Public Disclosure Authorized

RepotNoO9

RoadDeterioration
in Developing
Countries
Infrastructure
&UrbanDevelopment
Department
Policy,
Planning
andResearch
Staff

FOROFFICIALUSEONLY

Public Disclosure Authorized

Public Disclosure Authorized

Public Disclosure Authorized

October
1S,1987

Docu.ent of th %%rIlank

Thisdocumenthasa rEstricted
distribution
andmaybeusedby repienits

onlyintheperformance
oftheirofficialduties.Itscontents
maynotothrwise
bedisdosed
withoutW,rodBankauthorization.

FOROFFIC WI ONLY

Ron U

IIUW

Ru US2API

COhIhtRES

TAMZ OF COU!h!t

Glossaryof Key
,

.

Executive

2s

Stan

Techlical

of the Vord
Options

Consequences

Chapter 3:

Chapter 5:

Policy

Statltical

Tables:

economic
11

..
000*0000.0e00,.0*.o....**.e............
.

lequirements.
ConclusLons

..

.

.

.

21

.

..

30

.

and Recommndations

A:

Basic Characteristics

It

Road Networks

C:

load User Tames:
Their Structure
to Goverment Revenues in Selectad
Explo.ttg

0.............
1I

* t040** *0*0.,.0

The lndtitutio,lal Challenge

Cbapter 4s Pinnlial

AnDeX:

and

..... 11
It55...........
.........
.. .iil
4 .**.

8uar.

Cbaptar 1l Th
Chapter

.

of Regional

by Geographic

Cost-SU fefaive
Options
and VAIntenance

42

50

Road Networks..........
..

Sego
5l

and Contribution
Countries

54

for Road

nlvestet

Road Deterioration
ln Developing
dVrectlou
of Louis T. Pouliques,

Countries
Director,

55*..........................-

was prepared
Infrastructure

under the
and Urban

Developmnt Depatusut. Themain contributors to the report were
Clell Barral, Asif Isis, Grahm Smith, and Anil Dhadari. sra
lBnnathanprolded useful counsel throughout and ssisted in drafting
fer Possberg and Vllia. Paterson
varlow versions of the report.
provlded help on technical and egineering lssues and Udard Holland
In drafting
the report.
The guldace
and coments
given by S. Shauid
Bsin,
Pfrwes Hasan, Curt Carneuark and St Alao Walters are gratewho
tranport
staff
fully acknowledgedo. Thnks go to regional
and
reviewed the report at various stages,
to meta de Coquereausont
and Olivier
euce Ross-Larson for edting,
to Rodrigo Archondo-Callao
Dottris
for reearch
asistance,
and to Hart Uhokal and ?arjevna
Qstrick for typing.

ThM document has a

ofth

stdctd dtbuon

and may be us dby eiApiensM
on In

te puwoasm

ofcwl dutlL its content ma notmot
heww be duciosed wktou Word Seek

A

d=*

-

ii

-

Glossaryof Key Terms
Road Conditions
GOOD
Paved roads substantiallyfree of detfects
and .requiring
only
routinemaintenance. Unpaved roads needingonly routinegrading and spot
repairs.
FAIR
Paved roadohaving significantdefectsand requir!ugresuirfacing or strengthening.Unpaved roadsneed ng reshapingor z surfacing
(regraveling)
and spot repairof drainage.
POOR
Paved roadswith extensivedefectsand requiringimmediate
rehablbitation
or reconstruction.Unpavedroads needingreconstruction
and major drainageworks.
toad Maintenance

and Improvement Works

ROUTINEMAINTENANCE Local repair of roadway and pavement; grading of
unpaved surfaces and shoulders;
regular maintenance of road drainage,
side
slopes,verges, trafficcontroldevices,and furniture;
roadslde cleaning,
dust and vegetationcontrol,snow or sand removal,and maintainingrest
areas and safety appurtenances.
RESURFACING Resealinga paved road or regravelingan unpavedroad to
preserveits structuralintegrityand ride quality.
RERABILITATION Selectiverepair,strengthening
and sh4pe correctionof
Ipaveentor roadway(includingminor drainageimprovements)
to restore
structuralstrengthand ride quality.
RECONSTRUCTION Renewing the road structure,
generally
using existing
earthworks and road alignments,
to remedy the consequences
of prolonged
neglector where rehabilitation
is no longerpossible.
RESTORATION Major rehabilitation
together.

and reconstruction

works considered

BETTERMENT Road improvements related to the viAth, alignment,
curvature, or gradient of road (including
associated
resurfacing
and rehabilitation works) to improve traffic
speed, safety,
or capacity.
NEWCONSTUCTION Constructing
a paved, gravel, or earth r ad on a new
alignment; upgrading a gravel or earth road to paved standaro;
providing
additional
lane capacity;
or c istructing
additional
carriageway.,
frontage roads, grade-separated
interchanges,
or multilane divided highways.

)x cutiv

1.
billions

Sinr

The developlng
4usttries hae lost
of dollars through the deterioration

precious iftastructure
of their roads. *f

worth
they do not

tmudiately begin to do muchmore to preosorv their roads, they will lose
billions
more. Large road networks, built at groat expense,,
have been undermaitained and more heavily used ad abused tha expected. Uf this neglect
continues, the deterloratioik
of roads will accelerate
as old p_vements
cruble
and new ones outlive a fairly
long period when the effects
of "eglect
are barely perceptible.
.i.
hAscost of restoringthese deterioratedroads Is going to be thre
to flio time greaterthan the bill would hav been for timely maintenance.
And restoration
is only part of the coot.
Vehicle operating costs rapidly
outpace the costs of road repair as the condition of roaus pases
ftm good
to fair to poor.
Together, tbese avoidable costs are going to be a heavy
drag on further economic developmnt.
Th
til.

4
tlh

KSll fotr the

eNt 10 teons

S9 Jlln

owasb
or

in the 85 counttries
tha have receivedWorlt lank loans

Iare
for roads,

a quarter of the pawedroadsoutside urban are" ased rdonstruction
as do
a third of the unpavedroads. This work will cost $40 to $45 billion.
(Earlier preventive measurescosting les thn $12 billion could have saved
these roads and held downthe operatiag costs for road users)
iv.
In addtion,
aother
40 percet
of the paved roads In tbhse countries require strenogtheAng today or In the next few years.
This work, along
with routine malntenance, will cost another $40 to $45 billion
over the net
toeanyers.
That brings the total bill for these countries
to about $90
billion.
But If tbhse countriesdo not Improvetheir managemeatof roads,
the eventual cost of rs toration
could easily lncreas
two-to-three
fold.
And the cost to users would ri-st eve moree
Mat cased th

leterieratin?

v.
In the 1960. and 1970s, road networks expanded much faster than the
correspondlng
maintenance budgets and lnstitutional
capacities.
Traffic has
also becom mch beavler than expected, and axle loadings bave often exceeded
the designed capacity of pavemets.
These patters
-are evident almost everyhere. Les evident is what has been bappening to the roads.
vI.
Ubw paved roads, If Inadequately maintaiaed, deteriorate slowly and
almost imperceptibly
during their first
10 to 15 years, dependlig on the
traffic.
After that grace period, the pavemsts deteriorate much more
rapidly.
Without timely malatenance, they break apart.

-
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-

As roads become rougher,the costs of operatlngvehicles-- and of
vii.
transportinggoods - begin to shoot up. The neglectof maintenancecontinuses,however,becauseit is the vehicleoperatorsthat pay these costs - and
pass them on. Road authoritiesare shelteredfrom these coets. Nor do road
authoritiescome under immediatepressureto laproveroad conditions. Road
users are often slow to see the link betweenroad conditionsand the prices
of goods and transportservices-- and even slower to try to do something
about it.
In the absenceof public pressureand a clearerunderstandingof
Vili.
the seriousnessof the problem,few governmentshave given road maintenancea
high priorityin their budgetaryallocationa. The urgencyof the situation
has not alwaysbeen fully appreciatedby all donorsand lendingagencies,
some having been readierto providefunds for new constructionthan for
maintenance. New constructionhas sharp politicalvisibility,maintenance
littleg-amour. Inadequatemaintenancein developingcountrieshas various
failure is the only explanationfor its wide
causes,but institutional
extent. At the heart of this failureIs the absenceof public
accountabilityq.
,,be Requirementsfor 1fflcientRestoration
The task now facingmany developingcountries- as well as the
ix.
Bank and other aid agencies- is to salvageroads that have deteriorated
severelyand to protectnewer roads from a similarfate. This task has major
financial,technical,and institutionalrequirements.Of these, the institutional requirementsare the most pressing.
The techuicaloptionstoday seem richer. Thanks to advancesin
X.
there now are ways
understandingthe physicalprocessof road deterioration,
to keep roads serviceableat lower cost than before. 'ihefinancialrequireon the other hand, are large. Some countries
nents of road deterioration,
will requirelarge Infusionsof externalcapital;all will need political
resolveto mobilizeresourcesat home. But additionalfinancialresources
will not by themselvesassure effectiverestorationand preservationof
roads. Nor will they preventa recurrenceof the kind of crisisand waste so
base of the
evident today. Neededabove all is a reformof the Institutional
must be strongerIn all entitiesand activiti3s
road sector. Accountability
that maintainpublicassets. Publicand politicalattentionmust be delibemanning,and activitiesof the institurately fostered. The organization,
tions lookingafter roads must be improvedto Increasetheir absorptive
capacity.
have very
practices
Stanadrd engineering
Technical reguirements*
xi.
differenteffectain differentenvironmeats. Road Investment and maintonance
to the circumsta&ces cf Individual
be tailored
mast therefore
strategies
nevertheless
of road deterioratlon
The growing understanding
countries.
offers some general guidance.
For one titing, the savings in vehicle operating costs from paving
xll.
traveledroads are less than previouslyeatimted. And the total
lightly
life-cycletransportcosts on paved and unpavedroads are nearly the same

over a wide range of traffic
volumes (typically
150 - 400 vehicles a day) so long as the roads are reasonably malitainod.
Big differences
in cost
arise only if aintenance is not done or deferred.
If the availability
of
funds for future upkeep of pavd roads is uncertain,
it Is economically safer
to keep lightly
traveled roads unpaved and reasonably maintained.
xiii.
It also makes sense - In tmsesof budgetary stringency when road
allocations
are not too far below the optimau - to consider alternative
maintenance strategies.,
Some strategies
Involving small cuts In spending
barelyaffect the costs to users,
Others, while soiilar
in amount, can drive
user costs up substantially.Stillother strategies,Involvingmuch deeper
cuts, can multiply the future cost to both the road agencyand the user - so
much that they are self-destructive Por example,if the budgetcuts are so
large that they preclude the resurfacingor strengthening
of paved roads now
in fair condition,
these roads will soon fail structurally
&id require much
more costly restoration.
This, regrettably,
ti the situation
in maay
developing countries,
and It will soon sprad
to many maore.
xiv.
HRes are some of the technical cboices
examine in light of its needs and capabilities:

that

each country

should

G
Gravel
roads should be pavd only after a complete analysis of
the costs, climate, present and future traffic,
and reliability
of future maintoeace.
*

If the volume of traffic
indicates
paving, the strength of the
pavements should be guided by the likelihood
of undermaintenance
and excessive axle loads.
It that likelihood
is high, pavements
should be built to the required strength Immediately rather than
in stages.
Deterioration
of paved roads is gradual and barely perceptible
during a long initlal
phase that lasts up to two-thirds
of the
pavement life cycle.
Resurfacing and sttengthening
can thus be
deferred somewhat
so long as the roads reain
in fair condition and have not entered the final critical
phase of their
life cycle.
Longer deferral will cause pavements to break up.
The stage of a pavwd road In its life cycle must therefore
determine the decision to defer resurfcing
and strengthening
operatios.

0

Traffic Is critical
for maintenan
decisions.
If funds are
tight, it may be beat to keep heavily traveled roads in fair or
good condition and to reduc substantially
the maintenance of
roadswLth light traffic. Uven If funds are not tight,
lt may
make llttle
economic sene to fully restnre paved roads that are
lightly traveled.
And if funds are very tlght, it may be beet
to let lightly
travled
roads deteriorate
further,
applyLig only
low-cost patchiLg to keep them usable.

-
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-

The lnadequacsis of road maintenance
requIrements.
sv.
Institutional
road
stes in part from the structure and functions of the tradltlonal
the agencyhas too many responsibilities
agency. Oftena publicmonopoly,
for plannlng,
controlling,
and executing both construction and maintenace.,
to
And the agency typically devotes too many staff, funds, and facilities
of plav2ing,
control,and evaluation.It
execution
- to the detriment
In manycountries
to
listensonlyto itself. ThatmakesIt desirable
fromthe otherfunctions,
lodgingIt In a separate
separatethe execution
has
agencyor in the privatesectoro Wherethisseparation
government
and
the
have
beon
strong,
for goodperformance
the lncentives
succeeded,
has been clear.
delineation
of accountability
A roadagencyalsoneedsan effective
maagemnt Information
system
to anictor
traffic,roadconditions,
and (justas Important)
Its internal
costsof
workings.e
Th agencyshouldbe equippedto analysethe life-cycle
construction
and malntenance
and presentand futurecost to users. Testing
to differalternative
designand maintesnance policies for their sensitivity
will be difficult
ent discountrates,trafficloads,and othervariables
without a specially designed computer model. Without a reliable data base
and capable staff, It will be Impossible.
Xvti

xvii*

The road agency should, above all, Introduce mechanism to Increase
the accountablilty
for perfomansce and for resource use - and to provide
it
for good performance
In the agencyand by the contractors
Incentives
egages. It should, moreover, work with the medlaand with nongovernmental
leadership and the public aware of the
to make the political
orgaisaltions
effects and hlgh costsof failingto maintainthe roads.
xviii. Financial
requirements.
The presentbill for repairand maintenanceis about$90 blibion,or f9 billiona year for the next 10 years. That
couldarrestfuturedeterioration
and clearup the backlogof economically
warranted restoration.
If the workwere finishedIn fiveyears,however,the
costswouldcomedownto lessthan $70 billion- or about$13.5billiona
year. (toadspendingIn 1984was about$13 billion,but only a halfwent for
restoration
and maintenance.)
xixo

These aggregate
sums obscurewide dtifferencefrom countryto

country.The 61 developing countries having data on road spending fall Into
withabouta thirdIn each.Firstare the
threecategories
of capability
countries
that could meet future maintenance requirements and elidinate their
backlog In fiveyears with no IncreaseIn theirtotalspendingoanroadsbut only by holding back on new construction and allocating up to 80 percent
of that total to restoration and maintenance. Next are the count4es that
could do the saw In 10 years - but only by raising their spending for those
years by 50 percent and by allocating 80 percent of that total to restoration
and saintenance.

Last are the countries

that

would have at least

to double

and
even If theydevoteall of It to restoration
theirspending
aiatenance.
to restoraXX.
To justifymore spendingon roadsand Its reallocation
analysis
tionand
gmaitenance, each countrywillhave to performa systesmatic
countries
to determine how much should be spent on roads - and how. Some

may chtwse to reviseuser chargesor imposenew ones, which if translated
into better roads can reducerather than increasevehicleoperatilug costs.
Some may decide that to avoid misallocations
they will have to earmark
budgeted funds for restoration
and maintenance, especially
the funds that
might be raised througha temporarysurchsrge. And some will have to rely
heavily on externtal sources of finance.
lmlicatious

for the Baok

xxi.

Economic losses - actual or potential
- resulting
from Inadequate
road maintenance can have important implications
for the Bank's macroeconomic
dialogue with its borrowers, particularly
in the context of public expenditure priorities.
The evidence in this paper suggests that in a numberoi
countries
the economic returns from expanded expenditures
on road maintenance
would justifya substantial
expansionof such outlaysrelativea
.o expenditure
on new road construction. It is also quite possiblethan an expansionin
total expenditures
on roads rslative
to other sectorswould be warrantedin
some countries..
That determination,
however, can be made only by a comprehensive review of public expenditures
which evaluates
the comparative benefits of proposed outlays In all major sectors.
xxIi.
The developing countries
dlffer according to theirneed to expand
and Improve their road maintenance organizations
and procedures,
their need
to Increase their total road budgets and sake reallocations
from construction
to maintenance,and theirneed for externalassistance. In addition,some
have obsoletenetworks,othersnew ones.
These differencessuggestseveral
distinctcategoriesof need for externalassistanceIn the roads sector. The
Dank's lendingfor roads should be tailored
to the circumstances
In each
category - and be conditional
on an acceptable
distribution
of road expenditures for maintenance,restoration,
and now constructione
o

Por countrieswith the best performance(CategoryI In the text)
largely,
but not exclusively
upper middle-income countries
the Dank will view itself
mainly as a vehicle for institutional
and technological
lmprovements.
It will nevertheless
extend
funds for balanced programs of maintenance and new construction.

*

For countries where road maintenance is inadequately
funded
(Category II) - including a substantial
number of middle-income
countries
- the Dank will provide external finance mainly for
maintenanceand restoration.
Such finance will be linked to
policy and institut:ional
reforms.
F
For
countries vith severe financial
and institutional
constraints
on aintenance
(Category III) - almost exclusively
low-income countries
- the Bank's assistance
over the next few
years will be devoted with few exw,ptions,
to maintenance and
restoratione
The assistance
will be conditional
on iastitutional reforms and on the allocation
of road budgets exclusively

-
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-

to maintenanceand restoration(with only llmit.dand defined
exceptions).
For countrieswith obsoleteroads, technology,and organization
(Category IV), the Bank will emphasizeorganizational
and technological
improvements In modernizing the road networks and will
also supportnew construction
when it is justified.
In all this, the Bank will encouragethe executionof maintenancework by
entitiesoutside the road authority- entitiesoperatingon commerclalprinciples,preferablyin a competitiveenvironment. In addition,the Bank will
promotemeasuresto educateofficialsand Increasepublicawarenessof the
need for timelymaintenanceand the high cost of neglectingroads.
xxil.
The Bank will also promote more coordinated action by the intern.tional community ln dealing with the growing problem of road deterioration
in
the developingcountries. To this end, the Bank will work closelywith other
aid agenciesin designingroad programsappropriateto the necds of each
country(alongthe lines of rhe four categoriesjust spelledout). The Bank
will also work closelywith other aid agenciesIn supportingresearchon roads - work that would be done mainly by road agencies and road research
institutions
in the developingcountries. The emphlsisIn these effortswill
be on international
exchanges of data, technology, and management information
systems. The Bank will support compilation and publication
of statistic6on
roads - work that should be undertaken by the United Nations Statistical
Office or an organization
such as the Permanent international
Association
of
Road Congresses or the International
Road Federation.
External agencies
should provide financial
assistance
for this effort.
xxiv.
The recom_endations for World Bknk policy emerge from a view of the
root causes of road deteriorationin countrieswhere It Is now severe.
We
know now that some past investments have been mistakene
We know, too, that
deterioration
revealsIts symptomslate and gives littlewarningof what Is
to come. Added to thesefactorsare the civic calamityin some countriesand
the harsh and prolonged economic adversity
In any more. But where the road
problem is now serious or is about to turn serious,
the damage attributable
to such other factorscould usuallyhave bemn contained by more effective,
responsible,and attentiveInstitutions- by more efficientinstitutlonal
arrangementsfor the management of the cvtintxy's infrastructure.It is difficult to understand fully the causes of institutional
failure in different
countries
even more difflcult
to prescribe
countermeasures guaranteed to
cure the problem.
But this is no case for leaving things as they are.
Action is required,
even If it has to be accepted as experimentation.
Bank
support for the road sector of countries with serious road deterioration
problems will therefore
be guided by signs of Institutional
progress
These
signs Include the growth of political
attention
to the preservation
of Infrastructure,
the strengthening
of accountability
in the institutions
charged
with managing it, the introduction
of Incentives
that press people to perform, and the deliberate
search for resources and schemes that promise care
for hard-von national assets.
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world'sroadbuildingboomin the 1960.and 1970.
Thedeveloping
that has been crumbling In the 1980s. If not
created an infrastructure

1.01

threatens
quickly strengthened and protected, this crumbling infrastructure
to collapse in the 1990s.Largeroadnetworks, built at great epense, haze
been inadequately maintained and used more heavily than expected. The
roads.
result in many developing countries ls a 4etwork of deteriorating
Many roads are in such poor condition that normal maintenance to no longer
or reconTheseroads now require rehabilitation
or effective.
sufficient
maintenance
at threeto fivetimesthe costof timelypreventive
struction
(seethe glossaryof terms). And manymore roads,whose
and strengthening
is not yet visible,will soonreachthatpointwithoutsubdeterioration
and rehabilitation.
In maintenance
stantialimprovements
The problem of poormaintenanes are worse for roads than for other
.02
sectorsfor three reasons:
are very lare. For example,
requirements
The costsand financial
mainin preventive
for past omissions
to compensate
expenditures
Africaare at least10 timesthoseof
tenancein Sub-Saharan
supplying textbooks for all elementary school children in the
region until the year 2000.
accelerates with time. This phenomenon makes
R
Boad deterioration
but also al the more important, to recognize the
It difficult,
becomes
need for preventive waintenanee before deterioration
reconstruction
or
rebabilitation
obviousand more expensive
becomes necessary.
are Insulated from the effects of undermaaiute*Road authorities
responsible for road maintenance usually Li not
agency
nance. The
exposed to either the economic consequences of underaintenmnce or

in the 85 developing countries
This report assesses road deterioration
fromthe WorldBankGroup.[111 The
highwaysectorassistance
receiving
both because they are the most
coversonlythe main roadnetworks,
analysis
on other roads is too
informatlon
because
and
roads
valuable
important and
Interurban traffic is
of
percent
80
to
70
In these countries,
fragmentary.
on the main networks. These networks consist of 1.8 million km of primary
and secondary roads, of which 1.0 million km are paved,and have a replacementvalue of about $300 billion, excluding the value of land, bridges, and
generally
TableA). The main networks
(SeeStatistical
majorearthworks
providing
or
areas
include the principal roads and highways crossing urban
The analysis does not deal with urban roads; nor does it
acceos to ports.
cover 5 to 6 million kllometers of local rural roads and tracks (mostly
upaved and with low traffic volumes), with a replacement value of perhaps
$75-$100 billion.
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the orgasixed
pressurefor betterroads,and the urge to provide
responasive,
effective
maintenance
ts thusweakened.

1.03
The coststo road authorities
are onlythe tip of the Iceberg,for
the coststo roadusersoperating
vehicleson roughroadsare much larger.
Thesehigh and risingroadhaulagecostsconstrain
the location of economic
activity,
hmper the Integration
of economicmarkets,limitthe gais1 from
specialization,
and readerunviablemanyactivities
thatrelyon transport
(SeeBox 1.1).
Am Overviewof load Coudititos
1.04
Detailedassessments
of roadcoanditions
at presentare subjectto
considerable
error. The Importance
of systematic
monitoring
and evaluation
of roadconditions
has onlyrecentlybecomegenerally recognised.
Furthermore few developing countries have technically adequate data bases and
management Information systems. Nsverthele,ss the evidence io good enouSh
to show the broad dimnsions of the problem. Receut field surveys supplemented by the judgment of World lank engineers, permit the broad categorization of the distribution
of a country's roads mong three elases of condition: good, fair, and poor. C23, 241 A road In "good" condition requires
only routine maintenAnce to reain that way. A road In "fair" condition
needs resurfacing.
A road In "poor" condition has deteriorated
to the point
that It requires elther partial or full reconstruction
(See Glossary Lor a
definition of road maintenance and improvement works).
1.05
Three facts about road deterioration
help to clarify the problea.
First,becau"ereconstructlon
coststhreeto givetimes "smuch as resurfacing or rehabilitation,
no roadshouldbe allowedto declineIntopoor condition urless it Is to be kept deliberately
In thatcondlton (withroutine
maintenance
but no resurfacing
or rehabilitation)
or abandoned
entirely.
Second, paved roads In faircondition
normally
have a windowof opportunity
of aboutfive to eightyearswhenthey can be restoredby reurfacingor
strengthening.
The existence
of many roadsIn faircondition
suggnets,
therefore,
thatextensive
maintenance
is neededquicklyIf thesetoads are
to be savedbeforetheyreachpoor condition.
And third, the costof
operatlng
vehicles(especially
largertrucks)risesas roads deteriorate.
Because vehicle operating costs are the largest part of road transport costs
on all but very lightly traveled roads, the increse In operatlg
costs
swamps all other costs at stake it road maagement as oads deteriorate.
The road conditions In different countries combined Into regonal
averages, are alarming on two counts (Table 1.1). First, more than a fourth
of all paved roads - some 269,000km -- are already In poor condition and
need rehabilitation
or reconstruction.l/
See-ond, the heavy concentration

1.06

I/ Less serious dAeterioration In the United States (US) federal ald highway
network during the 1970. prompted widespread alarm, new legislation,
new
user taxes, and a large infusion of federal and state resources in the
1980.to remedy the situationa [2, 401

3

Bo0 1.1
o

Of bad Nsel

in 6w..

worse. InGhana
crisis
canmakean economic
Rad deterioration
ws builtbefore1970,butit later suffered from
a good roadnetwork
of themainpavedroadswere
anglect.By 1984,about60 percent
serious
have
sections
Important
deterioration.
to severe
in a stateof moderate
areashasbeen
and accessto someInterior
becomealmot lmpassble,
theydo not
to go therebecause
refuse
Transporters
curtailed.
severely
to breakdown.
wanttheirvehicles
In realtermsby about50
costshaveincreased
Transport
on ruralroadsthathave
mainroadsandby over100percent
oan
percent
neglect.In manyareas,themarketratefortransevengreater
suffered
Thesehigh
iS as hiShas a dollarperton-rile.
fertiliser
porting
forpoor
particularly
returns,
farm
iato
deeply
cut
costshave
transport
move
no
longer
can
farmoeIn areasawayfrommainroads:samevillagers
femine,
depots.Andduringthe 1982-83
thelrcocoastocksto regional
areasto areas
of foodfromsurplus
thetransport
poorroadsprevented
costshavealsohitthetimber
The hightransport
starvation.
facing
the
areaforexportthrough
the
Kumas
Logs movingfrom
Industry.
thedirect
routebecause
overa 500-kilometer
Portare trAcked
Takoradi
road,whicbis abouthalfas long,is brokendownandtherailservices
foreachtonof logsexported.
ThedetouraddsU8$15-20
areunreliable.
and
Roadresurfaclng
arenotencouraging.
Theprospects
anoualneedsof
of estieated
coversonlyabout20 percent
strongthenAng
mainlyforz"esling1,100km of pavedroadsand
about$47million,
roadmaintewltha recent
*ven
roadsd
1,600km of unpaved
regraveling
only
lncrease
will
maintenance
Bank,
World
by
the
supported
nanceproject
be
put
can
resources
more
of thenoedby 1989. Unless
to about30 percent
deteriationwill
effectively
intoroadmaintenance andapplied
If
rebabilitation,
farmorecostly
coatinue.UltiatelyIt willrequire
of roadtransport.
ia analmosttotalcollapse
or result
financed,
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a majorcrisis
in faircondition
(42 percent)foreshadows
of pavedroaids
effortspreventtheseroadsfromdeteriorating
intopoor
unlessconcerted
condition.
1.07
The unpavedroadsin the mainnetworksare evenworse. True,a
for inpavedroadsis lesscritical
roadauthority's
timingof maintenance
unpi.ved
roadsare less
thanfor pavedroadsbecausethe costs of restoring
effectof
sensitive
to the tiaingof intervention.
Evenso, the aggregate
Although
costscan be considerable.
thelrdeterioration
on vehicleoperating
unpavedroadsnormallycarrymuch lesstraffic,the ridingcondition
of an
any ti&Asfusterthanthatof a paved
unpavedroaddeteriorates
unmaintained
road (exceptin the terminalphaseof the pavedroad'slifecycle). Deferon unpavedroadscan quicklydoublethe
ringsimpleroutinemaintenance
costs.
vehicleoperating
Najor Determinants of loAd CndNitions
1.08
The considerable
variation
in roadconditions
In different
needsof
countries and regions stem from differences in the pastmaintenance
individual networks and in the countries' responses to those needs.
1.09
Need for mintenance.
The maintenance needs of a road network can
be predicted fairly accuratelry from a set of structural characteristics,
such
quality,and subsedesignstandards,
construction
as age, climate,traffic,
and construction quality are
quent maintenance. Of these, age, traffic,
particularly
important for understanding the situation in developing
countries.
1.10
Age is important to the condition of paved roads because of the
two-thirds
of pavement
deterioTypically,
time-path
of theirdoterioration.
ration(andan evenhigherproportion
of maintenance
cost)is concentrated
in
the finalthirdof the designlifeof the pavement(para.2.03). Aftera
boom In roadconstruction,
a graceperiodof severalyears- whenroads
remain in good condition regardless of maintenance - is followedby a period
when the need for maintenance surges dramatically.
1.11
Differences in the age of networks underlie the regional differencesshownin Tablel.l. In West Africa, paved roads are on the whole in
better anditionthanelsewhere.The networksthereare fairlynew: more
thanhalf the pavedroadswereconstructed,
upgraded, or reconstructed during
rebuilt
the last 10 years* Nigeriaand Coted' voirehave substantially
less
theirpavednetworkssince1975(SeeBox 1.2). Someothercountries,
well endowed, were helped by externalaid agencies to developand improve
their road networks. Of 20 West African countries for which information is
available,
15 have young networks. The proportion is not much lower in
Eastern or Southern Africa, where 10 of 16 paved networks are fairly new.
Without substantial
external
assistance,
many of these networks are unlikely
to remain serviceable
beyond the next 10 years.
1.12

The growth of traffic

on roads built

to obsolete

design

construction
standards
helpsto explainthe generalroadconditions
.

and

in South

Table 1.1

Condition of Main Roads a/
(percentages
weighted by7length
country networks)

_aved

of

Unpaved
Fair

Poor

42
20
41
6

30
36
34
39

28
44
25
55

24

30

46

24

32

24

24

43

33

32

42

26

31

36

33

United States (Federal
Aid Network,1981) b/

31

57

12

United Kingdom(Trunk
RoadSystem,1983) /

85

'12

3

Region
Eastern Africa
WesternAfrica
East Asia
SouthAsia
Europe,Middle East,
and North Africa
Latin Americaand
Caribbean
Average

Good

Fair

Poor

Good

42
52
20
19

32
23
59
45

26
25
21
36

41

35

44

a/ As reportedin an internal
far as possUble,

countries)

World Bapk survey of 85 countriesbased,as
on published pavement condition information (60

and supplemented, where necessary,

highway engineers.

See the glossary

b/ After Public Works Infrastructure:
pp. 20-21. 1401

c/

by the judgment of Bank

for definitions.
Policr

Adapted from Imnestment In the Public Sector
Report A: Roads and Brie
p0. [381

considerations

for the 1980'8,

Built Infrastructure

-
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Box 1.2
Niger'a's

bw bDaes .d the Risk of Massive Det derti.a

Of the 21,000 km of paved roads In the Nigerian federal Trunk
Road System, 36 perceat vero constructed or rehabilitated
during1975-80
and another 24 percent during 1981-85. As a result, 62 perqent of the
aetwork Is rated good, 15 percent falr, and 23 percent poot. Neglect of
the unpaved network has resulted In an estmated 90 percent in poor
condition.
Despite the remarkable expansion and lmprovewmnt of the
Nigerian trunk road system during the last 10 years at an,estimated cost
of about US$$ billion,
the situation is still precariti4.
Many of the
roads were built with generous geometric features but imak pavemets,
which require substantial strengthening.
Wtthout an extesive pavement
resurfacing and strengthening program covering about 2,000-3,000 km a
year, at an estimted annual expenditure of about $150-200 midliio, the
Nigerian trunk road system may deteriorate
rapidly, requiring massve
rebabilltation
and reconstruction
In the next 10 to 15 years.
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and 36
Asia: only 19 percent of paved roads remain In goodcondition,
South Asia's road networks consist mainly of
percent are in poor condition.
aging roads with neither the geometric capacity nor the structural strength
to carry currenttraffic.Boththe volumeof roadtraffic and the axle loads
havegrownand traffic
have increased there over the pastdecadeas economies
and upgradhas shiftedfromothernodes. Por thesenetworksthe replacement
Ing of obsolete roads Is needed beyond normal maintenance and rehabilitation.
Countries in South Asia, particular.Ly India, face the need for a very
large program of road building.
1.13
The age of networksand the growthof trafficexplainsomediffeaof tb.iroadsreflects
but the condition
requirements,
encesIn maintenance
have been met. Wheremaintethe extent to which maintenance requireents
nance has failed, It is largely an outcome of misallocated funds, unsound
and Inefficient
Implementation.
aintenance strategies,
The capacity to pay for road maintenance from
1.14
Financial caaclit.
Gross Natlonal Product
domestc sources depends on a country's resources.
(GNP)per capita may thus be a good Index of financial capacity, although
And of the
some governments are able to capture more of It than others.
decision, reflecting
to highmays Is a political
fiscalIntake,the allocation
In Incomegrowthalso
a judgmeataboutnationalpriorities.Variations
affect funding: severe setbacks In Income growth clearly explain some Important instances of underfunded maintenance and consequent road deterioration.
1.15
load conditions in Latin America are worsening rapidly, mdrroring
the general economic dovnturn and accopanying financial stringencies over
bow qulckly roads can deteriorate
the past five years - and Illustrating
age. Brasil, with by far the largestroadnetonce tbey reach the critlcal
work In Latin America, has seen serious erosion despite substantial efforts.
In 1984, 28 percent of the network was in poor condition, up from 18 percent
was even more dramatic in Honduras,
in 1979 (see Box 1.3). The deterioration
which previously had adequate road maintenance. The percentage of the paved
roads In good condition there dropped from 82 percent In 1981 to 50 percent
in 1984, due largely to flianclal constraints.
1.16
A broad Indicator of the economic burden of road malatenance is the
ratio of a country's road network length to gross national product (GNP),
The
with an allowance for the lower traffic volumes In poorercoustries.
ratio for mainroadsrangesfrom0.3 km per milliondollarsof GNP for Korea
and 0.4 for Nigeriato morethan8.0 for Zaireand Botswanaand 14.8for
Of the 36 countries with the highest ratios, 32 are In SubQuinea-Bissau.
with the best manageaent,
Table B).
*ben
Saharan Africa (from Statistical
these countrles face the world's highest burden of road maintenance requirements relative to lncome and are likely to have lower than average maintenance.
1.17
Financlng road maintenance by borrowing from external comercial
sources abroad or from developmet institutlans
could help to fill the
funding gap, but many of these sources have preferred to finance construction
rather than maintenane.

x 1*.3

A Cam of

i

at

Ir

ll's federal

N1tuok

A 1979 survey of Brazil's
federal highway network showed the
followingdistribution
of road con.ditions:

Ood

10,000
km

242

ailr
Poor

23,000km
7,000km

SaX
18

Restoration
andpreventlve
maintenance of all roads at that
have cost $1.8 billion Zn constantprices. A repeat survey
the network as follows:
Good
Fair
Poor

14,000km
19,000km
13,000km

time would
In 1984 rated

302
422
282

The Increase In the percentageof roads In good condition resulted
from neW constructionnot good maintenances 6,000km of new paved roads
were constructed,
while 2,000 km of those formrly
In good condition
declined to fair condition.
Nor did the masive backlog of roads in falr
condition receive the resurfacing
and strengthening
that was due. Some
6,000 km of that group deteriorated
to poor condition,
greatly Increasing
the number of kilometers
and the percentage of roads needing rehabilitation or reconstruction
rather than just preventive maintenance.
The cost
of this restoration
Is estimated at $1.7 billion,
and the cost of
preventive malatenance needed to save the roads still
In fair condition
Is estimated at about $750 million.
Thus the federal rehabilitation
and
maitenane
backlog gtre to $2.4 billion,
a one-third
lnerease In six

r~~~yas
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1*18
Institutional
capacity.The forogoing
Indicators
the differencesin GNP per capitaand Its rateof change,the ratioof networklength
to GNP, the age distribution of roads,and the volume of traffic - do not
fullyaccountfor the variations
In roadconditions
ftomcountryto country.
Several higher-income
deweloping
countries
havepoor roadswhilesomeof the
lowestincomecountries
have betterones. The capacity
of a countryto deal
with Its maintenance
needsalsodependson how effectively
and efficiently
It
can translate funds Into protecting
and rehabilitating
the roadInfrastructure- generally
knownas Institutional
capacity.
1.19
Institutional
capacity has several'acets.one Is the poolof
skills, such as the slseof the labor force that can be applied to the activity.
Others are the soundness of the maintenance strategy - type, level,
and timing of Intervention - and the managerial and operational efficiency
In executing the strategy.
'These depead, In turn, on such factors as government commitment, Institutional
structure,
managerial abIlity,
staff quality,
accountability,
and Incentives.
Experience with these aspectsof lnstitutional capacity has often been remarkably disappointing.
And where limited
Institutional
capacity cannot readily be expanded, the prospects are poor for
recovering Infrastructure
that has already deteriorated or for preventing.
heavy losses of capital where the peak of maintenance needs is yet to coie.
The lBrd Coreof the Problem
1.20
Not all countries facing a maintenance crisls have arrived there by
the same trajectory.
Somehave backlogs of maintenance needs because their
financial and Institutional
capacities have not expanded as fast as thelr
road aetworks. Somebave built up backlogs by deferring needed maintenance
during adverse economic conditione.
And some do not appear to have backlogs
now, but their mtworks of relatively
recent construction will soon require
greatly lncreased and systatic
maintenance to prevent rapid deterioration.
The road deterioration
problem thus pervades the developing world. At the
core of the problem are mainly the countries of Sub-Seharan Africa and South
Asia. And at the bhrd core of the problem are Sub-Saharan African countries
whose financil
and institutional
capacities are unequal to the task at hand
or to the one they will son bave to face.
1.21
Altbough some networks in Sub-Saharan Africa are among the better
maintained
(inCote d'Ivoire,
alawli, iger, and Rwanda), they are also of
recent vintage and will soon require mch more mainteunace as the paved roads
pass Into the critical
stage.
In the rest of Sub-Saharan Africa, recently
expanded networks are also numerous and therefore In better condition
than
older ones. In 10 countries with older networkes, an average of 44 percentof
their paved road length Is In poor condition:
in the 17 countries with fairly new paved roads, the proportion of poor roads Is only 22 percent., There
l, bowever, no reason to bellove that countries with naewerpaved networks
have better capacities or policles for road mintenance than those with older
networks. If they do, their unpaved roads should be In better conditiou -without maintenance,
unpavedroadsdeteriorate
rapidlyand at a uniform
rate.
The condition of unpaved roads in countries with newer paved roads

-
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differedlittlefrom that in countrieswith older paved roads. So, the state
of a country'spaved roads says littleabout Its road maintenancecapacity.
1.22
In many countries,the rapid expansionof networkshas outstripped
the growth In Institutional
capacity for road maintenance.
But full consequences of this lag are not yet evident In most paved networks, because most
of the roads are still
in the grace period when they need little
maintenance
and show few signs of deteriorationeven when maintenanceis neglected. The
effectsof undermaintenance
are alreadyreflectedIn the relativelypoorer
conditionof unpavedroads In all regions. In Nigeria,62 percentof the
paved roads are In good condition,
while none of the unpaved roads are rated
as good. In Cote d'Ivolre,78 percentof the paved roads and only 30 percent
of the unpavedroads are classifiedas good. Both countriesdevelopedtheir
paved networksfairly recently,so their maintenance requiremeats
will grow
significantlyIn the next few years. Almostevery region has some cauntries
In or approachlagcrisis,but Sub-8aharanAfricastands out as having the
most countries
at the hard core of the road deterioration
problem.
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2.01
A few fundamentalrelationships
explainroad deterioration
and its
consequencesfor the total costsof road transport.
They hold in a wide
varietyof environmentsand form the startingpoint of any rationalmaltenance plan. Recentresearchhas greatlyclarifiedthese relationships
and
has quantlfledand refinedthem empirically,thus enablingthe designof
economicalmaintenancestrategiesfor a wide range of circumstances.And
they show that some past strategydecisionshave been wrong. Above all,
these relationships
make it possibleto providefirmer guidancefor countries
that have to restorebadly deterioratedparts of their networkswhile keeping
the other parts serviceable.
2.02
Economic decisions
about a highway system must take into account
the totRl cost of transporton the roads: the discountedlife-cyclecost of
constructlg and maintaining the roads and the (usually)far larger cost of
operatingvehicleson these roads. The estimationof these costs, in turn,
mut be based on sound knowledge about road conditions,
about how those
conditlons
and the various vehicle types and operations
affect each other,
and about the applicability
of different
maintenancetechniquesin different
environments.

noe umaatalUmatioms
2.03
As roads deterioratethey get rougher. Until recentlyroughness
was assessedsubjectively;
now It can be quantitatively
evaluatedusing
measuressuch as the International
RoughnessIndex (IRI). l33, 341 Unpaved
roads, If not maintained,deIerioratevery rapidly,at a fair'yuniform rate
throughouttheir life cycle./ But uAsaintainedpaved roads followa
distinctlynonlinearpath (Ftgure2.1). During a long initial
phase that
lasts up to two-thirdsof their life cycle, paved roads undergolittle
visibledeterioration.This stage is followedby a phase of Increasing
deterloration
- slow at first but then rapidlyaccelerating(intofair
condition)
- that ends within a few years In radical structural
failure
(poor condition).
This noullnear deterioration
affects
the choice of optimal
maintenance policy for paved roads.
For the unwary, it also tends to
disguise the future maintenance requirements of young networks.
2.04
During the first phase, maintenance needs are minimal,
road can be kept In good condition by fairly inexpensive routine

1/

and a paved.
maintenance.

All references
to the absence of maintenance assume that the minimal
work of vegetation
controland clearing draiasge is still
carried on.
These activities,
which are very low in cost, are vital to the
coutinulng serviceability
of roads, and neglecting
them Is. a sure way to
hasten road deterioration.
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In the subsequent
phaseof Increasing
deterioration
(intofairconditiot),
the pavement 4' be restoredto good condition. This can be done by resurfacing or by strengthening
the pavementwith an overlay- a moderately
costly measurethat restoresstructuralstrengthand ride quality to met
traffic
requirements
for the next siveral years, thus starting
a new paveent
cycle.
With adequate routine maintenance and timely resurfacilg
or strengtbening, a paved road should never deteriorate
Into poor condition,
which
requlres
far more costlyreconstruction.
2.05
A second fundaaentalrelationlinks vehicleoperatingcosts to road
roughness(Table2.1). Recent research has shown that the effect of roughness on vehicleoperatingcosts is not as large as previouslyestimated. In
so far as comparisons are possible,
the new estimates of the Increase In
operatingcost as a function of roughness are on averagea quarterbelow
those proposed In an earller
standard work (see Annex, pars. 3-4).
Overestimatesof the savingsin vehicle operatingcostsmay have led to mistakes
In Investment and maintenance decisousi,
but a far graver error occurs when
maintenance policy Ignores the share of the vehicle operating costs In total
road transport
costs.
That share is high, except where traffic
is extreely
light (Figure 2.2).
Even a small percentage
Increase in vehicle operating
costs from rougher roads Is significant,
outweighing the cost savings from
deferred maintenance.
Strategies

for toad Imvestmmt and Naintemsae

2.06
Much Informationabout the basic relatlonsgoverningthe process
and effectsof road deterioration
comes from empiricalresearchsupportedby
the World Bank (Box 2.1). The large data set and the relationsobtalnedfrom
It are Importantcontributions
to road strategiesfor developingcountries
and to policies
that eancompass both construction
and maintenance decisions.
A model based on that research has been used In studies of road maintenance
in several countries.
For Mali, Chile, and Costa Rlca, these studies demonstrate
the interdependence
of Investment decisions
and maintenanceactions
and the effect of the quality of lnformtion
on predictions*
(The model and
the studies are described In the Amnex.) These countries
were selected to
represent
a wide range of transport
conditions
In the developing world.
The
results,
though specific
to the conditions
In these countries,
Illustrate
general points about selection
of cost-effective
maintenance policies
and the
decisioncriteriafor paving and initial
paveent
strength.
An annual
discountrate of 12 percentIs used for the analysesreportedIn thls
chapter.
(41
2.07
Trafficand road conditions. In establishingstandardsfor road
design and maintenance,the key factor is the levelof actual and expected
traffic. For Chile and Costa Rica, which have relativelyhigher trafflc
volumeson their road networksthe optimalpolicy was to keep the most
heavily used two-thirds
of the networks In good condition while maintainlng
the other one-third
at lower standards.
In contrast,for Mali, where traffic
volumes are generally very low, the most economical solution was to keep
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Costa
Table2.1 Effectof koadRoughneson VehicleOperating
1984)
Rica,
Costa
Costa,
(Economic

Costs(GOODa 100,at ISU of 2.3)
Indexof VbeicleOperating
IRU)I/
RoadCondition(Roughness,
FAIR (4.6)

Vehieleclass

POOR(6.9-9.2)

smallcar

106

114-126

8us

104

109-116

Lightdieseltruck

111

124-138

Heavy truck

114

129-146

truck
Articulated

112

127-144

of road condition on vehicle operatlg costs
is tbrough "rougbhess," a msaure of road surface irragularities
Roughness Index (IRL).
stand.ardised by the International

I he dominant effect

Source:

From application

of the veicle

Highway Design and Matieance

context,see 141.

operating costs submodel of the
Model. [411

For the Costa Rican
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Bos 2.1
ligbhuy Design aDd Mintenance StandadsStudy

Mhe

In 1971 the World Bank lnitiatedwhat laterbecame a major collaborative programof primarydata collectionand research-- flrst In Kenya
.andlater,on a much enlargedscale, In Brasiland India. With participationand fundingby severalother institutions
and goveraments,over
$20 millionwas spent for data collectionand analysisto provide
rigorousquantification
of key relationships.More than 90 percentof
the funds came from the other participants:the governrmetsof Brazil,
India,Kenya, and the United Kingdom,as well as the United Natlons
Development Program.
The governeats
of Swedenand Australia
provided
techrAcal assistance.
Results of the studies are being Issued as a series of World Bank
publications,includingtwo volumes on road user costs (6, 411, a volume
onk road deterioration
1271, another on the resulting
planniag model 1421,
and two technical papers on measuring road roughness 133, 341. This
research advancedknowledgeabout basic road deterioration
and vehicle
operating cost relationships
beyond the state of 10 or 15 years ago. It
also revealedthe complexityof the relationships
and their sensitivity
to an array of area-specificcircumstances.The relationships
were
formulatedon the basis of a largerand more comprehensive
data set than
was previouslyavailable.
To apply tbhs empiricalknowledgeto the essentiallyInterrelated
questions of highway construction
and maintenance, the Bank developed
the Eighvay Design and Maintenance Model (UDK) and a companion Expenditure ludgeting Model (EN).
These models are designed to search for
the best solutionappropriateto a country'scircuestances.They do
this by exploringmultple
combinations of alternative
road designs and
maintenance options In terms of their effect on total transport
costs.
The resultsare then tested for their sensitivity
to variations
In Input
parameters and future conditions - a necessaryprecaution. The application of the model nevertheless requires a rellable
lnformation system
and capable staff who can make proper use of the data base and the

mdl.
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about one percentof the networkin good condition,maintalningthe rest at
considerablyreducedstandardsas determinedby traffic.
2.08
Under these optimalpolicies,keeping roads in less than good
conditiondoes not imply neglectingmaLntenance. In all cases,drainageand
vegetation
control are fundamental,as are high standards of patching and
basic routine maintenance,
even for roads to be maintained at low standards.
In Mall, this maintenance is estimated to cost about $6.2 milliona year about twice the currentspending. (This estimatedoes not includethe $9
millionrequiredfor the backlogof economically
warrantedrehabilitation
and
reconstruction
of higher-volumepaved roads in poor condition.)
2.09
To pave or not to Pave. Decisionsabout whetheror when to pave an
unpaved road are subjectto many factors,one of which Is the expectedfuture
growth of traffic. Figure2.3 shows, for a specificexample In Mali, the net
presentvalue for pavinga gravel road as a functionof trafflc. The exact
trafficlevel at which it becomesoptimalto pave the road is very sensitl7e
to the expectedrate of growth of trafficas shown by Case 1 (no growth in
traffic)and Case 2 (6-percentannual growth). It is assumed In all cases
that propermaintenancewill be carriedout whether the road is paved or
not. The cost of paving is also Important: in Case 3 (no growth In traffic
but a 50-percentIncreaseIn cost), the optimaltrafficthresholdfor paving
jumps from 270 vehiclesa day to 425. But the penaltyfor not paving at the
optimaltrafficlevel is not very large. Considerations
other than traffic
say thus govern,
the choice.
2.10
Ihenthe decisionto pave is not preemptedby presentand prospective traffic,it has to be made from a consideration
of other factors.
Importantamong these factorsIs the probabilitythat futuremaintenancewill
be done to acceptablestandards,on paved and unpavedroads. If the main
uncertaintyIs about the availabilityand adequacyof futuremaintenance
funds rather than the ability to plan and executemaintenance,the best
policy will be to defer paving. The presgant
value of the total life-cycle
transportcosts associatedwith a gravel road (even thoughsuboptimally
maintained)will be less than that for a paved road If there is uncertainty
about the availabilityof funds at the stagewhen paved road deterioration
begins to acceleratesteeply. Conversely,If uncertaintymostly surrounds
the country'smaintenancecapacity,early paving (and therefore,fever roads)
will be Indicated. The presentvalue of the total life-cycletransportcosts
associatedwith an unmaintainedgravel road will exceidthat of am umaintamned paved road down to the point at which tbey become les serviceable.
These conclusions,stated In broadestterms, resultfrom the joint effectof
discountingand the nonlineardeterioration
of paved (but not unpaved)roads.
2.11
Strongor weak a_vements.An importantquestionin determning the
paving strategyIs whether the stagedconstructionof pavemeatsmakes economic sense: that Is, beginningwith a low-strength
desAgn and strengthening
the pavement later to accommodate heavier traffic
and axle loadings.
The
answer dependson the qualityof maintenancethat can be expectedon the
(initially)
lower strengthroad. The questionwas exploredfor condition In
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Mall and Costa Rlica, assuming 3 to 4 percent annual growth of traffic
and
two levels of axle loads.
With a 75-percent to 90-percent probability
of
adequate maintenance,
staged construction
would be economical for initial
trafficflows up to 2,000 or 2,500vehiclesa day, epeanding
on axle loads.
But with only a 20-percentprobabilityof adequatemaintenance,strong
pavemeatsshould be built initially,despitethe higher constructioncost,
to compensatefor unreliablemaintenance- stagedconstructiontIn this
case, would remain the preferredalternativeonly at traffic
volumes under

nigre2.3

'
_

BreakevenTrafficVolumesfor Paving a Gravel Road.
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1,000 vehiclesa day with light axle loads. In all cases pavementdeslgns
should conform to minimum design and constructon
specifications.!/
2.12
Some countries
made expensive mistakes by stagingthe construction
of pavements under assumptions of adequate maintenance and restricted
axle
loads, assumptions that proved invalid.
Heavy loads accelerate
road deterioration,
and even with optimalmaintenancepolicies,the average life-cycle
roughnessremainshigher with heavier axle loads.
Empirical evidence shows
that pavementdamage lncrease exponentially(to the power of 4) with increased axle loads.
But the regulation
of axle loads has proven exceedingly
difficultand expensive. Many road authorities
are now building stronger
and more expensivepavementsthan would be necessarywith effectiveaxle
load control. Even if it were practicableto enforceaxle-loadregulations,
axle load limits shouldbe increasedbeyond the prevailing8-10 ton single
(and 13-16 ton tandem)axle loads - becausethe economicgain from the use
of largertrucks outweighsthe increased damage to roads. 1321
Tactics

ugder aodgetaz

CoDstwsimts

2.13

Road authority
fundingoften is not enough for carryingout the.
economicallyoptimallevel of maintenance. And when budgets are constrained, the best policy is not simply to reduceall categoriesof maintenance
spendingequally,as is often done. The situationcalls for revisingpolicies and using differentmaintenanceoptions. The management of retrenchment (and, in extremecases,networkcontraction)
has not receivedmuch
analyticalattention. But some rules can be stated to controlthe retrenchment processand preventit from becominghaphazard.
2.14
In establishing
spending priorities,
the tradeoffs
between road
agency costs and net benefits
of different
maintenance strategies
are not
normallyexamined. As long as the net presentvalue of a maintenanceoptionis positive,it is deemedjustifiable- whateverthe cost to the agency.
But if the analysisis extendedto road agencyexpenditures,there appearsa
big margin for reducingthem withoutmaking similarlylarge cuts in the
benefitsto road users. Pigure 2.4 shows net presentvalues for alternative
maintenanceoptionsapplied to a specificclass of roads. The line connecting the points that are highest in net present value for given agency
expenditures
is the efficiency
frontier. The optimalstrategy,given
unlimitr.
funds at the assumed discount rate (12 percent),
would be that
shown at point I. In additionto basic routinemaintenance,this strategy
would require an i _ediate application
of an 80-us overlay, followed by
40-mm overlays whenever roughness exceeded 3.5 III.
2.15
the left

2/

Note that the efficiency
frontier
is rather
of the optimum point - and that alternatives

flat iusediately to
in this zone can

A technical option that has not been sufficiently
explored in developing
countries,
particularly
in the humid tropics,
is the use of portland
cement concrete pavements.
Where properly designed and constructed,
concrete pavements, though Initially
expensive, can provide a long
initial
service period (15-20 years) that is nearly maintemance freeo
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Net PresentValueVersusAgencyExpenditures
for Alternative
Maintenance
Strategies
for a PavedRoad in FairCondition
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Note: See the Annexfor specifications
of themaintenance
alternatives
represented by each point on the graph. It is possible to operate on
the frontier between two of the points by using one policy on some
roadsand the other policy on others.
For example, a combination of
policies
7" and "G"coulduse funds equal to those required for
policy"H3 and achievea aet presentvalueon the frontier.Thus
policyE" is Inferior
and shouldneverbe used. Similarly, any
other points below the efficiency frontier represent policies that
should not be used. In the circumstances of the ca& illustrated
above, policy D (reseals) is an Inferiorsolution,
comparedto a
combination of patching only (B) and overlay (7) options.
In other
cases, resealing will often turn out to be an efficient maintenance
measure to prolong the functional
lifeof pavements.The relative
position of various policies will change significantly
with changes
In discount rate and the relative cost of different maitenances
alternatives,
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significantly
reduce agency costs with only a sml
impact on total traomAs agency expenditures
are cut back, vehicle operatikg costs
port costs.
epndimore than the savings In maintenance
Increase,
but by only a little
in the region near the optima do not Imply
tures.
Nbreover, the tradeoffs
It Is simply a matter of mainhigher future costs for road rehabilitatione
levels
with a consequent saving to
a
somewhat
roughor
the
roads
at
taining
In general, this
the road agency and somewhat higher costs to road users.
for most
of the optimal strategy
was found In the vicinity
sort of tradeoff
other cases studied.
2.16
But as the budget departs further from the optima and maintenance
vehicle operating costs lncrease by much more
Is cut back correspondingly,
the changes In mainteIn addition,
than the saving to the road agency.
leading
n1creasligly greater risks of pavemeatfailure,
nance policy entail
the range of
sum,
on
in the future.
to much higher costs for reconstruction
level the conseIs wide, but below a critlcal
good malntenance policies
quences of furtherreductionbecom destructive.
2.17

Sometimes a goverment

must take austerlty measures to deal with a

national emergency or adjust to difficulteconomicconditions. Normalbudgets may have to be cut back for a year or several years, with the Intention
road maintenance Is often
of restoring
them later.
In such clrcumstances,
may not be too
the 4eferral
If roads are In good condition,
deferred.
costly.
Increaed
rougbaess due to undermaintenance
will lncrease vehicle
operating costs somewhat, but roads that decline to fair conditioa can be
If, bowever, the deferral
expenditure.
restored with a mAodest additional
the
continues too long or If roads are In only fair condition at the start,
And paved roads declinImpact on vehiele operating costs will be greater.
later
reconstructlon
ing to poor condition will require far more expesive
on. That is why road agencles shoult consider future budget Interruptions
And one way
when making cboices about tbilr design and maintenance policy.
in funding Is tbrough
to limit the adverse impa.t of future Interruptions
good maintenance In nonrml times.

C8LPTU 3: TO ISI8ZlUTIOIAL
I
(CZLLEEG

3.01
Choosingthe best maintenancepolicywill remainan academicexercise until institutions
can efficientlyput the policyInto praictice.Experience has been diaappointing.
The World Bank advanced more than $1.2 billion
between 1971 and 1985 for training,technicalassistance,and management
consultancies
to improve the organization
and management of road administration in developingcountries. Other lendersand donors and the developing
countrieshave also devotedsubstantialresourcesfor this purpose. Despite
theseefforts,it has been difficultto establishself-sustaining
institutions that can msnage road maintenance efficiently
or use external
resources
effectively.
3.02
Experiencebas provided no standardsolutionsto the problemsof
institutional
performance.Without provenformulas,institutional
development has bad to proceedby continuous,
local experimentation.
Experience
has, however, identified
constraints
on improved performance and some general
principles
worth pursuing.
o Constraint.
3.03
Three factors
road maintenance:

bave worked against

the institutional

development

T nature and constitution
the
of the typical road agency,
by conflicting
objectives
and functionsand a lack of
Incentives.
*

The weak public

* The inadequacy

pressure

for better

and unrellability

for

marked

roads.

of funding.

1161

o D4
Structure
and functions of the road agency.
World Bank efforts
to
Amprove the management of roads and road maintenance have focused on road
authorities,
which typically
operate as public sector monopolies*
These
agencies are generally
responsible
for three functions:
1) planning the
development and maintenanee of roads, 2) negotlating
and ovierseeing road Vork
by contractors,
and 3) constructing
and maintaining roads using Its own work
force (force account).
The division
of work between contractors
and force
account varies by country.
Contractors
usually undertake new construction
and large rehabilitation
projects,
while road agencies do routine maintenance
wlth their own work forces.
Resurfacing operations are sometimes shared,
sometimesnot. In some countries
contractors
also do routine maintenance,
and In some the agency's work force also constructs
new roads.
3.05
Contracted works for new construction
and rehabilitation
normally
constitute
the greatest
part of agency expenditures.
But direct execution of
maintenance
orks, accounts for the major share of road authority employment
and for a disproportionate
share of difflculties.
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3.06
Conflicts
may arisewhen a stateorganization
combineszhe
planningand controlof construction
and maintenance
operations
with the
directexecution
of works. Internalcontrolis bluntedand efficiency
prejudiced
when directexecution
receivestoo muchemphasis,
if onlybecause
of the political
significance
of the largelaborforceemployed.Already
weak incentives
for efficiency
are undermined
by the constraints
Inherentin
the publicservice.Civilservicerulescircumscribe
managerial
decisions.
Deficient
salaryscalesand promotion
systemsmake it difficult
to retain
competent
staff. And employment
objectives
frequently
smotherthe technical
workof the authority,
distorting
Its decisions(Box3.1).
3.07
Weakvublicpressure.Becauseroadagenciesdo not operateroad
transport
services,
theydo not sufferdirectlyfrombad maintenance.Nor
do theynormallysellservicesto roadusersin a coupetitive
market. They
thusdo not bear the full cost of neglected maitenance.
Nor are they
subject to marketpressure,
as railwaysare. Alsoabsentis the pressure
fromdirectdealingswith the public-- pressure felt by public health,
education, and transport services, for example. Truckers rarely experience
enough competition from other transport modes to make themcomplainabout
the high cost of operating
vehicleson bad rosds, and car owners and
businesses
are too dispersed to form effective pressure groups for better
roads. Furthermore,
the effectsof the roadauthority's
neglectare
unlikely to be perceived before the problem has become acute. Without
pressuregroupsto prod rhem, politicians
and addinistrators
have little
concernfor the roads,and the road agencybaomes a facilityfor political
patronage
and unemployment
relief.
3.08
Inae@ute budgetary
provision.Withoutpolitical
supportor
market pressure, the budgets for road maintenance are often unrelated to
known requirements.
Because much of the budget tends to be committed to the
wages of an unnecessarily large labor force, the disposable portion
fluctuates much more than the total when budgets are cut or prices rise.
A
small cut can bring much of the agency's work to a standstill
because of its
inability to buy fuel or spare parts.
Moreover, even when funds have been
appropriated for maintenance, political
or private interests put pressure on
road authorities
(or their financial sources) to divert funds to other purpose.
Such interference,
often one of the biggest wenagerial challenges,
can be controlled
only In the political
arena.
The Search for Solutonm
3.09
Accountability.
A strikingabsenceof accountability
is a common
cause of the Instltutional
failure of road agencies.
Planning, supervision,
and execution are normally combined In the same orgSaniation.
load agencies
seldom link the allocation of funds to explicit physical plans ad rarely
perform post-project evaluatlons.
To Improve accountability,
plannAng and
supervision must be separated from excution of works, and procedures must
be Introduced to enure the evaluation of project results.
One way of doing
thls is for the road agency to award maintenance contracts through competitive bids, and then to supervise and evaluate the work closely.
Raieingthe
visibillty
of maintenance objectives and performance Is equally tiportant.
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The effects of the general budgetaty squesse on operating fund
(for ful,
spare parts, anW bitumens, for example) has been eacorbated
In Kenya by two parallel developrents affecting the toads Department.
One Is the decision to integrate casual labor with the persanent work
The other ts the Implementation of the Distriet locus Programs, a
force.
Until 1982 the
broad-based effort to decentralize governmest fuctions.
(central) toads Departmeat employed an average of 19000 permaneat staff
a about 9,500 casual workers. Wages and emoluments amounted to 6.7
million Kenyan pouds (IL), and operating funds totaled XL 9.7 million,
whicb was already Inadequate.
Three years later, however, the situation bad deteriorated
dramatically because of Increases ia the permaent work force and
The toads Department's casual
of road agency functions.
decentralisation
workers (and some persomnnl from other minor departmet) had been
level, and the
Integrated wlth the permanent work force at th district
number of persoanel bad rise fro" 1,000 to 14,600. Of the KL 10.5
more than 90
million allocated from the central budget to the districts,
for
expenditures, leoving little
percent went for personel-related
operatlg expenses. MeanWhIle, funds for operatlons that were centrally
operations) were down to XL
controlled (Including ost equipmt-baed
6.3 million.

I~...

....
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Unlessthisis achleved, the chronic underfunding of maintenance In
developing countries will be difficult
to reverse.
3.10
Alsoessentialfor an agency'saccountability
is monitoring by an
Independent
authority.Performance audits should relate financial flows and
physical performance ndicators to the state of the roads. An information
system for collecting such data - needed for planning and for monitoring
performance - Is therefore an essential lngredlent of good policy. The
data can also be used to make an independent and public assessment of the
agency's pevformance.In the United Kligdom, for example, county road
authorities
have to publlsh annualreportsshowingthelrcosts,comparing
them witb private contractors'
charges. [91
3.11
Public awareness. Wider public awareness, Including that of
potential
nterest groups (contractors,
exporters, transport enterprises)
is
isportant for shaping policy and obilislg
support for programs to restore
and maintain roads. The Swedlsh National Road Admnlaitratlon, for example,
carries out periodic surveys (using questlonnaires)
to gauge how the public
perceive its work. It then use the results of these survey to redirect
Its policies and operations.
It also uses the results to Influence the
Parliament and the Government to ensure idequate bigbwayfunding. The
public information program of professional societies and trade associations
- uch as the American Society of Civil Engineers, the American Automobile
Association, and the National Asphalt Association - have also helped to
arouse public rionceru about the state of roads In the United States. 171 In
France the national and regional associations of contractors (YEddration
National. des Travaux Publics and PFddration Rgisoale
des Travaux Publics)
perform a slimlar role, lobbying for Increased public spendlig on roads.
And in Japan, the Road Association, an lnterprofessional
body with private
and public representation,
promotes public Interest,
both technical and
geanral,
about the needs and condition of the country's roads and acts as an
effective lobby at all levels of government.
Ileints

of

werm

3.12
Nanagement system that work in developed countries have not
always improved the operation of road maitenance Institutions
In developing
countrles.
And when they do, It is not clear wby. Reforms will thus have
to be experlmetal,
starting with an understanding of the Institutional
environment and focusing an accountabillty.
3.13
Decentralization
or functioal
separat on. Decentralislng the
organisations for road
maintenace
has oftee bn advocated as one of the
first steps In reform. The presumption is that it would Improve responsiveness to local needs and reduce the management difficulties
Inherent In wide
geographical coverage. One contrary argument Is that tecohical and managerial staff would be spread thin.
Anotber Is that the increased political
sensitivity
could dlvert maintenancef unds to more popular (or more consplcuous) but less worthwhile construction activitles.
It could also lead to
the emloyment of redundant local staff - as In Keny and Honduras. The
Bank's review of experience Is not conclusive on this point, showing little
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correlatfAon between success In road maintenance and the degree of centralisation.
That leaves pragmatic case-by-case experimentation as the only
prescription.

*

3.14
More obvious ts the need for separating the execution of works from
the plannlng and control functions, for that would help to Insulate planning
and control from the pressures inherent in operating a works program. If
execution
were turnedover to privatecontractors
(operating
undercompetitiveIncentives)
therewouldbe benefitsfromthe greaterfreedomto procure
and manage resources.
Privatecontractors
offerbetterprospects
for
developiag
an efficient,
lastingInstitutional
capacityfor carrying
out road
maintenance
services.Theycan alsoconstitute
an Informed
groupdirectly
Interested In the adequacy of road maintenance budgets. Experience suggests
that private competltve orgsaisations use and maintain machinery more
effectively
than do government agencies (Box 3.2).
3.15
A review of experience with the contracting of maintenance In nine
countrles found that roads under contract are generally well maintained In
seven of thm (Argentina, Braxil, Central African Republic, Ghana, Ken'ya, the
United Kingdom, and Yugoslavia). 1151 In the other two (Colombia and
Nigerla), the problems encountered in initial
experiments are being evaluated
to fladsolutions.Evidencesuggeststhat private contractors can perform
work at lower cost than goverment organisations.
In one case with fully
comparable costs under similar conditios
(Ponta Gross&, Brasll)maintenance
by the permanent. work force cost 60 percent more than contractmaintenance.
Contractors
havebeenattracted
to maintenance
opportunities,
evenIn remote
areas. Veryoften,smalllocalcontractors
can operatein remoteareas more
cheaply than can the centralroadadsiaistration
or largercontractors.
3.16
The desirability
of contracting
a majorpart of ongoingroutine
maintenance
and resurfacing
dbesrveswideconsideration.
Retaining a small
government maintenoane capaclty can eas the transition,
provide back-up for
emergencies, and reduce the risk of replacing a public monopoly with a cartel
of private Interests (as occurred In Nigeria and to a lesser extent in
Brasdil). Japan's policy of relying on contractlg for road maintenance is
reinforced by numerical limits on the labor force that government agencies
mey hire,
An Increase In the demand for civil works results automatically In
resort to contractors.
Even the field offices of the local public works
administrations
can let maintenance
contracts
of a limited,but far from
neglibile
value. Equipmest
In publicownership
iS kept at minimallevels,
just enough to meetemergencies.
Thus the Investment In goverent-owned
workshops and space parts Inventories is negligible.
The United Kingdom bas
had promising initial
results with a program (begun in 1981) that requires
the agency's workforce to compete with private contractors.
(91 This
competition stimulates pressure for efficiency on both sides and has provided
an lncentive
to assemblereliablecostdata*
3.17
Contracting
technluees and skills. The use of contractors
can
reducethe burden on the road authority,
but It lncreases the need for supervisory managemet. Harnessing
the profitmotiveto get the required work
donewell,on time,and at reasonable cost requires knowledge of contract
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Box 3.2
LowUSiU1

Ut Utilization

In VastAfric and Latin Akerica

survey,by the WorldBank in 1985for West
Roadmaintenance
rates
utilisatiov
Africaand LatinAmericafoundvehicleand equipment
as efficient(1,250hoursa year).
Is regarded
far belowwhat generally
rangedfrom420 for
In WestAfrica,the averageannualhoursof operation
averaged
utilization
America,
Latis
In
trucks.
dump
rollersto 840 for
were
plants
crushang
and 800 for vehicles;
750 hoursfor equipmeut
utilized even lese, and asphalt finishers had the lowest rate - 420
hoursa year.
In West Africa,lackof sparepartsand fuelappearto have
About40 percentof the road
been major caues of low utllisation.
received only half the funds needed to purchase spore parts
authorities
Fuel expenditures In nine
to keep their fleets fully operational.
the amount needed for 1,000
one-third
about
only
were
1982
In
countries
The lack of spare parts hindered maintenance, and
hours of operation.
operation.
the shortage of fuel restricted
is harder to explain In Latin Amerlca. With
Low utilization
had enough
surveyed
In the countries
roadauthorities
threeexceptions,
About40
year.
a
funds for spare parts to operate the fleets 1,000 hours
percent of the agSences had less than two-thirds of the funds neded for
fuel for 1,000 hours of operation a year. But the rest did sufficiently
better to raise the reglonal average to 82 percent of the funds needed
and, possibly, too few well
Poor equipment mageet
for fuel.
qualified operators and sechanes may partly explain the low rates of
utilization.
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design. The contract
shouldnot provideuneconomic
incentives
(as In a
cost-plus
contract)
or restrictthe contractor's
freedomto seekcost-saving
methodsand sourcesof supply.Whereinstitutional
capability
Ls limited,
consultants,
speciallsts,
or management-services
contractors
can help to
developmanagement
systemsand contractinstruments
and providetraining
for government
staffand contractors.
3.18
If well-established
doaesticcontractors
are not available,
the
trialIntroduction
of smallcontracts
(say,for routinemaintenance
thatis
technically
slimple
and requireslittleinvestment)
can reducerisksand help
developthe capabilities
of government
and contractor
personnel.All
successful
contracting
schemeshave Involvedclosecoordination
betweenthe
governAent
and contractors
in defiAnigand plamningthe work. Suchschemes
havealso changedthe role,sources,
and contractual
modesof foreigntechnical assistance.
3.19
Humanresources.Betteruse can be made of humanresources
In
severalfacetsof roadmaintenance.
Unskilled
laborcan be substituted
for
machinery
- a cost-effective
solutionwhenwagesare low,activities
are
properlyorganixed
and managed,and suitableIncentives
aro builtintothe
system.[81 And manycountries
havehad goodresultswith the simple
"lengthman"
system. Underthissystem,peoplelivingalongside
the roadare
responsible for maintaining It,with paymentand continuing
employment
contingent on satisfactory
performance.
3.20
Low and Inflexible
civilservicesalaryscalesmake It difficult
for government
agenciesto retaincompetent
managers,
engineers,
technicians,
foremen,
mechanics,
and otherswithspecialskills. Sometimes
Incentives
can
help retainthe mostproductive
staff. The roadsauthority
in Ethiopia,
aftersometrialand error,deviseda bonesschemebasedon work-unit
productivity.
AgenciesIn severalothercountries
use specialallowances
to
encourage
fieldsupervision
by middle-level
managers.But despitetheseand
similarschemes,staffturnoveris likelyto continueto be high. Road
authorities
may as well recognias
thatone of theirusefulfunctions
is to
serveas a&training
and provinggroundfor personnel
who willmoveon to the
private sector.
3.21
The personnel management - or aismanagement - is the area with
the most potential for improvement. Staff mest be motivated - and inculcated with a bense of duty and accountability - with good performance recognized and rewarded. Recruitment and appointment to senior positions must be
based on competence, not patronage or antiquated seniority-bound civil
service regulations and policies.
Weak performance is all too often blamed
on inadequate training when It stemsfrom lndequate,nonexistent,
or
unenforced personnel management policiess
Training whose Importance cannot
be emphasized
enoughmustbe an lntegralpartof personnel
managemnt. For
suchdispersed
work activities
as roadmaintenance,
roadextension
services
can be modelled on the training and visit system used In agriculture to
provide an effective and fairly low-cost means of training maintenance
staff. 145, 461
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focused
Technical assistance for road mlatenance has traditionllly
3.22
o0 advisory services, maage_et systems, and tralAng for road authority
It is lses coon for technica4 asslstance personnel to act In an
personnel.

operating, rather than advisory, capacity.4/
teachical serv"aes have little
performance, add only indirect

An a result,

providers of

exposure to rlik,few licentives for Improving
(If any) for measurable output.
responslbllity

Some scbemes have tried to establish perfomanee Incentives for
3.23
suppliers of technical asslstaone by redefiniag their role and la"ving the
assistance
suppliers of toeical
But traditional
move of the risk.
So It
risks.
generally lack the finalcial wherewithal to accept sgniflcant
lternatloual
as
such
assistance,
of
sources
nAw
to
look
to
desirable
may be
These companies are accustomed to risk-taking
contractors.
civil engleering
inceatives, and their staff have the requiventures and performance-related
and are accustomed to workiag together as anagement
site qualifications
Aother optlon is a "twvinning arrangement
teams in developing countries.
in a move
agency and a partner listitution
road
country
a
developing
between
of
exchanges
regular
facilitate
can
mts
_
arrnge
Such
advanced country.
the
for
provide
also
can
They
middle-lovel maagers and technical staff.
transfer of technology, procedures, and systems. (471 The Federal Righway
Admianstration of the United States has collaborated in such arrangements
Jordan, Uberia, Nhpal,
of Argentina, Ethlopla,
with the highway authorlties
france,throughits
[481
Philippines, and Turkey, amongothers(Box3.3).
services agencies, has also provided assistance to develop similar
techncal
In Algeria,Casroon,and Coted'Ivoire.
institutions

programs of France and
assistane
staff to assum senior
technical
provided
have
which
the United iangdom,
as Djibouti, Cote
countries
such
of
line positions In the bigbhwy agncies
such technical
of
Ad'voire, Gambia, Malawi, and Nlger. The effectiveness
of the
assistance wlll be greatly enhbaned If the tecnical inalstries
backatopplg.
adequate
provide
posaoring countries

11 Amongthe exceptions are the technical
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Box 3.3
Sinnin

OS
od

eand

ishniym

muiuatim

In 1947 the United States laltiated
a cooperative program to help
Turkey develop a highway orgamosation capable of constructing and maintaining an expanding road system. The US Public loadsAdinulitration
(PRA)was entrusted with this task. The first phase of the assistance to
the Turkish highway adainistration
consisted of the PBAstaff'sassessment of highway developmaet In Turkey and a formal agreement with the
Turkish government covering the objectives and arrangements for implementing the program.
PIRA's
staffInitially
providedthe core organization
for the
work. Specialists
were addedto the organixatioal
unitsas required,
but as soonas Turkishpersonnelould take overan organiSational unit,
thatunitwas droppedfrom the technical assistance program. The first
division to be transferred
to ec¢luslve
Turklsbadministration
was the.
Planning and Programming Diviston.
When the techidcal cooperation program began in Turkey, local
counterparts could not be found for many of the technacal divisions, such
as Materials
or Surveyand DesiSgn To fillthisgap, trainingprograms
wereorganized
withthe bettergraduates becominginstructors
for new
classes.
While learniag
on-the-job,
the Turkishpersonnel gained further
practical experisece as they built and maintained the highway system.
And when recruiting satlsfactory
equlpment operators proved difficult,
the Turkish Army supplied me and officers for the program.
The last US advisorleftTurkeyIn 1958. By thea,the Turkish
General Directorate of Highways had evolvedIntoa first-class
highway
organixation capable of maintaining 27,000 miles of all-weather national
and provincial highways most of Which were Improved or constructed
during the period of the US teechncal cooperation.

Source:

America's Hzhways 1776-1976, US Department of Transportation,
- ederal
Sighway
Administration,
Washington,
D.C. (1976).[481

CIAfURt 4:
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4.01
Pew developingcountrieshave spent wisely or enough on road
maintenance. Not all roadshave to be maintained
in the bestcondition
to
maximize economic returnl, but heavlly use road should not be allowed to
deteriorate
especially wben a fairlysmall, properly timed expenditure for
maintenance
wouldmake reconstruction
unnecessary.
The costs for restoring
deteriorated and rapidlydeteriorating
roadsare substantially
more than most
developing countries
have been spending. But far greater sums are at stake
If the situation Is not handled betteroverthe next decade.
Mm LagEgte Pietwe

4.02
The financial
requirements
of the roaddeterioration
problemhave
two parts. One is the costof economically
warranted
restoration
(rehabilitationand reconstruction)
of the roadsthathavebeenallowedto deteriorate
to poorcondition.The otheris the futureannualcostof economically
warranted
maintenance
of the wholenetwork.
4.03
The costof restoration.
The costof economically
warranted.
restoration
of degra4edmain roadsfor 85 developing
countries
Is about$43
billion(Table4.1).1/ Evenwitobuta claimto accuracy,
the number
providesan orderoCragultude. Bridgesand largetertiaryandlower-order
networkswerenot included,
but a speculative
estimatefor suchcomponents
is
about $15-25bllllon. Under limted budgets,only some of these components
wouldqualifyas economically
warranted
restoration.
The estimates
also
exclude8bout

$3 billion for some rehabilitation
of very low-volumemain

roadsin the poorostcountries
of Sub-Saharan
Africa. Fullrestoration
of
theseroadtwouldnot be economically
wcrranted,
although
maintenance
should
be at higherstandards
thanat present.

1/ The estimation
procedures
are described
by Smithand Barral.1351 A few
countries
tn each regionaccountfor a largeproportion
of the region's
restoration
needs:
EasternAfrica:
WesternAftlca:
East Asia:
SouthAsia:

Madagascar
and Zambiatogether,
402
Nigeriaand Ghanatogether,
S8X
China,562
India,64Z

Europe,Middle East,

and NorthAfrica:
LatinAmerica
and Caribbeans

Turkey,Yugoslavia,
and Algeriatogether,
562
Brasiland Argentina
together,
63X.
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Table 4.1:

Total Expeaditures Required to Moet the
Estimated Restoration lacklog In 1984
(US$billion;1986 prices)

Rehabilitation
and reconstruction
Paved
Uipaved

Region
Eastern and Southern
Africa
WesternAfrica

1.4
1.9

last Asia and Pacific

7.5

South AsiA
Europe,MiddleRest,
and NorthAfrica
LatinAmericanand
Caribbean

2.2
2.8

3.32
3.22

0 - 15.5X
1.2 - 36.9S

9.3

1.62

0*2 -

7.7

0.8
0.9
1.6
0.9

8.6

3.5X

2.5 - 12.72

8.4

0.9

9.3

2.62

0.4 -

7.9

3.1

11.0

2.02

0.4 - 22.86

2*5Z
7.42

L

Total

8

(percentage
of total) (81)

(19)

Tle

Total as a
Percentage of Gup
medlan
Range

Total

(100)

4*.2:AnnualMaintenance
Expenditures
Requiredto
Preveat Deterioration,
1986-90

tugs biliiona In 1986 prices)
Total
Routine
'
maitenace

Paved

Africa
WesternAfrica
East Asia and Pacific

0.2
0.1
0.3

South Aala

Region
Eastern

Ekrope,

as a
of ,erceta
oNP
Range

acAx
Unpaved

Total

0.1
0.1
0.8

0.1
0.1
0.2

0.4
0.3
1.3

0.72
1.02
0.22

0.2 - 1.82
0.1 - 3.52
0.1 - 0.42

0.1

0.3

0.1

0.5

0.32

0*2 - 1.12

0.2

0.5

0.1

0.8

0.32

0.1- 0.6Z'

0.5

0.6

0.3

1.4

0.42

0.1 - 2.82

hlsurf

median

and Southern

Nlddle BEat,

and NorthAfrica
tatin America
and
Caribbean

m4.

Total

(percentage
o! total)

(30)

(51)

=4%07

(19)

(100)

-

32 -

4.04
Futurecosts. Strongly
affecting
futurecostswillbe the money
spent(andeffectlvely
used)In the nextfew yearsto preventthe deteriorationof moreroadsIntopoor condition.
A remarkably highproportion
of the
paved network (more than 40 percent In 1984) already Is or will soon be in
only fair condition, requiring major maintenance to prevent structural
failure.
Met promptly, resurfacing and routine maintenance needs should
amountto about$4.7billion a year (Table4.2)over the next few yearsand
then taper off soaewhat after the bulg of roads In fair condition passes
through. If these needs are not met ia time, however, the costs willl
multiply rapidly.
An example of Inadequate spending is the $43 billion
worthof restoration
neededaow becauseof not doing some $12 billion of
preventive
maintenance
overa decadeor so.
4.05
Requiredallocations.
The funds needed to preventfurther
deterioration
and to clear the $43 billion rehabilitation
backlog (in either
fiveor 10 years)are summarlzed
In Table4.3. If all countries
met the
five-year
target,the costwouldbe about$13 billiona year ($4.8billion
for maintenance
and $8.6billionfor restoration).
For the 10-yeartarget,
the costwouldbe about$9 billiona year($4.8billionfor maintenaice
kad
$4.3billionfor restoration).
The foreign exebage requirements would be
$4 billlon for the five-year target mn $6 billion for the 10-yeartarget.
4.06
These estimates are less than, economically optilal because they
e-mphasize holding down road agency costs at the expense of higher user costs
(especially In the 10-year program). That emphasis Implies gltvng priority
to savingroads In fair condition to minimize future restotation costs, even
if the socialreturn would be higherfrom reconstructing
heavilytraveled
roadsIn poor condition ad thereby saving user costs.
4.07
Costs could be reduced by Improving the productivity of maiutenauce, but It Is not clear whether such galns are attainable In the short
run. There is scope for Improving the productivity of some elements of
maintenance operation
- labor, equipment, and procureent and supply. But
such gains are likely to be disrupted If the lastitutional
structure is
defective.
Even If supported by am Infusion of technical
assistance,
such
gains are difficult
to ustain without the commitment and dedication of
local staff and maasgers of road authorltles.
Productlvlty gains are
likely, therefore, to account for only a aall reduction In the short-tern
bill.
4.08
Total road expenditures, includlng constructiou, In the 85
countries are estimated at $10-13 billion for 1984, of which restoration and
maintenance may haveaccounted
for about50 percent. With$4.8billiona
year requlred for future maintenance, little would remain for catching up on
the rehabilitation
backlog. In may countrie the restoration and maintenance budget Is too small even to stabilize the road networks In thder
present condition, let alone rebabilitate
thm.

-
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Tble 4.3
Annual Financing Requiremeants for Restoration and Msaintenae
(US$billionIn 1986 prlces)
Totalcost

Eastern and Southern Africa
Western Africa
lastAsiaand Pacific
SouthAsia
Europe, Middle East,and
NorthAfrica
Latin America and Caribbean
Total

of Roads

Forelgnexchanae
5-year
target

10-year
target

5-year
target

10-year
target

0.6
0.6
2.2
1.4

0.6
0.9
3.1
2.3

0.3
0.3
0.9
0.6

0.4
0.5
1.3
0.9

1.8
2.5

2.7
3.6

0.8
1.2

1.3
1.7

9.1

13.4

4.1

6.1

CJqnoriDifferences
There are wide differences among countries In the financial
4.09
the ability to marshall
requirements for road maintenance and restoration,
and allocate the needed resources, and the capacity to use additional
effectively.
resources
The financial saverity of a country's road
Financial constraints.
4.10
restoration requirements can be gauged In two ways. One Is to estimate the
lmprovement In current funding for maintenance tat would result from reallocations of the overall sector budget. The otber Is to look at the rate of
growth of real GNP per capita during 1975-85. The first criterion shows what
could be dons with current road funds. 'me second glves a crude lndlcation
of the potential for licreaslng those funds. Altbough any Indicator of the
funds it open to questlon, the growth of Keal Gan
potential for lcresring
per capita is believed to be a valid lndicator for most countries.-/

2/

the oil-producing countries ad
There are bound to be exceptions:
others linked-to them economically had unuually high growth rates
during 1975-85 but were set back by the recent drop In oil prices and
are now facing adjustment problems.
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Current road budgets (from domestic sources and, in some cases,
4.11
external assistance) were placed in three broad classes according to their
adequacy for road network restoration:
Current road funding, if
* Sufficient financing capacity.
reallocated, would be sufficient for adequate maintenance of the
network, for complete restoration within five years and for new
construction amounting to at least 20 percent of the total.
Current funding would
to marginal finacingcapacity.
M
Noderate
have to be increased by up to 50 percent and new construction
held to 20 percent of the new total to carry on adequate
maintenance and complete the restoration in 10 years. 3 /
o

finacing capacity. Even if current fundingwere
increased by 50 percent and new construction were held to 20
to
percentof the new total, funds would be insufficient
complete the restoration in 10 years.

Insufficient

These criteria were applied to 61 countries for which some expendi4.12
ture data are available (Table 4.4). More than half the countries with
budgets to finance their road requirements (11 of 16) had
insufficient
of real CEP growth. Of these, nine are in Sub-Saharan Africa,
rates
negative
whereextensive road building and paving in recent decades set the stage for
These countries have the
today's rapidly worsening maintenance situation.
greatest need for increasing their road budgets and the poorest prospects for
doing so. Alongwith their neighbors in the table, they constitute the hard
problem in the developing world.
coreof the road maintenance

4.13

A somwhat differen- problem affects China and several countries in

South Asia: Inldia, Pakistan, Burma, and Bangladesh. In general, many of
their roads were built long ago to standards of strength and geometry that

Although these roads, too,
are totally inappropriate for today's traffic.
not be rehabilitated.
should
of
them
my
have deteriorated extensively,
Instead, they should be replaced by roads of a capacity adequate for present
and expected requiremts.
eallocation of funds. LAving aside the special needs of coun4.14
tries with obsolete networks, the reallocation of funds from new construction
to rehabilitation and maintenance will be necessary for almost all the other
countries in Table 4.4 unless they can increase the road budget signifiEvencountries
For many,-the reallocations will have to be drastic.
cantly.
one
from
funds
shift
to
havo
will
capacity
financing
"sufficient"
with
of the
because
is
difficult
countries
many
In
which
category to another
budgeting procoos. Sme have separate national budgets for capital and
current expenditures, with construction in one and rehabilltatlon and
3/

There is a widt definitional gap between the first two categories. None
of the countries fell within that gap, indicating a clear distinction
between the two groups.

-
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Table4.4
RoadRestoration
and Maintenance:
Financing
Countries
Capacity
in 61 Developing

Annualgrowth
of realGNP
per capita
(1975-85)

and
restoration
to financerequired
Capacity
based on recent higbway budgets a/
maintenance
Sufficient

Over 2.5

OZ - 2.5

Morginal

insuffictent

*Korea
*YemanAa
*Csmeroon
*iAsotho
*ronesSA

*Botswana
Egypt
*Paraguay
*Thailand
TUDisia
Algeria
Yugoslavia

*Yen, PDR
Burma
Pakistan
Sri Lanka

ungary *Nepal
bonduras
*Colombla
Turkey
8cuador
*Iand.a
*Malawi
Philippines
*Burundi

India
Morocco
Brasil
Chile
Portugal

Bagladesh

*aXaan

Dominican

*Burknia
*3enin
*'enya
Mali

Guinea

Republic
*Papua New Guinea
*Nlger
Less than 02 *Cote d'Ivoire
*Nigeria

*Swasiland
*Costa Rica
Uruguay
ZiLbabwe
*Central African
Republic
*Togo

Sierra Leone *Gabia
Li1beria
'Mauritasia
Zaire
Zambla
Jamaiea
Tanzania
*Senegal
Bolivia
Madagascar

Argentina
Note:

Countries are listed In desceAndLg order of annual rate of growth of real GNP
per caplta durIng 1975-85.

a/

The recent national highway budgets (1981-85) used for this analysis inClude,
in certain cases, external borrowings or grants. Tbeassessmet of financial
capacity is somewhat subjective as highway budgets fluctuate significantly
over tLme in many countries.
See test (para. 4.12) and 1351.

*

Countries with recently

ezpanded or improved networks.

-
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maltenance-in
the other. And In many countries,
roadconstruction
is part
of the genesral
development
plan - controlled
by a specialofficeor
ministry,
not theministryor bureauresponsible
for maintenance.In such a
system,reallocating
roadfundsfromconstruction
to rehabilitation
and
maintenance
is almostimpossible
oncethe budgetIs drawnup. (A changein
allocations
wouldrequirea top-level
decisionbeforebudgetsare submitted.
Sucha decision
wouldprobablyencounter
strongresistance
fromthe entity
whose construction funds were to be reduced.)
4.15
Reclassifying the budget could ease the consequences of separating
construction from rehabilitation
and maintenance. For example, resurfacing
and rehabilitation
of worn-out roads could reasonably be classed as capital
rather than recurrent expenditures.
Capital project planners might then pay
more attention
to the need formaintaining
olderroadsand for assessing
the
future maintenance requirments of new construction projects.
The budgetary
constraints
on rehabilitation
wouldalsobe lessrigid. Sucha reclassificationshouldalsobe usefulin reorienting
the programsof externalaid
agencies.Anotherpossibility
wouldbe to integrate
capitaland currentbudgetsand to selectmaintenance,
rehabilitation,
and new construction
projects
on the basisof theireconomicworth- takingintoaccountfuture streams, of
maintenance requirements and road user savings in each case.
4.16
Absorptiva c!MCIty.
Money is not enough, because expanding the
capacity to use funds effectively can be very difficult.
Mostof the countriesconsidered
herewillhave to expand their rebabilitation
and maiatenance operations, whether by shifting resources from conscruction or by other
means. Road maiatenance agencles will have to handle maintenance efficiently
and on a much larger scale than before.
All this is likely to require a
tremendous expansion of the mantenance capabliUties of the government,
or
private contracting
firms,or both. Machinery
will haveto be acquired,
operators and mechanics will have to be trained.
And above all the managers
and staff of the road agency wlll have to learn how to plan, manage, and
supervise maintenance work efficiently
on a larger scale.
4.17
3xppnsion may be especially troublesome for countries with recently
expanded networks of paved roads. Many of these countries have little
experience with maintenance. Nor are they prepared for timely and adequate
maintenance that will prevent the need laterfor far moreexpensive
rehabilitation. Slightly more than one-balf of those 30 countries Included in Table
4.4 that have largely new paved network are judged to be problematic in terms
of their absorptive capacity.
Such judgements, based on Bank experience, may
be subjective but the overall balance is realistic.
The worstcombination
of
problems afflicts
some Sub-Saharan countries with relatively new networks:
insufficient financial capacity, negative growth rates, and problematic
institutional
capacity.
Nmhellsn

Dometic Resoures

4.18
Funds reallocated from new construction and gains in efficiency
will seldom be sufficient to finance the swelling costs of restoration and
saintenance.
A comon method for Increasing revenues to finance larger road

-
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expendituresIs to raise road user taxes and other charges. But In many
countries,
revenues from road users already exceed (non-urban) road
expenditures
by a wide margil; so wide that urban road expenditures
could
not possiblyaccountfor It. / Taxes on vehiclesand suppliesare a common
and convenient source of getnral revenue - often an essentialsourcewhere
the capacity to tax is limited.
But high road user taxes may distort
transportcosts and lead to economicallylnefficientbusinessdecisions
about location,production,and Investment. When distortionsexist, taxes
shouldbe ralsedonly after their structureis adjustedto reduce
distortions. For example,where heavy vehiclespay less than the cost of
the damage they inflicton roads,a tax Increase should be scructurednot
only to raisemore revenuebut also to encouragethe use of multipleaxles
to reduceroad damage. To the extent that additionallevies on road users
are translatedInto better roads, they will reduce (not increase)road user
costs.
4.19
Enrgarkinarevenues. Practicallyall the argumentsof fiscal
economics go against earmarking taxes for such specific
purposes as road
maintenance. Earmarkinghas neverthelesssurfacedIn a variety of developing and developedcountriesand It shouldnot be ruled out from consideration In two cases. In one, where fiscalcontrolis weak and revenusallocation and disbursement are subject to seepage or long delay - earmarking can
assure that the government's decision to maintain and rehabilitate
roads is
translated
Into practice.
Short-circuiting
the budget may then ake for a
more rational
use of resources.
In the other case - where a specialtax is
to be levied (or a rate raised)to financeroad rehabilitation
- the
principles
of benefit taxation apply.
The taxpayers,
within a well-defined
clientele,
know what they should expect to get in return.
Such a targeted
tax, like the earmarking scheme, will have a limited duration.
4.20
In either case, earmarking can be recommended only If the fiscal
Integrityof the receivingauthority(say, a road fund) and its determinationto apply the funds according to economic priorities
are assured.
A
frequent problem Is that money earmarked for the road fund does not find its
way there or is used Inefficiently
or for purposes other than road maintenance.
One of the few reasonablysuccessfulschemesl developingcountries
emerged only after much trial and error In the Central African Republic
(Box 4.1).

4/

Because expenditure
estimates
cover only nouwrban roads, It would be
desirable
to separate revenues derived from urban road users and tho"s
from nonurban users.
But this Is not possible because few taxes and
fees are tied to the locations
where the vehicles are used.
(See
Statistical
Table C).

m386

3.z 4.1
es. :riemcovith Ubagkibe ld
Numb
i tb- CantralAricaa jejimlic

In the 1960*and 19709 the CentralAfricanRepublicfailed
twice in earmarking funds for roads.
The first road fund was subjectto
so much discretiou
that the eararking
had no practical
effect and the
fund was abandond after three years.
A secondfund, set up In 1970 ia
connection with the World Bank's First Road Project,
was designed to
avold the earliershortcomings.But the amounts earmarked were lnadequate, payments were erratic,
and more mmry had to be sought through
budgetary appropriations.
A third road fund, inatituted
In 1981 iL connection with the
fourth UighwayProject,
Is still
functioning.
As a public establishment
wlth financial
autonomy, the fund bas the sole function
of flancing
road
maintenance. Revenues come from an iacreased

fuel

tax,

which the govern-

sent adjustsyearly to maintainthe fund'scapacityto do its work. The
fund is under a ainisterial aget
coittee, on vwhch road users
are representedthroughthe Chamberof Commerce.
This third road fund has also had some problems,mona fatal.
At one time, it had difficulty
collecting
the revenues.
At anothertime,
the government forced the fund to pay for a project outsild Its mandate.
Despite these ad other problem,
the fund has improved road maintenane
by raising the level and lncreaing
the regularity
of fundlng.

-
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ad Assistanc

countries
The sheeresxeof tbe tasknow facingmany developing
4.21
Implies massivedemandsfor externalfinancing.The foreignexchangecomporangefrom30 percentfor routinemainterequire_wnts
nentsof the financlig
nanceIn midle-lncome countries to 70 percent for restoration of paved roads
will have to
In manycases,extornal flaicing
countries.
In low-income
to preserve the Infrastruccovernore thanthe forelgSexchangecomponent
ture. And In the group of countries at the hard core of the problem,no
solution is conceivable without external financings
4.22
Ixternslfinancing will bave to be focused oD restoration and maineffortsare not to be divertesto lower priority
tenance if the countries'
Investments. In World Bank ledlAg.for highways, thisfocus has progressively sharpened. Overthe decade ending 198S, 53 percent of World laok lending
maintefor hlghways ($5 billion of $9.4 billion) was for rehabilltation,
nance, and technical assistance largely relatet to maintenance. Soms multithose with a longer experience
agencies, particularly
lateral and bilateral
of providing assistance for blghway development, also raised the share of
In their flancing of roads. But most of
maintenance and rehabilitation
1981-84,
to provide assistance for new construction,
thems,continued durlng
llateral
aid tended
even to countries with mounting maintenance backlos.
to have a higher proportion ofn aw construction and lmproveent works than
did mltilateral
asaistas.ce (Table 4.5).
4.23
In gsearal, It makessese to use external finance primarily for
increasing a country's capital assets - an domestic finanee for covering
curreat costs, such as those for maintenance. (ThIs is the tendency In most
It
countries In 8ast AsLa and in Europe, the Middle last, and North Africa.)
alo makessense to regard the willlngness and abillty of v country to pay
for maintennce - an ongoifag cost of road use - as a test of good Internal
managementeThere naturally are exceptions, mot obviously when countries
when the structure of demand bas changed
have suffered major calamities,
None
considerably, or when the policies of lenders are distorting factors.
of these exceptions will, however, justify leading for new construction if
the roads are In serlous disrepair.
If donors and leaders restrict
financing.
to the foreign exchange cost of projects, and oepeclally if they show a
they tempt recipient countries to
strong prference
for aw construction,
divert their limited funds to such projects - as leverage to lncrea
the
supply of foreign aid. Under these conditions, It Is not surprising that
malatenace io aneglected, especially In the poorest countries wher foreign
funding plays a big part In determining resource allocation.
Malatenance
work is then starved of the Imported fuel, bitumen, and spare parts needed
for the efficient
use of equipment ad labor.
In short, the icentlves
are
blsed agalist preventive maiateaace, contributing to the premature deterioration of assets.
4.24
If the deterioration of roads in developlng
countries
is to balt,
their pollcls on lendlng
all major lending agencies will have to liberalis
They will also have to coordlante their policies In each
for mistenance
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Tble 4*.5Eternal Assistance
for iigbways,1981-84
percentage
Distribution
by MajorCompovints
Source

Amount
($NoM)

IBRD/IDA

4,344

new Const., Rehab.,
&Ibp____e___

Main-

Technical

Reconst. tenance AssistanceO/

432

342

13O

102^I

392

302

102

12 b/

(864)

622

252

82

52

450

942

52

12

neg.

otherMaltilateral 2,889
Of which: IADB,
AfDB,
IOD, IslamDB,
BADUIA,
OPECFund
(1,892)
Bllateral:DAC
Of which:
France,Germany,
and Japan
Bilateral:Other

1.529

Mostlyfor maintenance.
b/ Self-standing
teohnlcal assitance
aj

(TA); project-related

TA not included.

country - rather than pursuiog dlsparate and sometimes conflcltlg
goals.
important in establishing the foundation for this .coordination Is having the
various led ers agree on a comprebensive road program with the recipient
country. And to ensure fiscal discipline In the long run, all parties should
scrutlinze the implications of such a program: the capital and current
of different parts of the program, and the
budget;, the relative prioritles
size of the program in relation to resources available from domestic and
foreign sources.
That should sake It easier to coordinate assistance in ways
that make the most effective use of resources.
4.25
Chile shows what such a coordinated program of hlghway sector lending can achieve (Box 4.2). The requlrements will differ in each country, so
the content and relative asic of laternal and external contrlbutions will
also differ.
For countries at the hard core of the road problem, the
requirements in each dimenson of the problem (money, techaical skills, and
administrative capability) are greater than can be met without assistance.
For these countries, the need for concerted action with donors Is particularly great, since there is so little margin for vasteo
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los4.2
World Bak load Sector I

IMg In Clile

Until1985Worldlank lending for roads in Chile was mainly for
construction
projects.By 1985,however,the rapidlyrising
individual
road maintenance requirements were already more than Chile could handle
arrangewith its central funding and its decentralized institutional
was
the
of the network
ments. seventypercent(56,000kilometers)
responsibility
of municipal governments, which lacked the technicallmanagerial, and financial resources needed for the task.
On advice from the Bank the central road agency (Vialidad)
for local roads and to use
decided to resume gradually the responslbllty
sector
Comprehensive
wherevertheywere competLtive.
private contractors
using the Bank's Highway Design and Maintenanee
planning was introduced,
Model* The central road aintenance budget was to be increased from $78
million for 1966 to $123 million for 1988, with two-thirds of the investment budget reallocated to rehabilitation
and reconstruction
($44 million
a year).
To support these moves and the new 1986-88Road Investment and
Maintenance Program, the Bank provided a sector loan of $140 milllon (21
percent of the program). Disbursements from the loan are tied to work on
maintenance to ensure timely execution of this high priority program.
The Bank also participated
In a parallel $400 million loan and worked
with other leaders and suppliers to finance the rest of the program.
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5.01
The conclusionsand recommendations
broughttogetherin this
chapterderive from threemain considerations:the increasingrate of road
deterioration,
the Insulation
of road authoritiesfrom the consequencesof
poor maintenance,and the very large costs and financialrequirements
involved.

o

5.02
The dynamicsof road deterioration
have much to do with the road
maintenanceproblem. Paved roads do not deteriorateat a uniformrate.
During an Initialphase of severalyears, deterioration
is minor but it acceleratesrapidly thereafter. Casualobservationof road surfacesgives little
warning of the iminence of the criticalphase,when road conditionsbegin to
deterioraterapidly. If maintenanceis neglected,road users bear the brunt
of the Increasein total transportcosts (the sum of infrastructure
and
vehieleoperatingcosts),since the share of agency costs In the total cost
of transport
is small.
Althoughvehicle operating costs constitute the dominant share of total road transport costs, improvements in (uncongested)
road
conditions save less in vehicle operating costs than previously estimated..
road investtherefore,
have sometimes erred by crediting
Project analysts,
ments with greater benefits
than are justified.
Meanwhile, road authorities
bave often erred by ignoring the effect of neglected maintenance on user
costs.
For road paving, moreover, the two errors do not cancel each other
out. Instead,they reinforceoe another: paving Is done before It is
warranted,and then the pavementsare neglected. The pavementsbecomemore
and more costly to repair,leadligto furtherneglectand prematurefailure.
5.03
Good choicesin road managementdepend on many factors: climate,
input prices, expected traffic
flows, vehicle types and axle loads, existing
road characteristics
and conditions,efficiencyof work execution and maintenance, available
roes"-rces and the opportunity
cost of capital,
and attitudes
rl ,. Because these factors vary from place to place, unitoward different
versal presriptions
could lead to many more mistakes than successes - thus
making It necessary to come up with specific solutions
for each country.
Somegeneral conclusionsnevertheless
emerge from the empirical research of
the past decad.
Road
Gravel roads are more economical than paved roads where traffic
volumes are low, the climate is not extreme, construction
materials not especially
scarce, and adequate maintenance can be
expected. This is true even for trafficsubstantially
higher
assumed lImits for these roads.
The uncerthan the previously
tainty surrounding some of the assumptions on which a decision
to pave has to be based allows a broad range of cost tradeoffs
volume for paving varying from under
with the breakeven traffic
100 vehicles a day to more than 400. It may, therefore,
be
reasonable to make decisions on grounds of prudence, taking into
consideration
local conditions and the reliability
of future
maintenance.

-43-

* Some paved rOids should, according to present knowledges have
been left unpaved because they carry so little
traffic.
Rather
than maintin such roads at nomal standardts, It may be economical, when funds are ltited,
to let them deteriorate and simply
to use low-cost patching to keep them usable.
* If a road carrying more than about 500 vehicles a day is to be
paved or strengthened, and If axle loads are hard to control,
the econmic savings from staged construction of the pavement
are lIkely to be lees then the cost of premature pavement failure. Tbus, countries that have difficulty
enforcing load limts
should build roads to higher initial standards - even though
this normally means building fever roads.
* Because of the nonlinear deterioration
pattern of paved roads,the resurfacing of nevr roads can be deferred with only a small
pealty - but only if those roads are not too close to their
If, however, the roads
age and not heavily traveled.
critical
are somsehat older or traffic Is heavier, the deferral of resVrbrkow
and require costly
facing could cause Irreversible
reconstruction.
*

in ranking the factors affecting mainteace
cboices, traffic
So wben
volume Is generally more important than road condition.
budgets are severely constrained, scross-the-board maintenance
cutbacks may not be the answr.
It may be better to maintain
high-volume roads In fair or good condition and to reduce subthe matemaace of sawm low-volume roads.
stantially
B
lecause the deterioration
of pavd roads is go Insidious, a road
maintennce agency mut regularly monitor the condition of roads
will not be delayed beyond the point at
so that aian
which costs rise steeply.
Tbe agency must also monitor the
volume and mix of trafficand axle loads to deteraine priorities
anagement inforfor lnvestment and maintenance. An effective
mation system that covers these conditions as well as the
agency's equipment, supplies, ad personnel Is a basic requirement for adequate planning and dt ployuent of resources.

* For saixum economy, road maintenance policy should be coordinaand the lifeted with road design and constrwution planlng,
cycle csts of the roads should be balanced against the operatiUn costs of the vebicles using thes. Tbis coordinatlon
requires a good data base and a capable staff uslng sund analyAppropriate models and information mnagement
tical teeciques.
systems exist for such anlysce.
Their use doesnot prevent
errors that result fro bad data or incorrect traffic forecasets,
but using the systm may belp avoid the errors of oversiplification.
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Iatitu*tiiml Dvewlom"t
Inadequate maatenance in developing countries has various
causes, but institutlonal
failure is the only explanation for
Its extent.
At the heart of this failure is the absence of
accountability.
All activities
to strengthen
institutions,
enhance inceatives, and improve the internal workings of road
agencies should be judged by their promise to increase accountability.
The road agency itself should be subjectto an
independent
system of auditing and inspection.
* The nature of road deterioration
and the separation of road
management from road use have sheltered road authorities
from
public pressures and market signals.
Both user groups and
highway adianistrations
should stimulate public awareness and
communicate their needs and problems to policymakers.

To limit
e potential for conflict between the planning and
control function of the road authority and the work execution
function, the two functions should be separated.
h goTerent
should minimse its direct role in works execution, even for
routine a3ntenance, and transfer that responsibility to
independent entities operating in a eompetitive environment
characterized by managerial flexibility and efficiency
Incentives.

in countries with a backlog of roads needing rebabilitation
and
In thogewith young roads pproaching the age when maintenance
requirements multiply, adequate resources sbould be brought to
bear on the maintenance problem before roads get worse. This
focus often requires reallocating
funds from new construetion to
rehabilitation
and malntenance. Ways of incressing the total
roads budget also should be sought, includitg linreased user
fees and taxes, possibly earmarked for rebabilitation
and maintenance. Por many countries, external finsacing will also be
needed - without it the serviceable network will have to
contract.
*

n many countries road allocations will have to be transferred
from nw construction to maintenance unless the total can be
increased.Wherebudgetsfor the two purposesreseparate
or
wherea single authority cannotreallocat
funds within the
total, roadresurfacing
and rehabilitation
should be elassedas
a capital expenditure.

5.04
Recomendtions for Bankpolicy must distinguish
between principles
that apply to all highway lending and princwles that applyto different
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countries according to their capacity for flnancing estimated maintenauce
A reviewof information,
needs and the capacity of theirinstltutlons.
backedby the experience of World Bankstaff,suggests that countries can be
placed in four maln classes according to:
* The stateof the road networks.
* The financial
requiremetsfor maintenace and rehabilltation
abilityto meet those requirements.
and the country's
for reallocatlg
* The possibillties
without major disruptionb.

recurrent

funds for roads

capacity to absorb more funding for mainteT institutional
The
nance and rehabilitation.
5.05
different
few years
available

The four categories are reasonably exhaustive and cover the
case that Bank operational work is likely to encounter in the next
(fbw 5.1). Bachcategory can be exemplified by countries for which
Information appears adequate.
* Category I countrles have,for the most part, used resources
for road investments and maintenance and now
cost-effectively
have a serviceable road network. Sustaining past trends will
dopend on the ability of tbhse countries to adjust their road
priorities
to changing circustances
and to maiutain their
capacity.
Provided these conditions are
existing institutional
met and barrlng unforseen events, countries in this category
.should suffer no serious roadtransport constraints over the
next five to 10 years. For them, the main emphasis of external
improvemeats, technology
assistance sbould be on lastitutional
traosfer, and operational efficiency.
a

Category II countries have underfundod road maintenance, with
the result that It has been iasdequate In quality or quantity,
or both. They could, however, rectify past inadequacies over
five to 10 years by reallocating resources to maintenance,
mproving the officieny of their operations and managemeat,
securing nore external aosistance, and, In some cases,
increasing the road budget.

* Category III countries bave backlogs of rehabilitation
and
maintenance so large relative to domestic funds, personnel, and
technology that correctlve action will take subscantial tlim,
effort, and.external assistance.
Thls category Is subdivided
Into countries in which preserving a young network is the
primary need (1I1t) and countries with older networks needing
massive rebabilitation
(111B).
* Category IV countries liclude Chlna and most of the lndian
is an estensive and
subcontinent.
Their conon characteristic
obsolete road network In need of modernization to meet the

-46-

lox 5.1
Diagmsti
CATUSOUT
to

FrameworkftorUxteral Assiatamee Polly

t. the load Sector

In theseeountries,the institutional
capacityand pastmaintenance
efforthave generallybeen adequate.They now need to adjustpolicies
and expenditures
to meet emergingmaintenance
requirements,
particularly
for now networks.They also need to devotecontinuing
attentionto
institutional
and technol*glcal
improvements,
and efficientoperations.
Examples:Chile,Korea,Niger,Malawi,YemenArab Republic.

CAUGOB.II. In thesecountries,
the fundingfor maintenance
has been insufficient.
They urgently need to reallocate
domestic and external resources within
and to roadsector. They also need to devotegreateremphasisto
policyreformto expandinstitutional
capacity.
Examples:Kenya,8razil,

Nigeria,Indonesia,
Yugoslavia.

CAIEGN= ItIt In thesecountries,the institutional
capacityhas beengrossly
inadequate.Theyurgentlyneed to mobilixesubstantial
external
financialand institutional
assistance.Theymust give a high priority
to the coordination of aid programsand emphasizeinstLtutional
reform.
A. This subcategory
of countriesmustgive priorityto resurfacing
and strengthening
pavedand unpavedroadsto preserverelatively
new networksand to buildinginstituttonal
capacity.
Examples:
B.

Mali, Benin, Nepal,Burundi,Liberia,Senegal.

This subcategory of countries
mast give priorityto restoration
of
aging infrastructure
and to buildingthe institutional
capacityto
aid economicrecovery.

Examples:Laos,Chana,Bolivia,Tanzania,Madagascar,
SierraLeone.
CAMP= IV*. In these countries,
the networks and maintenance technology are
obsolete.
They need to mobillse domestic and external resources for
modernization. They also need to place major emphasis on technology
transfer,
Institutional
improvements, and the development of skills.
Examples: China, India, Pakistan,

Bangladesh.
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burgeoning demnd for road transport. With fewexceptions,
these countries have not neglected maintenance. But their aged
road networks and outmodedmaintenancetechnology seriously
constrain good maintenance practice. These countries need to
mobilise substantial domestic and external financial resources
to meet the growing needs of their road networks.
5.05
A commonrequirement across all four categories, and one of major
importance to Bank policy, is the reallocation of domestic and external,
resources to balance new construction with maintenance, rehabilitation, and
betterment. Reallocation will vary according to each country's circustances
within the broad limits for each category. In most countries, reallocating
the road budget will leave fewer resources for new construction, so that new
investment priorities will have to be established.
In some countries, moreover, no amount of reallocation will suffice - nor will the economic situation permit additions to theroad budget. In such circustances,
the networkt's
quality and extent willhave to be reduced. If such a contraction
appears Inescapable, the Bank's
aalytic work willfocus on establishing
priorities for essential maintenance and restoration.
5.06
The Bank's sector andeconomic work in transport will refine the
assigme t of countries to the four categories. Moreover, the analysis of a
country's road sector will be a key input to Bank country assistance strategies for that sector, particularly for countries having the most critical
problems. Because restoration and maintenance needs vastly exceed the
resources available for this purpose in most countries, public investment and
expenditure reviews will recomend the division of road expenditures betveen
new construction, restoration, and mintenance. These reviews will also
evaluate the financial and institutional capacity for coping with the future
mintenance needs of new road investments and propose cost-effective
Investment and maintenance strategies.
5.07
Bank lending for roads will be conditional on each country's
achievement of an acceptable distribution of expenditures amongmajor
purposes: new construction, restoration, and maintenance.
For countries in Category III, lending will normally be confined
to road saintenance and restoration - with the condition that
the country also applies its entire road budget, including
external assistance to maintenance and restoration.
Exceptions
to this condition,

other than minor ones, will be made where

development roads are needed to exploit agricultural and mineral
resources in the context of Identifiable investment projects.
F countries in Category SI, lending will be conditional on
Por
periodic agreement between the Goverment and the Bank, about
the division of funds amongnew construction, restoration, and
maintenance. Funds will be comitted or releaed in tranches,
conditional on reaching the Interim obectives of agreed-on
programse
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In Bank appraisals

of road construction and betterment the
probability of a road being maintained to acceptable standards
will enter explicitly into the calculation of a project's
expected net benefits, and reflect the country's past road
mintnance
record.
5.08

Because so much capital

Is at risk

and the economic outcomes are

so sensitive
to country differences in networks, trafflc,
and other circumstances, the Bank will requirethatroadagencieshavean adequateroad
ngeent system - or a phased,monitorable
programfor establishing
one.
And to improve efficiency and reduce the potential for conflict between the
plamning and execution
functions
of the road authority, the Bank will
encourage
maintenance
workby (privateor public)entities
outsidethe road
authority - entities operating according to commercial principles and
preferably
in a competitive environment.
In addltion,
the Bank will support
schemes to Increase awareness of the need for management systems and for
adequate resources for rohabllitation
and maintenance. These schemes will
focuson effortsto educategoveroment
officials
and to make the public
ware of the consequences
of neglecting mintenance.
Such efforts will.
Include regular publication of the data from moitoring road conditions.
5.09
The Bank will also assess progress in the educatlon and public
awareness components of Bank projects and In the transfer of maintenance
work to entitiesoutsidethe roadagency. In addition,
the Bankwill
periodically
reviewthe four-category
classification
of countries and make
appropriate adjustments basedon new evidence or the findings of its
operational staff.
Actla

by the

5.10
In financing highways, external agencies should emphasie rehabilItation and maintenance In countries La Categories TI and III and modernization In countries ln Category IV. They sbould limit thelr flnancing of
new constructLon largely to countrLes ln Categories I and IV - and then
only in integrated programs for constructlon, malntenance, rehabilitation,
and modernization.
In addition, all external agencles involved in road
sector activLties ln any country In Category II or III should requlre that
the recipient
government
establisb
Lnternal
admeinstrative
mechanLsms
to
coordLuate
and monitorexternal assistance programs* Consultative
groupor
roundtable _mtingscan offectLvely
ald governments
used to achievethis
objectlve.
5.11
The databaseneeded for understandLng the factors that influence
road deterioration
and the effects of different maintenance
processes
should
be substantially
strengthened and refined.
Road research institutions
and
bighway authoritles
in developed and developLig countries should continue
researchon the multl-dimenslonal
isouesof roaddeterLoration
- technical,
lnstLtutional
and financial
- and shouldsupportlnternational
exchanges
of
data,Laformation,
technology,
and systems. In additLon,
externalagencies
sbouldprovidetechnical
and financlal
supportfor the compilation of internattonal statLitLcs on road conditlons.
Such a compilation is essential if

-
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worldvide trends are to be detected and reliable Judgments made about the
relativeperformance
of countries.2he UnitedNationsStatistical
Officeor an organization such as the Permanent International
Association
of Road
Cougresses
(PIARC) or the International Road Federation (IV) - could
assumeresponsibility
for compiling these statistics.
Also recowmmededis
the annualpublication of statistics
on the sourcesand uses of external aid
for roaddevelopment.
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1.
The anlytical framwrk for the teechical flndings Is the World
lank study on highway desigp and maintenance stanards 16,27, 291 and the
oprational HighwayDeig and Nalatenance Model (lUK) developed from It (now
In Its third version,
K-III). The modelenables Investigators to apply the
results of empirial research on underlying physical and economic relationships to evaluate pollees, standards, and programs of road construction and
m*atenace. 1421 The geoeral relationships aMongthe main variables ia the
road deterioratlon cycle are shown schematically In lax Al. The model
contais statiletically validated empirical relationsbips that are used to
simulate aost of these effects.
Using data on existing roads and their
conditions and estimaCas of future traffic volume od composition, the model
preicts the deterioration of roads and the effects of specified road mainteane an lprove
t policiese
modelGthen estimtes
the cumulative
effects of the" processe on road condition, particuarly road roughness
(one of sevral road condition parameters estimted by the model), which has
a major effect on the operatlg costs of veheles using the roads.
2.
Thomodel prdmts the evaluation of several maintenance alternatives for a road 1lnk, a group of roads with similar characteristics,
or an
entlre network of pved and unpaved roads. The moel computes the aggregate
costs of carrying out specified maintenance and construction polleles, the
asociated vebtcle operating costs, and the tin streams of total life-cycle
costs discounted at several rates to find notpresent values or internal
rates of return
Using these decision criteria, optimal combinations of road
design and maltenane policies are acortained.
MWanteanc policies under
budget constraints are foud by linking the EK-Ill Model to Its companion
Expeounture Budgpting Mdl (W), which employs dynamic programmingto deal
with multiperlod resource constraints.
3.
Vehicle operating coats constitute a larg share (75 percent to 95
percent) of the total road tramport cost, except whAmthe traffic volume Is
extromely law. Thus the effect on total transport cost of even a small
percentage change in vehicle operating costs Islrge relative to the effect
of changes it construction a"dmaintenance costs. Before the MU studles,
/

Thbisannex prents
a fuller
i the mai text on
tbeireconomic cequences.
englnerig-econom c aspects

reporte

141.

techalna eWplsaation of the findings
road lnvestumnt aNd maintenance options and
It is based on an lanvestigation of the
of road deterloration by handari et al.
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- keeping drainage clear
- patching CraCke ad potholes
- repairing
shoulders
- ressling/surface
trestmeat
- pavement strengthening/
rehabilitation
- reconstuction
(deterred
saintenance)

A1_

>

unP vd ro
- potholes
- ruts
- corrugattons
evosion
gravel loss

ensur

II

worn-out

and

aved roads
- potholes
- ruts
- cracks
- broken edges$
- shoulder wear
dn
t
eform.tion

C

wate

.
aOUOESB
With -J
effect

on

V8HICLEOPUATtNO COST
pard
- s ep parts
- fuel consumption - maintenance

- tire .sr

labor

vehicle
utilizationandage

Unsavedro"Is: tn the ab4sece of maintenance,
unpaved roads detertorate
very
rapidly, reulting In vaty bigh levels anm rapid growth of roughnes.
The progression
of roughnessf,howver,
is eeutially linear,aNd th consequences
of poor maintenance
bocomeapparentimediatelr.
TS action of traffic
causes corrugatonas aod rutttig
and,
combined with rainfall,
results In deeper ruts, potholes, and even gullies and washouts.
-xcessive water reduces loa4-bearig
capacity,
itduciag rapid deterioration
under traffic.
tn very dry 'onvAtions, evaporation of water reduces the bwod witbin the surface material,
which then diointegrate
under traffic,
so that the fine binding particles
are lot io
dust, leaving loos gravel, which need priodic
replenoshmt.
The wear and tear on
roadsby traffic
io thu
tronogly lterrelated
witbh clietic
factors.
Topography an
and roAd alignment ar
sigifleant
factors because eroso,
vehicle cornering, and hill
climbing tend to increa
gravel displacoemot.
Se conditon
of gravel aod earth roads
is hSghly sonsitive to the ldvel ao ftequeny
of Maintenaca.
Paved roads: Th progretsio
of deterioration
on paved roads follows a distinctly
nninsar
path.
A long lntial
phas, tlsting up to two-thirds of the life-cycle,
passes
with little
discrnble
distres
and minimal maintenace osn s but to followed by a phase
of accelerating
deterioration
(primrily
In the form of cracking and rtting)
resulting
In itnceased roughness ad,
o extreme cases, potholing.
tn the absce
of a major
maIntenance intervetion
thi eventualy
leds to structural
fallure*
Whil crecking
coaus a generallsed
rtduction in pavent
strngth
this effect
s exacerbated by
lnadequte drainage ad shoulder maintenace,
a rcai water penetrates the eracks
and
wakens the undetlytig layers.
Pavent
d
ge due to poor daing
Ls particularly
pronouncd in wat climtes oa
In aras subject to f
aing.
tn ono ase studied here,
heavy rainfall
(l5O0/month) reduced pavement life by about 30 percent (ile.,
frte 14
years to 10) compared with light rainfall
(20 mm/month). pavement deterioration
is
critically
lnflueced
by traffic
level an loding, with d
JmaIncreasing exponnatially
with ale load; the damge, however, may be curtUild
by tacrasing
paveent strength In
term of its structural number ().
e d oRntypicl
eSxmples LA this study(pavemens
with en initialSW of 1.5 to 2.0, ed 0.25 to 0.45 millionstandardale loadsa your),
doublingthe initialstrengthpot_pone the mad for an overlayby 10 to 12 years.

-
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no basicempirical
data on the relationship
betweenvehicleoperating
costs
and pavementsurfacecondition
wereavailable,Road Investment
decisions
were guidedby Imprecise
and fragmentary
estleates
of vehicleoperation
costs
relatedprimarily
to the typeof road (paved,
gravel,earth). Basedon
Improvedestimation
of vehiclespeeds(In a free-flowing
trafficreglme)and
operating
costs,as a functionof roaddesigncharacteristics,
the lDM
researchsuggeststhatvehicleoperating
costsare somewhatlesssensitive
to
changesin roadcondition
thanpreviously
estimated.A comparison
of vehicle
operating
cost Indicesfor pavedand gravelroadssbowssignificant
differencesbetweenHDM resultsand estimates
fromtwo earlierstandardworks
(TableAl).
4.
The relatively
lowervehicleoperating
costdifferences
estimated
fromRDN relationships
may be attributable
in partto Improvements
In vehicle
designoverthe last20 years. Nevertheless
It Is faitlyclearthatcertain
roadimprovements
may have smallerbenefits(vehicle
operating
costssavings)
than previously estimated.
Inadequacies In empirical Information on basic
road deterioration
and vehicle operating cost relationships
In the past may
have contributed to premature paving of toads, particularly
in the lowtraffic,
high-cost African enviroment, and possibly to the underdesign of
heavily-trafficked
nationalroadsIn India, Indonesia, Nigeria, and Pakistan.

Tabe Al ComParison of VehicleOewratinCostIndices
for Pavedand GravelRoadsby VehicleClass
Passenger
Car LUghtTruck ReavyTruck Articulated
Truck
PavedGravel PavedGravel PavedGravel PavedGravel
de Wellle

(1966):/

100 126-133 100 141-152100 140-170100 150-170

AA8HTO(1977)b/ 100 108-163 100 109-156100 112-158100 113-161
nDi (1983)0/

100 108-126 100 114-138100 117-146100 115-144

8/ Basedon de Welle - Quantification
of loadUserSavings,Table11, pp

28-29 1101.
b, Based on Winfre

-

Economic Analysis of Highways, Table A-44, pp 727 1431e

C/ Based on UDKrelationships
applied to Costa Rlca data, with steady-state
roughness on gravel road,ranging from an IRI of 5 to 9.

-
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CaseStudies
5.
The 1DM-111and DM modelswereemployedin a seriesof case
studiesto investigate
optimalinvestment
and maintenance
policies
undera
varietyof conditions.loadtypesand conditions,
traffic,climate,
and unit
costsin the studiescorresponded
to thoseobservedIn threecountries
Mali,Chile,and CostaPica. Despitethe limitedinferences
possiblefrom
the case studies,
the consistency
of the resultspermitsgeneralizations
for
widerapplication.
6.
Thirty-one
maintenance
policyalternatives
were testedfor paved
roadsand ten for unpavedroads. The policiesconsisted
of different
maintenancepackages
with specifications
of the deterioration
levelsat whichthey
wouldbe applied.The pavement
maintenance
optionsrangedfromlow-cost
potholepatching,
throughbituminous
resealing
of the entiresurfaceandmore
costlyasphaltconcrete
overlaying,
to majorrehabilitation
and reconstructionof the baseand the surface.(SeeBox A2 for a classification
of road
improvement
and maintenance
works.) As a bonchmark
againstwhichto measure
differences
in the costsof otheralternatives,
a 'nullcase"was defined
thatincluded
only the basicroutineaiatenanceactivities
(drainage
clearugs,
miniml vegetation
control,
and shoulderrepair)thatare also included
In the otheralternatives.
TableA2 sumiarisea
the alternatives,
Identifying
eachby a code (suchas ALZS),whichwillbe used laterin discussing
the
results.To illustrate,
underalternative
AL18,100 percentof potboles
would be patched each year, a surface treatment would be applied whenever 25
percent of the area was visibly damaged, and a 40-millimeter (am) overlay
would be applied whenever roughness reached a level of 5 on the Tnternational
Road Roughness Index (I U) scale.
7.
The roads in each country's network were grouped Into broadly homogeneous classes according to surface type, condition
in the initialyearof
the study, and traffic volume. -For each class, road deterioration
and maintenance activity over a 30-year period were siamlated under various maintenance alternatives.
Road maintenance costs and vehicle operating costs were
computed, discountei to the Initial year, and subtracted from costs for the
null case, giving the net present value for each alternative relative to the
null.
From these results, the best strategy for differeat levels of available funds and discount rates was determined for each road class.
The
results for different road classes were combined with the aid of the Expenditure Budgeting Model to find optimal network strategies,
costs, and benefits
under conditions of no budget constraint and also under varying levels and
time periods of overall budget constraints.
The detailed results from the
cae studies were used to explore cost-effective
road Investment and maintenance options.
The main findings relate to the following factors:
*
*
*
*
*

Selection of cost-effective
maintenance policies.
optimization of maintenance expenditures under budget constraints.
Decision criteria for pavement strength.
Economic traffic thresholds for paving gravel roads.
Impactof overloading.
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Routine Kaintenance. Locallzed repair of roadway and pavement,-gradIng
surfaces and shUlTes,
rogular maintenance of road drainage, side slopes,

verges, traffic control devices,aot furtnture; roadside cleaningt vegetation ad
dust control, snoc or sad removal, and Maintaining rest areas and safety
appurtenances.
Typical coats range from less than $300 to over $5,000 per km.
lesesaling a paved road or regraveling an unpaved road to preserve
Resurfacing.
its structural
Integrity and ride quality.
A paved road normally neds resurfacIng at the transition
from "good" to "faitr" a=dltion,
provided the volume of
lesurfacing is sometims
retaining It In good conditlou.
traffl
justifies
are
called "periodic maiatenance," even though all maintenance activities
periodic.
Costscan vary from under $8,000 to over $40,000 per km.
Rehabilitation.
Selective repair, strengthealng,
and shape correction of paveto restore structural
omet or roadway (includinSg minor drainage iprovments)
strength and ride quality.
The term stEroheonit
is sooetlies used to describe
a specific category of pavement rehabll1tatioi iiiolving
the application of overlays.
Costs of rehabilitation
can vary from under $30,000 per km for unpaved
roads to over $200,000 per km for paved roads. Th costs for paved roadso, howfrom fair to poor condition.
ever, rise steeply as a pavemet deteriorates
Reconstruction. lnewal of road structure using for the most part existing
earthworks and road aligment to remedy the cosequences of prolonged neglect of
malatenance or where rehabllitatloa
is no lopger technically possible.
Costs are
quite variable, ranglng from about $45,000 to over $300,000 per km.
Restoration. A generic activity
reconstruction works.
Betterment.

Road Improvementsrelated

of road (Including

gradient

encompassingmajor rehabilitation

associated

to the width, allgnment,
rehabilitatlon

and
curvature,

or resurfacing

or

works) to

Bettermet works are not considered
enhance traffic capacity, speed, or safety.
or resurfaclng
road rehabilitation
mainteance activities except for acillary
operations.
Costs are bighly variable depending on the geomotric Improvements.
New constructlon.
on a nw alignmeat;

Constructlon
upgrading

of a pved or an enginered
of a gravel

gSavel or earth road

road to paved standird;

or earth

provision of additional lane capacity; or construction of sa additional carriageway, frontage roads, grade-separated lntercbhages,
or a multilae
dlilded highway. Costs of new construction can vary from uder $50,000 per km for a gravel
road to over $1,000,000

9

~

.

.

.

,.

per km for a four-lane

, .,

access-controlled

,

,

,

,,

, ,

,

divided

highway.
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Imiatm
Selectiom
of Cost-ffective

Policis

on pavedand
operations
of maintenance
The choiceand stagling
8*
In theirdeterioration
affectedby the differences
unpavedroadsare strongly
On unpavedroads,the linearbut rapidpathof deterioracharacteristics.
particularly
the
to routinemaintenance,
tion requiresspecialattention
of paved
of blading. The nonlinear deterioratioX characteristics
frequency
roads offer more options for the choice and timing of maintenance.
policiesfor paved
roadmaintenance
To Identify cost-effective
9.
the trade-off between agency
under budget constraints,
roads, particularly
Figure Al shows the results of
and user costs was examined. To Illustrate,
for low-volume paved
such an analysis, covering 21 maintenance alternatives
roads in good to fair condition In Mall (average daily traffic of 400
and their specifications
are Identivehicles),.i/
Maintenance alternatives
fied In tiTs and other graphs by the codes In Table A. The bar cbart
(Pigure Al-A) shows the present value, discounted at 12 percent, of the net
cost savings relative to the null ease. To arrive at not cost savings, the
increase in maintenance and construction costs incurred by the road agency. 1
cost. In most cases this
In vehicleoperating
subtracted from the difference
L.15, AL16, and ALI7 (Lavolving
yieldsa positivesaving,but alternatives
AL20,AL21,and
of a thickoverlay)and alternatives
immediate
application
cost more than the benefits they
£L22 (involving immediate reconstruction)
yield whendlscounted
at 12 percent.
by
at 12 percent,is maximized
Net presentvalue,discounted
10.
all potholesannuallyand applyliga 40-m overlay
strategyAL12 (patching
whenever pavement roughness exceeds 5 IRI). But severalotheralternatives
with very different combluations of vehicle opeorating costs and road agency
expenditures, are almost as good by this measure. This finding Is important
because It widens tbe room for maneuver when agencies are subject to budget
For example, the curveIn FigureAl-B relating agency expendiconstraints.
shows that AL05
costs for selected alternatives
tures to vehicle operatlg
(pothole patching until roughness reaches a IRI of 8.5, than reconstruction)
AL12,while
entails about half the road agency expenditure of alternative
costsare higherby about$1.10for eachagencydollar
vehicleoperating
saved- a net loss of only $.10 per $1.00 of reduction In agency expendioption.
ture. If fundsare lilmted,thismay be an attractive
The net presenkvalue

11.

of total

transport

costs

for different

in Figure A2 for four cases.
levels of agency expeaditures is illustrated
lie on the positively sloped
The most efficient maintenance alternatives
Alternatives
segment of the outer boundary - the "efficiency frontler."
represented
2/

by points

Inside

the frontier

are always Inferior

to a

for some pairs of the 31 alternatlves;
Results proved to be Identical
for such cases only one of the pair Is graphede
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For example,In
optionslyingon the.frontier.
of maintenance
combination
AL09has a net presentvalueof $12,000a
FigureA2-A (Mali),alternative
at a presentvalueof agencycostof $15,800a kilometer.A higher
kilometer
net presentvalueshouldbe obtainedat the sameagencycostby usingAL05 on
partof the roadgroupand AL12 on the rest,givingan averageresultthat
ALOSand AL12on the graph. In the absenceof
lieson the lineconnecting
that maximizes net presentvalueshouldbe
budget constraint, the alternative
Agency expenditures beyond this point (AL05) result in benefits
selected.
that are less than the Increased costs, as reflected by declining net present
The curve also shows the optimal order of retracting when agency
value.
resources are cut. The lower-order options arc selected by successively
reducing agency expendlkures in ascending order of their marginal contribution to net presentvalue. Wheretrafficis heavierand especially where
In poor condition (Figure A2-8and A2-D),the economic
roads are Initially
by the agency is considerably higher and, of course,
dollar
saved
loss per
successive reductions In expenditure have Increasingly costly consequences.
lndicating the severest
The steepest slope of the efficiency froutier,
penalty, Is reached wbenthe only expenditure available for cutting (always
In none of
excepting minimal routine maintenance) is pavement patching.
higher
tbase choices is agency cost today traded off against significantly
fon
the
agetcy
to
simply
traasferred
expenditures in the future; costs are
the road users.
A sumary of recommendedmaintenance options for paved roads, as
12.
generalized from the case studies, Is presented In Box A3. These recoomendations reflect interactions between traffic levels and road conditions, and
the aintenance Interventions needed to reduce the total road transport
cost.
In indivldual cases, the level and frequency of optimal maintenance
from these recomeandations because of variaactions may vary significantly
traffic
tions in factor costs /, road construction maintenance practices,
or envlronmental conditions.
loading characterlstlfs,
determinant of
13.
On unpaved roads the primary maintenance-related
roughness - and so of the cost of operating vehleles - is the frequency of
Simlation and costing of the effects of the various mainsurface blading.
tenance options (Table A2-J)show that blading costs ad vehicle operating
costsare closelybalanced over a very wide range of blading frequencies.
Optimalbladingfrequency is In the range of one blading every 4,000to 8,000
acceptedgood practice(for
with generally
vehicle pases whichis consistent
example, one bladlng a month at 150-200 vehicles a day). Incremental
increases In blading frequency within tbhs range result In marginal reductions In user costs that are almost completely offset by corresponding
ligure A3 sboweplots of not present value versus
increases In agency cost.
blading frequency obtained from the Costa Rica case study. Iven at low

31 For example, the results

of the case studies suggest that surface
to asphalt overlayswhen
treatments becom a viable economic alternative
the cost of surface treatment drops to 25 percentof the overlaycostor
less, on a unit kilometer basis*
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AverageDaily
Traffic(ADT)
(vehicles)

01110W~~!M
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TOTAL
COST0OPAT= &OM3

lnitial
load
Coadition/

Recommeanded
Maintenance

<200

Good to
Poor

Pothole patchlig only until roughness level
becomesvery.high
(8.5IRI)and the traffic volume
has risen sufficiently
(ADT> 200)to warrant
pavementreconstruction.

200-500

Good to
Pair

Potholepatchingand overlayse.g. 40-m asphalt
concrete (AC)wheneverroughness
reaches4.2-5
.II.
8urface treataets
may be substituted
for
overlaysunderbudgetconstraints.

Poor

Imediate

Good

Pothole patching plus periodic
at 3.5-4.2 IU).

Fair

Same as above but with an initially
thicker
overlay(80-m AC) in casesof weak pavement.

Poor

IMmediate reconstruction

Good to
Pair

Pothole patebing plus periodic overlays (40-mm AC
at 3*5 Il).
Where existing pavement is week,the
initialoverlayshouldbe thicker(80-mm).
(Periodic
surfacedressings
are economical
on
strongpavements
in good condition).

Poor

Immediate recountruction

Good

Pothole patching plus periodic surface dressings
(at 25Z damaged area) in addition to periodic
overlays (40-mm at 3.5 IM).

Fair

Pothole patching plus periodic overlays (40-mm at
3.5 IRI). Where existing pavement Is weak, the
inltial
overlay should be thicker (80-mm).

Poor

Immediate reconstruction

500-1000

1000-2000

>2000

reconstruction

of the pavement-b
overlays (40-mm AC

of the pavement.b/

of the pavementb/

of pavement.b/.

V/ Good - II less than 3.5
Pair - IU 3.5-5.8

-

Poor

*

IRl greter

than 5.8

so.e provision for patchnlg and emergency maintenance should be made
to keep the road serviceable during the reconstructlon period.
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trafficlevels(25vehiles a day),the economicreturnson bladingare
minimum
substantial.Iladingoncea yearappearsto be an acceptable
Whilebladingonceafterevery4,000to 8,000 vehicle passes
threshold.
would be an optimal polley, less frequent blading does not occasion serious
Local
economiclos1,If the road Is regraveled at appropriate Intervals.
optionsfor unpaved
will stronglyinfluence the maintenance
conditions
of soilsand climate(sandsIn aridclimates,
roads. Extremecombinations
earthroadswith gravelat
may justifysurfacing
heavyclaysIn wet climates)
an averagedailytrafficflowof fewerthan50 vehiclesto ensureaccessibility.
forelgnexchange- is scarce and
- especially
Wherecapital
14.
about$5 or less
rates(currently
at competitive
laborIs available
unskilled
on gravel roads
repairs
for
spot
methods
work
labor-based
of
the
use
a day),
to even out
trucks
or
tractors
and of simple drags attached to agrlcultural
surface corrugations could prolong the time betwee blUadigs with mechanical
For unpaved roads with very low traffic volumes, increased use of
graders.
to mechanical aeanp
labor for spot repalrs could offer a viable alternatlve
the somewhat
offsetting
costs
maintenance
lower
of maintenancs, with the
higher vehicle operating costse.81.

0etLiistion

of Maitenance lzsemditmres boer hisdtE Cematralts

When the maintenance budget for a aetwork is less than that
16.
to specific road classes 4 /
required for the overall optimum, allocations
towever, maintenance expeattures
must be redued from their optimal levels.
The loss In net
should not be reduced uniformly across all road classes.
to those road
allocations
reducing
first
by
ainmlxied
be
will
value
present
In
steep.
is
least
classesfor which the efficiency frontier (para. 11)
operatlons on
for cutting are high unit cost malntenance
general,candidates
After the optimal activiroads with low volumes and good existing surfaces.
ties have been completely replaced by next best options In a road class, the
greater - the frontier
penalty for further cutbacks will be proportionately
it may be economical to reduce allocations to some
will be steeper -ad
other road classes as well. Roads with very higb volumes and poor surface
conditions suffer the greatest loss in benefit for each dollar of reduction
in maintenance outlay, and their allocations should be reduced last.
The effects of reductions in the sainteosance budget on the choice
17.
were exalmied for the road netand on the resulting benfits
of alternatives
works of Costa Rica, Chile, and Mali. In Costa Rica the maximiation of
total not beonfits would require spending an average of $12.5 million per
year on maintenance over the first 10 years with $38 million needed In the
Figure
the paved roads In poor condition.
first year alone to rehabilitate
(discounted at 12 percent
A4 shows the maxium nt present value of benfits
4/

Lengths of road sections grouped togetber on basi of similar 4ssign,
and, where appropriates, further
and condition characteristics
traffic,
by reglonal, climatic or other relevant factors.
stratified
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a year) for the Costa Rican road networkunder differentlevelsof average
annualmaintenanceexpenditures,
optimallyallocatedamong differentclasses
of road. If the budget is raised from the presentlyplanned levelof $6
milliona year to the optimallevel of $12.5 milliona year over 25 years (or
by $51 million In presentvalue) the attainablenet presentvalue (with the
best use of the funds in both cases) Increasesby $200 million,from $635
million to $835 million. The optimalprogram,even with unlimitedfunds,
would not keep all roads La good condition. In Costa Rica, it providesfor a
high level of maintenance to keep two-thirds
of the paved roads in good
condition with the other third to be maintained to lower standards.
18.
For Chile the best maintenancestrategyfor the road networkis
silmlar to that for Costa Rica:
two-thirds
of paved roads to be kept in good
condition while maintaining the rest at lower standards.
The optimal program
Involves immediate maJor expenditures
on the rebabilitation
of paved roads
and assigns high priorityto that activity
even If the budget were cut back.
That is the course Chile actually adopted, aod the planned budget for maintenance of all roads - $140 milliona year during 1984-91- is approximately
the amount required for the optimum derived In this study.
If this budget
were reducedfor any reason, the losses would be large for tbis highly
traffickednetwork.
19.
In Mall, by contrast,where 84 percent of the paved roads carry
less than 200 vehicles a day, only patc'ning and basic routine maintenance is
economically justified
on most roads.
The most economical option Is indeed
to keep only about 1 percent of the paved network in good condition with the
rest of the network maintained at considerably
reduced standards,
mainly by
patching and routine mintenance
oanpaved roads and minimal blading on
unpaved roads.
ven so8, about $9 million is required to clear Mali's backlog
of economically warranted rehabilitatlon
projects
for higher volume paved
roads currently
In poor condition,
And the average annual expenditure
required to maintain the combined network of paved and unpaved roads is estimated to be about $6.2 million a year - about twice the current expeaditure.
If expenditures
were raised to $6.2 million ($24.3 mdlllon In present
value over 25 years),
the present value of the benofits
is estimated at more
than $46 millon.
20.
Maintenance activities
are often deferred during periods of austerlty.
Tor unpaved roads, as long as basic routine maintenance is carried out
regularly,
the prlmary effsct of deferring
blading and, to a lesser extent,
regraveling
Is to Increase vebialeoperating costs during the deferral
period.
The effect on subequt
road restoration
costs is not large unless
the road Is allowed to become virtually
lmpassable, so that It has to be
reconstructed,
generally on a new alignment.
for paved roads, on the other
hand, both effects
can be Important:
vehicle operating costs Increase during
the deferral
period and- the cost of later pavem8ent rehabilitation
can be
increased substantlally,
depending on the stage In the deterioration
process
when deferral
occurs.
On newly constructed
or rehabilitated
pavements with
light traffic
loading, the effect of deferring
malntenance (other than basic
activites
such as drainage) for one to flve year is negligible.
Once pavement condition becomes fair or poor, the Impact is large.
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dlIsi Criteria
fewPavement
Strength
21.

Whena new pavementto constructed
or an existingone replacedor

wverlayed,the choiceof designstrengthshould take accountof the rellability
of future maintenance.
Low probabilittie
of adequatemainteasce
and
timely strengthening
In the future favor building a etrong pavement Initially, since strongerpaven 4ts enjoy a longergrace periodduringwhich maintenance needs are minimal./ High probabillties
of good maintenancewill
favor time-staging
- that isg,ecofizag
on today's pavement and strengthening subsequently as needs eerge./
22.
To justify
the time-staging
of road construction
a minimum probability
of adequate future maintenance is requlired.
To estimate this
threshold
probability,
life-cycle
costs for pavements with Initial
structural
strengths,(SN),of 2.0, 3.5, and 5.0 were estimatedfor a range of traffic
volumes and axle loadings in Costa Rica (light)
and Mall (heavy).
Three of
the cases are illustrated
in Higure AS. Each case shows life cycle costs (at
a 12 percent discount) for the first
14 of the 31 maintenance alternatives
for paved roads specified
in Table Al. In case A, with averagedaily traffic
(ADT) of only 500 veheles
per day and 11Sht axle loadings,
it would suffice
to use a normal. design (82.0)
comesnsurate with the estimated ESAL since
.the life-cycle
costs are consistently
higher for a higher strength compensatIng design (8043.3), under all maitenance
assumptions.
But with heavier
traffic
a different
conclusion emerges, as shown by Case C (ADTo2,500 and
heavy axle loading).
In this case, a normal full-strength
pavement (Wis)
will have a lower life-cycle
cost, under almost any assumption about future
maintenance, than one with a lower initial
strength
(83.3.5),
which represents the time-staging
option. At or above this combination of traffic
and
axle lodgings it would not pay to consider the time-staging
option.
23.
letween these two limits,
the decision for or against time-staging
of construction
is reacbhd by balancingthe potentialloss If no maintenance
will be done againt
the cost saving from dme-staging
that would be realised
If future maintennce
(including
strengthealng)
io performed as desired.
In
this way a thresbold probability
of performing good maintenance In the future
is obtained, above which the time staging option could be justified.
Tor
Case B In Figure AS, for example, with an ADT of 1,000 vpd and light axle

51 A normal full

strength pavement is defined as one deslgned on the basis
of accepted pavement engineering
principles
to carry a specific
number of
cumulative Equivalent
Standard Axle toads (ESAL), until an unacceptable
levl
of functlonal
serviceability
Is reached.
To compensate for
inadequate maintenance, a higher pavemet strength
than given by normal
deslgns may be warranted In certain situations.

6/

1Tie-staglng

at the network level

is effective

only

hben the condition

pavementsis regularly monltored and evaluated with an appropriate
pavement management system.

Othewise

It is difficult

to predict

critical points In the pavemnt life when a major maintenau
Intervention may be lnded to prevent premature structural failure
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7/ In this
loads,thls threshold
probability
Is estimated
at 33 percent.
case,tliestagingof pavementconstruetion
shouldonlybe coasidered
If
thereis a one-third or better chance of good ctritenance
beingperformed In
the future.

24.
Under fundlg arrangements
that favor constructton over maintenance
or where exterrnl
aid agencies are willing to finance construction
but not
maintenanceexpenditures,
It is often expedientto forgo maintenance
until It
becomes necessary to reconstruct
the pavmenit.ALT3In Case B codifiessuch
a asintenance stategy,
an option that would also reduce life-cycle
costs
significantly,
It there Is fair expectatlon that futds for reconstructWou
would be forthcoming whenneeded. In this case, a less than full-strength
4esign could be considered for Initial
construction, If the probability of
obtainlig future funds for reconstruction
Is 45 percent or better.
25.
Table A3 Illustrates how the decislon may varf In a wider array of
cases, It mapsout combinatlons of discount rate, dallytraffic,
and axle
loading where the decision for or against time-staging io Independent of the
degree of uncertainty about future maintenance. In a middle area, however,
the reliability
of future malntenance matters. Timw-staging is thus generally to be preferred If the probability of adequate maintenance In the future
exceds 30 or 75 percent, depending on traffic volumes and light aile loads.
At higher discount rates (in this case 24 percent) tlmestaging
tends to be a
preferred choice even vith high traffic volumes and axle loading and a relatively low probabllity of future maintenace. Ubere capital is cheap or a
greaterweightis attachedto long-term
benefits(an lntergenerational
Issue), stronger nlitial pavements based on normal design generally dominate
(say, at a discount rate of 6 percent).
couoiema
Traffic Thres 'lds for

Maimagravel loeds

26.
Even with the best malatenance practice, vehicle operatlig costs on
gravel roads are between 10 and 30 percent higher than on paved roads. In
addltion, the present value of the cost of routine malatenance and resurfacing Is between five and eight time greater for a well-maintained, highvolume gravel road than for a newlybuiltpavedroad. Pavingis therefore
71 This may be derlved as follows for Case B:
Let x - probability of optimal maintenance (ALT 14)
1-z a probability of ail maintenance (ALT 00)
Dopto difference In life-cycle costs for Initial pavement
strengthof 9N 3.5 and SN 2.0; under ALT 14.
Dni- differeane In llfe-cycle costs for Initial pavement design
strength of S8 2.0 and SN 3.5, under ALT00.
Then, from the inequalityt
(Dopt).x > (Dnl)(1-x)
or (1.27-1.23)x>(1.33-1.31)(1-')

Therefore,
x>0.33
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Table U3 Criteria for Selecting Time-StagiBn
Optiton for Pavement Desin,1
8
MinimumMaintenance Reliability for Time-Staging Option b/
S Discount late of
61

ADT

Loadig

300

light
heavy

500

light
heavy

1000

light
heavy

9SS

30X

2000

light
heavy

9SX

so15S
90S

2500

c/

12X

24X

Compensatory design not applicable; low
tO mdeium strength paveents
(SN < 3.5) based on normal
30%
design, adequate for thls
30X
level of
n.a4/
752
traffic

80.
soa.x/

not
Time-staging
applicable;
high
strength pave-

light
heavy

loading.

15X

952

502
602

meats(SN > 4.0) based
on normalfull-strength
desigp

appropriate.

aT She economic costs for paving (in thousand US$ per kn, In 1964 prices,
assumingall earthworks
and structures
alreadyIn place,were estlmated
ass
8N
2.0
3.5
5.0
b/

CostaRiea
19.6
68.5
118.8

nlamum probability

ml
27.2
59.3
129.4

of adequatemaintenanceIn the future;time staging

conditional to this malium level of mainteance
use normal strength design.
C/ Light axle loading

Is representative

of conditions

reliability,

otherwis

In Costa Rica

(0.05-0*10
millionSAL p.a. perlane); heavy axle loading is
In NBal (1.2millon NMALpeso per lane).
representative
of conditions
d/ n.a..time
stagingoptlonnot applicable;

use normalstrengthdesign.
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and maintenace
iuhen
the expectedsvinpgsIn vehicleoperating
Indicated
gravelroad)exceedthe preseatvalueof
to a well-malntalned
costs(relative
the pavingcost.
now seento covera widerrangeof traffic
Thesecost tradeoffs
27.
volumes than had commonlybeen assumed. Applications of the Bank'smodelIn
Costa Rlca and Mall Indicate that the breakeven traffic volume for pavitig may
vary from under 100 vehicles a day to more than 400, depending on the costs
and the
of paving, the discount rate, the rate of growth of traffic,
qualityof future maintenance.
anticipated
In assumptlons
to variations
are also sensitive
Pavingthresholds
28.
the probabilthat
shows
experience
Where
about the qualityof maintenance.
for paving
is low,the trafficthreshold
ity of adequatefuturemaintenance
an economiccase can be
is lowered. And If there are no budget constraints,
madefor an all-weather paved road that may remain almost free of major maintenance Interventions for seven to ten years. In looking at total costs,
however, more frequent regraveling and grading operations carried out effiIf the
ciently are likely to prove more economical than paving, particularly
of maintenance funding is uncertaln.
future availability
Paving gravel-roads In arid sones Is sonetimes suggested as a means
29.
to alleviate the discomfort and Inconvenience of travel oh dusty roads, but
to quantitythesebenefits.Comon observation suggests that
It is difflcult
on such roadsare severelyrestrictvehicle speeds and passingopportunities
The result is a traffic safety hazard similar to
ed by reduced visibility.
fog and congestion akin to that caused by heavily loaded slow-moving vehicles
on narrow roads. Not enough empirical Information Is available on traffic
to evaluate
in a dustyenvironment
characteristlcs
flowand vehicleoperatlng
the benefitsof pavingroadsIn aridor desertareas.
Lower paving thresholds may also be Indicated for roads located in
30.
river deltas (lower Iangladesh), old lake beds, sandy deserts, and low
coastal areas due to the scarcity of gravel deposits and other sources of
In mountainous terrain, excessive maintenance costs resulting
aggregate.
from erosion caused by rapid runoff, and frequent replacemeat of gravel, may
A possible
warrant protecting the road surface with a bituminous surface.
technical alternative to using a gravel surface in these situations is to
in-situ soils by small amounts of a suitable binder (bitumen,
.stabilize
cemeat, lime, or fly ash) and then to protect the stabilized material from
where necessary, by a light bituminous seal.
weathering and traffic,
The IMesst of Ouerloadimu
The onerous impact of overloading on pavement performance is
31.
reflected in the progression of roughness over tlme, given different
maintenance policies and loading conditions on-otherwise similar pavements
(Figure A6). Case A is typical of Mali - 33 percent trucks with heavy axle
loads, accumulating to about 14 million SAL In 25 years. Case I is typical
of Costa Ric - 25 percent trucks with relatively light axle loads,

*
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81 Heavy
accumulating to about 2.5 million ESALper lane over 25 years.
ad ia this
accelerates the rate of deterioration,
loading signlficantly
comparlson the need for overlays in Case A is advanced by some six years.
roughness
Even with optimal maintenance policies, the average life-cycle
remains higher with heavier axle loads. The results for Case A are typical
of what has happened to pavements designed on the premise that axle load
assumption.
lImits would be enforced, often an unrealistic

Although empirical evidence shows that a major part of pavement
32.
damage increases with the fourth power of the axle load, the regulation of
have
Many road authoritles
axle loads has proved exceedingly difficult.
therefore built stronger and more expensive pavements based on actual pavement loadings than would be necessary with adequate control of axle loads.
Expected changes In road transport technology resultlig from road lmprovemets (such as the Introduction of combination vehicles In place of single
unit trucks) should be taken into consideration in pavement design.
Research on the economic optium for axle loads suggests that,
33.
limits In the longer term should be increased beyond the prevailing 8-10 ton
single (and 13-16 ton tandem) axle loads; the economic gain from lower unit
transport costs outweighs the loss In lncresed road da&Age. Zn the short
term, bowever, the existing roads and bridges are not strong enough to carry
heavler loads. So, a compre'enssive plan for bridge and pavement strengthening should accompany an lncrease in axle load lImits.

8/ The actual axle loads, on average, are about 60 percent beavler io Case A,
partly due to the higher axle load limits (13-ton single axle) In MNal and
partly due to overlooding.
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