4. COST ESTIMATION

PURPOSE OF THE ESTIMATE

41  Theobjective of the estimateisto provide the most
realistic prediction possible of thetotal cash expenditureand
time that will be necessary to complete the project ready for
operation. Cost estimates provided for road prdjectsin
developing countriesin the past have generally proved to be

wildly inaccurate, with two main results:

Tendered contract bids have often proved to be
considerably higher than the engineer'sfeasibility study

estimate
Considerable cost overruns have occurred during

proj ection execution.

4.2 Traditionaly, unit pricing techniques have been used
for project costing, but these have been shown to be

deficient in several important areas. This section recommends
the use of analytical techniques and rigorous procedures of
risk management to produce realistic estimates of cost at al
stages of the project cycle. Expected values of project costs
and construction periods should reflect past experience that
actual values achieved have normally been far in excess of
those estimated originally, particul arly those estimates
produced at the early stages of project preparation. Itisworth
expending considerable effort to produce realistic estimates of
cost at all stages of the project.

COST ESTIMATING STAGES

4.3  Thestagesof aproject in which estimates of cost and
time may be needed areillustrated in Table 4.1. Theresult
required at each stage and the information normally available
areset out. It isappreciated that, in particular projects, some
stages may be omitted or beindistinguishable from adjacent
stages.

TABLE 4.1
PROJECT STAGES
Stage
Identification Feasibility Design Commitment Implementation Operatlp v
evaluation
Activities | ldentificationof | Appraisal of Definition of Consideration Implementation Operation of
project the identified preferred scheme | of submission of approved new asset by
project, including basic for funding project including | client.
including basic designdata, - detailed design | Evaluation of
requirements, conceptual - issue of tender | project.
aternative design, technical enquiries
schemes, and specifications, - assessment of
recommendation | construction tenders
of preferred appraisal, - placing of
scheme. contract contracts
Normally strategies - construction
requiresacost- and estimate of - completion
benefit analysis. final cash cost. - commissioning
Result Inclusionin Recommendation | Project Funding Basis for Historical
forward of preferred definition report approved for assessment of cost and
programme scheme foruseina defined project. | tendersand productivity
subraission for Basisfor cost ongoing databank
funding control monitoring of
costsand
progress against
approved
estimate
Available | Nodesign Preliminary Conceptual Conceptual Tender Completed
inform- capacity/size designsof design design documents contract
ation for only aternatives
estimate
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4.4  Itisimportant to strive for theideal of evolving acost
history of the project from start to finish with an estimated
cash total at each stage near to the eventual achieved cost.
Thisideal can only be approached throughout thelife of the
project if therising level of definition is balanced by reducing
tolerances and contingency allowanceswhich are effectively
the measure of uncertainty. Each estimate should be directly
comparablewith its predecessor in aform suitable for cost
monitoring during implemention.

45  Theseguence of estimatesthroughout thelife of a
typical project isgiven below.

1. Preliminary

The quick estimate needed at the project identification stage,
with no design available, and only the barest statement of
capacity or size.

2. Feasibility

Estimates or alternative schemes under consideration in the
feasibility study stage of the project. The essential property of
these estimatesisthat they are directly comparable with each
other and therefore base estimates coul d suffice so long asthe
same estimating technique and price basedataare used. The
differences between aternativeswill not necessarily be
absolute and the danger of their use for forward budgeting
must be avoided.

3. Design

The cost estimate for the sel ected scheme using the design
(usually conceptual) and specifications resulting from the
design study and forming part of the project definition report.
This estimate would provide the figures for capital cost, cash
flow and currency requirements which would then be used in
viability calculationsfor the project and in the submission for
donor aid, where appropriate. It must be a cash estimate.

4. Commitment

The proposal estimate as modified and approved for
financing, together with the associated modificationsto the
project definition and/or the programme. Thismust be acash
estimate, and will provide the basisfor ~he cost control of the
project.

5. Pre-tender
A refinement of the approved estimate in the light of further

design work done during the tender period and using the
information given in the enquiry documents.
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This estimate therefore would use the sameinformation asis
availableto the tendering contractors and should be agood
basisfor the assessment of bids.

6. Postcontract award

A further refinement of the approved estimatein thelight of
the contract(s) awarded. It includes redistribution of the
monieswithin the approved total to allow more effective cost
monitoring of the project to completion.

7. Achieved cost

A record of the actual costs achieved in order to review the
cost performance of the project and for project evaluation. It
should include areconciliation of the actual use of
contingencies and of the use of tolerance for dealing with
major risks.

THE ESTIMATOR

46  Theestimator must haverelevant experiencein the
type of project envisaged and, wherever possible, in the costs
and productivities of construction work at the proposed
construction and main supply locations.

4.7  Theestimator must have aclose working relationship
with the project design organisation and will normally be part
of that organisation. It isessential that heis ableto appreciate
the conception and purpose of the project and the intentions of
the design, and can easily investigate and clarify any
uncertaintieswith the designers asthey arise during the
compilation of the estimate. The estimator must also be able

to contact the client, the funding agency, visit the site and
have accessto any local information relevant to the estimate.

4.8 Itishighly desirablethat the same estimator isused on
all the estimates required during thelife of the ~roject and is
responsible for the subsequent cost monitoring and control.
Thisclearly depends on the continuity achieved in the design
organisation. When anew estimator hasto be appointed, for
whatever reason, or when a check estimateis required from a
separate estimator, then it isimportant to ensure an orderly
transfer to him of all relevant information so that the new
estimator is ableto become accountablefor his estimate and
the subsequent cost control against it.

4.9  Theestimator should beaccountablefor hisestimate
and should be involved in the subsequent monitoring of
project costs against it. He should be responsible for
employing the estimating technique most appropriate for the
type of project and the stage of the project. In reaching this
decision, he should notethe advice on the varioustechniques,
their strengths and weaknesses and their sources of data.



INFORMATION IN THE ESTIMATE

410 The information required by the estimator should
include the following:

Thelatest description of the intended project including
all available drawings, specifications, job descriptions
and the site location

Theintended/required start and compl etion dates and
|atest programmes

L atest ideas on method of construction

Sourcesof project funding with dates of availability

L atest ideas on contract strategy and availability of
resourcestogether with any prescribed restrictions of
choice

Any papersor reports describing performance and
problems encountered on similar projectsin similar
locations

Any cost/productivity datarelating to the project or
current construction projectsin the' host country.

411 Theessential documentsto be submitted by the
estimator will be:

Summary of estimate, together with any further
documents necessary for explanation

A list of documents and drawings used in compiling the
estimate

A programme for the project showing key dates.

In all casesthe estimator should also be required to submit:

A method of construction
A contract strategy report.

412 Each section of the estimate should be compiledin the
working currency envisaged for that section at prices current
at astated price base date. The consequent base estimates will
be converted to cash estimates by the use of inflation indices,
selected by the estimator, in conjunction with the project
programme. Where afunding agency isinvolved, all cash
estimates should be converted to the currency used by that
agency using astated exchangerate.

ESTIMATING TECHNIQUES

The techniques available

413 Thefour basic estimating techniques avail able to meet
the project needs outlined above are summari sed, together
with the datarequired for their application, in Table 4.2.

414 Theglobal and unit rate techniquesrely on historical
data of variouskinds. Comments on this aspect of each
technique are given under the respective headings, but the
associated dangers are so critical that it isworth making the
following general warning points about the use of historical
datain estimating.

4.15 Sample size The datamust be from asufficiently large
sample of similar work in asimilar location and constructed
in similar circumstances.

416 Base date Cost dataneedsto berelated to aspecific
historical date, chosen with care. In the case of construction
work carried out over aperiod of time, an appropriate ‘mean’
date hasto be chosen eg two-thirdsthrough the period.

4.17 Price indices Having sel ected therelevant price base
date, there remainsthe problem of updating the priceto the
base datefor the estimate. The only practical method isto use
aninflation index, but there may not be a sufficiently specific
index for the work in question. If thereis not, recourseto
genera indicesisusually made. In any event, thereisa
limited length of time, which probably does not exceed five
years, over which such updating has any credibility,
particularly intimes of high inflation.

4.18 Market effects Overlying thegeneral effect of
inflation, istheinfluence of the'Market Place'. Thiswill vary
with thetype of project being undertaken, with the host
country and al so with the supplying countries. The state of the
world economy at the price base date will require careful
consideration before historical datacan be credibly appliedto
alater or future date.

Global

419 Thisterm describesthe 'broadest brush' category of
techniquewhichrelieson libraries of achieved costs of similar
projectsrelated to the overall size or capacity of the asset
provided. Thistechnique may also be known as 'rule of
thumb' or 'ballpark’ estimating. Examples are:

cost per metre or km of roads
cost per square metre of bridge deck areasor per cubic
metre of mass concrete.

420 Thetechniquereliesentirely on historical dataand
therefore must be used in conjunction with inflation indices
and ajudgement of the market place influenceto allow for the
envisaged location and timing of the project.

421 Theuseof thistypeof rolled up historical datafor
estimating is beset with dangers, especialy inflation, as
outlined generally above. Thefollowing specific dangers
apply.

4.22  Varying definitions of what costs are included

engineering fees and expenses by consultants/
contractors/client, including design, construction supervision,
procurement and commissioning
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TABLE 4.2

ESTIMATING COSTS
Global Man hours Unit rate Operation
Project - Size/capacity - Quantities - Bill of quantities - Materials quantities
Data - Location - Location (at least main - Method statement
required - Completion date - Key dates items) - Programme
- Simple method - Location - Key dates
statement - Completion date - Completion date
- Completion date
Basic - Achieved overall - Hourly rates - Historical unit - Labour rates and
estimating costsof similar - Productivities ratesfor similar productivities
data projects (adequately - Overheads work items - Plant costs and
required defined) - Materials costs - Preliminaries productivities
- Material costs
- Overhead costs
- Inflation indices - Hourly rate - Inflation indices - Labour rate forecasts
- Market trends forecasts - Market trends - Materials costs forecasts
- General inflation - Materids - General inflation - Plant capital and
forecasts costs forecasts forecasts operating costs forecost
- Plant data

List of potential problems, risks, uncertainties and peculiarities of the project

final accounts of all contractsincluding settlements of
claimsand any other payments

land acquisition costs

transport costs of materials

financing costs

taxes, duties etc.

4.23 Varying definitions of
measurement of the unit of capacity

isametre/kilometre of road an overall average including
pro ratacosts of bridges or should these be estimated
separately?
square metre of bridge deck area: including or excluding
the cost of abutments?; cubic metre of mass concretein
bridges: height measured from top of ground or top of
foundations?

4.24 Not comparing like with like

- differing levelsof quality such asdifferent pavement
thicknessesfor different levelsof traffic
different terrain and ground conditions such as roads
across flat plains compared with mountainous regions
different logistics depending on sitelocation
item pricestaken out of total contract pricesmay be
distorted by front end loading eg fob pricesfor hard
currency items.

4.25 Inflation
different cost base dates - it is essential to record the
‘mean’ base date for the achieved cost and use appro-
priate indices to adjust to the forecast date required.
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4.26 A scrutiny of all these dangers, especially the effects
of inflation, must be made before any reliance can be placed
on acollection of data of thistype. It followsthat the most
reliable data banks are those maintained for a specific
organisation where thereis confidence in the management of
the data. Thewider the source of the data, the greater isthe
risk of differencesin definition.

4.27 However, solong as careistaken inthe choice of data,
the global techniqueisprobably asreliable as an over-hasty
estimate assembl ed from more detailed unit rates drawn from
separate unrelated sources and applied to 'guesstimates’ of
quantities.

Man hours

4.28 Thisismost suitable for labour based construction and
erection work where there exist reliabl e records of
productivity of different trades per man hour. Thetotal man
hours estimated for agiven operation arethen costed at the
current labour rates and added to the costs of materials and
equipment. The advantages of working in current costsare
obtained.

4.29 Thetechniqueisoften used without adetailed
programme on the assumption that the methods of
construction will not vary from project to project. Experience
has shown, however, that wherethey do vary (eg duetothe
capacity of heavy lifting equipment available), labour
productivities and consequently the total



cost can be affected significantly. It isrecommended that a
detailed programmeis prepared when using thistechnique.
The prediction of cash flow requires such aprogramme.

Unit rates

4.30 Thistechniqueisbased onthetraditional bill of
quantity approach to pricing construction work. In its most
detailed form, abill will be available containing the quantities
of work to be constructed, measured in accordance with an
appropriate method of measurement. The estimator selects
historical ratesor pricesfor each item in the bill using either
information from recent similar contracts or published
information (eg price booksfor civil engineering), or 'built-up'
ratesfrom hisown analysisof the operations, plant and
materials required for the measured item. As the technique
relieson historical data, it is subject to the general dangers
outlined earlier.

431 Whenadetailed bill isnot available, quantitieswill be
required for the main items of work and these will be priced
using 'rolled up' rates which take account of the associated
minor items. Taken to an extreme, the cruder unit rate
estimates comeinto the area of global estimates as described
above (eg unit rate per metre of road).

4.32 Thetechniqueis most appropriate to repetitive work
where the allocation of coststo specific operationsis
reasonably well defined and operational risks are easily
manageable. It isless appropriate for civil engineering works
where the method of construction isvariable and where the
uncertainties of ground conditions are significant. Itisalso
likely to be lessthan successful for engineering projectsin
locationswhere few similar schemes have been completedin
the past. I n these cases, success depends much more onthe
experience of the estimator and his accessto awell
understood data bank of relevant 'rolled up' rates.

4.33  Unit rates quoted by contractorsin their tendersare
not necessarily related directly to theitems of work they are
pricing. It iscommon practice for atenderer to distribute the
moniesincluded in histender across the itemsin the bill to
meet objectives such as cash flow and anticipated changesin
volume of work. Itislikely that similar weighting is carried
out by al tenderersin an enquiry and thereforeit isnot easily
detected. It followsthat tendered bill unit rates are not
necessarily reliable guidesto pricesfor thework described.

4.34 Thetechnique does not demand an examination of
the programme and method of construction and the estimateis
compiled by the direct application of historical 'prices’. It
therefore does not provide an analysis of thereal costs of
work, of thekind that would need to be

carried out by atendering contracter, for any but the simplest
of jobs. Neither doesit encourage consideration of the
particular peculiarities, requirements, constraints and risks
affecting the project.

435 Thereisareal danger that the precision and detail of
the individual rates can generate amisplaced level of
confidencein thefigures. It must not be assumed that the
previouswork was of the same nature, carried out in identical
conditions and with the same duration. The duration of the
work will have asignificant effect on the cost. Many
construction costs aretime related, as are the fees of
supervisory staff and all are affected by inflation.

4.36 Itistherefore recommended that aprogramme
embracing mobilisation and construction is prepared. This
should be used to produce acheck estimatein simplified
operational forrn where thereis any doubt about the realism
of theunit ratesavailable.

4.37 Nevertheless, unit rate estimating can result in reliable
estimateswhen practised by experienced estimatorswith
good, intuitive judgement and the ability to assesstherealistic
programme and circumstances of the work.

Operational (resource-cost)

438 Thisisthefundamental estimating technique sincethe
total cost of thework is compiled from consideration of the
constituent operations or activitiesreveal ed by the method
statement and programme, and from the accumulated demand
for resources. The advantages of working in current costsare
obtained because labour, plant and materials are costed at
current rates.

439 Themost difficult datato obtain arethe productivities
of labour and construction plant in the geographical location
of the project and especially in the circumstances of the
specific activity under consideration. Claimed outputs of plant
are obtainable from suppliers, but these need to bereviewed
inthelight of actual experience. Labour productivitieswill
vary from site to site depending on management, organisation,
industrial relations, site conditions, etc and also from country
to country. Productivity information isasignificant part of the
'know how' of acontractor and will naturally be jeal ously
guarded.

440 Theoperationa techniqueis particularly valuable
where there are significant uncertainties and risks. Because
the technique exposesthe basic sources of costs, the
sensitivities of the estimate to alternative
assumptions/methods can be investigated and the reasons for
variationsin cost appreciated. It also provides adetailed
current cost/time basisfor the application of inflation
forecasts and hence the compilation of aproject cash flow.
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441 Inparticular, the operational technique for estimating
holdsthe best chance of identifying risks of delay asit
involvesthe preparation of amethod of construction and a
seguential programme including an appreciation of
productivities. Sensitivity analyses can be carried out to
determine the most vul nerabl e operations and appropriate
allowancesincluded. Action to reduce the effect of risks
should be taken where possible.

Suitability of individual techniques

442 Attheidentification stage, the absence of all but the
simplest definition of the project meansthat only the global’
technique can be applied. However, estimating organisations
which regularly use operational techniques state that even
their crudest overall data are recorded in such away that the
effects of the more obvious uncertainties can be allowed for at
thisearly stage. Clearly the availability of areliable, well
managed, global cost databank together with associated
‘broad brush' analysesis an essential requirement for any
organisation involved in the early identification of projectsfor
inclusion in aforward financial programme.

443 Theessentia activity inthefeasibility stage of a
project isthe consideration of many alternatives. The most
important characteristic of the estimating technique employed
is, therefore, reliable comparability between the alternative
schemes, which may be numerous. The technique must also
be usablewith only preliminary datafor the schemes, asthe
conceptual design will normally beinitsvery early stages.
The most appropriate techniqueswould be:

Global
Unit rate, using 'rolled up' unit rates for the main items of
work.

4.44 However, if the state of information is good enough
and time and funds are available, then the operational
technique should be considered even at this stage, especially
for plant intensive construction, when the key requirement is
to identify the major resources and cost them over their period
of required availability.

445 Assoon assufficient design detail isavailable at the
appraisal stage, thefirst preference should beto usethe
operational technique. Exceptions may be labour based
projects, where the man hours technique would be
appropriate. In cases where, for whatever reason, thereis
insufficient time, funds or dataavailablefor the operational
method, the unit rate technique may have to be resorted to.

4.46 When considering estimating techniques, thefollowing
factors should be kept firmly in the foreground:
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For al ‘one-off' jobs, thereisno credible aternative to
operational estimating

Accuracy in all estimates depends heavily onaclear
definition of scope, the extent of use of local information
and on the definition of uncertaintiesand potential
problems

Thereisconsiderable merit in using an alternative
approach to prepare a'validation' estimate; any
differences between the main and validation estimates
must be satisfactorily reconciled.

An estimate submitted at any stage of aproject should be
subject to review

Itisrecommended that all submitted estimates should
include a carefully considered programme for the work;
if thisis omitted, thereis areduced likelihood that the
effects of risk, delay and inflation will be properly
considered

Itisvital that any modificationsto the estimate are
backed up by adepth of study not lessthan the depth of
the original estimator'sown investigations.

SOURCES OF DATA
Principal sources

447 Estimating data are normally obtained from three
principal sources:

Proj ect-specific datacollected for aparticular project and
therefore related to a specific location and time
Databanksof previousor current projectscollected by
anindividual estimator or estimating organisation
Published data.

4.48 Itisimportant that the estimator isdirectly involved in
the collection of these data. Thisinvolvement should include
visitsto the project location and any other appropriate sites. It
should also include a search for any significant risks,
peculiarities or constraintsto which the project may be subject
and any factors which might affect the method of
construction.

Project specific data
449 Thesedataareintwo forms:

current costs of basic inputsto thework
productivity outputsrelevant to thetype of work, its
location and the particular circumstances surrounding it.

450 The basic inputs for which the estimator must collect
current cost datainclude:
hour wage rates
other labour costs and overheads
construction plant purchase pricesand/or hirerates



management, supervisory and administrative salary rates
prices of materials

pricesof servicesand utilities

transport, shipping and freight charges

import duties

taxes

insurances

interest rates.

451 Current cost datashould be obtained from the sources
closest to theinitiation of potential pricechanges. The
estimator must have accurate information on the prices and
costsruling in the market place at the base date assumed for
the estimate. The sources must belocal to the activity in
question and will include:

Government institutions

Public works departments

Contracting organisations ("oth local and experienced
offshore)

Consultants (both local and experienced offshore)
Aid or development agencies

Trade missions

Shipping agencies

Construction plant and materialsmanufacturersor
importers

Transport companies, etc.

All these sources are subject to error and the estimator must
continually and critically assesstheir relevance to the specific
project.

452 Credibleproductivity dataand current cost data of
basic inputs are essential information for the compilation of
operational and man-hours estimates. They may also be used,
with care, to revalidate datafor global and unit rate
techniques.

4.53 Thetranslation of the base estimate to a cash estimate
requiresinformation on inflation and exchange rates which
will be normally available from government sources, financial
ingtitutions and publications.

Data banks

454  Each estimating organisation can be expected to
maintain arecord of the costsand timesachieved in the
projectsinwhich it has been involved. In-house data banks
aremorereliable than databanks collected by othersasthe
management and interpretation of the information iswithin
the control of the organisation and therefore consistency iniits
application should be assured. However, thereliability of any
databank dependson:

Thesize of thesampleavailable

The acceptance throughout the organisation of standard
methods of measurement and definitions of terms

The recording of any special factorsand circumstances
which affected the performance of the recorded project

Theapplicability of datato the specific circumstances,
including location and duration, of the project being
estimated.

455 Wherever itisnecessary to accessdatabankscollected
by others, the credibility of theinformation obtained should
be assessed using the same criteria.

456 The data recorded should be considered in two basic
categories: cost dataand productivity data.

457 Cost data Themajority of thesedata will be historical,
derived from compiled prices, and will include, in increasing
order of detail:

global unit costs related to size of project; eg cost per
kilometre of roads

‘rolled up' unit rates for main items of work

ratesfor standard bill of quantity items.

458 All typesof historical cost datamust berelated to a
date from which the subsequent inflation can be estimated,
normally using published indices. In addition, historical data
must be assessed against changes in the market place over
time. It followsthat greater weight should be given to the
most recent data available, such asthat from current projects.

459 Thesedataarefor useintheglobal and unit rate
estimating techniques.

4.60 Productivity data These datacover outputsand
possibly utilisation figures for labour and construction plant.
They will be related to specific operationsin aknown location
and in defined circumstances. It isrecommended that dataare
collected in the form of:

output of work achieved in unit paidtimeby production
units
utilisation figures for the production units.

4.61 Suchdatacanbecollected at several levels, examples
of which are given below inincreasing order of detail:

a. ahistogram of major resources available, coupled with
the main quantities of work achieved

b. information of the form 'x number of machinesof y
capacity were employed for z weeks to remove V m°of
clay material', together with utilisation figures for the
period

c. theoutput of work achieved on aspecifictask by a
labour gang or item of equipment, together with overall
utilisation figures for the production unit.

4.62 Asthelevel of detail increases, so doestheimportance
of clear definition and consistent use of thetermsused for
productivity measurement. In particular, the distinction and
relation between output and utilisation must be recognised.
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4.63 Itisrecommended that levels (a) and (b) are the most
appropriate for theinitial collection of productivity data. They
arethemost readily usablefor client estimates, sincethey
allow for downtime over asignificant period of time. Asdata
are collected from an increasing number of projects, it should
become possibleto reconcile differences between them. This
will be facilitated if arecord iskept of the major factors
affecting output and utilisation.

4.64  Such productivity dataare unaffected by inflation and
therefore can be applied in the operational and man-hours
estimating techniques, wherever similar circumstancesfor the
operation are foreseen.

Published data

4.65 Wherever required data are not available fromin-
house resources, or from specific resources related to the
project, the estimator may haveto resort to published data.
Such datamust be used with caution and thorough inquiry
madeinto its basis and the circumstances of its achievement.
For instance, the unit rates quoted for acommon building
activity in the United Kingdom in arange of established
publications have been found to vary by - 50% to + 150%
from the mean. Other studies have shown that equipment
outputs aslow as 20 per cent to 30 per cent of the
manufacturer's published datamight be expected, particularly
in developing countries. The estimator isresponsible for
judging the credibility of any published datahe may decideto
use.

4.66 Somerelevant sourcesof published dataaregiven
below, although there are many other useful publications:

‘Caterpillar Performance Handbook'. Caterpillar Tractor
Co. Annual editions.

The most comprehensive catal ogue of plant and its
probabl e performance.

‘Contractors Plant Association Handbook'. Contractors
Plant Association, London. Current UK hirerates and
details of selected plant items are givenin the current
annual edition.

‘Civil Engineering and Public Works Review' publish
aquarterly selection of unit ratesfor itemsof civil
engineering construction in the UK.

CONTRACT STRATEGY

4.67 Thechoiceof construction contract strategy could
have amajor bearing on the cost and therefore the feasibility
of the project. It istherefore appropriate to consider this
choice at an early stage.

4.68 Thefollowing four types of contract can be used:

24

Lump sum payment based on asinglepricefor
thetotal work
Admeasure payment for quantities of

completed work, valued at tendered
ratesin abill of quantities
Cost-reimbursable payment for actual cost (requires
'open book' accounting) plusfee
for overheads and profit
payment based on actual cost plus
fee plusincentive.

Target cost

Choice of oneor other typewill belargely dictated by the
perception of financial risk.

4.69 Price based contracts Inlump sum and admeasure
contracts, the contractor bears much of therisk and hasto
price histender accordingly. When, as may frequently bethe
case in developing countries, the risks are high, thisresultsin
extremely high prices or in offshore contractorsbeing
reluctant to tender at all.

470 Cost based contracts |n acost-reimbursable contract,
the client and donor will bear the main risks, whereasthe
intention of atarget cost contract isto pricethework
excluding risk, the cost of which isborne by the client. Target
cost contracts introduce an incentive for the contractor to
work efficiently, aligning his objectiveswith that of the client
to achievethe construction cost-effectively. Flexibility is
desirable under the uncertain conditions found in many
developing countries. Where the contract is managed with
‘open book' accounting, this providesthe opportunity, in
theory, for client, consultant and contractor to discussdesign
modifications when these may be desirable. However, such
methods of contract are very demanding of senior site staff for
both consultant and contractor.

471 Wherethereisan active construction industry,
tendering mobilises competition to good advantage. However,
to betruly successful, thetender procedure also depends on
there being a precise, comprehensive specification and a
thorough design. Where the above conditions are not met, itis
likely that negotiation of a cost-plus form of contract is more
likely to be practical. A mixed approach is often adoped with
initial tendering followed by negotiation on some aspects of
the contract.

4.72 Therearestrong developmental argumentsfor using
local construction capacity wherethisisavailable. Not only
will this capacity usually be much less costly to mobilise, but
the experience gained will strengthen theindustry and help
the country to be self-sufficient. Therewill also often be
multiplier effects on other sectors of the economy. Some
donorstreat local contractors preferentially. For instance, the
World Bank will consider local bids acceptable even if they
are 15 per cent more expensive than those from offshore
contractors.



THE DESIGN PROCESS
AND PROJECT COSTS

4.73  For anything other than 'global’ cost estimating, it will
be necessary to base costs on adesign which hasbeen carried
out to an appropriate level of detail. The road design process
consists of four distinct phases: route location, the structural
design of the pavement, the geometric design, and the design
of structuresincluding bridges, culverts and earth retaining
works.

4.74 Routelocation appliesonly to new roadsand is
discussed in Section 5. It isthat stage of the design process
where the general positioning of the route or its'corridor' is
determined. The corridor should be chosen to meet the
objectivesof the project which normally impliesabalance
between maintaining user benefitsby providing the shortest
route consistent with engineering constraints of topography,
ground conditions, drainage, structures and the location of
road building materials.

4.75 Thestructural design of theroad isthe processin
which the variouslayers of the pavement are selected so that
they are capable of supporting the traffic for aslong as
required. The principal elementsin this process arethe choice
of materials and their thickness for each pavement layer. This
isdealt with in Section 6, where the basic principles of
structural design are described and key features pertinent to
theappraisal processare highlighted.

4.76  Section 7 coversthetopic of geometric design which
isthe processwhereby the detailed layout of theroad inthe
terrain isdesigned to meet the needs of theroad user. The
principal elements of this process are the selection of suitable
horizontal and vertical alignments and road widths.

4.77 Finaly, thedesign of bridgesand structuresis
concerned with avariety of topics, which include structures
which allow theroad to cross or be crossed by rivers, water
courses, railways and other roads: it is concerned with earth
retaining systems, drainage systems and special provisionsfor
erosion control. Theseissues are discussed in Section 8.

4.78 Ingeneral, thefour elementsof design canbe
considered separately although, in some areas, there are
overlapsand particul ar subjects need to be considered under
more than one heading. For example, thewidth of road
shoulders hasimplicationsfor both geometric design and
structural design. Other important examplesarethe
consideration of road maintenance and the provision of
adequate drainage which affect all three elements of design.
Where overlap exists, the requirements can sometimes
conflict and compromises are necessary. Topicsof thiskind
are specifically mentioned in the text.

4.79 Therelative contribution that each aspect of design
makesto thetotal costsof the project dependsmainly onthe
variousdesign standards adopted and on thetype of terrain
through which the road passes. To provide aparticular
geometric standard in hilly terrain requiresthe construction of
cuts and fillsinvolving the movement of earth or rock, much
of which would be unnecessary inflat terrain. On the other
hand, the quantity of high quality road making material
required to providethe necessary structural strengthinthe
pavement will not usually depend on theterrain. The choice
of design standards should be based on an economic analysis,
but can only be made within practical limits of design,
construction and consistency. It isan iterative processand it is
not possibleto provide general guidelinesor r~esof thumb on
the relative costs associated with each aspect of design. Each
casewill need to be assessed on its meritswith the objective
of optimising the relationship between costs and benefits.

4.80 Itisexpected that road engineerswill aready have
detailed knowledge of the methods used to design and cost
projectsat the various stages of their development and
implementation. Thefollowing four sections on geotechnics,
pavement design, geometric design, and drainage and
structures are therefore written primarily for transport
planners, economists and administrators, and otherswho may
not have experience of practical road engineering.
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