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Foreword

Among problems in the growth of developing countries’ highway
transport systems, development of effective road maintenance is both
the most important and the most intractable; experience has demon-
strated that building institutional capacities for road maintenance is
far more difficult than building roads. In order to better understand
its own experience and draw lessons for future efforts, the World
Bank in 1979 conducted a special study leading to a report entitled
“The Highway Maintenance Problem” (April 1979). In February
1980 the Bank invited other development aid agencies to a meeting at
its offices in Paris to discuss the maintenance problem and seek
consensus on wiys to overcome the difficulties. Two documents were
derived from that meeting:

e A revised version of the World Bank's catlier paper, expanded,
as suggested at the meeting, to encompass the special problems associ-
ated with low-volume rural roads, and hence retitled “The Road
Maintenance Problem.”

® A summary recording the consensus of the Paris meeting on key
issues, entitled “International Assistance for Road Maintenance.”

These two documents are reprinted here and will be circulated
widely by the World Bank in order to broaden public understanding
of the important problem of road maintenance.

Warren (.. Baum
Vice President, Projects Staff

Part One

The Road Maintenance Problem



Overview

Development of effective road maintenance is of grear unportance
to the growth of countries’ highway transport syster Yet its de-
velopment remains an intractable problem.! Maintenance has increas-
ingly come to the fore in the developing countries since the comple-
tion. in the late 1960s and early 1970s, of extensive additions to
national trunk networks and with the aging of sections that were built
earlier. Current construction of many new secondary and rural roads
adds to the maintenance work load. Countries are increasingly recog-
nizing the importance of maintenance and looking to the World Bank
for assistance.

While the Bank has long been concerned with the maintenance
problem and the development of maintenance systems, its
experience—gained equally through projects specifically devoted to
this purpose and through maintenance covenants in highway con-
struction loans—also shows that building up the necessary institu-
tional capacities for maintenance is much more difficult than building
road networks. No maintenance development effort with which the
Bank has been involved was foreseen as being of more than ten years
duration. Yet none has taken less than ten years in practice.

This paper is an attempt to distill the results of the Bank’s experi-
ence and of the research that it has conducted during the last ten years
on the economics of highway construction and maintenance, with a
view to identifying approaches and solutions that seem to work better
than others. The focus is largely on the still unresolved problems of
national highway maintenance; but since rural roads suffer, often to a
magnified degree, from the same problems, they, too, can benelit
from many of the measures suggested, although they often Tequire
approaches that mobilize more local or regional capacities and re-
SOUTC

The history of the Bank's involvement in highway maintenance 1s
one of increasing emphasis in its highway operations on this problem
area and increasing specificity in maintenance covenants, mainte-
nance projects, and terms of reference for consultants. The general
conclusion of this review is that this emphasis should be further
extended, in tull recognition of the maintenance problem as a struc-
turaland institutional one. The justification for Bank financing in this
area is not so much one of expected physical impact of the hardware

1 The words kighway and road arc used
specified in context.

onymously inthis paper except where other



provided as it is of the contribution such lending and related ar-
rangements can make to development ol the institutional framework
that is needed to ensure adequate performance of continnous main-
tenance.

Highway construction and maintenance form an integrated cycle
over time that needs to be adjusted 1o the conditions of a particular
road, its physical state, and the growth of rrattic. Earth roads necd
routine maintenance—that is, operations repeated one or more limes
every yvear—such as ditch cleaning, pothole filling, grading, and con-
trol of vegetation. Normally, it is worthwhile to construct a road to
gravel standard when tratfic reaches fitreen to forty vehicles per day.
Regular routine maintenance of gravel roads is also needed. in addi-
tion o perodic maintenance—that is, operations repeated every five
to ten years—in the form of regraveling. Construction of roads to
paved standards is normally warranted when traflic volumes reach
200-500 vehicles a day. Routine maintenance of paved roads also
includes patching of cracks and special atention to shoulders and

pavement edges, while periodic maintenance takes the form of

bituminous-surface dressings or seals. A urther type of operaton,
partially substituting [or maintenance but substantially improving the
road, is upgrading or betierment, such as asphalt overlays and minor
improvement of dramage and alignment. Finally, maintenance of the
equipment used for maintenance itselt is needed.

Many countries have tried 1o economize by adopting time-staging
strategies [or paving—that is, starting with a relatively inexpensive
pavement and strengthening it in time as trallic grows. The Bank’s
research on strategies of alternative highway construction and main-
tenance suggests that, while this is theoretically the best approach, it
can easily become much more costly (in terms of present worth of total
costs) if subsequent maintenance does not reach the high standards
and timeliness assumed. Loading of vehicles much beyond legal limits
is also widespread in developing countries, particularly on main
roads, and can do severe damage to pavements, Thus, plans for new
construction must take these risks—overloading of vehicles and in-
adequate maintenance—into account, while pavement underdesign
in the past makes maintenance and provision for strengthening mea-
sures such as overlays even more important than they might be other-
wise.

At current prices,” for example, effective routine and
maintenance of paved roads can be carried out for about
$3,000 a kilometer (including the necessary equipment charges) as a
networkwide average. Even if traffic on a road comes 1o only 250
vehicles a day, the resultant savings on vehicle operating costs will be
about $5,000-86,000 a kilometer annually. Savings will be much
greater, of course, as traffic increases. Regular maintenance can also
enable rehabilitation or overlays to be postponed for live years or
longer. Postponement can save substantial amounts of capital charges

LAl prices re s of June 1980,

given today's prices—about $50,000-$75,000 a kilometer for an over-
lay and $120,000-$200,000 a kilometer for full rehabilitation of a
two-lane paved road.

Recent experience of the Bank shows that the estimated overall
economic returns on proposed mainlenance projects are very
high—higher than those on proposed road construction projects; an
average of 40 percent or more, tor instance, on eight major mainte-
nance schemes supported by loans in fiscal 1978, while the average
was only 24 percent on all the new construction for which the Bank
made loans in that year. High returns seem to have been achieved,
100. Completed maintenance projects show returns at ex-post audit
that are sometimes several times the opportunity cost of capital and
only very ravely beneath it, even in cases where physical achievements
fell substantially short of forecasts. The high returns ba ally retlect
the great profitability of small expenditures to maintain the full-
service value obtainable from very large earlier investments in con-
struction. But they also suggest that some shift of additional resources
into maintenance would be worthwhile in many countric

The broader purpose of Bank projects is to enable maintenance
1o be carried through effectively and then sustained. The problems
are generally greater than can he dealt with simply by a covenant
requiring good maintenance or adequate funding. In a few countries,
one constraint—such as insufficient budgetary allocations, inefficient
use of the available resources, or inadequate stafl—is clearly domi-
nant. In most countries, however, the situation is much more com-
plex. Budgerary allocations are insufficient, in part, because the fi-
nance ministry has little faith thar the funds will be spent elficiently.
[nefficiency is often closely connected with poor t aining, motivation,
and organization of staff and diversion of their cfforts 1o other works.
T'hese deficiencies in part are the result of inadequate incentive struc-
tures and a shortage of financial resources. Yet itis not worthwhile—
and may not be politically possible—to loosen the [linancial leash
unless efficiency improves. In many countries, there are, at one and
the same time, both a need for additional regular funding and scope
lor reduction of costs.

In some ways, “capacity building” is a better description of what
needs to be done than institution building in view of the narrow
interpretation sometimes given the latter expression. The creation ot
legal and administrarive structures and institutions and the clarifica-
tion of responsibilities for maintenance in general or particular parts
of the task is an area in which Bank-assisted projects have had the least
difficulties. Although reorganization has often been delayed, it has
usually been done. The problems have arisen more in filling out the
new organizational structures with adequate staft, developing the
necessary discipline, providing needed operating funds, and reaching
an eftective level of day-to-day functioning on a countrywide basis.

The main burden of this type ol work within a ministry of public
works is normally carried by a few key nationals—whose dedication
and leadership can often make the difference between success and
failure—and by loreign consultants and technical assistants who have
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been vital 1o such advances as have been made in almaoss all Bank-
supported maintenance projects. The job of & consubtant i mainie-
nance is both difficul and delicate. It involves adjusting 1o kocal
antitudes and cultural factors as much as solving technical problems.
In addition, a careful balanoe has 1o be maintained among the many
ressurces assembled o perform maintenance, many of which, like
attitudes and stalf capacities, have w be developed gradually. A coun-
ry's absorptive capacity for consultants and technical assistance can
increase m time, Mamnitaining s good balance, therefore, s partly a
matter of foresight on the part of the consultn asising "ﬂ_n pro-
gram and partly a matter of defining and structuring their terms of
reference and the phiysical components of the project realistically—in
many instances phased over longer periods than have been thought
NECeSATY,

A central task in capacity building, but one where the appropriate
balance has been paricularly difficult o achieve, s that of stall
traiming. The Bank has long supported such traiming, through financ-
ing pliysical Bacilities, trainmg equipment, foreign trainers, and over-
seas scholarships, It s continuing 1w deepen its invelvement. In the
past, programs have often been o small, wo partial, oo desk depen-
dent, or oo livle related o the abilites of existing aalf. Proper
planming lus 1o be based on a comprehensive, forward-looking
analysis of the prospective halance between changing skill require-
erent levels and in dilferent specialties, and prospective
rom existng sources: allowince has o be made lor
o the priviate sector that are typically hi
requires an carly appraisal and mvenory of stafl and
nonal siainments, just as engineering works require the collection of
hasic dana on sails and hydrobogy.

Tor give it i satus, and weight in broader
policymaking within the highway depariment, the whole function of
trammmng or staff development, for all levels, from senior CTRINeeTs
amed managers o parrelmen and divers, needs to be instinetionalized.
Training efforts have too often been seen as ane-shot affairs, without
allowamne for the facs thar 10 percent or more of the sealT may need 1o
be replaced each year because of retirements and bosses 1o the private
sewtor and thit remaining s1afF will need refresher courses. Current
maintenance framing programs supported by the Bank wsually
prosvide Bor at least biriel raining of between a tenth and a Gfih of toual
stall above the grade of kborer each year. Although most countries
have, by now, sel up training sectbens in their highway depariments,
many need to be upgraded o higher adminisarative standing.

Discwntinuiny of training cfions has been an unforiunate and fre-
quent probdem in the past. Iowoubd e highly desizable for the Bank wo
find administratively simple means of providing, as a last resort, the
small amount of linancing somctimes required o sustain efforts be-
tween the completion of ane project and the intiation of anasther,
Such financing could perhaps be found through the Projec Prepara-
tion Facility or some other similar arrangement.
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With reasonably efficient operations, the amount of money re-
quired for maintenance of a highway network is not grear. Some 2
percent, ar slightly less, of the road capital stock (replacement or
updated original investment value) is generally suffickent w cover a
year's requircments for routine and periodic operations, as well as
maintenange and renewal of the equipment involved. This sum sel-
dom represents meore than a fraction of annual government revenues
from roud users and, provided it & elfitiently spent, almost im.
mediaely repays itself several fold,

But the funds do need o be provided on a regular and imely basis,
even in face of sharp budgetary Muctuations, 1 they are not, then the
costs 1o the country—first, in the form ol extra operating costs (with a
substantial foreign exchange component) for road users, and soon
after, in the form of claims on the public treasury for rehabilitation
and reconstruction—become much higher. New construction can be
postpened during pericds of financial sringency, bat very lictle main-
tenance can be, Autonuitic mechanisms, such as road Tunds for
channeling sufficient resources into road maintenance, have ot gen-
erally proved 1o be eflective: i the face of budgeary stringencies,
such funds lave boen dwveried, in one way or another, 1o other
purposes. The solution to the problem must be found through fiscal
and administrative discipline, sdvance planning, and wider secogni-
tign of the economic importance of mamienance,

Sub-Saharan Africa [aces special problems because of the sparse-
ness of population in relation to the lange size of the countries and of
the heavy dependence on foreign emoomic assistance. On the one
hand, sub-Saharan Africa is already devoting e rosd maintenanoe
twice as high a proportion of nasonal gross domestic product (GDEP)
as developing countries in other regions, while minimally adequare
maintenance would require that it devote 50 pereent more, or three
times as much as other countries, On the other hand, foreign assis-
tance agencies working in the highway field have generally been
prepared s cover ahout three times s high a proporion of the ol
costs of road construction (and reconstruction) as of road-
malntenance [rojects: becase foreign asd is such an important factor
in the total public expenditure allocations, the reardiness of Toreign
ASSELANCE AGENcies o cover road constnsction costs has created some
baas agamst maimienance.

The Hank's policy in financing maintenance has generally been to
lend for capital expenditures, Toughly defined as those tha yiekd
benefins through a period of five years or longer. This policy has
meant that, in practice, the Bank has lem readily for technical assis-
tance and training, construction of workshops, procurement of main-
tenance cquipment, relubilitation of exising cquipment, inital in.
ventories of spare parts, and any periodic maimtenance operations,
whether carried out by force account or by contract. The Bank has
thus been able w bend—and in Africa has lent—for a considerably
higher proportion of the wotal costs of maintenance projeces than most
other supplicrs of aid have normally done. On the other hand, like
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them, it his very seldom bent Tuneds wo cover any part of the operating
costs of routine m ange.

The Bank lenwd o support mational or regional maintenanoe
programs or pars of them—such as systems of routine maintenance,
perivdic maintenance of gravel or paved roads, or maimtenance of
cquipment. O aspect of program fermulivion is to m i
economic coss af cach wpe of operation; thus, efficiently run,
imtensive Lechniggues can be emphasized where unskilled Lilor
Ancther aspect is to abtnn the best possable combinatio

network, i prnciple, carmying each operation i
the point s which it vields a mang etnrn that i equal 1o the
OPpOTLUntY cost of capital. To avoid hading I -pririty opeTations
within a broader program. it i helpful 1 consider what amoums of
which operations would be sacrificed in the event of, say, 2 20 percem
reduction in annual appropriations for maintenance operations and
what wol b added with & 20 perces rease, and then o deter-
mine the returns on these decremental and incremental expendi-
Fures,

The resubam savings in vehicle operating costs, particularly in
vehicle maintenance and tire wear, are normally of overriding impor-
tance within the ol returns on maimenance expenditures, T hese
savings are estimated on the basis of road tess and user surveys

i i s oon rods in different conditions, plus sur-

Vs e state of the network a n issessment of
the improvements that different maintenance operations will bring
about. (hher important benefits are postponements of major ex-
penditures that woukd otherwise become necessary for rehabiliztion
and reconstrsction and avoidance or reduction of dosures — for in-
stance, of unpaved roads in the wel season,

The f i

n that uhimane
the recurrent
cimsts af ol wperations, shoukl be that of the borrower, The
reluctance of the Bank wo finance such recurrent costs has undoub-
cdly strengihencd financial and adminisrative discipline and has
been responsible for increased government suppont for these ex
pemdiiures in many counircs.

Bun this policy has, a . ilict with ihe basic capacity-
building purpose of Bank's kending for maimtenance, and may, o
somne extent, have inhibited an appropriate foous by Bank and baor.
rower on huilding up capacity for routine maintenance where this is
the most critical need. Where budgeiry constraints are as tight as in
nzany sube-Salaran African countrics, this sringency has sometines
cawsed equipment 1o lie sdle for g periods for lack of fuel, mate-
rials, amwl spare pars, thus resulting in inefii L use of personnel,
Also, in many countries, regular government g i most critically
necded for keeping inventories of spare parts at 2 satisfactory level,
bt ahve shaart-run injections of spares sometimes financed by the Bank
have not contribued substantially 1o @ permanent reolution of e
prohlem,

9

‘Therefore, the focus of luure lending by the Bank will be on the
overall ohjectives and priorities of maintenance programs. and the
development of local efforts and institations to the point that the most
cost-effective combination of rowine and pericdic maintenance,
......__._.. ment maintenance, and renewal might be realized, Emphasis
will be pliuced on the mcrcase, in fime, in the proportion of fefal

 referenoe to what would contribute most 1o srengrhen-
ing the effectiveness of the mainenance insineions, In special cases,
imn Uhee prmsrest countries, where anexpanded lnancial commitment by
a government is, over a perisd of tme, being asked for, and where
tharre E..-sm......_._._.__n_._._umn_ o fumids==such ws for fuel and spare paris—
. moe i part oof the incremental recur-
g sluare basis, during the develop-
pericsd. Fr ts will reflect the great importance
that the Bank attaches to appropriate increases in government shares
awer i period of tme,

The problems of accounting and charging for cquigment and of
finding regular domestic arrangements for keeping myventorics of
spare parts at adequate levels will be given greater emphasis in Bank
pelicy. Anronaims s for equipment, fed by hire charges from
users of the equi , already exist i principle in many countrics
anel have substantial perential advantages for improving elficiency in
the management and wse of equipment, Such funds can also laciliiae
the fmancing of replacements m those gquite numerows heter-ofT
i shiersldd I able to finance the replacement ol equipment
own ressurces, Equipment funds could be strengthened
by following more fully commercial acee g procedures, This

lerans for coquipment on-lent by the government at harder commercal
i s dotie with funds destined for credit instinu-

red to replenish inventories
of spare parts are critically mmponant, They should be worked out 1o
succeed amy lending for inital inventories of spare parts and should
bee vellecied, as neceasary, i covenunis concerning maintenance
financing.

Rates of availability, use, and productivity of mamtenance equip-
mient are at present very how in many countries and theretore present
area lor improvement in efficiency and for overall reduece
i voosts, Detailed recording and reponing sysiems, which wend 1o
b more accurate when the equipment budget s autonomes, are es-
sential instruments of management in e eqquipment fickd, The Bank
la begun to work out with some borrowers “action plans” detail-
ing measures designed 1w improve the efficiency of maintenance
wperations throughout the project period. The directon and follow-
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up of such action plans are hased, in large part, on the borrower's own
internal management-information sysiem. Equipment performance,
an aspect of maintenance that needs most o be pursued in this
nanner, can be improved through action plans prepared with inpat
frosm experienced mechanical engmeers, "

Another significant way o improve maintenance efficiency and
reduce oosts is through grester recourse wo the private sector, The use
ol contractors can reduce the barden on scarce government staff and
can also reduce costs as a result of competitive pressures for
efficiency—pressures that are hard to duplicne under civil-service
arrangements, An cven fow of relatively small jobs, such as mainte-
nance can proviske, s, moreover, an kleal way of lostering a nascent
ic contracting ndustry, Feriedye maintenance is normally con-
tractedd o _E...___n____..?._._.==..uaﬂ_:ﬁanx.:__.u“__m.i.s:...lﬂ,ﬂunn
specilic jobs, such as the supply and transport of materials, Ways are
naw being found to contract sut routine maintenance also,

Many consuliants appear to have placed excessive emphasis on
elaborate management-information systems, even in countries
greatly lacking in stafl and Tacilities. Under these conditions, the need
seserns 1o I mwore for @ direct focus on the essential, it difficuly, tsk of
developing simple B highly disciplined mspection and supervision
systems for ficld operations. Written repons should be limited largely
1o existing accounting and work-order praciices, Maximum emphasis
ahvoniled go s actual execution of ueth regular and unexpecied inspec-
tigsn visits by supervisors ateach level to units under their charge. The
prime object is to develop a shared concept of standards and a strong
sense of responsibility for keeping o those standards through whit-
is mecessary, The next step would be to create a small
n-and-methods section at headguarters w conduct ad hoc
stuchies, Only an this ] wviched that the cquipme forma-
tion system is already funciioning withour problem, should more
elabarate Beld reportng systems be attempred.

At later stages in devebopment, there can be 3 more systematic
collertion of planning data and a regular comparison of budget and
pan against actul in many of the Bank's borrowing countries that are
better supplicd with educated manpower. These systems shoubd be
huilt gradually. bowever, and in response to need. Regular iraffic
coumts, forexample, using a proper sampling basis and with adequare
cheeks, should be musde Tirst on roads that carry at least 1060-200
velicles a day. I focused on situations and 1vpes of data that provide
pe for management chaoice, information systems can belp sigmifi-
inerease ef ficiency in the allocaion of resources by identify-
problem sections in the network and by revealing arcas of opera-
tional imeFliciemncy . ) .

Fven then, public anitudes and public interest will continue o be of
great importance. They will affect both the resources allocaed
maintenance and the standards of performance that the highway
authorities will ory 1o atam. They will also impinge on the treaiment
of roads by the wsers themselves—in regard 1o overloading trucks, for
instance, a problem that cannot wsially be solved excep by dose
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cooperation between the government and associnions of truckers,
The Bank is attempting o help the growth of general associations of
road users and similar public-interest groups by such means as the
provision of comparative country statistics and general docomenta-
Emar.

The Bank will also seek the cooperation and suppomn of other
lenders and aid agencies in meeting maintenance oljectives. While
barrowing countrics appear 19 have appreciated Girm stands taken by
the Bank on the importance of improving and adequately financing
maintenande, there have been instances in which the Bank’s possion
hias been undermined by the readiness of other agencies w underake
further new highwa g terinstances, inwhich spare pares
were of the ity isen from the reluce
tance of some lending agencies 1o share in thei andcing. Thus, it
would appear to be worthwhile o pursue eflons o develop more
mutually supporting approsches with other financing agencies and
bsarrowers,

Even though borrowing countries have ofien Fallen shon of meet-
ing rebevant loan covenants and project objectives, the Bank has
plaved @ usebul role develspment of o erance capacity, and
it has improved. in recent vears, the qualiny of its assk
emphasis it has given wo road maintenance will continu n
both in its assessment of the elig v of coumries for Turher high-
way lending and m the compasition ol new projects. Maore speaific
action plans, training programs. budgetary armangements, and ad-
ministrative systems will be sought. The Bank will work with gov-
s aned comntrol mechanisms by which prog-
ress can be judged and guicded.




Introduction

Highway maimstenance s a problem thar affects both rich nations
amel poor navkens, Bug i is garmcularly serious in most conntries that
barrow Trom the World Bank. ¢ Hank has long been concerned
with the maintenance of natinal highway setworks, and developing
couniries are increasingly looking w the Bank for help amd advice on
hews v iengrove their maintenance systems, Greater emphasas by the
Bank on rural devebspiment in the 19705 and much more lendimg for
construction of rural rosds rases mstemince needs further, Yer
muuntenance has boen an area of rather limited success in the Bank's
carlicr lending for highways and roads.*

enance and its importance in desvelepment and a repon on the
solutions that seem to work im practice, Use is made of the research on
stanedards amd srrinegies for highway design and maintenance thar the
Bank has conduscied during the st en years in conjunction .:_.__._
AL uERnE in m..n_n.._.._ the United States, France ;

cases, for analysis of road investment and maintenance decissons, In
addition, special reviews luve been made of past projects financed by
the Bank and 114 with maintenanse slijecives amd compamnents and,
in particular, of cerai _ﬂSnﬂ.Em _:._E have worked better :._.._._

shuwe that there i » quite a bong _s_u_._. 0 g in _._._._—u-:r....__.._..:. af
maintenance, oven in e cses,
Tni the cisurse .i the s:.a:i. L various gueestions have arisen
egard o haghway mamtenmee
K, ._E report containg some suggestions for
x__!...:m_._u...ﬂ._uﬂ them.

I'he hasic wsues than the paper trics w illuminate, therefore, in-
wlde:

# How can the adeqguacy of maintenance be measured:
de what is an appropriate expenditure on
maintenande and on various components of maintenance _Un:m._.n.._._s...

& Why do many governments appear to speod o lintle i bl
-_L_-_._-ﬂ.._-..nﬂﬂu.

VAN pele By b B ._.__._Ir- ﬂ.: this jages arc devmsed b eeler G o the Dnbrons-
AL unbess ghe onnorst roquires eshensise, The fncal

ar all e vwn inssmitsoas roes from el e Jumse 300
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® What are the principal constraints 1w the development of effec-
tive maintenanoe and how can they best be overoome?
As for Bank policics with regard o maintenance, the paper an-
swer questions such as: : :
tenance an appropriate object of Bank fiancing and, if
s, what parts of it

® s there an internal conradiction berween the Bank's readn
1o finance maintenance operations and the covenants general
cluded in road construction loans wherehy governments agree 1o
maintin the roadss
® Are the high economsc rates of return typical on maintenance
prosjects conceprally comparable with the coonomic ranes of retum
calculated for rom] constrsction projeos?

® How can naintenance covenans be made more efective?

Chapter 1:
The Significance of Maintenance

Mamntenance of roacds has three principal purgoses: it prodongs
road life and postposes the day when renewal will be require

form of EMETEETIY Operinns, suchs as remwval of debins
shides anl repair of washouts—i helps o keep roads epen and en-
ables greater regularity, puncalicy, and safety of road transport ser-
vices. The first “:.-_x.._n corresponads most directly o the interest of
the highway authanty, the second 1o that of the aperators of vehickes,
and the thivd, more generally, to tha of the inhabitants of the arca
traversed by

Even with proper adherence to standards o mstruction and ma-
terials, roads detersorate with the passige of The rate of deterio-
ratieny may vary widely depending on the cdimate, the strength of the
pavement andd underlying subgrade, and the traflic solume and axle
weights. The wear and wear of road surfaces by trallic s aggravaced by
water and by changes in wemperature, Cracking oocurs in
Baturmineus paverments, which, wgether with the ingress of rainwater,
canses ruts and pothobes o lorm ra (. The bitumen in the wearing
conrse gradually bses its binding quality, and the pavement becones
Drieebe. Uy the effect of traffic and water, joints in condrete roads
bevome subsject 1o pumping,” leading o cracking of cdges, spalling,
anid slab disfigurement. Heavy raimfalls cause ruts and washouts in
earth and gravel roads, and excessive water in the upper layers re-
duces their loadbearing capacity, causing deformanions. In dry ol
mates, evaporation of water reduces the bond in the struciure of the
surface gram, which then disintegrates under wallic, so that the fine
E.E_EMn material is bost in dust, leaving only losse gravel. Rains may
canse damage to shoulders, aml unchecked vegelation may overgrow
shoubders and the road sell, preventing runafF and evaporation of
water, Dirains and culbverts clearing, steel bradges need painting,
arwd signals have o be kepa in order, Rowds have o be buil, therefore,
e atandards commensurate wit [
traffic, and they must then be adequately maintained w prevent their
detenioratian,

[mensive analysis and daa collected duning the last wen years
suggest that the largest benefits of highway maintenance soally
averue wot e the highway authority, bat rather to road users in the
Torm of savings in vehicle operating costs, These savings are mwost
efiten the dominant Gaowr in reaching economically ogstimal clyoices of
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highway maintenance policy. In the case of an old or weakened
pavement, for example, preservation could be adequately sccom-
plished by recurrent parching and periodic resealing, with substanrial
bemeficin the form of postponement of the need for full rehabilicaiion
of the road. Bur, when all purposes are taken into account and
evaluated together, the hest solution may edien turm out b be an early
asphalt .u..n.-.ﬁu., mainly because of the reduction in vehicle operating
costs thar it will bring.

Emparscal analysis has shewn that a paved road surface in reason.
ablly good condition can so save onowear and maimenance of vehicles
anl tires as o cause wtal vehicle operating oosis to be some 15 peroent
levwer tham they would be if the surface were being poorly maintaimed.!
At teeday’s praces, a 15 percent saving translates into a saving of aloue
two cents a kilometer for cars and ten cents to fifieen conts a kilometer
for heavy vehicle (excluding savings in the time of passengers) or an
anmual total of as much as 5,000 & kilometer. For roads generating
ic ot a rate of 250 vehicles daily, annual s could be as much
a5 85,000 a kilometer; for roads with daily traltee of 750 vehicles, total
savimgs coanldd be § 15000 a kilometer. For gravel roads, the saving per

1 three tmes this amount, but, of course, the
number of vehicles will normally be much smaller.
Raad maintenance comprises several smallscale engineening oper-
v intervals, depending on dimare,
arels of the road. These o i
illy classafied according to the frequency with whic
qﬂ..nm.n;.._. First, osfing, or recurrent, muEntemmsce conssts of T
thns thar normally necd to be repeatcd one or more limes every
vear—Ilor example, control of vegetation, cleaning of ditches and
curlverts, repairs to shoulders, upgrading « vedl surfaces, lilling
of potholes, patching of cracks, and emergency mdons. Second,
feriadic maintenance oovers operations thar typically need o be re-
pited only every Bive o ten years, such s regraveling of gravel roads
and bituminous surface dressings or resealing paved roads. A third
gremsp of activities, the maintenance of the marnienanee equifmead and
facilitres, 18 an essential support funcion than is typscally incorporated
within the highwiy organization,

Thwe anmual costs of desirable routine mamtenance for paved and
gravel roads in developing countries (assuming En:.:urhcnqm....ﬁ:.
operations and including equipment charges) normally ranges be-
vween aboant $L00 and 1,000 a kilometer as a networkwide average,
while the periodic work (regraveling or resealing) is abowt S8 000
F10,000F 2 kibmeter in the years when it s requited, For earth roads,
desirable annual expenditunes on the same basis are between abou
F 100 and § 1,000 4 kilomerer, TUhe ranges are very witde because much
depends on how extremse the climate m—cspecially with regard i

1 Depnading wn sxveqrsiaion sl gy of the oot of nrkistles wnd the degres of deterion-
g of e o metmrh, the Ervigs wy iy i sk B provems oF 1 percent 4o 38
peich 2 40 poveomt: b 15 prycesd cited in somewlat comerative,

rainfall and freesng temperatures—how old the pavements are, and
i Bosavy Lhee il is,

Combining the characweristics of both maintenance and new cone
sruction i a fourth category of operatien, upgrading or better-
ment—asplall overlays, for example, other strengihening and re-
hahilisation measures, minor drainage, and improvements of align-
ment. T hese measures substitate lor, o reduce, routine and periodic
maintenance requirements, bat they also exchange the value of ser-
vioe anid extend the life of ihe existing asser o swch a degree as o
constituie, in substamial par, capatal renewal and improvement. Cb-
viously their cost is highly varable, depending on the extent of the
work imvlved, bat reasonable indicative figures lor the major opera-
ticwns e S50,000-875,000 3 kilometer for an overlay and $120,000-
S2HLO00 a kilometer for the full rehabilitation of a two-lase paved
reml,

Winhowt any allowance for items in the last, founth, category, which
are generally treated as part of the capital budgen, these figures imply
that total annual maintenance expenditures (the sum of routine and
periodic maintenance coss) need be no more tha
s 1.0 pereent of replacement {or updated on imvestment) value
for paved roads and 1.0 percent to 5.0 peroent for gravel roads. On a
networkwidde basis they would work ow, Tor example, o about 1.7
percent of waal paved and gravel road capital stock in Baol roughly
estimated replacement value: $1,500 mallicnpand 1.8 percent in Chad
{approximate replacement value: 1540 my b The corresponding
benefits would normally be from live to ten times thar much, with
savings in vehicle operating costs G0 percent to 85 percent of the total
and the savings from postponement of the need for renewal the
remamder.

Small theugh these expenditures are in relation w the road capatal
stock amvd v the benefins than they vield, they do have 1o be made in a
regular and timely fashion if their tull potential value is o be realized.
This need 15 30 because of the significance of the savings in vehicle
operating costs each year and because of the larger, uMw...:...E in-
vestments that must be made carlicr than planned il mamtenance s
neghected. Thus, il the amounts already given for routine anid
perodic maintenance that amount toa comhined annual average for
a network of about §1,5040 1o $3,000 a kiksmeter are spent regularly
and effectively, naot only will savings in vehicle operating costs be
realized, but the need for rehabilivation or overlays can be post poned
foor an beast several years as well* Moreover, espedially in the case of
weaker paved roads, the ultimate expenditure for rebabilitaion can
b considerabdly less,

For unpaved roads, the empincal data gathered by the Bank deeply
unsderling the high value of regular routine operations w maintain a

st paverl vusacd, e savangs ol sl inieres oosts, at 12 peroest, foe just five yean’
adddivsomal Bl moubd b abuen $50 000 4 kiksmsscter 6 asphall averlos coald be used, or
maoae tham § 150000 & Likemeser i mose extemmne were oguined.
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reasonable minimum riding surface on rowlds with even as few as en
vehicles a day. They also show that, even for much higher volunses of
traffic, the economic profitability of this work, Largely grading, can
greatly exoced that of regraveling, At a more detadled operational
level, where the sime principles of timeliness still apply, grading can
he several times as elfective if done immediacely following the rainy
season, when there s still mosture inthe upper lavers, rather than a
lew wecks biter.

Timeliness b omaost crtical of all in protecien of paved roads Trom
penctration by water. Pavement structures can be destroved inoa
single sewson when weakened by water penetration — penetration
caused wsually by cracks that have not been sealed or ditches and
culverts that have not been regularly maintained 1o ensure prompe
runafFof rainfall Normally there isa critical plase in the life of a road
pavement—it may be just one or two years’ duration in a wet cli-
mate—when it 15 cssential to strengthen pavement; delay bevond this
period will necessitate far more cosily measures. One unfortunaie
Ulustration in the Bank's experience is the cise of a road that was to
have: been rehabilicited a few years ago in a West African couniry;
dete during the ane-year delay in the award of contraos was
sufficie full reconstrsction of the road was eventually reguired
ata cost of $6 million, more than a third higher than for its rehabilica-
tin; s edditional $5 million te $6 million could probably have been
saved il wwe or three vears earlier, a pavement overlay had been
applicd instead. Thus, contrary to views commanly hebd ouside en-
gincering circles, there are few mainenance Gsks—grass cutting
being perhaps the principal oie—that can be reduced or postponed
without engendering _E.._"an. penalties in future maintenance and re-
constrsction costs o velude operating costs,

Maintenance and construction really need o be seen as interacting
strategies over time, lor the more of one that s done on any given
sewtion of road, the less i needed of the other. Evidenee indicaes thar,
excepl where graveling is unusually expensive (say, more than $1
meter Lawd), it 15 generally worthwhile mitially w gravel roads w
they reach traffic volumes of 15 10 40 vehicles a day. As the volume of
trallic increases, @ point will be reached, normally between 200 and
S4Md vehicles a day, it which paving is warranted. Ansuch iraffic levels,
the maimtenance costs for the unpaved road may be twe 1o four imes
as much as they would be for a paved road with the same volumes of
traffic, and vehick operating costs will be sulstantially higher than on
a paverd road.

But bow heavy should the pavement be: Research so far has
in theory. the best approach (manimum present worth

a road with growing traffic is 1o lay relatively lowcost
pavement initially, then to overlay the road ratber [requently. Re-
search has alss shown, however, that this approach, which requires
carctul management and vimely maintenance mierventions, is, i the
kv run, only slightly kess expensive than a somewhat heavie
investment that provides Tor a stronger pavement. Witlour care il
management, the first-meentioned approach casily turms o o be far

i
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maone costly, and leads s the need for carly rehabalitation or recon-
strution us il potentially maost economical time-staging st
s, with instial low-cost pavermnents, apgaear w be a poor choice unless
there s a relatively high probability that tmely maintenance will be
dome. Economies on those aspeois of design that do not concern the
pavement can therelore be of great importance in helping o rebease
construction funds tor stronger pa 15 Ev he strongest pave-
ments, however, stll reguire s ot ameouints of manenance,
particularly w ensure proper drinage, .

Tight constraines on overall highway budgets pose dilemmas
many countrics and tend W give ncreasing importance b mainie-
mance and maintenancesrelated works, In some countries, negleo of
maintenance in the past means that the most crucial works in the
those of rehabilitation to restore
hey can be preserved | -gular mainte-
nance, In others, especially those where major additions were made to
thie paved network m the 1960 and carly 19705, carelul maintenance
and timely overlays are of the highest priozity if large requirements in
the near future for premature rehabiliation are w be avoided. Tl
ather countries with low volumes of tralfie over extensive networks,
major upgrading cannot vet be coonomically justified, and existing
rosads must be preserved. All these Bacirs are causing policymakers to
adopt a highly selective attitude wwand new construction in many
COLIMETECS; iy .r.-t!__._.‘.__.w. PrOgrams now concentrate _._.F.m._:. 11 Sl
improvements that yield quick returns and on increases inrood oa-
pacily over shon sections.

When roads do deteniorate more rapidly than expeoted, as has
i i o pEregns, it s
Lactors: exces-
sively comservative tralfic forecasts, underdesign, fauly construction
{aned inadequate supervision of construction), overloading of trucks,
or lack of mainenance, Generally, some combination of such Gctors
i imvolved, Tor timely maintenance interventions could, i many
instances, have rgely compensated for small shortfalls in the other
dimensions,

A particularly serious factor aften appears o have been the over-
loading of trucks, With any given configuration of truck axbes, weight
concentrated on one truck does much greater damage to pavements
thim the same weight divided over two and has effects similar w a
misch greater-than-proportionate increase in traffic. Thus, a load 50
percent absove design would be equivalent in its effect on the pave-
ment o alsout five trucks of design boad, while a load twice the design
waould be equivalent to abour twenty such trucks. Similarly, a truck
with a single rear acle would canse a serious overload toa pavement il
it were carvying a load cquivalent to the design load for a truck with a
tanddem rear axbe: a simalar argument applics wo single tires vs, dual
tires, Praffic surveys have olten revealed overloading w be ex-
wensively praciiced, cspecally on main reads, in developing coun-
tries. Reviews of Bank-assisted projeos have sometimes suggested
that more attention shaould have been given, anthe ime the pavement
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was onginally designed, w the possibility that overoading would
ocour, especilly given the great difficulies that have been encoun-
tered in the enforcement of boad limits,

The broader ssue of appropriae limis on e loads for a country
requites carclul economis stwdy of the particular country in question,
of what costs of strengthening and maintaining bridges and roads
wirtld, in Fact, be requited with various road regimes of alternative
axle loard limits, and of what savings in trck operating costs woukd be
gained with the higher limits. In comparing costs 10 the road au-
thasritics with savings 1o the road users, the higher cost to the govern-
mesit of control and of enforcement of the tighter limits must also be
taken into account. Contrel over production and over the tvpes of
trucks that are imported can be as important a means of overcoming
the profdem of overloading us weight contral on the roads.

Some broad indicative ranges for appropriate levels of mainne-
nance expenditure were cited earlier; the key, practical question,
however, is how 1o establish what an adequate level for a panticular
conntry might be. Programs necd to be designed with the distribation
and growil traffic taken it account, as well as the state of the
roads and their surfices, and the contribution that can be made by
nun_._.._ iype of maintenance operation. In formulating such a program,
it is essential that the economic aoss of each type of operation be
minimized —tor example, by emphasizing cfficiently mm, labor-
intensive technigues where unskilled labor is plentiful, In addition,
the best combination of maimtenance aperations shaould be found, one
in which, in principle, cach of various factors is carried o the point
._...—I.-u_ it yiclds a marginal return equal w the opporiunity cost of
capatal.

While the return on efficiently executed, lasic, routine mainie-
nance, such as cleaning culverts, ditches, and drains, filling potholes,
and comtrolling vegetation is ned normally in doubs, questions do
arise, in the case of unpaved roads, about how ofien routine grading
anel perindic regraveling should take place, Analysis has indicated, for
example. thit when grading s infrequent (one grading for each
15,000 vehicle passes—ihat is, one grading every ihree o four
manths for a road with a medium-high traffic rae of 150 vehickes a
iy}, the revurn on additional gradings is very high. As they imcrease,
however, there is a broad range—one grading lor each 4,060 o
10,000 vehicle passes—over which the returns on additional gradings
are a relatively constant 10 percent 1o 15 percent. For a given volume
of traffic, somewhat greater frequencies normally are economically
justified for carth roads.

The key factors that determine the return on regraveling are it
comt, the composition and growih of the waffic on the rowds, vehice
eperating costs (with and withowr graveling), and the social and eco-
nomic costs of any temporary road closures that may acour in the
rainy season as a consecucnce of the road not having been regravel
leal. "The higher the cost of regraveling. the higher the minimum bevel
of traffic required 1o warrant regraveling will be, Programming main-
tenande for paved roads means preparing aspeeilly designed comba-
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._,...!__.:_. T.:.E.:m. E.r.n.iﬁ.ﬁ?.ﬁ.u.ﬂ-ﬁ:uE_mE.__E.:-c:n:
the vears for each section,

It is exsential that a country’s maimtenance program be designed wo
exclude components that have a low priority and where low returns
ane olften congealed within the overall program. There is much o be
saed, therefore, for approaching programming with the objective of
establishing what amounts of which operations would be sacnficed in
the event of, say, a 20 penoent reduction in annual appropriatsons for
maaintenance operations, what would be added with a 20 peroent
inerisese, and what thee returns on these decremental and incremental
eapenditures would be,

An inheremt difficuly of maintenance planning—and an addi-
tional obatacle 1o presentation of a convincing cise for seeuring ap-
proprations by a (nance mmisiey for maintenance—is lnding a
practical measurement of the parameters involved. The coonomic
imporance of maintenanoe can be determined by finding the interre-
Lazed small differences in the stae of the moads and the cosis of
orperating vehickes on them, The research undertaken by the Bank is
based Largely on extensive surveys of road roughness, the difference
that changes in roughness make in vehicle operating costs, and the
coats of maintenanoe operations restoring road roughness w a lower
level or stabilizing roughness at current levels? A few developang
countries=—Raolivia, Brazl, India, Renva, and Tunisia for
exampbe—have obiained instruments for measuring the roughness
of o road. Bur the science of measuring degrees of roughness is sull m
an carly stage of development and is not universally known. Many
developang countres are undertaking dellection surveys on paved
romacks.! These surveys have maot vet been conducted, however, on the
regulir anmueal hasis thar may be necessary if rates of deterioratson ae
torshowe ups: it is difleult, therefore, i establish w a sullicently precise
degree when and how thoreugh a strengthening is reguired, These
measuring devices, moreover, deal only with part of what is involved
I TR

Experienced judgment s inevitably required il values of the
parameters that enter mto the preparstion and assessment of mamie-
nance programs are to be established. Progress in these instances in
which more scientific methods are applicd helps w generaie
Benchmarks and relationships for improving the application of
Judgmeent i other, similar coes. Visual impression and roughness
“feel.” nonetheless, will remain important primary indicators of the
state of ronds and of whar various mainienance operations can do
abscut it This is grue in miny developing countries as well as in most

Mol rowsghness, o indicaied By b cumsulaiive recording ol the respaomse of & vl be fo
wurface irregularities over a cenain of moad gives a meawire of the qaality of the
pusadl wai s Tane. While a cevtan amound of rouglines is buill in @ cosarsion, @ generally
imcreascs will il peunding of oraffic and wab climatic effeos

Pavemem deflection. as measured under specified boads, indicates e seructural
wnengh ol ihe pavermn Liyer syssem. As (e pavemseni nweakemsod thaough the s
ol wrallie, ingress ol sater, ased s foeth, (e delloctam mrcases.





