind thot L/0 fdlls groduslly as the ¢ost-outlay for
comstruction is inecreased, It is therefore, clear that the
base solutisn is again preferred to other types of the roads
everr if the lobour per rupee valuc of ‘the gost of constmiction
is ¥ be maxinum,

Graph. 6.9.1 illustrates the rclation between L/O &md
0 and graph 6.9.2 thet hotween.the total .emplovment (L} and
the copt of  construgtion (0).. Pale 4:9.2 aleoyprovides
the details of the relation between T ard 0.
Totle 6.9.2

Cost of  Yercent increase Employment  Percent incrcase

Construction over the hose total over the base
(Rs.) solution level (mandays) solution level

114057.00 e 11359.154 =

148274.10 fo'9) 12866,96 13,274

171085.90 50 13872.164 22.123

228114.0 100 16385,173 44,246

250925, 4Q 120 17319.326 52,47

262331.10 130 17334, 684 52. €05

273388.83 139.7 17349.574 52.737
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craph:e.9.1.

l"'\
g L7/O vs. TOTAL COST OF
g CONSTRUCTION OF THE ROAD (O)
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From fhe sbova table it ig clesr that the clasticity
of the eost of road eomstruetion with respect to the fotdl
employment ig moye tham one, & print which has been slready

learnt in o previeus exerbise.

6.10 Conclusisn for Reod Congtrustio.

In thig scction we summnrise some of the important
tonclusions drown from g1l the proviosus exercises on rond
construction.

Asph-lt rocds gre preferrcd o concrete rosds for
building the n.ctionnl highways. According to the base
solution the custs an labsur and paterinls amount to more.
than one-thind and hAlf respcetively of the thtal ¢ast of
road-constructizn. Rentol values on capital equipment,
dircet and indirecet togethecr account for only less thmn
10 pereent of the thtnl cost. Around 16 percent of the total
employment gonerated by rond constryuction is indireet, Labour
of the lowgst wnge—-rroup forms majer port of the total
employment (85 pcrcent of the fotdl). Sharc of this labotr
is wery high in both dircct and imdirgct cmployment—totals
separately.

It is observed thot by changing the type of road
to be built for nstionzl highways the levels of total
éuployment .ond cmployment of the most unskilled labour can
be incressed, Do compensate the additional cesb of

construction Involved in selecding a different type of
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road from the one eorresponding to the base solution,
suita¥le ecommic pilicies mgy have o be devised. However,
Yhe clasticity of road construction with respect to the
frtal employment is more than one. It is zlge to be noted
thot the “ftechniques of higher employment potential are less

jntensive towords the most wngkilled labour.

e scolution whieh minimiscs the gross8 cost of
penstruction ninimises also the cist of Mon-labour ressurces

ahd the wage bill Beparatecly.

Puzzolena concrete rcad is proferred 4o asphal't road
if the pricc of Bitunen is increased to Rs. 4200,00 pox
tonne. Such a veriation in the bitumen-priee inecrcases the
level of total cmployment. However the price of bitumen
should mot be o policy variable for increasing the employment
Teyel because to offe¢t relatively a little percentage increase
in the emplaymenty thg nocessary percentago increase in the
price of Bitwien is very high. Besides an intrease in the
bitumen-price roises the outldy on capital oxpendituwe for
road c_:‘onstrac»%z‘tan and d@lge affccts the mogt unskilled lotour
as fa[r as the compesition of the fotal cmployment is concerned.

Asphalt road is preferred to a concrete rad for cll
natures ef the soil. ToLu Tase solution is insensitive over
fhie range of intorest rates also that is considered, Mo
concrete rosd is preferrcd cven if itg life Hime is 40 years

compared to 8 ycars lifc time of an asphalt road. Asphalt road
is preferrcd o other types of roads cven if the labour per
rupee valuc of the cost of rmad coristruction is %o be maximud,
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Appendix 4
BH(_}INI-.‘E}RINGV DESIGN .A.ND DERIVATION OF OUTPUT mimBCHEIGJI. GQNSTRAJ_:NTS
“AT, Builaing Gomstruetion

In this section af the uppendix, the civdl engineering

design of ihe specified single storey-house of this progeck
work is presenteds Plon  gad ‘elevetion Metouils a
of ‘the Mouse are showar in plates 1 znd 2.- The roofy load
bearing walls partition walls, foundation and foundation-=bed
below the walls, flooring end plastering, external as well
as inkernsl are _t’he differen} stages of construction of
this house. ©Only the calculations with a brief description
of -~  principles of the deosign cre presented here. For a
detailed discussion of the dhuory of the design, standard

"“.
]

textbooks on building construction in eivil engincering may
BPe consultcd., We take up different stages of dke construc-
tion in the following order:

(1) Roof

(2) Load bearing wallg {brick walls, stone wallS
precast block walls):

{a) Superstructure
é.b) Foundation
c) Foundation Bed.
(3) Partition walls (brick walls, precast block wallg)?
{a) Superstructure
b; Tourdation
(c) Foundation Bed
(4) Flooring
(5) Plasterins:

ie.; éxternal and
b) internal.



http://www.cvisiontech.com

227~

PLare 1.
ad , ‘15"4.:95"* SRR S, v
"~ 27 :
weg | FAT CHEN
1 BAT faop ,
.,.[:‘:‘ 5'xg'e" sa’xs’-t,"?z‘[
uit r
N
:—:TJ D T Dq s
o
| STORE BED RooM
TROOMN it
E 5‘2(50' glxm'
b : ‘J'/’b}\l{ s s ok
:‘?ECEPTICN,‘\ LIVING
ROGM - ROOM
’HJ._ 5‘!“}. Slx[,gi 4
(,2 b §
#ii
s ‘;bl\ . W
P & 3 Tl

STALE : lewms= 20!
PL AN

Wit WINDOW- OPENING : 26 X4-0'+
Di : DOOR-OTENING: 30 Xx7°0".
MEASUREMENT S USED FOR
DRAWING PI.ATES 1 AND 2
CORRESFCHL TO0 'THE BPASE

T S REIRF 4y
CODLYEEpGaye

30



http://www.cvisiontech.com

PLate &

L SR, =

i &

-0

R X S S

r ﬂff
5" 131“

ELevaTIon

Scare:tem=1

[T}

.o’

—e]

120

bes!


http://www.cvisiontech.com

= 229 =

561&10 Bﬂ‘u _D( A

--1.' -

3

m = -_.(E = modular ratio.

cA

¢ = maximum pcrmissible cbmprcss%ve stress due to
bending in concrete in K

% == allowable %cnsile stress of steel used,in Kgg{ema.
Ge) Critical or Balanced Scction:

When the maximum stresses in sfeel samd comcrcte
simul tancously reach allowablc values the sécetion is called

balanced or critical scction.

c——p——> Sy .

0 T &

whero 111 “me + %

Valucs of 'm' for differcnt concrete~mixes are such
that the produet of m and ¢ is g constant. Hence, for a

narticuler grade of sicecl {i.c. for a particilar valuc of o'y

El% is a eonstant. S0 ny is samc for all mixes.

Total compressive force = b xn, X -g-

Total tehsile force = % X A.t
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i n
Dovor atm = a =4 = -é)_- = d = "%“"
(

L.%ii

whore. al = = q

"a.l‘ 1y called levep=am constant for balanced seqtion; and ig
same for 21l nixes,
n
Homenlt of Begistance =R =b 2 a4, x 7 x (4 - f‘%)

= % C. nlq&.!’ obdz

v c.ny ~," is constant fer pgrticular values of allowable

stresses and isg denoted by «

4 o, £ 2 = oo -1 o,
ie R = ibd“ where ¢ = 2y C oy
ox = B

*&Aﬁaiawhe_re ﬁi:tnid

Desipmy To design g beam or a xeof to resist a given
bending moment. Herc design ig worked gut as g balanced
rection,

(1) Vork out the constantes; n, ey znd Q for givem

allowable stresses,
(11) Prom #hc cguation,
Bend'ng Moment = Y = Nement of Rosistance=R
i 2
= 4 bd
dépth of the roof ¢’ is c.lewlated.

(111) Calculate the emount of steel {tefisile) from
cquation: \
R

Ay = Toag.d

(1v) ldequate cover is provided to tcnsile stecl and
overall depth 'D' of the beam is fixed.
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(8) Unagr-reinforccd. Scetion:”

ihex the porcentage of stecl ik a scction is less
thon that required fox a balanced scction, the scction is
called - under reinforced" section. In this case concrete
stress doos not recach the waximum allewable valud. The
depth of noutral axis {n.a.) is smalle= thon thet in the

balanced scction as shown ih the figure welow:

Dy e . Secw fé:—h"'
‘ o
~
Acﬂ.mﬂ N"Jl-ral
g — e g el
. \ ’ ‘ Citical Noutsal.
L Axis,
v ¥ » = »

The moment of resisteneec of such a scction is governcd by
gllowable ftensile stress in stcels
{a). Qver—geinforced Scction:
ihen the percenbagy of stecl in scction is morc than
tHat required for g balanced scction, the scction is called
"over—reinforced® soctioms In this case stecl Stress will not peach
maximum valties The neutral axis depth wilkl be Ercater than
that in {hc balanced scectiom as shown .m £he figurc below:

&= e,
il t _
- P
——e L 3 & " /Qv‘hu!’ NQGWQL
L ol B i L < G T S
o' 1R o, Actial Neutval Axis
/ %
L & _l - 4 _/ =
< Yafm>
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The moment of resistonce of such a section will be governed
by gllowable compressive stress in concrete.

Cases(b Jond(c) foeethor cxplore t

between stocl eamd concrote,
Dosipn: Given the dimensions £ fhe section of a benp

o g roof and bending moment to ¥Ye resisted amd maximum
sllowable stresses, problem here is to design the arca of
tensile roinforcement,

(1) Tor the given stresscs detemine the constants
L :nl and Q; 3

(2) For the given dimensions of the scction, fimd 5
the moment of resistance ¢ eriti xal soction R=3 bd®,.

(3) (=) IT the actual B.M, is leas than thc moment of
rcsistance R of critical section, the secction is
to be designed as an urder-reinforced one.

P = &)

51036 - to At (d - 3)
Taking moments about, Neutral axis
n : ; , :
bom 5 =~1:1|:s v iy (d=ndy  and

PO, %) . |
“ =@ (a-m)
o _
5 M.R, = —g]%‘m)— (@ ~%) =B.M. (1)

(1) is to be solved for m. [lhen dy glves
rcinforcement values. '

(b) If the actual B.lM, is more than thc moment
of resistancc of criticsl section, the scction
is to be designed as over-reinforced.

M.Ro = bq‘;lb % (d = 'g; )
From this equation value of n can be solved. -
Lreg of steel can be obtained from the equation

b.n. % =m.d;. (d-n, (taking moments about
neutral axis)

*
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Coleoyintiong:
Tatcl 1oad of roof slab = Dead loaf+live Idad

Span of the raof = 15' = 4.572 m.,

R.C.C,Weight = 135 1b./cft.
Brickwork weight = 120 1b/cft.
Live load = 25 1b, /sq ft. for single

gtorey houscs

sment conecref

Roof is assumed to be 5" thick for the scke of
1load calculations

Dead load @ 15'x (%)x T x (135 13%:5-.) = B43. 615 1b.

Live loafl ¢ 15'x1'x(25 iﬂg*ﬁ ) = 375.00 1b
- 1218, 615
1b/f1.run

Totsl logd per metre run (b=1 m) = 1218.615x 3.28

I‘

= 3997.0572 .10,
4000 1b.{sa7)

]

1814.4 Kg/~tre
»un

(b) Roigir;rhgg bEiCk ronfs

Roof is ~ssumed to be 6" thick for the sake of
1oad calculations.

Dead load: 15° ( )x 1'x(120 %%t'.) = 900.00 1b
Live load: 15'x1'x( o5 lsELft ) = 375.00 1b
1275.00 18/
ft,rin

Totdgl Joad per matre xrun { 21m) =~ 1275.0 x 3.28
= 4182,00 1b
= 4400,00 1B(sn~y)

= 1994.4 Kgz/
metre run
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Cateulations of bendines moment ¢

(~) R.C.C, roofs ¢ Total 1oad acting on the span of
15" (or 4.572 m) of the slab = 4000 lbs.= 1814.4 Kg,=W

1 = load per centimetre rum of the sk-b

=;;15%1%-123 = 3.9636 Kg./cn.
¥ = Berding Moment = -‘!8‘-—1
_ 3,9636
=18
= 105692 Kg. cl s

x (4.572)2 x 10%

(b)",ljgim;gg brick roof: Tusal load over 4,272 m~span
of the roof = 4400 lbs.= 1994.4 Kg. = W

w = load per centimctre run of the slab
= W/1 where 1 = span = 4.572 m
= 1994.4/ 457.2 = 4.3654 Kg,/cm,
il = Bending Moment = EET]'-
= 2&8’5—@&' x §4.572)% x 10*
= 114060,00 Kg.om.
Thickngss of the s1-be
(~) Balanced desieng ,
(1) 2:1:2.R.C.C.: ¢ = 14.96,b = 100 cm., H = 103692
d = VI/7% = YViO3E9Z/1496 = 8.4 cn,
(i1) ;,:1%:3 R,0,6,: & = 12,3650 = 100 cm.,M = 103692
d = V10369271236 = 9.2 .
(131) 1:25¢ R.C.C, = Q= 9.76, b = 107 an, M = 103692
d = YI036vy2/876 = 10.4 com.,

(iv) Reinforccd Wrick roofs
3= 5.45, b = 100 enm. ,M:‘ = 114060

d = Y11 _'.,:___ = 14.5 an,

(MY r23:aReéa o= S.47.b= oowm; K= 03692
Az VIieae9»- /547 =138 G
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We confinc this analysis to anly 1:2:4 concrctc
mix for which

- 52,73 Kg/a® W = 17.8, ny = 0.4259
ay= ¢.8580 O =9.76 amd for stcel of
& = 1265 Kg/om =,

Noto that in the case of corresponding (i.c.
1:2:4 mix) balanced design

d=10.4 cm. end F = 103.32 Kg./cm,
(1) Under_reinforced design calculations:
Lot T4t be fixed at 13 om. s0 that

B = oversll dopth = d+2 = 1342 = 15 cm,
bd® = 9,76 x 100 wiEd = 164944 > 103692
(i.e, Bendimg Moment (M) < Momcat of Regisgtance(R)

So the scction hag to be designed as uwler
recinforccd.

1 bn . =0
M = 103692 = R = "'mT (d - 0/3)
2

103692 =55 17_8 T5ny (18-1/3)

103692(13-n) = 1184.893(39=n) n®

02 - 39 n® - 87,512 n + 1137.66 = 0
Slving for n, n = 4.62 (epprox.) <om,

é Are~ of reinforccment

G R o v 100_(21,524)
St = Bmld-n) - B35 8.38

Joight of Steel O 0715 x 78.30#
= 5.60 KF./Sq.m. af slob

-

Stcel wu.ght = 7830 Kg fm"-i
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(b2) Over-reinforced celculationg: Iet d be fized at 9 Hi.
80 that D=4d+2 = 942 = 11 cnm.
a® = 9.76 x 100 x 81 = 79056 < 103692
(i.e. Ber-,rling Momarit (M) > Moment of Resistance (R)

So the scction has to be desigfied as overinforced.
Equate bending moment t2 actual riohent of resistance.

103692 = 00 . 225" (9-1/3) = b.n.§(a-1/5)

Simplifying, we gof

n® - 27 nn £ 117.99 = 0.

Solve for

(i.é) n =

]

= 21,525 em. or B5.475 ¢, of which
rclevant n = §.48 i,

«» Arca of gtcel rcinforcemcnt:
Ay = bn2
™ T 2m (3-n

= 23-97 <Sng. -
Weight of sfadl= 0.24 % 78.30 = 18.79 Kg./Sq.m, pf" slab,

Crkevlistions »

fren oF steel reinforccement is given by

M ,
Ay = 3ed % where

¥ = Bending moment = 103692 Kg,cn,,

Steel woight = 7830 Kg./m®
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(1) 1#12:2 R.0.C,% & = B.4. om,
e ...103692 _ |
Ay = 57855 x B.4 x 1265 = #1-T7 sa.00.

0.001137 m®

|

s.  Per metre run of the slab,
stecl emount = 0.00113%7 ne

Afegy e b - e Y \ 'Z_Bﬂ
4ei#ht of stegl = th, = 0.1137 x 100

= 8.9 Ke/o®of the sinoB.

(ii) 1:1%:5 R.C,C.: & = 9.2 o

. 103692 _ i
Ay = 582850 2x1065 = 10.38 sq.em.

w, = 0.1038x78.30 = 8.13 Kg/sq.m.
»f the slob

(iii) 232:4 R.C,Ci: 4 = 10.% om.

103692 __
“t = 0.858x10.4x1265

= 9 . 1".9| S‘q‘o Gl .

. 0.0919%78.30 = 7,20 Kg/lsq.m.
of the gl-B

ot
n

{iv) Roinforced

brick riof: @ 14.9 am.

114060 Kg con®* a, = 0.8215%

!

=
fl

= SRR .
Ay = GTBo15x14.5%1565 " = 7+57 sq.am.

£ = 0.0757x78.30 = 5.93 Kg/sq.m,
' of the gl

(v) 13316 R.C.C.; 4 = 15%.8 em,

2w MOS0, " 2 -
Ay = FTESBR. LBxiz 3 = O°9% si.om.

Wy, = 0.0692 x 78.30 = 5,42 Ke/eq.m.
' of theo siab

. = & = 5 = - = == = = - -— —

# Note that in the casc (1v) velucof M and a, arc different
from thas: of ether cascs.
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Table 4,11

FPinal dimensicnsl summary of variosus alternnative rinfs

i fu

o -

s‘i‘ype

‘ Overcﬂ.:i,ﬁ
depth D

e T
per Sq.M.

Stoel
(Kg) per

D=d+cover sq.am of

the slab

Codle

B s uEn

1: 224 R,C.C,
L1 anced

4 Ro Co Gi

over reinforecd

2:4 R, C.C.
under ro-
inforced

2:3:6 R, C.C,
Balanced
1:11:5 R.€,C,
Balgncod

1:1:2 R.G. €,
Bal anced

Reinforced
Brick

L - - —

| Quiput Consirpint:

13 o 7.20 Kg., 0.13 cu.n.

11 18.79 Kg, 0.11 cu,a¢ 124 ORF or X}m
15 m 5.60 Kg. 0.15 cu,m, 12¢ URF or X’m
16.0cm Be42 Kg, 0.5 cu.rv. 136 BRE or 473 4
11,5cn. 8.13 K&, ouﬂ15cu,m¢' glsrBR-rqr 3&;*
10.5cm., 8 .90 Kg. 0.1052u.n, 11& BRF or %9.
16, 5ch 5,93 Kg, 0.165¢u.n. RBROCF or ‘%1_

124 BRF or }'{’67'

Dovol required orca of the roof is 30'x15" = :BO sg.f%.

= 41,82 ..‘}'Lj-m'ta

Then tha guiput erntraint can be written ag

| KGQ'EX(B+269+}§?Q?}L?1+X72+X73 = 11.82

(1)

Where Xy ovc specified in terms of square metress

A1,1(e) Dond, Bosping Mollg
Tie following %able prusents the details of Yarious

alternatives available in brick, stor

and 1 recast=block

nasonry for building superstructurc walls and foundaticn

below thoa.

The tabls; presents als> the details of safe

permissible loads of vorious works and the codes allg¥ed ta

them .
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Table I\gwl. 2. 1
= Py """ T8nfc por- Su;;ers‘ﬁrﬁd;ﬁuro Founiztion @
Type of vork nissible e | BogolithEl~ 1o i
load in Cade 12 ©Code 2 Code 1 -Code
lbs.per
gq.inch
o o . - [TI‘G-;-L)‘ Sl o i
{. 2:3(cuagnt: conrse =8
s-nd)Arick work 140.08 43 GRULY X, 13 ODIL X,
9, 1:2( cuments coarse sand) ' "
Briclk work 134.7°0 “12 CELV XSE 12 CB¥L ZB
3. 13 { ed1, v coorse sand) : _
] Bricis vk 124,40 1% CEBLJ )%9 14 CBIL. 5%(
4, 1¢6( coment: caersesand)
Brick work 18,00 16 CBLV X, 106 C3FL XlO-
5. 1212 6( connentilime: s=nd) ,
Brick w>rk 134,40 116 BLY T 116.BTL Ki—l
6, 1:2:9(cunentiline: sand) :
Brict work 124,60 129 Bhd ;!42 129" BFL, X’ig,
7, “3¥118( cumentilines sond) : =gl %) >
Brick work 128.80: 18 BLVY X43 118 BFL X13
. £:1:"{caient:line: sand) :
Brick work 121.80 113 BL¥ Xr;é‘e 11% BFL 21,‘,
. 1:1:1€Iincs surkhit sand) _
Brick work 63.5¢ 111 BLA X, 141 BEL X
45 15
10 1: 2(1linic? surkhi) :
Brick wark 63,59 2 ThY X, 12 TBEL X, g
11. 1% 4( conent: sand) .
coursed sione vork 155.00 14 CCLT X, 1% CCFL X':L"?‘
12.1: 6( canent: sand) _ . _
coursed stone work® 78.08 16 CCLi X, 16 CCFE X,q
13,13 4( ccmeonts: s_and) : % b
'. Rardom stone woyr — 129.80 14 ORLY X4 1% CRFL 19
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14.1: 6{ coricnts sand )

Random stone work 62.15
15.1:1: 1(Limes surkhis

sand) course stone -  ¥0.0Q0

work

16, 1: 1:8( cement:limes sand) 70.00
coursed stone work

17.1:1:1(1lines surkhi: sand) .
gardon gtone work 726,66

18.1:1:8( canentilime: sand)
Randon stons work 46, 66

19.Prccast btlock work

16 CRLW Xz, 16 CRFL X,

111 CLW Xy 419 CFL X0

118 CLw X,

52 118 CFL X,

Y

2\

111 BV X, 141 REL Xy

118 BLVW X, 118 BW X,
PCHELW X,  PCHBFL X,

- - CHp— ey

Note: Xjgare specificd in volune (cubic metres)., . For the
inclusisn of the above. alternatives in the model the

fsllowing points arc paid atiention to:

(i) llortars : tcchniques corrcs andin; o cement,
lime-cement,; and lime-surkhi conposite

mortars arc included.

(ii) Type of ntasonary s (a)

(v)

(c)

ordinary brick masoﬁy is
sclected

in stonc¢ masonary, techniques

eorrresponding to rand%? gtone |
and coursed stone works are

se]ie cted )

techniques corresponding to
prccast block masonry zre
incluled.

Code (1) is used in computer work

Gode (2) is wsed in paper work an *he next fow pages.

Thus =11 tho techriques cormonly employed for bwilding the

superBtructure walls an? foundation wirksarce inclibded in this

projcela
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Measurements oi warious rooms in the housg are as follows:

Reception room = 5% 10¥
Living rocin = 91z 10"
Bed Room =9'x 10'
Kitchen =9%'x 8.5
Store rooarnt = 8'x 10¢

Water closgt/ . y
Bathroom = 5tx 8.57

Total carpet area of the house

= B0 8qg.ft.
= D0 sq+ft,
= 90 sq.ft.
= 76,5 sq.ft.

= 50 sqs Lt

= 42,5 3qg. ftn

T ——— [y

= 399 sq.ft.

Mere ars neven (7) windows and six (6) doorts in total.

Wingow ig of &Ao" x 2!, 6"

Door ig of 7t 0" & 3F .0

- 10 Sq.ftc
= 21 sq.fh&

There are six vwindows in load Pearing walls and 1 window and

6 donrs in partition walls. Brick-buil% lead beapring walls

are 3/4' wide wiereas storic-built -and precast-blo ck-buil ¥

ones are 1" and 8" wise respectively (Design cah be seen in

the following peges)e  Brick-built partition walls are 3/8'

wide whereas precast-block built ones-are 4Y-wides -

lip partition wall is built with stone masoXary.

Each window im o brickwgll (load-bearing) uccupies 7.50 cft.(10x3/4)
Each window in a stonewall (load-bearing) occupies 10.00 cft.(10x1)
Bach window Precastiblock wall(load-bearing)accupies 6.67 cft.(10x2/3)

Each window in a brickwall (partition) Occupies 3.75 cft.(10x3/8)
Earh window prucastblock wall(partition)occupies. 3.33 cft.(10x1/3)
Each door in a birick wall (partition) occupics 7.875¢ft. (21x3/8)

Each door Precasiblock walls(partition) occupies 6,99 cft.(21x1/3)
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il thick This depgends on the load coming on Yo

B4

the wallg and own self-loadl, Thrve types bf loads come on o
the walls, meof load, live 1load on the roof and yrrapet wall
load,
(2) Roof load: Design of the different. types of raofs
18 rresented alrcady. For -the szke of load ~alculations wg
assue the roof to bo &n thi:¢k. ds mentioned, we know sian
of the roof ig 15%.0". Taking weight cf roof wark o be
135 1bs/cfts
Roof Eoad = 6% x 7.5' % 1' x(135 1b§/eft) per foot run
= {0.8)'x(7.5)"x1* x 135 = 506.25 1¥s per f03% mRe
(b) Tive load on
live load “rescribed is 25 1bs/sq.ft. on the roef,

Far; single storcy hauseg,

Live load = 7.5'x1'x25 = 187,5 1bs por foot run,
(e) Porapct 1pcd: Fot us not eynstruct any parepet
wall at all, So parapet load per fsod run is nil.
(a) Sclf load: This load is duc to the load of

aasonry im the superstructurc walls .
For buickwalls & assume 9% thick = A/4" wide and height of
Well = 12 atid plunth level =4
Weight of brickwork = 120 Ibs/eft.
3> magHhry 19~4 in-the case of brick work per
frot Ml = $1x3/4'% 13° % 120 1bs/cft.
= 1170 1Bs.
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For stonc walls ¢ Thickness of the well is 12% = 1*
assumed for the sake of load caleul~tians
Wt. of stonc masonry $ 150 lbsg/dft.

Height of the wall and plinth level cre
the sarle as in the case of brick walls.

S Hasonry lood in the case of stor. masonry wall
= 1'x1'x13! x 150 1bs/cft
= 1950 1%s.

+ing on to load bearins wellg, wor frot pun:

(i) Brick case!
Roof logd 506,25 1bs
Live load 187.5 1lbs
Parapet loed 0.0 1bs
self 1load1170.0 Ybs
Total 1863,%5 1bs = 2000.0 1bs (say)
(i1) Stonc casel

Roof load 506.25 1lbs

Live load 187.5 1bs
Parapet 1oad 0.0 1lbs

Self 1lood ¥50.0 1lbs

Total 2643,75 1bs = 3000.0 lbs {(scy)

(i) Tiet us ‘consider the weokest brick

@11 thi cknogs:
technigue smong the buigk rlternatives given in table Avlo2ele
These arc 111 BLW or ¥2 BILY ‘1 ine-nurkhi-techniques) as thesc
have @ﬂg 63,59 p.s8.1. os the safe o sdssi le oad., DLet us
coleoulate the loedl borne by the walls of 432“" wide, built by
using thcse technigues. Thet attst be

1! rg"' % 63,59 psi) = 12"x4.6" x 63.6 =54, w03, 6

= 3434,50 1lbs. per fiot run
¥ith a faetor of safety 1.f, thesc wolls must bear at least

-Ei’:.i;‘%é@_ = 2289,6 278 /f:xo*t run safolys
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But in the case of brick-built walls the tofal loed -
coming on to thesc walls is less then this. Besides, a 4%""4
wide brick-woll built by usifng any other fechnique (i.ec.
which has a higher safe pemissible oad than that of 131 BLF
or 12 LILW) should also bopr this load. However, as National
Building Byo~liaws do not gllow 4%" externgl walls, we have
to build 9% widc brick wills. S0 ang Yoad-beexing brick, wall
will be of 9% thick.

(4i) Lst .‘tsls- consider the walls of sthnc-maspnay,
W consider agoin thoe weokest al texnd.iva among the stone
masonry ones. This is 111 RLW which has only 46,6 p.s.i.
as the sofp permissible load. EBecaugse of proobicability
considerations, no stong masohry wald gan be losgs than 12%
wide. Then the safe 1023 such g well can bear is

1’-’4-3:21.‘ x(46.6 psi) = 12"x12"x46,6 = &710.4 Ibgper foot rwm
Vith a fretor of safetyl.bfhese wallm nus¥ bear at least

Qi@g—“— = 3355.,2 1bs per foot run,
9 .

Howevey the actualload ecoming on to wallg, Lif build
by store ma\;_sonry; would only be 3000 1bs. per £oo¥ mum. Hence
a 12" wide wsll of any stone nesonry (i.e, which has a higher
sofe pPermissible load than that of 111 RLW) showld also bear
fhis load, & any losd bearing gtone nasynry wall will he
12't wide.,

(i3i) Let us consider the wdlls of précast blocks,.
dccording to the @rnercte dsgsrcistion of India, an 8% wide

concrete hollow-block wall would satisfy the requircmengs
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{of strength ss well as insulation value) far a single storeyed
house. Henoc the load bearing wallsy if bBuil¥$ by using
procast tlocks, will Ho&' wide. .

gir-int: Load bearsi.né

Bepivotion of the ouim
walls of the houje axe 60t 1(51’1& And 12t hif}hb

Brick esge 60" x3/ 4 x18° = 540 cft,
& windows gecupy = 45 cft

295 cft. = 44.02 cu.m.
Stone_cn €0t x1' x18! = 720 cft.
6 windows occupy 5 6 cff.

_ 660 cft. = 18.69 cwu.n.
Procast cope 60'30,67'x12" = 480 cft
: 6 windows oecupy = 40 cft

TZ720 cft. = 12.46 cu.m.
1z Xap W Xg5 are the various gl tcrnatives available
in comstructing the 1sad bearing walls-superstzucture, the
output eongtraint with reference %2 boick casc* can bé
written as frllows:

(Zgtes o #E, H0LTE (Tppbes o bXg, )+ 10225 Xgo= 24,02 (R)

where Xz, w X,o are brick masenry altormatives,
xfé‘z o X5, are stong 1asnry al ternatives,

x55 is preecast blovk tecunique, 2ll specified in ew.m.

1 A O;Z.

1'"5!.__.02 = 120 ‘}6?

R T

Verificotion: g7e™ = 1€.89 and 77 7og

Toads coming onr Yo tha.foundatizn are Superstructure-

loed and itz swn dcad loads Bz -

¥ This imollcs, Iorick sltem.atives Bave output coofflticnts
cqual to ‘'one'.
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{(2) Dride-mosonyy case: %o kmow that the superstemcturc
load is cquel to 2000 lbge Assuming that the loed duc to
fourdotion and bed (dood 1osd) 5 be . J0 1lts sround,

Tyt load coming owm to foumlation per foot length:

Sunorstructure load = 2000 1bs
uad 1oad due to foundation

bed = 1000 lbs
Totdl lond 3000 1bs

Sce fig. (A.1) we will have a basement wall of 9" wide, Thisg
LR

implies thnt base area of the fHuniation bed = (,2::%@"‘)31 =

9.5 sq.ft, Vo wil ¢glculate thie minimun depth of foundatiom

using
Reonkine's fohrmula

1 2
- = Sing
Sl [1+' Y %]

where p = weight of striicture t» be earried by fourd aH.én
7 = weight of corth 4dn 1bs/cft. = 100 lbs/cft,

for the assumed s0il,
§ = &hgle of ropose = 30° £z the « ssumed s0il,

& = Minimum depth of foundatdon below ground level {in ft).

Foundahon— 4w

g e —— AN e ey
Fmé:dmgn *‘.'.ﬁ.#lgi.- ce * -~.‘°3q* e

-,lisi%-,hﬁ%‘..l:.-:‘. - &y re .kh..-‘§“

. l,:‘v ""I-, ,"—‘."' b“'-.-"q:‘\l. .
e 2T+ {
Pg (A1)

Y
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p =220 §-20°, 1 =100

. _ 300C T Y
dg - 2.8 g: 100 ( %) - 1&53' e 1'14"

Tof ug ealeylate the volume (V) of masonzy in
foundationend plinthpex 'L’ feet length for a bascrnent wall

or given thiclmess T', .uis per fig. (&.1 e
= H2.6-0.8T) x @' xT') + (2/3 B x 1.75 TxL)
= (2.5 Tux 4,5 Tg) I +(’z“/6)‘1‘ o Ei
= (2.5 T e 1/3,,@2) L = 9.’.(2.5..&['/3)14 = l‘fs (?..5—‘!‘ Ti
: =
°or  P7f (750

Pur T =1 [,e. wo are calcidoting per foot long

basement wall thickness in the case of
brick masonry.

v =(T/5)7(’?.-_5—I) L =3/4. 1/3 (7,5-0,75) =(1/4)(6.75)
o esnstruct ;:' long foumlstion inm brick mgsonry, 1,C878& oft.
work is nceded. i

(%) Stone masonry cnser  Petrd lond conming on 49
the foundation per foo't length

Superstructure lond 500D Ibs.

Dend Yoad (foundation bed) _1000 1bg
42000 lbe

The basatent wall is 18" wide in this case. This implies
that Base aroe of fourdotiock bod = (2x1'#+1') = 3 sq. £,
Applying Ronkine's Formulas

@ = dcpth of the Erundption = 9% . 1o x 1= 1,281
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Sv, we will ke the depth of foundrtion 4 be 1'.6™ Below

ground level. Structural cetails can be seen from fig. (£.1).

Thercfare ;wﬁ-lu.me of mosohry in foundation per ot

length (L=1%) = V= f(2.5-1. ST )x'x1' | & (2/3T + 175 x 1)
V =(T/9 (7.5-7) .1.

Pwt T=1, ¥ L2/3)7.5-1) = §/3)(6.5) = 2.167 oft.

To ennstruet i;’“ long foundation in stone masonry, 2.367 cft.
work is necded.

{c) Bre ast-block eases DTet us calelate, first,
superstructire lead. Weight of precedt conerete-block
fasoney (20 on, wige block)

2T 4,0 m. Beight (13.0 around), fOr metye run = 960 Kg.

(i.e) per foot run = 9—@231 = E. 2,6 Kg, = 680 1L (oo -
Roof load 506.25 1b as calculated previously
~ Tive load 167.50 1b as calculated previously
Par~pet load 0.0 1b ’
Sglﬁ load 650.0 1b as calculated previously

Total superstructiuwe Foad=1343.75 1h = 1500,0 1bs (sayd.
Yow for foundation design; totel load coming on 1o the
foundatisn per foot length

Superstructure losd 1500 1b
D(.;Ju. load (fouﬂdﬂtlon bed) 1000 1b

2500 1bs.
iprlying 'Ra;ﬂrine;' g Fozmula
i o
= depth of the i’ourﬂ vilon = f?gg X 13)0 x é‘ = j-‘-‘_-ﬁ- = Ao

Structural. details of +the i@'ﬁ&*ﬂaﬁion can be seent faom
f;ig. {iﬂqu)'
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w = DBascitent wall thickness = wall thickness = 20 en. = 8",
Height of basement wall below ground "-=vel o
y = 2‘.0"—8"’ P i—.'.{-':"‘ = 1‘&533\

= 16"
Plinth heisht = 1,6
Total height of founlntion= 2,33t

Wall

Volune »f foundotion per foot run = 2,33'x0.67'x1
= 1,5611 cft,

Tr eonstruet one fr0t lomg foumlotion 1.5611 cft. conerete hlocr
work is necded.
Ouiput_copdtroint: Doad hearing walls reguive @°
1sng foundstion end plinth.
(a) brick cose : outpub requived = 60'x1.6875

= 101,25 cft.

= 2.8671 cu.n.
(b) stone onse ¥ owtput requived = €0'x3,167 = 130.0 cft.
{e) Prccost caset outpit reguired = 60'x1.5611 = 93,67 cft.

Then the sulput cdnstraint with reforense + bBrick—case emm
be weitten cs frllows:
Yot yau # Ko+ 027788 (Xpp+ wou + L0} 4 1.0809 Xg
= 2,367 {3)
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whicre
K? to Xi g are the altermadivesin brickiiasonry fountation
Zyptd Xy are the alttrnotivesin stonemasonry foundation
X25 is the slternative procast block fownmdatish,
A1:2(c) B

{2) Drick caket aceording to fig. {a.1); wlume of
foundation bed/Toa't 2engdth of the fourdation (of which basement
wall is T wide) is

J =(5/60 ( 2m1) :
T=3/4'=5 T = 5/6 % 3/4 x 2,50 = 1.5625 cft,
Ty eomstouct one oot long foundationbed, 1.5625 cft. conerete
work is ngeded. DNote olso that to construct >ne fot long
fourdation 1,675 cft, brick wirk is needed.

(b) Stone cnse: fceording to fig. (£.1), Wiline of
found ation bed per foot length of the foundation is

£ ={5/D (om + 1
T1'==> % = 5/6 x 1 x 3.0 = 2.5 eft.

To construct one foot lonz fHrundationbed, 2.5 cft.
concrete vrii is nceded. Note als» that to construct one

foot long foundation 2,167 cft. stone work is nceded.

goast According to Big. (K.2), cross
scectlongl oyca 3 the toncrete Hundo*ionbed = 1.33%x0.GF*
= 0.8911 sqg. f$. and hence wvolume df oundntion bed per
f20% length = 0.8911 cfs.
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To' construct ene foot long foundation bed 0.0911 cfts
concrete work is needed, MNote alis> that 5 construct one
frot lonyg foundation, 1, 562'1-}1; cft. precnst block wark is necded.

Quiowk_constraint : The following are the avoilable
ol ternatives in conerete wirk for the foundation ber‘i%

1: 326 cement concrete 136 BFL

.1':/.‘.;38 conent concrete %X % 148 BFL
42 2: 2 cement concrete (X.5 124 BFH

Then the sutput cinstraint ean be written as follows:

"xl'l' EB*'KE'O 59 26£ x?'Pw-g u"'xlsj"‘lo 153’?( xl?‘f'& ] ,+X24)-0 » 5708 x25=0

(T1)*
where +2LED = 0,926, a2 = 1,1537 and 9.8911 _ o.5708.

A.1.3( ) Thicknegs of Poriitiow Wells: Orly they cltern~tives

anong beick mosanry onld precast block masonxy are comsidered
for partition walls., I partition wall is Bbwilt with stone
nasonry becouse such wolls sccupy a lot of space " These. walls
normally con mt be less than 121 wide "o Kose that the
portition wall g ore :1_,.2.;' nggh, ond they rum f5r a length of
63, 625" in the specified Mousa.

() bxigk gnse: s the partition walls de mot
bear any lo~d, thesc walls arc built fHr a minimvm passivle
wid th. Thot inpliesy brick-build partition walls are of 4%“
width, Iwsd colculations are mot necassarys,

308 .8125 cft.
8.75 cu.m,

Total osutput requiraed « 3/87x12m'x(.‘.3.625"

fn

P e . TR e e e e o

¥ See prgqe 2€2.

O = amid B
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In patition wallg, sne wind»>w and six doors zre to be
built which occupy in this case 3.75'+ 47.25 = 51,00 cft. Net
output required ig 308,8125 = 51.00 = 257.8125 cft.= 7.30 cu.my

(b) precsgt Hlack—cape: Minimum possble width for
Wwilding thoce walls is 4°.

Tota) output required = €3,625'x12*x0.353¢ = G, 625x4

= 274.5 cTf. = 7.7 cu.m,

Ornip vinBow atd six doors occupy «£5.33 efd, 4in this case.

Net output wequired = 274,50 - 45,33 = 229,107 cft,
= 6,489 cu.n,
Outpui,_constraints
X5 o Zgg are the alternatives 4n Brick masonry
Xoe is the precast block massnry technique.

The ouwtput constraint, with reference 15 brick casc an be

written as f2llowss

A5t sae ¥ Xgp + 12125Xg0 & 7,30 {4)
i

where %:%g‘é = 1.185.

A.1.5 (5) Foundatiom for

tition wAlls: The principles
involved in degigning the fourdation axnd fovindation bed are
Just the some og that Tor load Yenring widlls., Hence only the
resul t2 of tho design are jresented bensw:

(a) brick gnse: Foundation detnils are shswn in
fige (4.3). The depth of foundatinn of 13" below grourd.
level is verificd to e sufficlent according to the Rankine's

formul a, :
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"
' 4
& .-'51" s }7}_
6 sglemu, SN LU rp bty f8 0"
w » & wh i p
& G-v\f“'h-."'-\ ~ .('7“":""2 ﬂi
——

-F-?(A- Y|

Volume of foundott on por foot Longth (sce fig. A.3) iw this

case is ag follows:
) (22 o33 .2 _o.
T = (5 x24x1) + (5 x,_,:xi) = £ + 55 = 0.7963 cft.
per f20% run
8,625'x0.79 €0

54,68 cft.
1.5484 cu.n.

Tydal output recgquired for B.€25%ength is

1l

LIS t blodk cnse: IMoundation details arc shown
in Fig, £.4). The dopth of fruniction 12" below grounl level
is verified o be sufficient gceerding Yo the Rankine's formul:.
"The bascment wall is XBeplt t be -'8.“ wide, while superstruciure

portition yalk is 4" wide.

a ;L. : < o ¥
i A d o
& . v o
“ v o B o W
G Ak . W o ¢ {9 2 . w=%
o Suid A 96..‘."‘; = 21O Cwn.
o .b ('Ohm L F.

o]
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Pherefore, Basement wall below ground lovel = 12780 = A¥ = 0.33¢

Plinth height 2580 = 1,00
N — —— i . 5
bhtcl foundation height 1.33"

Thickness of the fourdation wall = 8% = O, 67!

Volwme of the fourdetinn per foot )
run = 1.33x0.67x1 = 0,06911 cf%.

$otal output reguired for €8, 625'1ength=‘ €3, 62520,8911.
= 61,1517 cft,
= 107516' ClleTl,

Qubput_constral nts

X6 to }C35 are the altexmatives in bpick mashney.
)%6 is the slternative of precast block maos>ynry.

Theh the auwlput constraint, with peference 15 dbrick case can

be writlten ns followsg:

Whe:ée &:’-gé"' @ e _89"42 .

61.1517 ©
£,1,3.(¢) Porndation bed unie:

(a) brick coset iccording te fig. 4.3, volune of

1 undation bed per foot long frund~ton is 21"x4"x1! = %2 off,

To construct one foot long fourdation bed, 0,5833 cft.

3f concrete work is nceded, Nate algo that to construct one
oot long foundstion for partition walls, 0.7968 cft, of
brick nmasonry is needed.

(b) progngt Block case: According fo Fig, X2
wrlume of foundation bed per foot long fHundetiof ipn wxlwsl!
= 0.67 x 14233 x 1 = §.8931 eft,
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To comstruct nne foot long foundstion bed, 00,8911 cft,
of concrete work is nceded., Note alsos that, %7 esnstruct sne
foot long foundption for poréition walls, 0.8911 cft. of
precast block work is nceded,

Owitput, constraints The following ore the available
civernatives in concrete wark f5r constructing the fHoOundation
bed ¢ 13418 cement comcrete work (148 FBP or x,l)f,‘ 12 336 cement
e ngrveke vmrk (136 FBP or Xs), 1:8: 4 cotiert concrete work
{124 FBP or XG)‘ Then the autput constraint can be written
as follows;

X ¥otXg = 0.75205(Xgghe s s +Es5)-1.7000 X ¢ = 0 (T2 )=
Where

0,5533 _ o maons ang 228211 _
o e = Q.73205 end GiE5TT = 1.00.

e have selected five different aAlternatives &f
flooring that are commonly found in housing construction,

They are the following:

1) &0 mm thHick %3 2-:4 ¢ement cinerete ﬂoor‘i*'“& 124FLG or i{?\,_iﬂ
2) Brick floordng in 1:4 cement mortar ¢ 14BFLG or X,
3) Brick flouring in 116 cement mortat ¢ 16BFLG or %

4} Roush chiseclled sandstone f}eoring in 1:5 .
. coment nortar 3 15RILG or i?'?

5) Fincaly dregsed sandstone L oring

in 135 cerpint mortar + 15FFLG or Kfm
s ] — co— 2 g Top. | (memmif. it S = e el e

*  Ses Po-ﬁ% 2;553
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Output zg.gnirgit Total flooxing area is 30'xl5*
= 450 sq.i%, = 41.82 sqm. Dhen the ontpith constraint com be
written as |

Xy b Koy o X+ % = 4,182 (6)
where X4y J = 74 to 78 are specified in fhe units »%f 10 sq.mi.
cach,
A.1.6 Plagtering

4.%5 (=) Externsl plestering: Usudlly cement mortar or

cement-lime ocomposite mortar is used for external plastering.
vWe have sclected three different alternstives of plastering
usually adopicd f£for exiternal plostering of the houses. They

are the following:

1) 12 mn thick plostering in 36 cemont mortor ;16CFLE or
2} 12 it thick plostering im £1:7 cement

lime mortar: I117FLE on

3) 12 nn. thick plostering in 1:2:9 cement .
] - lime mortar ¢ 129FLE or

r
il 6

i)

Totol aren of the plastering required externally is 13'x2(15+30 )*
= 1170 sq,Tt.

7 wirdows and 1 door scoupy 70 and 21 sg.¥ft. regpegitively.
Net area = 1170-91 = 1079 sq.ft. = 100.27 gq.m¥b.

Quiput comstroint: can be written as fdllows:

X * Fgp + Zgg = 10.027 (7)
whére Xj, j = 84 % 86 are specificd in the units of

10 squere nctres cach,
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A.1,5 (b) Internsl ; In addition %o ccment and

coment-1ime mortars, lime-surkhi morters ave alss used for

inte.nad plastering of the buildings. In 211, we have

sclected five different alternatives of plastering internslly
Jhe_houge. Thay ares

(1) 12 mm thick plastering in 136 cement mortar : €6 CPLI or .279
(2) 12 mm thigk plastering i% $:1:7 cementlime motap: 1¥7FEIor X,
£3) 12 mm thick plastering in 1:239 ¢ .mentlime mos tat: 1”29PI-.T."orx’8‘1
(4) 12 mm thick plastering in 1:2 lime surkhi mortaz‘:lzI:I‘LIorKa?

(5) 12 mm thick plastering in 1:1:1lime-sunkhki~zand
mortar 2 111 ¥LI or 3%3

Ty tal arex 6f the plastering reguired internally is to he
calculated.,

Length through which internal plastering is required is
measured to be 174'.0. Required height = 12'.0.

Togtod arca = 174'.0 x 12' = 2008 sq.£t.
dred occupicd by 4he doors ard wirndows ig as follews;
5 doors (both sides) : 21 =x 5%2 = 210 sq.f.

1 @or (one side ) 3 21 x1 x1 = 21 sq.ft.
251 5QeTte

7 windows (cne side)t 10x7 x 1 = 70 sq.ft.
301 sq.ft.

= 166,070 sq.mt.
= 16,61 units ¢ L 10 sg.mt. each.

Then fhe guiput congtraint can be written as f£:1lowst

%9t %0 X1 5% = 16. 61 upits (8)
where Xj, 3 =79 % 83 arc specified in the units of 10

sq.netres. Mote that picostering the woof (internally) is

dvoided,
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Ad.€ Bed below, floori
In order to keep out damp and white gnts it is
necessary ® hove a base of concrete belew the ITlporing, Thg
base scpapates the flooring ahd whe earth. Fhis voncrete
base is81aid parallel fo whdt is reguired on the finished
surface. Iz general, #hig is of 4% thick. The Iztal flooring
area is 41.82 square metres. That implies, the. total output
of this concrete work is 41.82 squt. X0.102 m = 4:%78 cu.metres
Usuglly this Ded is of ploin concwete. The follewing
1 ternntive concrete mixes are sclectéd for thia w-aﬁ:-:

1 < 32 8 plain concrete worxrk,

14 5‘; 6 plain concrete wark,

112 ¢ 4 ploain comerete works .
Congider (T1) and {(T2') constraints; X5 § = 1to 3
288 4 49 6 ore Pregiscly the smme #2° wrnati es of conereta
work. JThe sulput carresponding t the bed below the
flooring al=d, can be #ccounted for by suitably modifying

ome of these two constroints, e modificd (T2') as frllows:

Xt X5+ Xg=0.73205( pate an sdXs5)=1.000 Xz = 2,778 cum,
(T2)*
4.1.7 Technienl constroimtg: While constructing the building
the fellowing points azxe > be noted:
(1) Brick founirtion should not be provided below

the ‘superstructurce of stone momonry. Only stone—
negonry foundrtion .-hould bc prov:.ded

ey — ene — —— — gy —e————

# See page 262«
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(2) Gonerally, precast block superstructure is provided
o frundation of precast block masinry only mnd olso
precast block foundation is nat provided for ony
other type of superstructure.

(1) cnd {2) must be trapslated into constraints of
Hathématieosl fomm and introduced indy our model. Tet up take
up one by one cnd derivVe these constraints:

Sine _magynry:, Ye know that
ig the tital omount (in cubic meires) sf stone masonpy in
superstrueture. Volume of this masonry in the superstructurd

per foo't louzdlt of it is equal

12V % 1' x 1 = 12 cft,

is ffie length f4r which the superstruc.ure is built in stone
Rasunry.
Te kamw that
xi@ + Xﬁikﬁy.s$ 124
is the totsh awount (in cubic metres) of the stone masonry in
foundetion. Volume ¢f tlis work in the foundntion pex foo¥
length of &% is cqual % (as we calculated previousty) 2.107 cft.

Then

201@? (Ilq*‘xiﬁ-r’ coof XQ{'E ) (ii)

is the length for wpich thia type af fhumation is built.
Now, point (1)} implies that (ii) shhould at lecast be
as much as (i). Hince the following technical constreint

results:
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| - v 2,167 a2 - .
(ZpptXpgte ot Xpgd = S5 (EpiBipeqaaddy,) 2 0

where

2,167, ,

-"""i"““-‘ I— 0.18060

Hoviever, @Zj.gs Je 4 t 54 is the net amount £ stone
magenry in the superstructure after deducting the portion
corresponding to dsors and windows. But the foumintion has o

be provided below “the/d-:\ors alse., To take care of thig extra

24
amount required in 35"1733' let us mul tiply 0.1806 by an.

arbitrory esmstant, 1.1,

Sy the required technical constraint beeomes
(xl,?a.fxlg*.—&.-tfxg‘ﬁ)—fo.a;sa??(xévef.@..,+xsé) 20 (73)

Precast brock mogo nry

(i) Ioad beoring wilis: We kmow that s is, the amount
(in cubic metres) of thig type of work in the superstructurec.,
Volume of this masonry in the superst uctur- per foot length
of it is equsl to

12" = i* x 2/3 =18 ctt.
Then 1/6 %55 1is %he length for which the superstructure is
built., e krow thet X is the total emownt (in cubic metres)
of precast block work in the fourdation. Volume of this work
in the fourtlction per foot lemgth of it ig equal { s
sdlevloted provigudly) 1,5611 cfts Then 1?553611 is the length.
for which this fowdntion is bBuilg.Now, point (2) implies, that

s X5 o
TBbiL. - B %
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| S 1115 o PR,
or Xy Ls5 = 0s

wHere l—‘*g-c-l-l« = 0,1951,

Agein, md tiplying 0.1951 by 1.1 %o télke necoung of
the Length occupied by doors, the technicel consiraint becomes
Zos = 042146 X = 0 Lre)

(1i) Eargition wills: Ve kmow thet Zgs is fhe amount
(in cubie metres) of this type of woxk im the superstructure.
¥nlume of 4l g masonry din the superstiyeturc per frot length
nf It 1s cqusl 2

12' x & x 1/3'= 4 eft,
Then ;C_QQ is the length for which the superstructure is built.
We kr;w that 15.6 is the total amount (in cubic metres) of
precast block work in fhie faundntion, Volume of this work in ‘e

feundation péx foot length of it is equal to (as we calclated

previsusly) 0.8911 cft. Then X% ‘g the length fo? which
0.0911
this type of foundetion is dbuilt,

liow point (2) inplies Hiat

T'ns x

=06 Z€6
0.5911 © 4

i

0

Again, mul Hplying by 1.1, % $-Rke qeesunt of the length

oceupied by dsorg, the teckmicnl constreint beeomes
SN &.gﬁﬁix 1.4 Agg =0

e X 7 7
;‘36 - 0,2E736 Xpp =0 (T5)
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Consider the constraints P1L and T2. They were
Gescribed as the output constraints for the foundation bed below tue
load bearing and partition walls, However, it is to he noted that
Xj; J =1t03 and 4 to 6 are technically related to X d =% to 28
and 26 to 36 respectively in these two canstralnts., Hence, these
two constraints are of technical hature Fasicallys So, these two

congtraints, aleng with 23 , T4 ang ¥5, Bre accounted in the sed

of tethumiedl congtraints,

In suimary, all the owtput. and technical constraints ta

be satisfied in building the house are written below:

. 24

i 4 O .z g2

1. 3%1 J-vO .926 27 X 1.15370 32 17 X_ -0, 5708X25 =0
6 35

2, 3< 4 X -O 73205 3226 xj-l.ﬂ 136 = 4.778
16 24 ]
36 : _

4. jZoe %5710.8942%; . = 1.5484

y 46 54
65 ' 7
24 54

7. jé17 X5=0.1987 I . 333 20
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10.

11,

i2.

13,

-— 2%' -

X2}§ = 0.2146 %5 =0

Azg = 0.26736 ‘X'GG = 0

4,182

{7
25
i
M
|

83
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4.2 Rond Coniruction

In this scction we present the cuginecring calewlotions
involved behinl the study on appropriate techmolegy for mads
congtructien. The proposed nationsl high way has the following

cherretert stieas
fymaton width = 12 metres
carriage way width = 7 metres
wheel lo:d = 12000 1lb.

The sl ysis is carried out for gne Rilometre lehgth
of the road tdlking different nstures of the soil into account.
The different nitures of the soil considered correspodd to
¢.b.r. values of 7, 20, 16 ond 20:; dAlternabtive technigues
correspording to the following roads are considercd in this
projects

(a) Asphalt road over water boumd macadsm work

(b) Cement concpete road with cement-concrete subebase

(¢) Caaent vomcrete road with waterbournd macadem subbase

(d) Cement conéretec rond with lime-concrete subbase

(e) Puzzoleng esncrete road with lime-~concretec subbase.

The follewing stoges are involved in the comstruction

of the above ronds:

o

Stage 1 Farth excavation
Stage 2 * Pueparation of subgrade
Stage 5 i Soling work

Stage 4 Subbase work
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Stage 5 ¥ Wearihg surface or waterbound macadam
work for asphalt roads.

Stage 6 3 Premix carpet

Stage 7 ¢ Sealing coat

Stoge 8 ¢ Wearing coat

In the follewing sub sections details regarding the
‘engineering conciderations sgpecification of output levels amd
derivation of output and technical constreints for different
steges of the rood eonstruction are deseribed. The descriptipn
correspords to the c.b.,r. volue of 15 per cent, Different
output levels corresponding to different c.b.r. values can be

noted from %he Table A.2.1.0n pusies 292 owd 273,

d.2.1 Excavation or Earth Work: We have to estimn .

the quentity of ecarthwork to be donc in making the. prelimincriesor
s8ectdopbng for bringing the formation width of the rosd %o

12 meives. This quantity mermally varies from place fto place
where the vond is built, Hence, we decided #o accowmt for

the guadtity of cartbwork per kilometre of the roadway as

an average of such work observed from different national

highways in Indic. Table 4.2.2. provides the details of

these observotionsg:
Zoble £.2.2

Nadional !4 shuny Earthwork per 3
s s kilometre (i T.'l___);
1) /inantepur bycepass rood of Kurnool-

Bangalore llighway (N~tional Highway 7) 10277 .555.

1€745, 222

2) Nelamengola bye-pcss rosd of Banagnlore-
Poona Highuay (Nationol Highway 4?
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3) Etawah bye-prss road on P -0 ol
Bhoginpur iighway (N-tional Highway 2) 32527.328,

4) Niponi bye-pass road on Bangalore- :
Poona Highway (Nctional Highway 4) . 89885,1287,

5} Dharmavarsa Lye-pass rond on Vijayawada- -
Visekhapatnma iighwoy (National Hi ghway 5) 19168,006

87703, 3610

dvernge eavthwork pef kilometre long road = 87703.3812/5
= 17540.676 (m%)
per kilometre

X, (cq;pi‘ch—intensiVe technique) anmd X, {labour-infensive
technique} tre ithe two alternatives availoble for earthivork mmd
excavation. S the output constraint be come §

X, + X, = 17540, 676 {1)
where Xj 3= 1%,2, rre specified in the units of ms.‘

ieRe2¢ _FPrepsration of Subprade: Totdl area of the
Rreparation of subgrade igs equall 3 the product &f the formation
width and length of fhe rocd-way (i.e.) 12 mx1000m = 12000 w2,
e have only onc technique (X;) available fox doipg this work.
Hence the output constrpint becomes

L = 10 (2)
where Xz ig specified in the tmits of 100 Sg. ;

40243, SOling ond Sybbage Works Stogel :.fxi“ber the
Preparation of subgrade either soling work or subbase work &
ceorried oufi. Sling work isg requited if the findl form of tho
rodd is a bitmingus (osphalt) roed. Subbase work is wequ:red
if the final foam of the rogd im a conerete rozd, The outpus
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required of the soling worl is 1066.8 m3, and of the svbbase
work is $33.4 ms (see table 4,2.1). The following are the
different odtcrnatives for these works:

X, = Sling activity (m®)

= 1:4:8 ccment concrete subbase (ms)

-

%, = W.BM. subbase (m®)

X; = Lime eoncrete subbege fOT cement cancreke
vicoping cont (msj

Lino concrete subbvso for puzzolmna concrete

weoring coat (n>)

!
Then the sutpui consbraint bocomes
0.5X,+X L+ X gt X +%g = 533, 4 ({3)

‘ 533.,4 _ |
where 338kl = 0-5.

sealing co*rt works for

Ae2,t W, B s . prapizx corped :
agpholt rond: Solimg ds 6" (15.24 cm) thiock ond WBM ig 3"
(7.62 cm) thick. X5 and Xg axe the techmques for soling -nd

WBM yurk, spocificd imm°. Them £
P - ; - 4 |
drec of the solinz work = 0. 1524 $Q.my ond

Total area of the WBM work required ig &qual €9 tha area of

soling work i.c.

- b

0,0768 = 0,1524

%) -0.5X, =0 t4)

where ;249Z8% = ¢35, ‘
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Tek %10 be. the technique for thé wark of premiy corpet
specified in ilic units of sq.metres, Totdl prea of the promix

earpet required is equel te the aren of WBH work, Then

L0 = 5076z
or . A 7 ¢
Xy = 13.12336 %y =8 (5)

Let X , bo the technique for the work of sefling cont
specified in the wyits of sgq.metres. Total aren of fthe senling
coat requir:l is ¢ ual to the area of premix carpet. E.c.

X 11 = X

or

Xg = %o =0 (6)

L4 2.5 Voorping cont for econerete wosde: Mwo types of

wearing coat nre ovailable? cement contrete wearing eoit ﬁxlz)’
ard puzzolann concrete wearing coat (X13) The former (Xm)

is laid over ony of the subbase X5, Xg and X, whercas the
Latter (x13) ig 1lnid over the subbase Xy only, which are
mentioned in scction 4.2.3. Note also that the grea of the
wearing coat is ecquol 19 the nrxea of the subbase work in totnl.
Thickness ¢f tha Subbas%(xs,xs,% ard Xg,) = 3" = 7,62 oo,
Thickness of ihe wearing conts (Xlz and xlSi;gxs:x,, 24,43 an.,
Total narea of the u‘bb.,scs(xs,xe ard X.?) = 0’?62 8G.,
Total ares .f the swbbase (X3) = 5-gves squ,

; 12
Total arce of the wesring coat (X12) = 5.2413 SQoMe g

Total areo of ihe wearing evet (X, .) = X,
13 el 12 A -
" (:)q 2413 SQ[&M.
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where 112, and Xis are specified in itke untts of cu.m, Then

(a) for cement concrete wearing coat (X, .)

; 2 . ;.Mﬁ- = B

0.2413 = 0.0762
cr \

0.3157891 X, = Xo~XgXy = 0 (7)
ard

(b} Far puzzolang concrete wearing coat (I‘lg}

0.2413 0.0762 T
or

X = 3.3667 X5 =0 ts)
become the tccliniedl -cum-—cutpud fonstraints.
No + 0.0782 _ o mazpa g 0.8418 _ :

%.2.0 Dife=timeg of different rosds: In the end, we
Have to aecotnt for the difference im life tiges of difirerent
roads. We hove the following information available on their
1ife timest

Premix bhituminous crrpet = 8 fo 15 years.

All concrete roeds = 24 to 40 years.

We will <%ske the lower bounds of the above figures
as the life timeu of the respective types of roads. To
compare them, ve will comp:re the expenditure streams over
a periad of 24 yer¢s. S8incce the lifie of the pRemix cnrpet
end sealing cont works of on'asgpholt vead is 8 years; these
activities Boyve B be repeated after every 8 years. Subgrage

preparation, soling and waterbound macadam activitics of the
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asphalt road nced not be xepented.

1% is also to be woted that comerete ropis require no

meintenance cipenditure, However, in the case of asphalt roads

the premix corpet mnd secling coat activities met only require
$o be rélaid once in every B years but nlsv invelve some
maintenance expenditure annuglly. Ye assume that B percent
of the %otal cost of these activities is incurred as ticintenance
expendi turie every year on o8phslt ronds. Thiw is o high
estimate ~hd showld meke asphalt ronds less attractivd thon they
in fact ave. Tiesc fubure costs invelved in re-laying ond
maintaining the premix caipet and sedling coat activitics arc
diseounted ns follows!

Tet the disepunt rate be p pereent, amd the total cost
of premix carpet znd senling coat be Bs,X/=. Then the discounted
strears o the cbove mentioned future cxpenditures is os follows?

n=2

- 7 15
"'_]ﬂ- ""'"'l’--"- | ¥ 'ﬁlo@i5’x [ Z (_El__)'*' z (—1_—_ I‘.‘-‘-
A (1+r)nl n"”((h )"}

(o8 (116 =1 (14p)8

= 0.51855 X p¥ r= 20 percent.

tdding the cost of presemt construction Rs.X/i- to it,
the totel comes to Rs. 1.51855X/-, This can be treated s
either 1.51855 times the presenk ¢ost of construction orx theprosernt
output level mequired. This memis thot il the future costs
involved pre quiw: :ent to the cost of an additionsl 0.851855
times the prescenl ouwtput of these #wo cetivities. Hence the
output coefficicnt of the premix corpet activity is deflated by
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T’g‘%ggg (=0.(58523). Thus the output coefficient of Xm‘ .
equation {5') is modified to 0.658523 from 1.0, crd squation
(5") becomes

0.658523 ~ , - 13,12336 X; =0 (5 )

The output coefficient of' the sealing coat activity
need riot be cimped because it is technically relnted do the
premix cerpet cotivity by equation { €), and gets automaticaliy
ad justed to th-t leval.

However, o separnte oxercise is carried out ac “ming that
the life of comncrete rodd  : is 40 ycars instead of 24 ycnrs*,
Same discounting procedure as described above is sdopted nnd
the output coefficiont of the premix carpet activity in

equation (5) iv determined mccordingly.

o £, Sne_Yechniepl and output constraintg:

A 2,7 Bupmax

En simmary, o srrvite 21l Yhe technical and outpht cemstraints
te be satisficd ¥n construeting the specified rood below;

(1) Xy ;;';2 = 17540, 676
(2) Ly = 120.0
(3) 0. 5L+ Xt XA+ Xy = 533.4
(4) X ~ 0.5 X =0
(5) 0.653522 X,y = 13.12336 ¥ = 0
(6) ﬁ_‘{‘f_'xl(‘ =0
(8) Xz = 701607 X3 = 0
' = e i e S —

*  See Sectio; 6.5,7.
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Toble A.%.1: Output levels per one km. length of different rorls
correspording. to different c.l.r. voalues*

Fornation width = 12 n.

Corvinge woy width = 7

= -
iy

Wi

For a1l type's‘a'f‘faad's:

Earthwork/éxc&ifé.tiéh =
__preporation of subersde = 22 ¥ 1000 =, 12000 sd. .

“#heel load = 12000 1b.

1'?540. 7 6% m‘i%“n ¢+ Total ores for

=

Type of Rood  Stages of Output_reguired for vorious ¢.b,r, volles
o _.construction c.b,r = 16 __ lec.b.r =7 Jesb b =40, - 4
. asphelt (px i) Solin soling is 6" |soling is 11" |soling iz 9%
2 ﬁmmug“' 8 =15,24 cnthick|=27.94 cathick|=22.86 cathick
Pogd Quty.of work gnty.of work @ty.or work
+ =1000x7.00x. 3 =1000x7x2794 |=1000x%7 . %%6
1524=1066.8n° | =1955.8n° = 1600. 20
ii)VWaterbourd WBH is 3" WEM is 3" WBI ig 3%
Maceden =7.62 cnthick | =7,62 cnithick. {=7,62 catahick
gnty.of work Qnity.of work Quty.of work
’=1000x7x30'? 62 =1000x7x30'? 62 |=1000:77x,0762
1=033.4 11 ' =533,4 nm =533.4 nv
ii)Premix i&rec of work |[XArea of work {area of work
carpet(2,5 |=1000x7, =1000x7,, £1000x7
en thick) '=7000 m ~7000 n 127000 1 ®
iv)Sezlingcoat: Area of work | d4rea of wrk |ldrea of work
(1,5 an  |=1000x74 =1000x7,, =. 0027,
thick) :=7000 n =7000 m =7000 ™
: S - e R
2.%52%&t i) Subbase %ﬁ%%%%%sfsog'! s%%%.%%sgso E‘.' su"EE.ns'es"’so -
B ralvith - (1:4:8 'Qnty.of work |Qnty.of work |Quiy,o: work
\ concrete) i=1000x7x.Q762 | =1000x7x.Q0762 |=1000x7x,0762
concrete =533 4 % 5373 % s
subbase) ‘ . = «& = 4 = 533.4nm
id) Wearing  |4,coat is 9.5" w.cont is 9.5"w.cost is 9.5"
coat(1:2:4(-24,13 mthick|=24.13 cmthick{=24.13 cnthick
concrete) {Total gnty. |Totel qnty. |Total quty.
of work of work tof work
=1000x7 x. 2:.3113 =1000x7x, 2%13 '=1000x7 3:2443

-

= 1€89,1 m

| =7000 m

CeP.r. = 20

soling is 5"
=12.7 cathicke
Qaty.of work
 =1000x%7x. 127

= 889.0n%

VB is 3"
=7.62 cnthicke
Onty.of work

| =1000x7x,0762
 =533.4 n

irea of work

=1000x7,

- 28 -

- Lrea of woxk
.=1000x7,
=7000

TR SRR ST 5Ty
su%-ge.ré%s?.so %
Mnty.of work

' =100 Ox'?xzo'? 62
 =533.4 n
w,coot ig 9.5%
=24,13 cmthicks
Totzl qnty.
of work

| =1000x7x,

§41§
=1689.1 =
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Botle 2.1 (exmt.)

- e A A W . S Y W W

e L A

» e re j - i i
| |
3 Ceuwont i) 3ubbase .subbase is 3" {subbes: is 3V [subbrse 1s 3V fsubbase is o
gorcrate D iQaty.of work uty.of work |[nty..f work Rity.of work
Ro-~dlwith o '=1000x7x.Q762 [=1000x7x.Q762 |=1000x7::.G762 |1000x7x.07 62
«31 subl.se = 533,4 m® = 533.4 nd = 532.4 m' = 533.4 n
ii)Weaving -  w.coot i, ©.5M|w.cont is 9,5!"|w.cont i5 C.5Y|{w,cont is ©,5T
coat(1:2:4 Totzl qniy. Total ‘qnty. | Totl qaty. ‘Totzal gnty.
conecrete) ‘cof work of work of work of work
= 1000x7x,2413|=1000x7x.2413 |=1000x7:2, 2413 ‘=1000x7x.2%13
= 1639.1 = 1639.1n3 = 1639.1 né }= 1689.1n
4, ?;%%%?-”21:v i)(Subbase suhbese is 3" |subbase is 3" | subbase is 3! | subbose is 3"

e g 1:1:10ine Qnty.of wprk |[9aty.of work |[@nty.ol work |Quty.of work
l%f*l_(‘gi“h cénerate) =1000x7x.%'?62 =1000x7x.Q762 |=1000x7x.Q762 =1000x'?x.'%762 i
crheiebsub- = B33.4m = 533.4'm |= 833.4 nv = 533.4 n e
base) ii)VWearing  Wecoat is 9.5 w.cont is 9.5M w.cont is 9.5% w.cort is 9,51

coat(1:2:4 j Totel anty. Totzl gqnty. Total guty. [ Totzl gnty. y
concrete) of work lof work lof work of work '
;=1000x'?x.2415 =1000x7x. 2413 |=1000x%7:7. 2413 |=1000x7x.2413
l= 1€39.1 md = 1689.1 no = 1689,1m° |= 1€689.1m
5. Puzrolaps,  i)Subbase subbase is 3! |suthase is 3! | subbase is 3% | gubbase is 37 7

Qo__r_.\cr-::'_l:e_ puzzolanz)! Gnty.of work ity.of work Qnty.of work Onty.of work
Bord(with | =1000x7x.Q762 | =1000x7x.0762 | =1000x7x.C7€2 |=1000x7x.Q7 62

pl:lzyéolmjlg_ = 533,41 = 533.4 0¥ = 533.4 0o = 533.4 m9

as e ii)'i(eg,iing ‘:lr‘ogfi’i"t ii 9.5% V{G-t:l.‘!; i: 9.533\;5?& ig 9.5 \;:.)coa't is 9.5%

co Totel qnty. 2l gqnty. 2l gnty. | Totel gnty.

(puzzolana)| of work of work tef warl% P, Jof vork
=10CCx7x.2413 |'=1000x7x. 2413 [=1000x7x.2413 }=1000x7x.2413
= 1689.1 1 = 1689.1 mv |= 1689.1m% |= 1€89.1 nf

* Valucsg of thi
sre deduced .
10 their %%1ckner-::..

* See section ..2.1 in comondix A,

ckness'e;cc:crcspohdi_ng to soling
Trom table €.8.4.2, Measurementso

3

¥Ei, subbases . i
subbases and Vvicaring coats correspond

P

atc. Vced 1

P el

Note: Costeimviivea un duny joints ard exponsions joints of tho concrete

2 be nigeelld mmeaus e odded 1y the objective function eralicierts af

C. . -t

Aded o L L [AdEA .
PTAVLTLAN AT LRE eonerate mads

N e g
-—4.‘7

~
ar
0'7\_ :,‘

n this toble

S

roods ~re triken
the weesring
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DATA

B.q : Dote for the motrices 'B! ~nd 'S! ang
- ingirect eopitsl for building srd rond,

struction | :
The following data correspond Ho the mrtrices MB! nnd
'8' described in the anglyticsl progremming model of Chapter

IV, The elecucnts ‘Bij's of the 'B' matrix defiote the .following::

b; s = count of ith primary resource reqiired in
J DProducing a unit amount of jth intcrmediate input.

The elements ‘sij's of the '5' matrix denote the following:

8; 4 = Wendays required of ith wage-group labour
¥ in producing a wit amount of jth intermedinte
input,

The daia includes alse the information en the ventdl
value of capitcl equipment needéfl in producing the Inder-
mediate inputs required im Building md road construction.
These veolues ove given for different interest-rates, nnd

referred In the text as 'indireect capital',

Fotes 4, Capital rentals are inm the units of Rs.

2, S and B matrices for the building and road
construction contain the colums of the following
matrix (see next page) corresponding to only those
intermediate inputs requirci in ~1e respective
constructions.

3. Last six rows of thematrix correspord to the rows
of 'S'" matrix described in Chapter IV. Rest of the
rows correspord to the B matrix described there.,


http://www.cvisiontech.com

= 275 -

" Intermediate Cemont Bricks Coarse Fine Stone  Lime
input (tonnes (000) sand sand agert.d (gntl.)
Primary (m-3) .'1‘13) f:allnst
Regrurces = 2 2 , )
Elect.(%#h) . .80.0 - > . - "
Coal (tomnes) 0.33 0.2 - - - 0.03
Linestone(¥) 1.15 =~ - - - Q.187
Gypsum(Fonnes) 0.04 = - r3 = !
Clay (tonnes) 0.2 4.91 i b = e
Water (tonnes) 3.0 o - = @ 2
Iromore()) = - = = &= -4
Manganeseore() = - - - E Y
Dolomite(i 1}) = > x a = -
Cor:rsesa.nd(ms) = +1132 1.0 - - -
Finesand(ms) & & = 1,0 e =
Qry.stone(n®) - - & - 1% -
Sandstone(sq.m)— e = - ~ =
Bitumen(tonne) - - et - = -
Diesel(litre) = - - e " =
Moorum (m®°) e 2 ~ & - .
Copitol rentcl
i=5 p.c. 32,87 4,93 - - 1.42  0.80
=20 p.c. 18,10 5,74 - o 1.79 1.09
i=15 p.c, 65.42 6,61 - - 2.19 1.41
i=20 p.c. 84,10 7.52 @~ - 2.62 1. 704
1=25 p.c. 103,58 8,47 - - 3.08 2.4
Misc. (Rs.) ' 130.90 10.03 = 3 - ¢.41

Lobour of wagg
Irou I’

Q- 4 - 3.1703 0.230 0.230 2.39%4 1.3094
4% = 3:9333 = E = =
5 - 6 - - - = - 6,1738
6 - 8 0.5025 0.30 i - 0,0333  w
8 -10 0,3196 0.0666 -~ - 0.0111 =
Dakels) 0.2710 - -3 % o -4
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SUTKRAL Shewo of Thjbomd Steel  oond  Pitumen
QuaeYyy stone stone

Fms) _wa®), (nog.) (Kg) {(sq.m.). {tonne)

El. - = - - 3 Ly
Co, 0.131 = - 02 - -
Ti. s - - 20006 = Y
Gy, = L - - : o
CL. 2,312 - s - - i
Wa. = - = - - e
1.0, = - = ,0019 - u
.04 e - - ,00013 - -
To., - - - .00009 - ¥
C.8. 0.0533 - - = - 4
F.3. % Al ey = =
Q. s. - 1.05°  .92519 ~ - -
Snd.s. - - - - 1.10 =
Bit, - & 5 r i 1.0
Di. = 3 . - - Pl

Moor. = = - = - o

i=5 p.c. 1,16 Q. 64 0.04 0.30 0.93 -

3=10 DP.Cs 1,35  0.80 0,05 0.43 1.17 -
i=15 p.c. 1.55 0,98 0.06 0.58 1.43 -
i=20 p.c. 177 1,17 0.07 0.75 1.72 -
4=25 p.c. 1.99 1.37 0.08 0.93 2,02 =
ilisc. (Rs) 1%5.41 - 0.02 0.55 - -

0 = 4 0.745 00,0444 0.0549 =~ 001776 -

% -5 0.21935 - 2= 0.0011 - !
6 -8 0.0705 0.0333 .000763 = 2001332 -
8 -10 0.01565 0.0111 .000254 Q0095 .000444 ~

2! 10 L] — - A L -y |
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&1
42

o .

- Diesel Moorum Soling Stome  Conl
_ 3 stone  me tal(WEM)
Loliitre) (n”) {(m3) (m3) _ (gn#d .} __
mo Ll = 4 — -p
Co. — - o — 0\.1:
w— Fo. - —
- = - oy
L J.pl mmi =
‘11@ — % =
- 0.84 0.85 =
i=25 p.c. e - 1.81 1.84 -
Misc.(Rs.) @ = - .04 0.17 -
Lsbour ¢ A
0 -4 = - 0.5 0.5 -
4 - 5 - =, Lo - o
5 - 6 — - = = =
€ -8 - - 01665 .01865 =
> 10 - o - - <
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D.2: Deta for the matrices !A' ond 'D' ond ddrect copital for

buildinz and road construction:

The folloving cata correspond ko the matrices 'A' ang ot
described in the ondlybical progremming noddd of Chapter IVe The oleronts

laij‘s of the 'A' patrix denote the Followings

a; . = cooms of ith intemediate inpit required for unit oporation
of jth actiwity.

The clcments "ﬂij's of the D motrix denote the followings

-

dij = mt_m-r}ayrs requ:':rod of.i’fh wage—aroup labour for unit
oper~tion of jth activity,

Tho data include * #lso the informatdon on tho objective coefficients of

e dctivities dn budleing pul roctl construction. Ta the case of roade
construction information "on maehine-days of tha..capitziteguipment required
in the vni% operntion of the activitics, rlso is wivere THe rental

values caleuleted from this information are referred in the toxk as

"direct capidall, Divect capitel is nil!for huilding construction.
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DE.1: TUIEPTIC OONSTRUCTIOH

Technique X 148FLL 136F0L 12/ITL 140FCF 136FaP 124 FOC 13CDFL 1200FL
: X

Inter- 1 o e % X5 % X %
nedicte Inmuts

(Gmatrix) - 7 7 sy - 7
Cement (tonnes) 0.17 0.22 .32 Q.17 0.2 @32 0.13  0.17
Brisks (thousand) . - ' < - - 0.494 0.494
Coarsesand () 0.7 D46 BuldF Ouh7 046  0odhS 0,27 0,19
Finésand (n3) = = 2 & 4 A ey
St.igzrogate (£0)  0.09 0.0 0.85 Q.89 0.8 0.85 - =
Unslaked 1lime(qntl. 65 - - = - - g -
Surkhi ‘(n.3 ) - - - - - - - -
Stone at quan:y‘(m'B} - - - o - £ - -
Through & bondstones = - - - - - - -
Stecel (Kg.) 105, ) - b = - & = = h
Sandstone (sqen.) - - - - - - - -
Direct Labour(k. c")*

{ D.prtrix s, /day

DL1 O-4 el 18 WSS RS- By B 22 1,22
DL2 4~5 C.31 Cu31 0.31 0.317 0,31 0.31 0.28 0,28
IL3 546 = o - - 3 - - -
DL/, 68 0,05 0.05 0,05 0.05 0,05 0.05 0.35 0,35
L5 8-10 0,05 0.05 0.05 0.05 0.05 0.05 0.35 Q.35
L6 2 10 = s - - - - - -

Obicetive function

Co. Xficients

Total Costs(bj in k) 32.37 33.02 33,50 32.37 33.02 33.50 31.30 31.06
Direct labour costs 7.50 7.50 7.50. 7.50 7.50 7.50 11.12 11.12
Indirect labour costs 9.66 10.11 10.64 '9.66 10.11 10.64 10.36 10.65

Transport costs 10.06 10.26 10.21 10.06 10.26 10.21 9.82 9.29
Miscelloneous costs  5.15 5,15  5.15  5.15  5.15  5.15 = -
Unit output of Xj, Jeuan 1 cuerr 1 cwenn 1 ¢ il 1 gu-ma 1 cuem T cllem T Clteli

e ol e ————— g — - o 5, e — === iy Tt e it Syt e g w E

*Fmandays.
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(D.2.9: cont.)

s
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Technique 'Xj

Inter-
fiediate Thputs

{Ai-notrix) -

14CBFL 16CLFL 116BFL 129DFL 110DFL 1130FL 111CFL 12LBFL
o X I K Xpn %y Fy Xy

Cement (tonnes)

0.005 0,0625 0.0625 0.0425 0,0485 0,105 - -

Uit output ei'Xs

Bricks (thousand) 00494 0.494 0.4 0i494 0.494 0.194 0.494 0,494
Coarse sand (i) 0.27 0.27 0.27 = = 0.2145 0,119
Fir) sand (m3 ) - [ . .27 0,27 = - -
Stiaggregate (n°) = . = o = = = =
Unslaked lime (qntl.) = - Q.28 0,38 B.21 0.455 0,75 0.75
Surkhi (n°) B Wl L g B e . BT menh P Dao e
Stonc at quarry (mB ) = ve - " - - - Y
Torough'bond stoncs = - = et - - - -
Stecl (Kg.) - - - - - % & -
Sandstone (Sqsti) o 3 J > 2 = 4 =
Direct labour (m.d.)

D-matrix(Rs./dzy)

DE1. Gl 122 1,22 1,295 1,295 1.295 1.295 1.295 1.295
DL2 45 0.28  0.28 0,313 0.313 0.313 0.313 0.313 0.313
3 5-6 2 o b - = &, - -
0L/ 6-8 0.35 0635 D435 0.85 0.35 D35 0.35 0.35
L5 8-10 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35
62 10 - e - - - - - -
Objective function

coefficients

Tet-1 costs (C; inks)30.8, 30442 32.44 32.77 31.96 33,48 33.71 3414
Dircet labour costs 11.12 11.12 11,53 11.53 11.53 11.53 11.53 11.53
Indirectlabour costs 10.04 9.75 11.19 11.53 10,70 12.43 13.44 13.%6
Transport costs 9.68 955 9.92 9.71 973 952 87 &5
Miscellaneous costs A - i, - - - -

1 cttam 1 cdem 1 cuem 1 cuem 7 cuenm 7 cuert 1 cuem. § cuen
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 Toobbique X;  14GCFD 16CGEL 111CFL T106TL 14GHTL 16CCHL T1TRAD HEmt,
Ezgizhte inputs x17" X‘I‘S ;{19 xa) X21 322 MZBM x24 -
{A-Motrix) e , , - e o
Cenent (tennes) 0.114, 0075 = C.057 0.13 0.0833 = 0.0627
Dricks (thousand) - = = - & b 2 2
Coerse sond’ (m3) 0.321 0.321 = - 036 0.35 = ~
Fire sand (i) = » 0.1425 0,321 = = G.158 0.35
St.dggregate (r9.3 ) = e . > = ; 3 o
Unsloked lime (qntl.) = - 0.903 0,252 - - 1.00 0.28
Surktd (o) o £ 0e1425 = - - 0.158 =
Stone at quarry(i®)  1.10 190 1521 1.21 1.00 100 1.00  1.00
Threugh&bond Stones 7 b 3 i 7 v 7 gz 7
Steel (Kg.) ‘- o = & L - 5 2
Sandstone (sQ.m.) - & - - - - = -
Birect lavour (m.d)
Dematrix(ts./dzy)
DL 1 O=4 2,13 2.13 2,22 2,22 196 1.98 2.08 2,08
IL 2 /=5 0.18 G.13 0.225 0.225 0,19 0.19 0.2 0.2
DL 3 56 - 2 - - - - - -
IL 4 &8 2,12 2,12 2.2 2.12 1.07 oy 4,07 .07
IL 5 810 ¢ . o 2 o) . A d
DL 6 2 10 - - % - - & - -
Objective function
coefficients
Total costs( C;in Ps) 37.93 37.42 42.22 38.95 29.97 29.27 33.78 30.12
Di .ot labour costs 23.14 23,14 23.67 23.67 15.31 15.31 15.90 15,90
Indirect lobour cost 3.21 2,86 7.35 405 3.34 291 7.83 477
Transport ¢osts 11.58 4142 11020 11.23 11.32 11.05 10.05 10.05
Miscellancous cogty - - = o a .~ o =

Unit outpat of Xj

1 cuem T oma 9 8uen 1 cuem 1 cuemg 1 cuam 1 culem ) oot

i T e o i A



http://www.cvisiontech.com

- 282 =
(D02-1= con‘t-)

Tochnigue x TGHDBFL 13CBFD 12C0IT 14CLFP 16CDFP 11GDFD 1290FD 116000
T b - ; : e
i‘:{fﬁe Tnpats X5 s %y s Ty % Xy X
Ld-no.‘br:ix) o N e 4 SIS a : A
Cenent (tomnes) 0:45325 0.13  0.17 0.095 0.0625 0.0625 0.0425 0.0475
Bricks (thousand) - 0494 0.9 04494 04494 04494 0494 0.494
Coarsesand (r0) 0,92 0.27 0,19 GC.27 0,27 0.27 = 5
Finesanrd (n3) Y - " ] - - 0.27 0.27
St.igpregate (o) - ~ - - - e - L
Unsleked line (qntl.) 0.0823 - .. - - 0.28 0,38 0.21
Surkhi (r°) BTt | : = " o -
Stone at quarry (n3 ) = o e = - . = =
Throughgbond stonos = - = = =1 C - -9
Stecl (Kg.) - - e 3 X > - o
Sandstone (sq.m.) - s - - = - o P
Direct labour (m.d)
D-matrix(is./day)
DL 4 04 deb2 1522 1.22  1.22 1.282  1.295 1.295 1,205
IL 2 4-5 - = 0.20 0,28 0.28 0.28 0.313 0,313 0,313
DL 3 5-6 - A ia | ks - = = » =,
If 4 68 Se:. G35 0435 0.35 0435 0.35 0.35 0.35
oL 5 8-10 12325 0.35 0.35 0.35 0.35 0,35 0.35 0.35
oL 6 > 10 - - = = - - - -

Objective function

coefficients

Total costs (Cjiri{s) 30.05 31.30 31.06 30.84 30.42 32.44 32.77 31.96
Direct labour costs 27.48 11.12 11.12 11.72 11.17 11.53 11.53 11.53
Indirect labourcosts 2.63 10.36 10.65 10., 9.75 11.19 11.53 10.70
Transport costs 874 982 9.9 9.68 9.55 9.72 9.71  9.73

Miscellancous costs = ", - "5 e - - =

Unit outyut of XJ. 1 cuent 1 cu,mm 1 cu.rt 1 cup 1 clienn T clrem ] gutam Totlterm

—
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(D.21‘.= oont-;)

Tochmiquo X, 1300 1110FT 121000 TGIDFD 13CLLW 12CBIW 140DLH 16C0HM

Inter- Xy Xy Xy ‘x36‘ X3 x38h_ ) x49‘

ncdiate Inputs
C;’L—ma‘brﬁ() i = —

Ceent (tonnes) 0.105 = - 0&:28 0,13 O0x17  0.095 0.0625
Bricks (thousand) 0:49 0e494 0ul0L = 0.494 0494 04454 04494
Coarsesand (n°) 02145 0.119 - Q.92 0.27 0.19 0.27 0.27
Finesand (+>) % = " - % - > >
St.hgeregate ‘(n13 ) T - - e - - - -
Unslaked (antl,} , 9.455 075 075 oeg - - b -
Surkhi (o) - 0.119 0.2, =~ o B w
Stone at quarry (mg) - o - - = - ) =
Through&bond stomeg = o - i - - - -
Steel (kg.) - < = - t - %
Sandstone (Sqema) = “ - s £ o ) -
Dirsct labour (m.d)

(Dvmatrix ) (Rs./day)

DL 1 0-4 1,205 1.295 1.295 4052 1.55 4.55  1.55- 155
DL 2 4~5 6.313 0.313 0.313 =~ 0.28 0.28 0.28 0.28
"IL 3 546 - - - - = 4 = "

IL 4 6~8 0.35 0.35 035 - 043 0.3 0.43 0.43
IL 5 810 0.35 G35 0.35 1.32% 0,43 0.43 043 0.43
DL 62> 10 2 A = - A - a Iy

Objective function
coefficients

Total costs(Cj:i-nl‘-*-) 33.48 33.71 34,14 36.85 3372 33.48 33.26 32.84
Dircet labour costs 11.53 11.53 11.53 2748 13.54 1354 1354 13454
Indircet labour cost 12.43 13.44 13.86 2.63 10.36 10.65 10.04. 9,75
Transport costs 9.52. .74 8475 CJ74  9.82 9,29 9.68 9.55
Miscellaneous costs = - - - i [ s =

Ui putput; of X, 1 éwem T cuen 3§ cuam 1 cuerr 1 cttem 1 cuen 1 euem 1 clter
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(De2.13 contu) . o _284 =

Technique 155 116BLW 129CLW 1160LW 113BLW 111BLY 12LDLW 14CCLW 16CCiA]

AT, s % % Y % % B T %
{fematrix) = P

Cerient (tonnes) 0.0625 0.0425 0,0475 C.105 = - 0.414 0.075
Bricks (thousnnd) 0.494 0454 04494 0494 04494 04494 = -
Coarsesand (r) C27  0.27 0,27 0.21450,119 = 04321 ©.321
Finesand (m3) 2 - = = -. " - - o
St.x'.ggrega.te‘(nsﬂ - - - - - v = -
Unslacked line (qntl.)Ca28 2.38 821 03455 0495 075 = -
Surchi. (oP) 3 w .. ” 0,119 0.2, = -
Stone at qw.*.r:y(nB Y - = - - - - ot 1.3
Trrough&bond stones - - - - - - 7 g
Steel (Kg.) - = - - . & 2 "
Sandstone (sq.r.) = = x- =) - > % &
Direct labour (m.d)

(D-patrix)(ey'day)

IL 1 0-4 1.625 1.625 1.625 14625 1.625 1,625 2.48 2.8
IL 2 4=~5 0.313 0.313 0.313 C.313 0.313 0.313 0.09 0.09
DL 3 5-6 = = = - 2 > = -

IL 4 6-8 0.43 0s43 .43 0443 0u43 0,43 2.383 2.38
DL 5 810 0.43 Dud3 Q43 0.43 De43  Cef3 = -
L 6 210 ? - . i - : % E
Objective function

coefficients

Total costs(Gjin‘P.s) 34086 35.19 34438 35.90 36.13 36456 40455 40.04
Dircct labour oasts 13.95 13.95 13.95 13.9  13.9L 13.95 25.76 25.76
Indircet lobourcosts 11,19 11.53 10,70 12.43 13.44 13.86 3.21 2.8
Transport costs 9.72 971 9.73  9.52 874 8,75 11.58 11.42
Miscellangous costs = - tee - - - - -

Undt output of X T ctem 1 cuain 1 ciaft 1 cuem 1 cuem 1 cuem 1 cwam 1 Quexnt

J

e i P -
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(ﬁez.‘l‘:‘ con’tp’)' * 285 »

“Tochnique X " 74CRLW 16CTOM 11TCLW 115CTH T11ELN 115500 PoImEN 13CEID

,3231‘3::9 ooy % %o Ry K Ky Xy Ky Xy
Mepatrix) . - e S
Cerent (tonnes) 0.13 0.0833% = 0.05¢ = 0.0627 056325 0,13
Iricks (thousand) - - -.. = = - = 0.494
Coarsesand (n°) G355 0555 e s = - 0,92  0.27
Finesand (n”) - - 01425 0.321 0,158 0.35 = 3
St.&;gregate(n% - - e - - - - -
Unslaked lime (qotl.) - k> 0.903 0,252 1.0 0.28 0,0828 -
Surkhi (,1'.13 ) - - 03425 = Ce15. = - -
Stone at quarry(m®) 1.0 1.0 1.21  1.21 1.0 4 = -
wrough¥oond stones 7 2z K 7 4 7 = -
Steel (KEO) e =, a e = - - o
Sandstone {sqerr. ) e i = " ol - o 5
Dircet labour (n.d)
(Dmatrix) (y/ day)
b 1 84 Re36 2,36 257 257 2,46 2.6 452 1.55
DL 2 4~5 0,165 0.165 0.25 0.225 0.2, 0.2 - 0.28
L 3 5-6 <) & o, SRR a ” o A
IL 4 6-8 134 1.34 2.38 238 1,34 1.8 - 0.43
IL 5 &10 < by = “ - - 1.385 03
e 210 = e - 54 s & -l -

Objective function
coefficients

Total costs (\cj:m Bs) 33.08 32.38 45.26 41.99 37.00 33.34 38.85 33.72
Direct lebour costs 18.42 18.42 26,71 26.71 19.12 19.12 27.18 13.5.
Indirect lebour cost 3u34 2.91 7,35 4.05 7.03  4.17  2.63 10.36
Transport costs Me32 11,05 11.20 11.23 10,05 10.05 2.7 9.02
Miscellaneous costs - . = ) . o & =

Unit output of XJ. Teuwnowm1cun 1oun T cun 1 cudt 7 cgem 1 cuem X

o ¢ = 5 L
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Techmique xj
Inter-

nediate Inputs
(A-matrix)

TECDLD 1/0DL0 16CDLP 116BLP 129LLP 1180LP 1138LP 111BLE
Yo X Xn X X %2 K3 Xy

-

Unit output of Kj

0.095

Coment (tonncs) 0,17 0.0625 0.,0625 0.0425 0.0475 0,105 =
Pricks (thousand) 0.494 0.494 04,194 0.494 0.494 04494 Cul94 0.494
Coarsesand () 6.19 ©0.27 0,27 0427 0.27 Ce27 0,R1456.119
Fincsand (ir') >  J s wr + =
St.Aggregate (rm?) - - =5 e - = g -
Unslaked lime (gntl.) - - - 0.26 0.38 0,21 0.455 0.75
Surkni (o) - T e L L - £.119
Stone at quarry(ma) - - - . e - = "
Threush&bon] stones -~ - 2 - - = - <
Steel (Kg.) - - ~ ® = - 2 s
Sandstone {sq.m) - - & == < i - e
Direct labour (n.d)

(Demntrix)(hy/dey)

IL 1 O=d 1455 1455 1.55 14625 1.625 1.625 1.625 1.625
IL 2 4-5 0.2 0.28 0.28 0.313 0,313 0.313 0.313 0.313
DL 3 5-6 = & - i “ i % =5

IL 4 6-8 0.43 043 0.3 Du3 0043 0443 0.43  0.43
IL 5 810 0043 0.3 0.43 Gu43  0.43 043 0.43  0.43
L6 210 = = e - , ¥ . 5
Objective function

cocfficients

Total costs( Cin ) 33.48 33.26 32.84 34,86 35.19 34.38 35.90 36.13
Dircct labour costs 13.54 13.54 1354 13.95 13.95 13.95 13.95 13.95
Indircctlabour oosts 10.65 10.04 9.75 11.19 11.53 10,70 12.43 13.44
Transport costs 9.29 9,68 9.55 9.72 9.1 9.3 9.52 ST
Miseellanecus costs = - - - - - - o~

1 cu.rt 1 cusm J cuenn 1 su.ml cuem 1 cusy 1 cuemt 1 ckem

i - - ) S —= = ——
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~ 287 ~
(D.21.2 cont.)

Tachnique X 12LELP TCADLE 1240FF 11.53K 1120RF 12400F 12405 TRA0oT

T et s s Y Re % Yo ¥ X
dematrix) x , : , , — i
Ceriont (tonnes) % CI6325 0.0415 0.046 w405 0.0352 0,048 0.0376
Bricks (thousand) 0049, = - - o 2, = 0,027
Coarsesand (m.3) - 0.92° 05785 04008 ,04463 04395 .06G75 0.0522
Finesand (1) - " - % g S %
St.aggrogate(n’) - - 0.1157 09775 03925 0979 0.1335 04,7045
Unslaked lime(qnil.) 0.75 0.0828 - - = - 3 =
Surhi (i) GZh E. B Dinds o) S S,
Stone at q1mr::y(m3 ) & . L = oy =~ L -
Threugh&bond stenes - =, A = 2! & o %
Steel (Kg.) - - 7.20 £.13 890 18779 5.0 593
Sandstone {gq.n) & Y e 2 & P & =
Dircet labour(m.d) '

(D-matrix)(ry/'dey)

L 7 04 10625 452 0.9507 1.0° 6 1.07.) 2.0737 0.8255 0,805
DL2 4~5 0.313 = 0.0715 0.0633 0.0578 0.0605 0.0825 0.0008
DL 3 5-6 - b = ¢4 o = ~ -

IL 4 6~8 0,43 = 0.7317 0.8234 0.9845 1.,8889 0.5735 0.6079
IL 5 8-10 0.43  1.325 0,017 0.0144 0.0945 0.0099 0,0135 C.0149
s 2ide o= - - S - - - -

Objective function
ccefficients

Total costs( Cyin 1§) 36.56 38,85 17.57 15.22 20443 30.34 16.39 17.08
Diroct labour costs 13.95 27,48 8.87 9.71 11.76 20.85 7.41 7.9
Indircctlobour costs 13.86 2.63 2,16 2,13 2,30 3.100 2,23 2.38
Transport costs Co75  8u74 1,39 1.23  1.22  1.24  1.60 1.6L
Miczellancous costs o - 5,15 5.15 5,15 5,15 5.15 5.15

Unit output of Xj T ouam T ouen T3g,m T gget 1 waulsq.-w 1, 9n Tsqen
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(De2.1% comt,)

Tochniduc X; 136DRF 124FEG 140FIG 160FLG 15RFLG 15FFI 16CPLT 1771Ls
e ) oY Rz o Yy Fm X X
(A-matrix) . Y . : —

Cement (tormes) 0.0352 0.15 0.1102 0,0725 0.0 0.03 0,036 0,0317
Bricks (thousand) - - 0,500 0.5.2 = = - -
Loarsesend (i) 0.0752 C.178 ~ €.3103 0.27 0.27 - <
Fincsand (n°) £ 2 0.3103 = 3oy o 0s1541 Gu15%41
St.dggrogate(n) OOl GiB6 T A ™At wE . m B )
Unsleked line(qntl.) - ~ “ - g - - 0.1357
Sarkhi (mB) 2 v so o - = o -
Stone at quarry(n®) - e = - ~ - = .
Through&bond stones - - - - - - ~ o
Steel (H.g) 542 - - - “ - 5. =
Sendstone (sq.m) = - = - 10.00 10,00 -
Zircet labour (u.d) B

(Dematrix )(ry/day)

bL |, 04 0.8252 1,39 12794 1794 0.70 3.52  0.9964 0.9396
DL 2 /=5 0,083 0.27 0.357 0.357 1.445 3.695 0.3132 0.3348
DL 3 5-6 "4 = - - 3 ) - -

IL 4 6-8 0.5564 1.35 1.030 1.0 = 0.320 » -

IL 5 810 0,014, ~ - - 3.10 12.6C 0.81 0,87
ILé6 210 - o % R % ., 0 .

Objective function

coefficients

Total oosts(Cjin P} 16042 26419 35.05 35.53 42.12 148.32 13.20 14.20
Dircet labour costs  7.32 17.33 15.52 15.52 36.61 142.31 1174 11.99
Indirectlabour costs 2.23 4.59 10.32 9.98 1.13  1.13 0.45 .1.13
Transport costs 172 427 9.21 19.03  4.38  4.33  1.01 1,08
Miseelloancous 6osts 5.15 - - & & <4 b >

Unit cutput of Xj 1 ga.1 0cgm 105gm 10sgm 10 a3.mO sqm 108.n 1&Gn
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LB- 2+1: cont. )

Tochnique xj. "329TLI 12LPLI 111PLI 16CFLE 11APLE 1297LE

e By o B R, N X5 Tag
(hmatrix) : _—,

Cenent (tonnes) 02448 = 0.050 040317 02448
Dricks (thousond) - - - & - -
Corrsesand (n3 ) - 5 I Y s o
Fincsand (& ) Col541 = ©:068 0.154% C.1541 041541
St.Jlg;:rcgate(msJi - - - - = e
Unslaked lime (Qnil) 21744 «43344 +43344 - 0.1397 21744
Suzkhi (m?) % 0.1368 0,068 = " 2
Stone at quarxy(n13 TR - - S & s
Through&bond stoncs - - = = x &
Steel (Kg.) - - - - - -
Sandatonse (sqen) - = - g = i

Dirct labour (:.d)
(eziatrix) (By/day)

L 1 0=4 0.9396 0.9396 0.9396 0.0964 0,9396 0.9396
BL 2 4= 043348 0,3340 0.3348 0.3132 0.3348 0.3348
DL 3 5-6 - . - e o -

IL 4 6-8 = - - - = E

bL 5 810 0.8 0.81 0.81 Q.31 Q.81 0.87
IL6 > 10 o 25 = > E- %

Objective funétion
cocfficients

Totel costs(Gyinls) 14,55 15.83 15.59 13.20 14.20 14.55
Direct labour costs 11,99 11.99 11.99 11.74 11.99 11.99
Indirectlabour costs 1446 2.81 2,57 Cu45  1.13 1.46
Transport coghs 1.10 1«03 1.03 1,01 1.08 1.10

Miscellancous costs = =5 = e =Y -

Unit output of xj 166q J1.103G .0 1 41 3D 5q..m 108G, I A6 o1

— . = = CES—— = -
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D.2.2, TO:D CGISTIUCTICH

M connique xj' LiBEXC CaliXC TIGIS: SOLING 14850C WRNSSC 11185C 111SBF WRNCHI TRCITT SLOO AT 124WCT T0ZWOT

Intcr--
nedicte Inputs X X X X X X Xz X, X X Xya,
 nteiny X 2 3 oy B 5" g % o S e S
Cament (tonne = - - - Co17 - - = - - - €.32  0.256
Coarsesand (?) b = - = 047 = ~ - - - 0.75  0u445 Bu44S
Finesenad (m3) - - - 2 ~ = 0:19 0.19 « - . - -
Stonocgarcgate (n3) - ~ = = 0.89 o 094 094 = 3.0 - 0.85 0.85
lii“‘o (qtu'ltlo il Hesd - - L o 1.204 1-204 -: - L4 = -
Surkhi (r3) - - - < = = 0,19 0.19 < g - +06106
Bitumen (ionne) - - - - - - - - - 0.267 » 9% - -
Dicscl (1itres) - - 0.972 0,108 - 0.55 = ad 0.59 2.0 1.08 = -
¥ocrun (n?) - - - - - Dl s= & Ok, = = - -
Soling s{.on' (z 3) s ax = 1.15 = s = - = . = -
onetrl-l w}‘@ (l‘l b =5 A - - - '1,46 - - "346 = - i,y T

Coal (quntl.) - - - - = ~ - - 0.534 0¢192 - - po
DlI‘eC'b—CuI ita1 Bouiv, 3
nochine days) b
Foad-rollur - - 0,054 C.086 - 0.033 = - 0.033 C.11 0.06 = -
Bojler - F - — -~ - - - - 0-15‘ 0.05 - el
Cenerete nixor - - - - 0,05 = 0.05 ©.05 = - - 0.05 0.05
Eot-nixnlent = & & e - - = 2 -~ 0,04 0.0 - e
Pj-dkem 0.027 = - - - - - - E =l - - -
%301 0.108 = - - - 3 = A - -_‘ - P -

Forks 0.027 = - = pees — - s = = - o -
I“thCl—bf‘.rmW 0. 027 = - - - - -— = = = - i =y
Bullaenzt 0.054 - - - - - - - - i - - -
ﬂough L] S u108 - had = - - = - | — - - -

D7 Bulldozexr ; 0.,0147 - £ - 3 &, . - | = 5 =
Thickwire Lrushiy - = - - - - - o 011 0.05 & =

Scft brllSh(ms ) - - -~ - - e, - - - 0.32 0.12. = -
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L, 2,2 (Cont.)

Tectniqua :{j

ToDEAC CirmiC TIEDSG SOLLWG 148530 WaMShC 111SBC 111SBD WEMCLM TICRIT ¢ £00 + T24WCT TUZACT
% 3K % X X % 2 X Yo %Kiz *gg

Dircet Labour{n.q)
(D metrix)h,/cay

DL1 O-4
L2 4-5
DL3 5-6
DL/, 6-8
DL5 810
b6 P 10

Cbyeetive-fureticn
coefficients

Total ¢osts(C.inls) 1,20 O,
Direct lsbourdcosts 1,20 O,
Indirect lobour corte =

Transport c¢osts

Miscelloneous costs =

Unit output of I{j

0.0072 - - 0,13 0.31 8.26 0.49 049 0.6 0,19 C.12 037 G.31
0.0°/8 - - - - - - - - - - - -
0.0036 - ~ - 0.05 =~ 0.05 0,05 ~ 0.19 0.06 0.05 0,35
- - - - - — - -~ - - -y - -

12 28,20 14435 27.20 16.75 33.40 33.40 16,75 B8L.94 20.85 29.63 30.27
120 28,22 LS54 7.50 3416 9.60 9.60 3.16 38,90 12.93 7.50 7.50

- 2,20  9.73 2,80 15.36 15,36 2.8 26,17 0.60 10.76 10.36
- 0.07 7461 10,06 10.79 'Bu44 844 10,79 19.87 7.32 10.2; 1 522
= = = W ~ -~ = ol - 1.1 1416

dewon Tcu,n 100g7ent T cutem 1 guait 1 quem T cuem 1 cuenn 1 cuern V059 050 1 cuwn T cum

i = e e
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D.3# Inforwntion on prices for building and road constructiont The
following dota corresnond to the prices, as prevailing in 1972,
of diffcront intemeodiate inputs, prinary resources and the capital
equiment required -in the censtruction of buildings and rocds:

Ls, Pricos of the capital.
cmuimnent used in fo~d

£S-!‘-—ﬁ¥-i——_p.--

Cancat per tonne 227,00 Construction  _ .

Coarsc sand pir 1:1_,3 19.30

Fine sand per r:13 4«10 Dicsel Foad roller each 85000.100
Stone aggrerate pcr r.13 16.48 Coanl-tor boiler cach 5000.00
Line per quintal 13,28 Concrete Mixer ezch 10000.Cy
Surkbi per o 25,50 Hot mix plant each 99000,00
Bitumen pcr tonne 692.00 Dick-rxe efch 16,00
Diesel pcr litre 0.88 Shovel cach 13.00
Moorun per n3 5.80 Wheelbarrow cach £00.00
Soling stone per & 9.70 Dull-cart cach 1500,00
Stone-nctal G‘.‘or 3 work)_per n3 9.85. IMough c~ch 50,00
Bricks per thousand 56,00 D7 Dulldozer each 220000,00
Stone at quarry pcr n) 7.35 Thickwire brush cach 2.25
Trirough & bond stones per tonw  4.20 Soft brush each 2,00
Stecl per K. L 1.20 Fork ench 12.€0
Sandstone per sQeite 10.80

Electricity ncr kuh 0.20

Coal per tonne 35.81

Lincstone pur tomne 8.93

Gypcan per tonne 11.94

Clay per tonne 2,60

Manganese ore p.<r toune 4470

Dolonite per tonne 1640

et
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