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Project Description 
The development of agriculture, the distribution 
of food, the provision of health services, and the 
access to information through educational ser-
vices and other forms of communication in rural 
regions of developing countries all heavily de-
pend on transport facilities. Although rail and 
water facilities may play important roles in cer-
tain areas, a dominant and universal need is for
road systems that provide an assured and yet
relatively inexpensive means for the movement 
of people and goods. The bulk of this' need is for
low-volume roads that generally carry only 5 to 
10 vehicles a day and that seldom carry as many 
as 400 vehicles a day. 

Descripcion del proyecto
 
En las regiones rurales de parses en desarrollo, 
el desarrollo de la agricultura, la distribuci6n de
viveres, la provisi6n de servicios de sanidad, y
el acceso a informaci6n por medio de servicios 
educacionales y otras formas de comunicacibn, 
dependen en gran parte de los medios de trans-
porte. Aunque en ciertas 6reas los medios de fe-
rrocarril y agua desemperan un papel impor-
tante, existe una necesidad universal y doami-

nante de crear sistemas viales que provean un 

medio asegurado pero relativamente poco cos-

toso para el movimiento de gente y rnercancfas. 

La mayor parte de esta necesidad se soluciona-

ria con la construcci6n de caminos de bajo vo-

1Omen que generalmente moverian Onicamente 

de 5 a 10 'vehfculos por dia y que pocas veces 

moverian tanto como 400 vehiculos por dia. 

Description du projet 
Dans les r6gions rurales des pays en voie de 
d6veloppement, l'exploitation agricole, la distri-
bution des produits alimentaires, raccbs aux 
services m6dicaux, I'accbs aux materiaux et aux 
marchandises, A I'information et aux autres ser-
vices, dependent en grande partie des moyens 
de transport, Bien que les transports par voie 
ferree et par voie navigable jouent un r6le impor-
tant dans certaines r6gions, un besoin dominant 
et universel 6xiste d'un reseau routier qui puisse 

The planning, design, construction, and 
maintenance of low-volume roads for rural re
gions of developing countries can be greatly en
hanced with respect to economics, quality, and 
performance by the use of low-volume road 
technology that is available in many parts of the
world. Much of this technology has been pro
duced during the developmental phases of what 
are now the more developed countries, and 
some is continually produced in both the less 
and the more developed countries. Some of the
technology has been documented in papers, ar
ticles, and reports that have been written by ex
perts in the field. But much of the technology is 

El planeamiento, diserno, construcci6n y man
tenimiento de caminos de bajo volOmen para

regiones rurales de paises en desarrollo pueden
 
ser mejorados, con respecto a! costo, calidad, y
rendimiento, por el uso de la tecnologia de ca-

minos de bajo volOmen que se encuentra dispo
nible en muchas partes del mundo. Mucha de
 
esta tecnologia ha sido producida durante las
 
epocas de desarrollo de Io que ahora son los
 
paises mas desarrollados, y alguna se produce

continuamente en estos paises asi corno en los
 
paises menos desarrollados. Parte de la tecno
ogfa se ha documentado en disertaciones, artf
culos, e informes que han sido escritos por ex
pertos en el campo. Pero mucha de la tecnolo
gia no est6 documentada y existe principal
mente en la memoria de aquellos que han desa. 

assurer avec certitude et d'une fagon relative
ment bon march6, le d~placement des habi
tants, et le transport des maruhandises. La plus
grande partie de ce besoin peut dtre satisfaite 
par la construction de routes A faible capacit6,
capables d'accommoder un trafic de 5 a 10 v6
hicules par jour, ou plus rarement, jusqu'A 400 
vehicules par jour.

L'utilisation des connaissances actuelles en 
technologie, qui sont accessibles dans beau

v 



undocumented and exists mainly in the minds of 
those who have developed and applied the 
technology through necessity. In either case, 
existing knowledge about low-volume road 
technology is widely dispersed geographically,
is quite varied in the language and the form of its 
existence, and is not readily available for appli-
cation to the needs of developing countries, 

In October 1977 the Transportation Research 
Board (TRB) began this 3-year special project 
under the sponsorship of the U.S. Agency for In-
ternational Development (AID) to enhance rural 
transportation in develcring countries by provid-
ing improved access to existing information on 

rrollado y aplicado la tecnologla por necesidad. 
En cualquier caso, los conocimientos en exis-
tencia sobre la tecnologia de caminos de bajo 
volimen est~n grandemente esparcidos geogr6-
ficamente, varian bastante con respecto al idio-
ma y su forma, y no se encuentran fAcilmente 
disponibles para su aplicacien a las necesida-
des de los parses en desarrollo. 

En octubre de 1977 el Transportation Re-
search Board (TRB) comenz6 este proyecto es-

Vi 	 pecial de tres argos de duraci6n bajo el patroci-
nio de la U.S. Agency for International Develop-
ment (AID) para mejorar el transporte rural en 
los paises en desarrollo acrecentando la dispo.. 

coup de pays, peut faciliter I'6tude des projets 
de construction, trac6 et entretien, de routes & 
faible capacit6 dans les regions rurales des 
pays en voie de developpement, surtout en ce 
qui concerne I'economie, la qualit6, et la perfor-
mance de ces routes. La majeure partie de cette 
technologie a 6t6 produite durant la phase de 
developpement des pays que I'on appelle main-
tenant developpes, et elle continue i btre pro-
duite Ala fois dans ces pays et dans les pays en 
voie de developpement. Certains aspects de 
cette technologie ont 6t6 documentes dans des 
articles ou rapports 6crits par des experts. Mais 
une grande partie des connaissances n'existe 
que dans I'esprit de ceux qui ont eu besoin de 
developper et appliquer cette technologie. De 
plus, dans ces deux cas, les 6crits et connais-
sances sur la technologie des routes i faible 
capacit6, sont disperses geographiquement, 
sont 6crits dans des langues differentes, et ne 
sont pas assez ais6ment accessibles pour 6tre 

the planning, design, construction, and mainte
nance of low-volume roads. With advice and 
guidance from a project steering committee, 
TRB defines, produces, and transmits information 
products through a network of correspondents in 
developing countries. Broad goals for the ulti
mate impact of the project work are to promote 
effective use of existing information in the 
economic development of transportation infra
structure and thereby to enhance other aspects 
of rural development throughout the world. 

In addition to the packaging and distribution 
of technical information, personal interactions 
with users are provided through field visits, con

nibilidad de la informaci6n en existencia sobre 
el planeamiento, diseio, construcci6n, y man
tenimiento de caminos de bajo volOmen. Con el 
consejo y direcci6n de un comit6 de iniciativas 
para el proyecto, el TRB define, produce, y 
transmite productos informativos a trav6s de una 
red de corresponsales en parses en desarrollo. 
Las metas generales para el impacto final del 
trabajo del proyecto son la promociOn del uso 
efectivo de la informaci6n en existencia en el 
desarrollo econ6mico de la infraestructura de 
transporte y de esta forma mejorar otros aspec
tos del desarrollo rural a traves del mundo. 

Adem~s de la recolecci6n y distribuci6n de la 

appliques aux besoins des pays en voie de d6
veloppement. 

En octobre 1977, le Transportation Research 
Board (TRB) initia ce projet, d'une dur6 de 3 ans, 
sous le patronage de I'U.S. Agency for Interna
tional Development (AID), pour ameliorer le tran
sport rural dans les pays en voie de develop
pement, en rendant plus accessible la docu
mentation existante sur la conception, le trace, 
la construction, et 'entretien des routes A faible 
capacit. Avec le conseil, et sous la conduite 
d'un comit6 de direction, TRB definit, produit, et 
transrnet cette documentation 6 I'aide d'un r6
seau de correspondants dans les pays en voie 
de developpement. Nous esperons que le resul
tat final de ce projet sera de favoriser l'utilisation 
de cette documentation, pour aider au d6velop
penient 6conomique de I'infrastructure des tran
sports, et de cette fagon mettre en valeur d'au
tres aspects d'exploitation rurale Atravers le 
monde. 



ferences in the United States and abroad, and 
other forms of communication, 

Steering Committee 
The Steering Committee is composed of experts 
who have knowledge of the physical and social 
characteristics of developing countries, knowl-
edge of the needs of developing countries for 
transportation, knowledge of existing transporta-
tion technology, and experience in its use. 

Major functions of the Steering Committee are 
to assist in the definition of users and their 
needs, the definition of information products that 
match user needs, and the identification of in-
formational and human resources for develop-
ment of the information products. Through its 

informaci6n t6cnica. se provee acciones recf-
procas personales con los usuarios por medio 
de visitas de campo, conferencias en los Esta-
dos Unidos de Norte America y en el extranjero, 
y otras formas de comunicaci6n. 

Comitb de iniciativas 

El comite de iniciativas se compone de exper-
tos que tienen conocimiento de las caracteristi-
cas fisicas y sociales de los paises en desarro-
lb, conocimiento de las necesidades de trans-
porte de los paises en desarrollo, conocimiento 
de la tecnologia de transporte en existencia, y 
experiencia en su uso. 

Las funciones importantes del comite de in-
ciativas son las de ayudar en la definicion de 
usuarios y sus necesidades, de productos in-
formativos que se asemejan a las necesidades 
del usuario, y la identificaci6n de recursos de 

En plus de la dissemination de cette docu-
mentation technique, des visites, des conferen-
ces aux Etats Unis et I'etranger, et d'autres 
formes de communication permettront une inte-
raction constante avec les usagers. 

Comits de direction 

Le comitl de direction est compose dexpertsqui ont &iIafois des connaissances sur les ca-
racteristiques physiques et sociales des pays en 
voie de developpement, sur leurs besoins au 
point de vue transports, sur la technologie ac-
tuelle des transports, et ont aussi de I'exp6-
rience quant A 'utilisation pratique de cette 
technologie. 

Les fonctions majeures de ce comit6 sont 
d'abord d'aider t d6finir les usagers et leurs be-
soins, puis de definir leurs besoins en matiere 

membership the committee provides liaison with 
project-related activities and provides guidance 
for interactions with users. In general the Steer
ing Committee gives overview advice and direc
tion for all aspects of the project work. 

rhe project staff has responsibility for the pre
paration and transmittal of information products, 
the drvelopment of a correspondence networkthroughout the user community, and interactions
with users. 

Information Products 

Three types of information products are pre
pared: compendiums of documented informa
tion on relatively narrow topics, syntheses of 
knowledge and practice on somewhat broader 

conocimientos y humanos para el desarrollo de 
los productos informativos. A traves de sus 
miembros el comit6 provee vinculos con activi
dades relacionadas con el proyecto y tambien 
una guia para la interacciOn con los usuarios. En 
general el comit6 de iniciativas proporciona
consejos y direcci6n general para todos los as
pectos del trabajo de proyecto. 

El personal de proyecto es responsable de la 
preparaci6n y transmision de los productos in- Viiformativos, el desarrollo de una red de corres
ponsales a traves de la comunidad de usuarios,
 
y la interacci6n con los usuarios.
 

Productos informativos 
Se preparan tres tipos de productos informati
vos: los compendios de la informaci6n docu
mentada sobre temas relativamente limitados, la
 
sintesis del conocimiento y pr~ctica sobre temas
 

de documentation, et d'identifier les ressources 
documentaires et humaines necessaires pour le 
developpement de cette documentation. Par 'in
term6diaire des ses membres, le comite pourvoit
i I&liaison entre les differentes fonctions relati
ves ao projet, et dirige I'interaction avec les 
usagers. En general, le comit6 de direction 
conseille et dirige toutes les phases du projet.

Notre personnel est responsable de la pr6paration et de la dissemination des documents, du 
developpement dun rseau de correspondants 
pris dansla comm'naut dusagers, et de I'inte
rio ave les uarse 

raction avec les usagers. 

La documentation 
Trois genres de documents sont prepar6s: des 
recueils dont le sujet est relativement limit6, des 



subjects, and proceedings of low-volume roadconferences that are totally or partially sup-ported by the project. Compendiums are pre-pared by project staff at the rate of about 6 peryear; consultants are employed to preparesyntheses at the rate of 2 per year. At least oneconference proceedings will be published dur-ing the 3-year period. In summary, this projectaims to produce and distribute between 20 and30 publications that cover much of what isknown about low-volume road technology,
Interactions With Users 

A number of mechanisms are used to provide in-teractions between the project and the user 

un poco m~s amplios, y los expedientes deconferencias de caminos de bajo volOmen queest~n totalmente o parcialmente amparados porel proyecto. El personal de proyecto prepara loscompendios a raz6n de unos 6 par ario; se utili-zan consultores para preparar las sIntesis arazbn de 2 por aro. Se publicarc por Io menos un expediente de conferencia durante el pe-riodo de tres aros. En breve, este proyecto pre-tende producir y distribuir entre 20 y 30 publica-viii 	 ciones que cubren mucho de lo oue se conocede la tecnologia de caminos de bajo volOmen. 

Inteaccinco 	 losusuaioslesInteraccin con los usuarios 
Se utilizan varios mecanismos para proveer lasinteracciones entre el proyecto y la comunidad
de usuarios. Se publican las noticias del pro-

syntheses de connaissances et de pratique surdes sujets beaucoup plus generaux, et finale-ment des comptes-rendus de conf6rences surles routes , faible capacit6, qui seront organi-sees complbtement ou en partie par notre projet.Environ 6 recueils par an sont prepares par no-tre personnel. Deux syntheses par an sont 6cri-tes par des experts pris , I'exterieur. Lescomptes-rendus d'au moins une conference se-ront 6crits dans une periode de 3 ans. En r6-sum6, 'objet de ce projet est de produire et dis-seminer entre 20 et 30 documents qui couvriront'essentiel des connaissances sur la technologiedes routes 6 faible capacit6. 

Interaction avec les usagers 
Un certain nombre de mecanismes sont utilises 
pour assurer l'interaction entre le personnel du 

community. Project news is published in eachissue of Transportation Research News. Feedback forms are trarJsmitted with the informationproducts so that recipients have an opportunityto say how the products are beneficial and howthey may be improved. Through semiannual visits to developing countries, the project staff acquires first-hand suggestions for the projectwork and can assist directly in specific technicalproblems. Additional opportunities for interactionwith users arise through international and incountry conferences in which there is project 
participation. Finally, annual colloquiums areheld for students from developing countries who are enrolled at U.S. universities. 

yecto en cada edici6n de la Transportation Research News. Se transmiten, con los productosinformativos, formularios de retroacci6n paraque los recipientes tengan oportunidad de decirc6mo benefician los productos y c6mo puedenser mejorados. A traves de visitas semianuales alos paises en desarrollo, el personal del proyecto adquiere directamente de fuentes originales sugerencias para el trabajo del proyecto ypuede asistir directamente en problemas tecnicos especfficos. Surgen oportunidades'adicio
nales para la interaccidn con los usuarios a tra

v6s de conferencias internacionales y naciona
en donde participa el proyecto. Finalmente, 

se organizan di~logos con estudiantes de pafses en desarrollo que est~n inscriptos en universidades norteamericanas. 

projet et la communaut6 d'usagers. Un bulletind'information est p .oli6 dans chaque numero de
Transportation Research News. Des formulaires
sont joints aux documents, afin que les usagers
aient I'opportunit6 de juger de la valeur de ces
documents et de donner leur avis sur les
moyens de les arneliorer. Au cours de visites
semi-annuelles dans les pays en voie de doveloppement notre personnel obtient de premieremain des suggestions sur le bon fonctionnement
du projet et peut aider Aresoudre sur place certains probl6mes techniques specifiques. En outre, des conferences tenues soit aux Etats Unis,soit , I'6tranger, sont I'occasion d'un 6changed'id6es entre notre personnel et les usagers. 
Finalement, des colloques annuels sont or
ganises pour les 6tudiants des pays en voie dedeveloppement qui 6tudient dans les universit6s 
am6ricaines. 
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Overview 
Background 

Highway maintenance isgenerally defined as 
the preservation of roads. It represents an ongoing 
expense that increases in magnitude as a
road network increases in size. The yearly cost
of maintenance represents a small fraction of the 
construction replacement cost of the road net-
work (approximately 1-3 percent). However, the
total yearly cost of maintenance represents a
sizable outlay of agency funds, often 50 percent
ot more of the total highway budget. These
funds must be spent wisely and carefully to pro-

tect the original investment. Maintenance ex-

penditures do not necessarily produce dramatic 

or even obvious results visible to the average

citizen who usually has no criteria by which to

evaluate various levels of maintenance. This 


Vista General 
Antecedentes y alcance 

La conservaci6n vial generalmente se define 
como la preservacion de caminos, y representa 

un contfnuo gasto que aumenta a medida que

aumenta la red vial. El costo anual de conserva-

ci6n es aproximadamente 1-3% de los costos de

construccin de reemplazo de la red vial; pero

representa un desembolso considerable de los 

fondos de la agencia, muchas veces un 50% o 

m~s del presupuesto vial total. Estos fondos de-

bern utilizarse cuidadosamente y con buen cri-


Expose
 
Historique et description 

On entend gen6ralement par entretien routier le
maintien des routes. L'entretien routier repr6-
sente une depense constante dont le montant 
augmente en meme temps que le reseau routier 
s'aggrandit. Les depenses annuelles d'entretien 
representent une petite fraction du coOt de la
reconstruction du reseau routier (approximati-
vement 1 i 3 pour cent). Toutefois, le coOt an-
nuel total de 'entretien represente une mise de
fonds importante de la part de I'organisme rou-
tier, souvent 50 pour cent ou plus du budget
routier total. Ces fonds doivent donc 6tre d6-

often prompts some develuping countries to
 
fund new road construction at the expense of
 
proper maintenance.
 

Historically, both developing and developed

countries have made a continuing major effort to
 
upgrade the complex decision methodology

used in the planning and constructing of new

roads. Maintenance programs have sometimes

been considered a necessary evil and not
 
worthy of serious study. Thus, two approaches
to maintenance decision making evolved. Both
 
substituted extremes for rational evaluations.
 
First, proper maintenance consisted of keeping

the roadway in "like-new" condition. Experience
 
soon showed that no economy is strong enough

to keep all roads this way. Second, road preserva

terio para proteger la inversi6n original. Los gas- xi 

tos de ccnservaci6n no se presentan en forma
dram~tica ni obvia a los ojos de la persona

media que no dispone del criterio necesario
 
para evaluar los distintos niveles de conserva
cion; y por esta raz6n algunos parses en desa
rrollo apoyan la construcci6n de nuevos cami
nos, acosta de una correcta conservaci6n. 

Hist6ricamente ha sucedido que los parses en

desarrollo y ya desarrollados se dedicaron a la
 

penses de fagon judicieuse et retlechie afin de 
sauvegarder l'investissement premier. Les db
penses d'entretien ne donnent pas necessaire
ment un r6sultat dramatique ou meme simple
ment visible pour l'usager moyen, qui normale
ment n'a aucuns critlres par lesquels il puisse
juger des differents niveaux d'entretien. C'est ici 
la raison qui incite certains pays en voie de d6
veloppement investir leur capitaux dans la 
construction de routes nouvelles aux depends
d'un entretien ad6quat.

Historiquement, les pays en voie de develop



tion was viewed as relatively insensitive to the 
maintenance effort expended. This concept can 
lead to the use of maintenance budgets to 
redress construction fund deficiencies in times 
of fiscal restraint. However, roads will eventually
deteriorate without some sort of maintenance 
and will become useless even if they carry no 
traffic. 

Once the necessity for maintenance was es-
tablished, the problem of allocating funds arose. 
Fhe first allocation procedures distributed histor-
ically derived funds in direct proportion to the 
length of roadway involved. This criterion did not 

mejora de la compleja metodologfa de decisio-
nes utilizada en el planeamiento y construcci6n 
de nuevos caminos. Los programas de conser-
vacion se consideraban a veces como una ne-
cesidad inevitable pero no dignos de cuidadoso 
estudio. De esta forma se desarrollaron dos m-
todos en el proceso de hacer decisiones con
respecto a la conservaci6n. Los dos emplea-ban medidas extreimas en vez de evaluaciones 
Irazonables. El primero fu6 mantener el caino 
como nuevo", que r~pidamente demostr6 que 

no hay una economfa lo suficientemente fuerteA para soportar todos 1o3 caminos de esta forma.l seudI.rps lcncpod u ape

El segundo ropuso el concepto de que Iapre-servaci6n del camino es relativamente insensi
tiva al esfuerzo de conservaci6n expendido, y 
por lo tanto se pueden utilizar los fondos de 
conservaci6n para reparar deficiencias en los 
fondos de construcc16n durante epocas do 
restricciones fiscales. Pero los carninos han de 

pement et les pays industrialises sont toujours 
en train de fournir un effort majeur pour am6lio-
rer la complexe m~thodologie de d6cision utili-
s~e pour la planification et la construction de 
routes nouvelles. D'un autre cot6, les program-
mes d'entretien sont quelquefois consid6r6,, 
comme une nuisance, n6cessaire certes, mais 
pas digne d'6tudes sirieuses. Deux approches 
pour la prise de d~cision en mati~re d'entretien 
se sont donc form~es. Ces deux approches ont 
remplac6 1'6valuation rationnelle par 'extr6-
misme. Tout d'abord, on a pens6 qu'un entretien 
ad~quat consistait en la tenue Aneuf constante 
de la route. L'exp6rience a vite d6montr6 qu'il
n'existait aucune 6conomio assez forte pour 
supporter d'entretenir les routes de cette faon. 
Ensuite, la th6orie a 6t6 que la conservation rou-
tibre 6tait relativement insensible , 'effort d'en-
tretien d6pens6. Ce concepte peut conduire A 
l'utilisation du budget allou6 A 'entretien pour r6-
tablir le rnanque du budget de construction en 

acknowledge that the environment, material 
constraints, and traffic may affect the mainte
nance costs of different roads in different de
grees. It also did not evaluate the adequacy of 
funds previously appropriated for maintenance. 

The next step was to substitute a subjective
evaluation of empirical results as a decision tool. 
Historical costs were broken into two factors. 
The first was a constant that represented the
base cost of maintenance necessary to keep the 
road from environmental deterioration. The sec
ond factor was the volume of traffic per day mul
tiplied by a second constant that represented 

deteriorar sin alguna conservaci6n, an cuando 
no son utilizados. 

Una vez establecida Ia necesidad de conser
vaci6n surgi6 el problema dle a distribuci6n de 
fondos. Primeramente se distribuyeron los fon
dos hist6ricamente asignados aia conservaci6n 

la
en forma directamente proporcional a extensi6n del camino involucrado. Este criterio no tomaba en cuenta que el medio ambiente, restric
ciones en el material, y el t',nsito todos pueden
afectar el costo de conservaci6n de distintos 
caminos en distintos grados; ni tampoco evalub
laminsen dettos grados niao ala
a suficrencia de los fondos ya consignados a Ia 
conservaci6n. 

El pr6ximo paso fu6 el de utilizar una evalua
ci6n subjetiva de resultados empfricos para Ile
gar a una decisi6n. Los costos hist6ricos se di
vidieron en dos factores; el primero siendo un
 
constante que representaba el costo base de
 

temps de restriction fiscale. De toutes manibres,

les routes se d~t~rioreront 6ventuellement en
 
I'absence de quelque sorte d'entretien, et de
viendront inutilisables m6me en I'absence de
 
circulation.
 

Une fois que la n~cessit6 d'entretenir les route 
fit 6tablie, il se produisit le problbme d'alloca
tion des fonds. Les premibres m~thodes d'allo
cation distribuaient des fonds d6riv6s histori
quement en proportion directe a la Iongueur de 
la route en question. Ce crit~re ne reconnaissait 
pas le fait que Ilenvironnement, les exigences de 
mat~riaux el de circulation, peuvent affect-: les 
coots d entretien de routes diff6rentes des de
gr~es diffrents. IIne prenait pas non plus en 
compte si les fonds allou6s anterieurement 
6taient ,uffisants ou non. 

On prit ensuite comme instrument de d6ci
sion, et comme substitution a ces m6thodes,
I'6valuation subjective de r&,ultats empiriques.
Les coots historiques furent divis6s en deux 



the additional traffic-induced costs on a road-
way. This method also neglected the evaluation 
of the adequacy of funds previously appropri-
ated for maintenance. 

Finally, the concept of level of service and the 
impact on road-user costs were introduced into 
the determination of maintenance funding in an 
attempt to evaluate the adequacy of that fund-
ing. The economic evaluation of how much main-
tenance is enough is becoming the foundation 
for rational decision making in both maintenance 
and upgrading activities. 

Compendium 11 is concerned with the tech-
niques used to determine the amount of mainte
nance effort that is most beneficial to a nation's 

conservacion necesario para proteger el camino 
del deterioro por accion del medio ambiente; y
el segundo, el volumen del tr~fico diario multi-
plicado por un segundo constante que repre-
sentaba los costos viales adicionales causados 
por el tr~nsito. Este metodo tampoco evalu6 la 
suficiencia de los fondos previamente alocados 
a la conservaci6n. 

Finalmente se lleg6 a incluir el concepto de 
nivel de servicio y el mpacto sobre los costos 
para el usuario del camino en la determinaci6n 
de fondos a fin de evaluar la suficiencia de 
aquellos fondos. Ultimamente se est6 utilizando 
la evaluacion economica de cu~nta conserva-
ci6n es necesaria, como base o.ra una decisi6n
racional en Io que respecta a las actividades de 
conservaci6n y mejora. 

El Compendio 11 se ocupa de las tecnicas 
que se utilizan para determinar cu~nto esfuerzo 

6lements. Le premier btait une constante repr-
sentant le coot de base de l'entretien necessaire 
pour que la route ne succombe aux degrada-

lions dOes i I'environnement. Le deuxibme 66-

ment btait le traffic journalier multipli6 par une 

seconde constante representant le coOt addi-

tionnel cause par le trafic. Cette methode n6gli-
geait elle aussi I'6valuation de la suffisance des 
fonds alloues anterieurement pour I'entretien. 

Finalement, les conceptes du niveau de ser-
vice et de 'impact sur les coOts de la circulation, 
furent introduits dans le calcul budgetaire de 
'entretien, de fagon 6 essayer d'6valuer si ce

lui-ci 6tait suffisant. L'6valuation 6conomique du 
niveau suffisant d'entretien forme la fondation 
d'une prise de decision rationnelle sur 'entretien 
et I'amelioration des routes. 

Le recueil no. 11 a pour sujet les techniques
utilis6es pour determiner le seuil d'entretien qui 
sera le plus avantageux AI'ensemble de I'6co-

entire economy. The use of an economic evalua
tion of maintenance activities not only deter
mines the most cost-effective level of mainte
nance for each roadway but also indicates the
 
proper timing of each upgrading activity (gravel
ing or surface treatment). The administration of
 
maintenance programs and the improvement of
 
low-volume road maintenance operations are
 
discussed in another project publication- Syn
thesis 1, Maintenance of Unpaved Roads (see

back cover).
 

Rationale for This Compendium 

The economic evaluation of maintenance and 

de conservaci6n es ms provechoso para ia 
economfa total de una naci6n. El uso de esta 
evaluaci6n econ6mica no s6lo ayuda a determi
nar el nivel efectivo de conservaci6n en Io que 
respecta al costo, para cada camino, sino tam
bien indica el momento correcto para cada acti
vidad de mejora (colocaci6n de grava o trata
miento de superficie). La administraci6n de los 
programas de conservaci6n de caminos de bajo
volumen y la mejora de lals operaciones de di
chos programas, se examiran en otra publica
ci6n del proyecto-Sintesis 1, Conservaci6n de xii 
caminos sin pavimentar (vease el interior de la 
cubierta posterior). 

Exposici6n razonada para este 
compendio 

La evaluaci6n economica de las actividades de 

nomie d'une nation. L'evaluation 6conomique 
des operations d'entretien non seulement d6
termine le niveau d'entretien le plus rentable 
pour chaque route, mais aussi elle indique le 
seuil d'amelioration le plus favorable (graviers 
ou bitumage). L'administration des programmes
d'entretien routier et le perfectionnement des 
op6rations d'entretien des routes 6conomiques 
sont discutes dans une des autres publications
de notre projet-Synthese No. 1: L'entretien 
des routes non rev6tues (voir la derni~re page du 
recueil). 

Objectif de ce recuell 

L'6valuation 6conomique des travaux d'entretien 
et d'amelioration, est basee sur le principe que
le r6le de l'entretien nest pas purement de 
conserver la route. C'est plut6t de maintenir la 
condition de la surface routiere de telle fagon 



upgrading activities is based on the premise that
the role of maintenance is not merely to preserve
the road. Rather, it is to keep the road surface in 
a condition that will permit vehicles to operate at
the cost level at which the total transport cost is
lowest. Total transport cost is the sum of the 
construction, maintenance, and vehicle operat-
icg costs. 

The economic evaluation of total transport 
cost issomewhat less complicatpd than the 
economic analysis used for highway feasibility
studies. This is so because the total transport
cost evaluates vehicle operating costs rather 
than the impact of the road on the social and 
general economic environment of the immediate 

conservacin y mejora se basa en la premisa de 
que la conservaci6n no es solamente para pre-
servar el camino, sino que es para mantener la
superficie del camino en tal condicion que per-
mita la operaci6n de vehfculos a un nivel de 
costo en donde el costo total de transporte es el 
m~s bajo. El costo total de transporte es la suma
de los costos de construccibn, conservaci6n y
operacin de vehiculo. 

La evaluacibn econ6mica del costo total de 
transporte es un poco menos complicada que el

XIV 	 an~lisis economico que se utiliza en los estudios 
de posibilidades viales. Es asi porque el costo 
total de transporte eval0a los costos de opera-
cidn de vehfculo y no el impacto del camino 
sobre el ambiente econ6mico social y genera!
del 6rea afectada, de la regi6n, y de la nacibn.
Muchas veces se utilizan los costos y beneficios
diffciles de medir de los programas de desarro-

qu'elle permette aux vehicules d'operer au prix
auquel les depenses totales de transport sont les
plus basses. Les depenses totales de transport
sont la somme des coots de construction, d'en-
tretien, et d'exploitation des vehicules. 

L'evaluation 6conomique des d~penses tota-
les de transport est un peu moins compliquee 
que I'analyse 6conomique utilis6e pour les 6tu-
des de factibilit6 routibre. Cela s'explique car le
calcul des depenses totales de transport consi-
dere le coOt d'e).ploitation des vehicules plut6t 
que l'impact de la route sur 1'6conomie sociale 
et gen~rale du secteur proche, Ia region et la na-
tion. Les coOts et avantages, difficiles Achiffrer,
associ~s avec les programmes de d~veloppe-
ment regionaux, qui souvent servent de justifica-
tion 6conomique de la construction d3 routes 6
faible circulation, affectent la dopense totale de 
transport seulement en ce au'ils d6terminent lesvolumes et types de trafic sur la route ou le r6-

area, the region, and the nation. The hard-to
quantify costs and benefits associated with re
gional development programs, which often serve 
as the economic justification for the construction 
of associated low-volume roads, affect the total 
transport cost only to the extent that they deter
mine the volume and type of traffic on the road 
or system being evaluated. 

Three factors have delayed the widespread
adoption of the economic evaluation of mainte
nance and upgrading activities in developing
countries: 

1. The attitude of many officials toward the
abstract nature of economic evaluations and the
fact that recurrent expenditures for maintenance 

Ilo regionales como justificaci6n econbmica para
la construccibn de caminos de bajo volumen 
asociada a tales programas; pero estos costos y
beneficios ' nicamente afectan at costo total de 
transporte en que determinan el volumen y tipo
de tr~nsito sobre el camino o sistema que se 
estl evaluando. 

Hay tres factores que han demorado el uso en 
gran escala de la evaluacibn econ6mica de las
actividades de conservacibn y mejora en los 
pafses en desarrollo: 

1. La posicin que muchos funcionarios 
toman con respecto a la naturaleza abstracta de
las evaluaciones econ6micas, y el hecho do que
los gastos peri6dicos de conservaci6n general
mente han sido exclufdos de apoyo econbmico 
por pr6stamos con bajo interes o subvenci6n di
recta da agencias internacionales de ayuda. Ha
estado faltando, entonces, una persuasion para 

seau que I'on est en train d'6valuer. 
Trois facteurs ont retard6 I'adoption generali

see de la methode d'6valuation 6conomique de 
I'entretien ou I'amelioration routiers dans les 
pays en voie de d6veloppement.

1. L'attitude de beaucoups d'administrateurs 
envers la nature abstraite de I'analyse 6conomi
que et le fait que les depenses p6riodiques
d'entretien ont generalement M6 exclues du fi
nancement Abas inter~t ou subventions directes 
par les organismes internaticnaux d'assistance. 
L'encouragement A investir dans des etudes 
economiques, comme crit~re de prise de d6ci
sion en mati%re d'entretien routier, 6 donc 6t6 
absent. 

2. Le manque de volont6 d'accepter le coOt
d'exploitation des vehicules (CEV) comme 6tant 
I'affaire du governement, ce qui emp~che
I'adoption du concepte de la depense totale de
transport. Bien que le gouvernement se recon



activities have been generally excluded from
funding with low-interest loans or outright grants
from international aid agencies. The ind,.cement 
to invest in economic studies as criteria for main-
tenance decision making has therefore been
lacking. 

2. The unwillingness to accept vehicle opera,-
ing cost (VOC) as a government concern, which 
prevents the adoption of the total transport cost 
concept. Although construction and mainte-
nance costs are the acknowledged responsibil-
ity of the government, some officials argue that
VOC reductions are a benefit to private enter-
prise and should not be an investment criterion 
for public funds. This attitude refutes the use of
nongoverniiental benefits to determine Iie
feasibility of the nri-inal construction of tne road. 

invertir en estudios econ6micos como criterios 
en las decisiones sobre conservaci6n. 

2. Una desinclinaci6n para aceptar el costo 
de operaci6n de vehfculo (vehicle operating
cost: VOC) como asunto gubernamental, lo cual 
no permite la utilizaci6n del concepto del costo 
total de transporte. Aunque se acepta que los 
costos de construccibn y conservaci6n son la
responsabilidad del gobierno, algunos funciona-
rios formulan que las reducciones de VOC bene-
fician las empresas privadas y no deber~n for-
mar parte de criterios de inversien de los fondos 
piblicos. Esta actitud contradice el uso de
beneficios no gubernamentales para determinar 
la posibilidad de la construcci6n original del 
camino. 

3. La falta de una base firme de datos para 

naisse responsable des coOts de construction et
d'entretien, certains officiels soutibnnent que les

reductions du CEV sont un avantage pour les 

entreprises privees et ne devrait pas constituer 

un critre d'investissement des fonds publics.

Cette attitude dement l'utilisation d'avantages

non-gouvernementaux pour determiner la factibi-

litO premiere de la construction de la route,


3. Le manque d'une banque de donnees so-
lide pour estimer les besoins, les coOts et l'im-
pact sur les usagers ainsi que les degradations
futures de la route. L'entretien routier se 
compose de beaucoup de petites operations qui
sont variees et quelquefois imprevisibles. Ces 
operations continuent indefiniment et sont ex-
tremement diff;ciles Agorer efficacement. Elles 
demandent I'mploi intensif de main-d'oeuvre et 
sont dependar,,?s de la productivit6 de la 
main-d'oeuvre locale. Ce qui explique que le
coOt de l'entretien ost plus difficile Aprevoir que 

3. The lac%of a firm data base for estimating
maintenance needs, costs, and the impact on
road users as well as future road deterioration. 
Maintenance activities are made up of many
small components that are varied and some
times unpredictable. They continue indefinitely
and are extremely difficult to manage efficiently.
They are also labor-intensive and depend on
local labor productivity. Therefore maintenance 
costs are more difficult to predict than are con
struction costs. The common method of using
previous national total maintenance costs, ad
justed for expansion of the total system length
and inflation, is unsatisfactory because (a) it 
does not account for cost variations from road to
road due to traffic, materials, and environmental 
differences, and (b) it does not provide any as

calcular las necesidades de conservaci6n, cos
tos, y el iripacto sobre usuarios del camino asi 
como el deterioro futuro del camino. La conser
vaci6n est6 formada por una \'ariedad de com
ponentes, a veces imprevisibles. Continian en
forma indefinida y son extremadamente dificiles 
de manejar eficientemente. Engendran mucho 
trabajo y dependen de la productividad de la 
mano de obra local. Por eso, los costos de con
servaci6n son m~s diffciles de pronosticar que
los costos de construcci6n. El metodo comin de
utilizar previos costos totales de conservaci6n 
nacionales, ajustados para la expansien de la
extensi6n total del sistema y para la inflacion, es
insatisfactorio porque (a) no toma en cuenta las
variaciones de costo de camino a camino de
bido al tr~nsito, materiales, y diferencias en el 

celui de la construction. La methode ordinaire
 
qui est de se servir du total des depenses natio
nales d'entretien des annees precedentes, en
 
tenant compte de I'accroissement du kilom6
trage et de l'indexation due A ['inflation, nest pas

satisfaisante car (a) elle ne tient pas compte des

variations de coOt d'une route &I'autre, 
causees
 
par le trafic, les materiaux et les differences de

l'environnement, et (b) elle ne fournit aucune as
surance que les operations d'entretien anterieu
res btaient suffisantes ou appropriees.

Les effets de differents niveaux budgetaires
de l'entretien sur la condition (et ensuite la dO
gradation) d'une route et par consequent sur le
coOt aux usagers, nont 6t6 mesures scientifi
quernent qi'e recemmenm. Ils ne sont pas encore 
bien 6tablis pour I'ensemble des operations
d'entretien, le trafic et les conditions d'environ
nement. Certains dex textes choisis (no. 4 et no.
6) de ce recueil decrivent un exercice important 



surance that previous maintenance activities 
were sufficient or appropriate,

The impacts of different levels of maintenance 
expenditures on road condition (and subsequent
deterioration) and thence on road users' costs
have only recently been measured scientifically,
Such relations are not yet well established for
the complete spectrum of maintenance ac-
tivilies, traffic, and environmental conditions in-curred in different countries. Certain of the
selected texts (Nos. 4 and 6) in Compendium 11
describe a major effort undertaken by various 
organizations to develop a data base for use in
developing countries. Studies in Kenya and
Brazil and, more recently, in India and the 
Caribbean are designed to provide a primary
data base for estimating cost tracde-offs for dif-
ferent design and maintenance standards for a
wide range of conditions. The adjustments and
techniques necessary to transfer these relations 
to other countries are also being developed, 

medic ambiente, y (b) no asegura que las acti-
vidades de conservaci6n previas fueran sufi-
cientes o apropiadas. 

Es Cnicamente recientemente que se han me-
dido cientificamnte los impactos de distintosxvi 	 niveles de gastos de conservaci6n sobre la 
condicion del camino (y el subsecuente dete-
rioro), y por lo tanto sobre los costos del usuario
del camino. Tales relaciones no han sido bien
establecidas para la variacibn completa de acti-
vidades de conservacibn, trnsito, y condicio-
nes del medio ambiente encontradas en distin-
tos paises. Algunos de los textos seleccionados 
(N~rms. 4 y 6) del Compendio 11 describen un 
esfuerzo importante por parte de varias organi-zaciones para desarrollar una base de datos autilizarse en pafses en desarrollo. Los estudios 

entrepris par plusieurs organismes pour deve-
lopper une banque de donn6es utilisable dans
les pays en voie de developpement. Des etudes
faites au Kenya, au Bresil, et plus recemment 
aux Indes et dans les Carai'bes, sont conques
principalement pour fournir une banque de don-
nees capable d'estimer les accommodements 
budgetaires pour une gamme de normes de di-
mensionnement et d'entretien sous toutes sortes
de conditions. Les adaptations et la technique
necessaires pour leur transfert aux autres pays
sont en train d'6tre developpees.

Cette recherche a 6tablit clairement que
m6me des petites differences dans le coOt d'ex-
ploitation des vehicules joueront un r6le majeur
dans la determination des politiques d'entretien 

This research has clearly established that 
even small changes in vehicle operating costs
will play a major role in determining optimum
maintenance policies. Maintenance and vehicle
operating costs are related in the total transport
cost concept by two key variables: (a) the road
surface condition, particularly roughness, and
(b) the volume and character of traffic using the 
road throughout its economic life. 

Road roughness may be defined as a summa
tion of the vertical displacements (oscillation) of 
a vehicle body, relative to its chassis, in re
sponse to variations in road surface profile when
driven at a specified speed over a specified dis
tance. Roughness measurement systems vary
widely and include qualitatve assessments by
the engineer or riding-comfort rating panels, in
expensive axle-mounted bump integrators, and 
very complex and expensive profile-recording
systems. The importance of this measurement in
monitoring road performance and in measuring 

en Kenya y Brasil, y m6s recientemente en la
India y el Caribe, han sido diseados para 
proveer una base primaria de datos para el
estimado de trueques de costos para distintas 
normas de disefio y conservaci6n para una granvariedad de condiciones. Tambien se estn 
desarrollando los ajustes y tecnicas necesarios 
para transferir estas relaciones a otros paises.

Estas investigaciones claramente establecen 
que a~n los cambios mcs pequernos en los cos
tos de operaci6n de vehfculos tendrn gran im
portancia en la determinacibn de la polftica de
conservaci6n 6ptima. En el concepto de costo
total de transporte, los costos de conservaci6n y
operaci6n de vehfculo se relacionan a trav6s dedos variables vitales: (a) la condici6n de la superficie de camino, en particular la rugosidad, y 

optimum. L'entretien routier et le coOt d'exploita
tion des v6hicules sont apparentes, dans le coOt
total du transport, par deux variables maitres
ses: (a) la condition de la surface de roulement,
particulierement I'uni, et (b) le volume et le 
genre de circulation qui utilisent la route durant 
sa vie 6conomique. 

L'uni de la surface de roulement peut 
se definir comme 6tant la somme des deplace
ments verticaux (oscillations) d'un v6hicule par
rapport 6 son chassis en r6ponse aux variations 
du profil de la surface de roulement quand ce
vehicule est conduit un vitesse specifique pour
une distance specifique. Les systemes de me
sure de I'uni sont tr~s varies et vont de 
I'6valuation qualitative par l'ing6nieur, A1'estima



maintenance needs has stimulated much re-
search in recent years to develop improved
simplified systems appropriate to the needs of 
developing countries. Selected Text No. 7 sum-
marizes the fundamental concepts and current 
work in this area. 

The incremental values of various mainte-
nance activities and the break-even or optimum
value criteria for upgrading are based on current 
or predicted traffic volumes. Although the 
economist can reasonably determine these cost 
relations if the costs used are correct, the last 
two selected texts indicate that traffic vuluies, 

(b) el volumen y caracterfsticas del tr~nsito que

lo utilza a trav~s de su vida econ6mica. 


La rugosidad del camino podrfa definirse 

como la suma de los desplazamientos verticales 

(oscilaci6n) de la carrocerfa de un vehfculo, con 

relaci6n a su chasis, como reacci6n a variacio-

nes en el perfil de la superficie de camino al ser 

manejado a una velocidad especffica sobre una 

distancia especffica. Hay una gran variedad de 

sistemas para medir la rugosidad, e incluyen 

asesoramientos cualitativos por parte del inge-

niero, o un grupo oficial de personas que eva-

16an la comodidad de marcha; hasta medidores 
de rugosidad de poco costo, montados sobre el 
eje, y sistemas registradores de perfil muy comple-
jos y costosos. La importancia de esta medici6n 
para la evaluaci6n del rendimiento del camino 
y las necesidades de conservaci6n ha es-
timulado Otimamente mucha investigaci6n para 
desarrollar sistemas simplificados mejorados 
para utilizarse en los pafses en desarrollo. El 

tion de la qualite de roulement par une 6quipe
d'experts, ou 6 des bump integrators months sur 
l'essieu et bon marche, jusqu'aux analyseurs de 
profil en long, tr~s compliqu~s et trbs chers. 
L'importance de ces mesures pour contr6ler le 
comportement de la route et pour jauger les be-
soins d'entretien a stimule beaucoup de recher-
ches recemment pour d~velopper des systbmes
ameliores, simplifi6s, et appropries aux besoins 
des pays en voie de developpement. Le texte 
choisi no. 7 fait une analyse sommaire des 
conceptes fondamentaux de la question et de la 
recherche en cours. Les valeurs diff6rentielles 
des diff~rentes activit6s d'entretien et le.; 
crit~res de valeur AI'optimum et au seuil de ren-
tabilit6 pour I'am~lioration, sont bas~s sur les vo-
lumes de trafic actuels ou pr6vus. Bien que 
I'6conomiste puisse determiner de fagon raison-
nable ces rapports entre les coOts si les coOts 

either current or predicted, are very difficult to 
assess accurately. 

Decision methodology for highway mainte
nance and upgrading should genera!!y be based 
on economic trade-offs to ensure the lowest total 
transport cost. The three major elements of the 
economic evaluation after construction is com
pleted - maintenan,e unit costs, vehicle operat
ing costs, and average daily traffic -are difficult 
to determine exactly. However, any steps taken 
toward improving the data base and economic 
evaluation techniques will lead to better decision 
methodology. Even order-of-magnitude evalua-

Texto Seleccionado N' 7 es el que resume los 
conceptos fundamentales y el trabajo que hasta 
el dfa se ha realizado en esta .rea. 

Los valores incrementales de varias activida
des de conservaci6n y los criterios para la me
jora de valor 6ptimo o valor "sin ganar ni per
der", se basan sobre volOmenes de tr~nsito 
pronosticados o corrientes. Los dos Oltimos tex
tos seleccionados indican que aunque los eco
nomistas pueden razonablemente determinar 
estas relaciones cntre costos si los costos son 
correctos, los volOmenes de tr~nsito, corrientes 
o pronosticados, son muy diffciles de determinar xvii 
con exactitud. 

Se deber6 generalmente basar la metodologfa 
de decisiones para conservaci6n y mejora viales 
sobre trueques econ6micos, para asf obtener el 
costo total de transporte m~s bajo. Son muy di
ficiles de determinar los tres elementos m6s im
portantes de la evaluaci6n econ6mica (costos
 
de unidades de conservaci6n, operacibn de
 

utilis~s sont justes, les deux derniers textes 
choisis indiquent que les volumes de trafic, ac
tuels ou pr6vus, sont tr~s difficilos 6 6valuer 
avec precision. 

Une m~thodologie de d6cision pour 1'entretien 
ou I'am6lioration des routes devrait g~n~rale
ment 6tre bas~e sur des compromis 6conomi
ques pour assurer io plus bas prix total de 
transport. Les trois 616ments principaux de 1'6va
luation 6conomique, apr~s que la construction 
soit finie-coOts unitaires de I'entretien, coOt 
d'exploitation des v6hicules, et traffic moyen
journalier-sont difficiles Aestimer avec pr6ci
sion. Cependant, chaque effort fourni pour am6
liorer la banque de donn6es et les techniques
d'6valuation economiques, conduiront Aune 
meilleure m~thodologie de prise de d6cision. 
M6me les 6valuations A l'ordre de grandeur 
conduisent . une meilleure estimation des priori



tions lead to a better assessment of maintenance
priorities than pure guessing. Many devel-
oping countries do not have the trained man-
power or the financial resources to immediately
institute maintenance economic evaluation as adecision-making tool. However, a comprehensive
understanding of the components of the deci-
sion methodology for maintenance and upgrad-ing can lead to a redirection of maintenance-
planning resources into those activities that will
eventually permit the development of more
cost-effective programs. 

Discussion of Selected Texts 

The first text, The Economic Issues of Highway
Maintenance, isexcerpted from the Eccnomic
and Finance Committee Report, XVIth World
Road Congress, Vienna (Permanent Interna-
tional Association of Road Congresses, 1979). It 

vehfculo, y tr~nsito diario medio), que vienen
despues de la construcci6n. Sin embargo, cual-
quier esfuerzo para mejorar la base de datos y
tecnicas de evaluaci6n econbmica mejorar6 lametodologfa de decisiones; y an las evaluaciones 

xvill de 6rden de magnitud Ilevan aun mejor asesoramiento de las prioridades de conservaci6n, que
lo que daria una pura suposici6n. Es cierto que
muchos paises en desarrollo no poseen el personal
entrenado ni los recursos financieros necesarios 
para inmediatamente implementar la evaluaci6n
econdmica de conservacidn como herramienta 
en la toma de decisiones; pero un entendimiento 
comprensivo de los componentes de esta me-todologfa de decisiones puede Ilevar aun reali-neamiento de los recursos para conservacibn y 

tes d'entretien, que les simples conjectures.
Beaucoup de pays en voie de developpement
n'ont ni reffectif sp6cialis6, ni les ressources fi-nancieres pour instituer immediatement I'analyse
economique comme instrument de prise de d6-
cision. Toutefois, s'il on comprend, en general,
les differentes composantes de la methodologie
de prise de decision, on pourra 6tre conduit
redistribuer le budget prevu pour 1'entretien vers
les operations qui permettront le developpement
de programmes plus efficaces par rapport au 
coot. 

Discussion des textes choisis 

Le premier texte, The Economic Issues of
Highway Maintenance (Economie de I'entretien 

presents an economic perspective of highway
maintence. It links the level of maintenance to
traffic volume by economically balancing the
extra costs associated with an improvement inservice against the extra benefits yielded. This
economic analysis approach, which will be ex
panded in later texts, satisfies the need to de
termine (a) the correct level of expenditure formaintenance, (b) the standards to be aimed at,
and (c) an appropriate assessment method. 

The text discusses (a)economic misconcep
tions about maintenance, (b) some of the current 
technical problems in translating the economicevaluation of maintenance into actual practice,
and (c) some of the current directions of development in applying a full economic discipline
to highway maintenance. It should be noted,
when evaluating the percentages of mainte
nance budgets allocated to road surfaces in this
text, that the roadways referenced here are ba

planeamiento, hacia las actividades que even
tualmente permitirfan el desarrollo de programas
m~s efectivos en lo que respecta al costo. 

Presentaci6n de los textos seleccionados 

El primer texto, The Economic Issues of High
way Maintenance (Los problemas econ6micos
 
de la conservaci6n vial), fu6 extraido del Eco
nomic and Finance Committee Report, XVlth
World Road Congress, Vienna (Permanent Inter
national Association of Road Congresses, 1979).
Presenta una perspectiva econ6mica en la con
servacibn vial. Balancea los costos extras asociados con una mejora en el servicio con el aumento en beneficios; y asf relaciona el nivel de 

des routes), est extrait du Economic and Fi
nance Committee Report, XVlth World Road
Congress, Vienna (Permanent International Association of Road Congresses, 1979). On y pr6
sente une perspective 6conomique de I'entretien
routier. On reunit le niveau d'entretien au volume
de trafic en compensant le coot 6conomique
supplementaire associ6 Aune dm6lioration du
service par les avantages slipplementaire qui en
decoulent. Cette approche d'analyse 6conomi
que, que nous reprendrons en detail dans d'au
tres textes, permet de d6terminer (a) le niveau 
correct de depenses d'entretien, (b) les normesauxquelles on doit aspirer, et (c) une m6thode 
d'6valuation adequate.On discute dans ce texte (a) les erreurs de
conception en matiere d'entretien, (b) les pro



sically paved. Most of the following texts, how-
ever, deal with unpaved or surface-treated 
roads. 

The second text, Maintenance Costing
Method for Low-Volume Roads, appeared in 
Highway Research Record 451 (Highway Re-
search Board, 1973). It presents a method of de-
termining maintenance costs where there isno 
past maintenance history to build on. Any eco-
nomic evaluation of level of maintenance must 
be based on costs. However, the use of histori-
cal costs to project future costs assures neither 
the adequacy nor the correct apportionment of 
maintenance funding. 

conservaci6n con el volumen de trnsito. Este 
anllisis econ6mico, que luego ser6 estudiado 
m~s ampliamente en subsiguientes textos, satis-
face la necesidad de determinar (a)el nivel co-
rrecto de gastos en la conservaci6n, (b) las 
normas a las cuales se quiere Ilegar, y (c) un 
metodo apropiado de asesoramiento. 

El texto habla sobre (a)conceptos econ6mi-
cos err6neos sobre la conservaci6n, (b)algunos
de los problemas tecnicos que hoy en dfa ocu-
rren en la conversi6n de la evaluaci6n econ6-
mica de conservaci6n, a la pr~ctica, y (c) algu-
nos de los corrientes desenvolvimientos al apli-
car una disciplina econ6mica total a la conser-
vaci6n vial. Al evaluar los porcentajes de presu-
puestos de conservaci6n asignados a las super-
ficies de camino en este texto, se deber6 notar 
que los carninos a los cuales aquf se refiere son 
b~sicamente pavimentados. Pero en casi todos 
los textos subsiguientes se habla de caminos 
sin pavimentar o con tratamiento de superficie. 

blemes techniques actuels qui decoulent de 
I'application des methodes economiques dans 
la pratique et (c)quelques tendances actuelles 
SI'application generale de m6thodes 6ccnomi-

ques I'entretien routier. On devra remarquer 
que dans ce texte, lorsque l'on 6value les pour-
centages budgetaires alloues Al'entretien des 
chaussees, on parle generalement de chaus-
s6es pavees. La plupart des autres textes que 
nous allons citer, discutent de routes 
non-pavees ou de routes rev~tues. 

Le deuxi~me texte s'intitule Maintenance Cos-
ting Method for Low-Volume Roads (Mthode 
de determinatiorn des frais d'entretien pour les 
routes Afaible capacit6, Highway Research 
Board, 1973). On y presente une mthode pour
calculer les depen~es d'entretien clans le cas oe 
on ne peut s'appuyer sur les d6penses des an-
n6es precedentes. Une evaluation 6conomique 

This text acknowledges that maintenance 
costs are a function of traffic volume. It also
 
notes that the availability and quality of con
struction materials, the climatic conditions, the
 
topography, and the road design also affect maint
enance costs. Therefore, two roads in different
 
locations will incur different maintenance costs
 
but will provide the same level of service to the
 
same traffic volumes. A process is recom
mended of estimating maintenance costs. This
 
method is similar to that often used to estimate
 
construction unit prices in developing countries
 
with no major construction experience (i.e., the
 
selection of a package of construction equip-


El segundo texto, Maintenance Costing Meth
ods for Low-Volume Roads (Metodo de calcu
lar el costo de conservaci6n en caminos de bajo

volumen), apareci6 en Highway Research Rec
ord 451 (Highway Research Board, 1973). Pre
senta un metodo para determinar los costos de
 
conservaci6n donde no existen antecedentes
 
de conservaci6n sobre los cuales basarse.
 
Cualquier evaluacien econ6mica del nivel de
 
conservaci6n deber6 basarse en costos; pero el
 
uso de costos pasados para trazar costos futu
ros no asegura ni la suficiencia ni la distribuci6n
 
correcta de los fondos de conservaci6n. 


El texto reconoce que los costos de conser
vaci6n son una funci6n del volunien de tr~nsito,
 
y adem~s nota que tambien son afectados por

la disponibilidad y calidad de los materiales de 
construcci6n, las condiciones clim~ticas, la to
pograffa, y el diserio del camino. Por lo tanto,
dos caminos en distintas ubicaciones incurrir~n 
distintos costos de conservaci6n pero proveer~n 

des niveaux d'entretien doit btre basee sur les 
coOts. Toutefois l'utilisation des coOts des an
nees pr6cedentes pour la projection des coots 
futurs ne garantit ni 1'exactitude ni la repartition 
correcte des dotations d'entretien. 

Ce texte reconnait que les coOts d'entretien 
sont fonction du volume de trafic. On y remar
que aussi que la disponibilit6 et la qualit6 des 
materiaux de construction, les conditions clima
tiques, la topographie et le dimensionnement de 
la route influencent aussi les coOts d'entretien. 
Donc, deux routes situees en des endroits diff6
rents, auront des frais d'entretien differents, mais 
fourniront le meme niveau de service au meme 
volume de trafic. Un proced6 est recommand6 
pour estimer les coOts d'entretien. Cette m6
thode est similaire Acelle qui est souvent utilis~e 
pour estimer les prix unitaires de construction 
dans les pays en voie de developpement qui 

xix 
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ment and the determination of the output versus 
the cost per time unit of that package). The
maintenance costs can therefore be varied to 
account for the factors listed above by altering
the output per time unit. 

This text assumes a level of maintenance that 
will keep the roadways in a "like-new" condition.
This situation neglects the trade-offs necessary
to meet the economically correct level of expen-
diture for maintenance as described in the first 
text. The discussion that follows the text points
this out and also indicates that some of the 
evaluation details are not included in the presen-
tation. The text is included in 'iis compendium
for its conceptual value. A more detailed presen-
tation -an actual breakdown of the equipment,
labor, support costs, and maintenance output 
is included in the next selected text. 

el mismo nivel de servicio al mismo volumen de 
tr~nsito. Se recomienda un proceso para estimar 
los costos de conservacion, el cual es similar al 
que seguidas veces se utiliza para calcular los
precios unitarios de construccidn en parses en 
desarrollo sin gran experiencia en construcci6n 
(es decir, la selecci6n de un conjunto de equipo
de construccion y la determinacion de laproducci6n versus el costo por unidad de 
tiempo de este conjunto). Por lo tanto, para
tornar en cuenta los factores mencionados 
arriba, :os costos de conservaci6n pueden
variarse alterando la produccidn por unidad de 
tiempo. 

n'ont pas beaucoup d'experience de construc-
tion (c'est , dire la s6lection d'un "assemblage"
de materiel de construction adequat et la deter-
mination de la production de cet assemblage 
par rapport au coot par unite de temps). Les 
coOts d'entretien peuvent donc varier pour
prendre en compte les facteurs dont nous avons 
parle precedemment en modifiant la production 
par unite de temps. 

On presume un niveau d'entretien qui gardera
les routes en parfait 6tat. Cette presomption n6-
glige les compromis ou 6changes mon6taires 
qui sont necessaires pour satisfaire le budget
d'entretien 6conomiquement correct qui est d6-
crit dans le premier texte. La discussion qui suit
le texte en fait la remarque et indique aussi que
certains details de I'6\/aluation ne sont nas in-
clus dans la communication. Ce texte est inclus 
dans notre recueil pour sa valeur conceptuelle.
Un exemplaire plus d6taill qui comprend de 
mat6riel, la main-d'oeuvre, les materiaux, les 

The third text, Main Road Maintenance Costs,
is a paper presented at the Pan African Confer
ence on Highway Maintenance and Rehabilita
tion in Ghana (United Nations Economic 
Commission for Africa, 1977). It describes the
procedures adopted in Upper Volta for the main
tenance of earth roads (with a surfacing of
selected material) and asphalt-surfaced roads. 
The maintenance of earth and gravel roads in
cludes detailed costs for (a) manual mainte
nance, including the filling of road surface de
pressions and potholes, clearing of ditches and 
removal of undergrowth from the right-of-way;
(b) resurfacing; (c) major reshaping; (d) minor 
reshaping; and (3) special anticorrugation main
tenance. The maintenance of surfaced roads in
volves manual maintenance as described 
above. The exception is that the road patching 

Este texto asume un nivel de conservaci6n 
que conservarfa los caminos "como nuevos". 
Esta situaci6n no toma en cuenta los trueques
necesarios para satisfacer el nivel econ6mico 
correcto de gastos para conservaci6n, como se 
describi6 en El primer texto. La exposici6n que
sigue al texto indica este problema y tambien
 
que no se incluyen en la presentaci6n algunos

de los detalles de evaluaci6n. Se presenta el
 
texto en este compendio por su valor concep
tual. Se ha incl.ido en el siguiente texto una 
presentaci6ri m~s detallada-un an6lisis del
equipo, la rano de obra, los costos de apoyo, y
la produccidn total de los trabajos de conserva
ci6n. 

frais g6neraux, et e r6sultat achev6, est donn6
 
oans le texte suivant.
 

Le troisieme texte, Main Road Maintenance
 
Cost (CoOts de 'entretien des routes principa
les), est une communication presentee au 
Ghana, lors de la Pan African Conference onHighway Maintenance and Rehabilitation (United
Nations Economic Commission for Africa, 1977).
On y decrit les pr6cedes adoptes en Hau
te-Volta pour 1'entretien des routes en terre (avec
addition de certains materiaux) et des routes 
avec revbtement asphaltique. Lentretien des 
routes en graviers et des routes en terre 
comprend le d6tail des coOts: (a) de l'entretien 
manuel y compris le reflachage, le traitement 
des nids de pould, ;9 curage des fosses et le 
debroussaillement de l'emprise; (b) du rechar
gement; (c) du reprofilage important; (d) du petit
reprofilage; et (e) des mesures speciales d'en
tretien contre la t6le ondulee. L'entretien des 
routes rev~tues comprend I'entretien manuel 



consists of applying cut-back asphalt with a 
binder distributor and the placing and rolling of 
surface chippings. 

This text provides a specific example of the 
concept of construction equipment packaging 
as described in the previous text. It does not,
however, break down the costs for different 
geographical conditions nor does it indicate the 
frequencies of each operation as a function of 
traffic volume. Therefore, there is no way of de-
termining the level of service provided. It does 

El tercer texto, Main Road Maintenance Costs 
(Costos de conservacion de caminos princi-
pales), es una comunicacidn presentada en la 
Pan-African Conference on Highway Mainte-
nance and Rehabilitation en Ghana (United Na-
tions Economic Commission for Africa, 1977).
Describe los procedimientos adoptados en el 
Alto Volta para la conservacidn de caminos de 
tierra (con una capa superficial de material se-
leccionado) y carninos con superfi(ie de asfalto. 
La conservacion de caminos de tierra y de 
grava incluye costos detallados para (a) conser-
vaci6n manual, incluyendo el relleno de depre-
siones y baches en la superficie del camino,
limpieza de zanjas y eliminaci6n de maleza de 
la calzada; (b) renovaci6n de la superficie; (c)
grandes reformaciones; (d) pequer~as reforma-
ciones; y (e) conservaci6n especi! anticorruga-
tiva. La conservaci6n de los caminos pavimen-
tados consiste en Io manual presentado arriba. 
La excepcidn es que el bacheo del camino con-
siste en la aplicacion de asfalto rebajado con un 
distribuidor de aglutinante y la colocaci6n y arro-
Ilado de gravilla de superficie. 

que nous venons de d~crire, exception faite du 
reflachage qui se fait en applicant du bitume 
fluidifie avec une pompe de liant, et du repan-
dage et roulage des gravillons. Ce texte fournit 
un exemple specifique du concept de "rassem-
blage" du materiel de construction que nous 
avons decrit auparavant. Mais il ne donne pas 
en detail les cots suivant la geographie et n'in-
dique pas la frequence de chaque operation 
comme fonction du volume de traffic. IIn'y a 
donc pas moyen de determiner le niveau de 
service donn6. Mais il donne quand meme les 
coots de base des differentes activites d'entre-
tien qui sont dhcrites. Si les volumes de trafic 
6taient connus, les principes delin66s dans les 
deux prochains textes pourraient btre appliques
i ces coOts pour determiner une strategie d'en-

tretien qui serait de bon rendement au point de 
vue 6conomique. Ce texte represente donc le 
premier pas du processus total de 'evaluation 
6conomiques des operations d'entretien. 

provide the basic costs of the maintenance ac
tivities described. If the traffic volumes were
 
known, the principles outlined in the next two
 
texts could be applied to these costs to deter
mine an economically efficient schedule of
 
maintenance operations. This text therefore rep
resents the first step that must be taken in the
 
process of the economic evaluation of mainte
nance procedures.
 

To compare these costs to the costs given in
 
dollars in the next text for similar operations is
 

Este texto presenta un ejemplo especffico del
 
concepto del "conjunto" de equipo de cons
trucci6n como se describi6 en el texto anterior;
 
pero no detalla los costos para distintas condi
ciones geogr~ficas ni indica la frecuencia de
 
cada operaci6n como funcibn del volumen de
 
transito. Por esta razdn no es posible determinar
 
el nivel de servicio que se provee. Pero sf pre
senta los costos b~sicos de las actividades de
 
conservacin que se describen. Si se conocie
ran los voljmenes de tr~nsito, los principios

descritos en los siguientes dos textos se podrfan

aplicar a estos costos, para determinar un pro
grama econ6micamente eficiente para las ope
raciones de conservacin. Este texto, entonces,
 
representa el primer paso a tomarse en el pro
ceso de la evaluacin econ6mica de los proce- xxi 
dimientos de conservacidn. 

Es muy diffcil comparar estos costos con los
 
costos de operaciones similares dados en dcla
res en el proximo texto porque los costos en d6
lares en el Texto Seleccionado No 4 no han sido
 
identificados con respecto a la fecha. Sin em
bargo, se puede realizar un cambio aproximado 

IIsera tres ditticile de comparer ces prix 8 
ceux donnes en dollars dans le texte prochain, 
pour la bonne raison que Ion ne donne pas la 
date i laquelle on a fait les calculs en dollars. 
Cependant si I'on converti approximativement le 
franc CFA 1976 en dollars on obtiendra 50 
francs CFA = 1 franc metropole = 0.23± dollar 
U.S. Cette conversion permettra des comparai
sons d'ordre de grandeur entre certains coots 
en Haute-Volta et les chiffres de la Banque
Mondiale, bases sur le Kenya.

Le quatrieme texte est extrait de Evaluating
the Economic Priority of Highway Maintenance 
(Evaluation de la priorite 6conomique de 'entre
tien routier) et est une autre communication pre
sentee au Ghana la Pan African Conference 
on Highway Maintenance and Rehabilitation 
(United Nations Economic Commission for 
Africa, 1977). On presente une methodologie 
pour d6terminer limpact 6conomique de diff6
rents niveaux d'entretien. Les coots unitaires 



very difficult because the dollar costs in 
Selected Text No. 4 are not identified in any time 
frame. However, a rough conversion of 1976 
francs CFA to dollars is as follows: francs CFA 
50 = 1French franc = US$0.23±. This conver-
sion will allow order-of-magnitude comparisons 
between some of the costs in Upper Volta and 
the Kenya-based World Bank figures. 

The fourth text is excerpted from Evaluating 
the Economic Priority of Highway Maintenance, 
another paper presented at the Pan African Con-
ference on Highway Maintenance and Rehabili-
tation in Ghana (United Nations Economic 
Commission for Africa, 1977). It presents the 

de francos .C.F.A. 1976 a d6lares ccmo sigue: 
50 francos C.F.A = 1 franco franc6s = US$0,23± 
Este cambio permitirfa comparaciones de 6rden 
de magnitud entre algunos de los costos en Alto 
Volta y las cifras del Banco Mundial en Kenya. 

El cuarto texto fu6 extrafdo de Evaluating the 
Economic Priority of Highway Maintenance (Eva-
luaci6n de la prioridad econ6mica de la conser-
vaci6n vial), otra comunicacien presentada en la 
Pan African Conference on Highway Mainte-
nance and Rehabilitation celebrada en Ghana 

xxii 	 (United Nations Economic Commission for 
Africa, 1977). Presenta la metodologfa para de-
terminar el impacto econ6mico de distintos nive-
les de esfuerzo de conservaci6n. Los costos de 
conservacibn por unidad que se utilizan en este 
tipo de evaluaci6n pueden determinarse utili-
zando los metodos descritos en los textos pre-
vios. Los costos para e! usuario de vehfculo en 
este texto se desarrollaron inicialmente en Ke-
nya. Los verdaderos calculos sobre los cuales 

d'entretien utilises dans ce genre d'evaluation 
peuvent btre determines en utilisant les metho-
des decrites dans les textes precedents. Les 
coots d'exploitation des vehicules, dans ce 
texte, ont 6tb developpes initialement au Kenya. 
Les calculs eux memes, sur lesquels les conclu-
sions de ce texte reposent, fOrent developpes 
en se servant d'un ordinateur et du logiciel HDM 
de la Banque Mondiale "Highway Design and 
Maintenance Standards Model (HDM)" (Modble 
pour les normes de dimensionnement et d'entre-
tien routiers). On peut obtenir des copies de ce 
logiciel HDM et de la documentation pertinente 
en s'adressant A la Banque Mondiale (voir rofe-
rence no. 22). Un autre, le Road Transport Invest-
ment Model (RTIM) developp6 par le Transport 
and Road Research Laboratory est decrit dans 
la reference no. 19. 

methodology for determining the economic im
pact of different levels of maintenance effort. The 
maintenance unit costs used in this type of an 
evaluation may be determined by using the 
methods described in the previous texts. The 
vehicle-user costs in this text were initially de
veloped in Kenya. The actual calculations on 
which the conclusions of this text were drawn 
were developed by computer and by using the 
World Bank's Highway Design and Maintenance 
Standards Model (HDM). Copies of the HDM 
Computer Program and associated documenta
tion may be obtained from the World Bank (see 
Reference No. 22). Another model, the Road 

se basan las conclusiones de este texto fueron 
desarrollados por computadora y utilizando el 
Highway Design and Maintenance Standards 
Model-HDM (Modelo para las normas de disero 
y conservaci6n viales) del Banco Mundial. Se 
pueden obtener copias del Programa de Corn
putadora HDM y de la documentaci6n pertene
ciente a ella del Banco Mundial (vease Referen
cia Adiciorial N' 22). Otro modelo, el Road 
Transport Investment Model- RTIM, desarro-
Ilado por el Transport and Road Research Labo
ratory, se describe en la Referencia Adicional N' 
19. 

La metodologfa se basa en la teoria de que 
los beneficios econ6micos de los gastos de 
conservaci6n vial se componen de tres cosas 
b6sicas: (a) disminuciones en los costos del 
usuario (principalmente los costos de operacien 
del vehiculo en parses en desarrollo); (b) dismi
nuciones en los costos futuros de conservaci6n 
y rehabilitacin necesarios para proveer el 

La methodologie est basee sur la theorie que 
les avantages 6conomiques des depenses d'en
tretien routier comprennent trois element de 
base: (a) r6duction des coOts aux usagers (prin
cipalement des coOts d'exploitation des vehicu
les dans les pays en voie de developpement), 
(b) reduction des futurs coOts d'entretien et de 
refection necessaires pour fournir le meme ni
veau de service, si l'entretien preventif est fait 6 
temps, et (c) reduction ou prevention des pertes 
6conomiques dOes A la fermeture de la route. 
Les evaluations sont faites en utilisant les m6
thodes differentielles d'entretien pour determiner 
les avantages differentiels qui fourniront les taux 
de rentabilit6 optimaux. Leffet des caracteristi
ques initiales de la route, des genres de mate
riaux, du volume et de la charge par essieu du 
trafic, et du climat, est evalu6 par rapport aux 



Transport Investment Model (RTIM), developed 
by the Transport and Road Research Labora-
tory, is described in Reference No. 19. 

The methodology is based on the theory that 
economic benefits of highway maintenance ex-
penditures are comprised of three basic com-
ponents: (a) reductions in user costs (primarily 
vehicle operating costs in developing countries); 
(b) reductions in future maintenance and re-
habilitation costs required to provide the same 
level of service, if preventative maintenance is 
done in a timely manner; and (c) reduction or 
prevention of the economic loss due to road clo-
sures. The evaluations are made by using in-
cremental maintenance levels to determine the 
incremental benefit that provides the optimal 
rate of return. The effect of the original surface 
design, material types, volume and axle-load 
configuration of traffic, and climate are evalu- 

mismo nivel de servicio, si se realiza conser-
vaci6n preventiva oportunamente; y (c) disminu-
ci6n o prevenci6n de la p6rdida econ6mica de-
bida a clausuras de caminos. Las evaluaciones 
se realizan utilizando niveles de conservaci6n 
incrementales para determinar el beneficio in-
cremental que provee el nivel 6ptimo de ingre-
sos. El efecto del diseo original de superficie, 
los tipos de material, el volumen y configuraci6n 
del peso de eje del tr~nsito, y el clima se eva-
lian en comparaci6n con los niveles incrementa-
les de conservaci6n a trav~s de un asesora-
miento del deterioro del camino. 

Ya que este agente de evaluaci6n todavfa se 
estA desarrollando, la base de datos empfrica 

m~thodes d'entretien diff6rentielles par I'inter-
m6diaire de 1'6valuation de la d~terioration de la 
route. 

Comme cet instrument d'6valuation est encore 
en cours de d~veloppement, la banque empiri-
que de donn6es est quelque peu limit6e. Les 
r~sultats qui sont donn6s dans ce texte sont 
pour des conditions existantes au Kenya. Les 
6valuations de d~t~rioration routi~re sont vala-
bles pour le climat et les types de surface rou-
ti~re communs au Kenya. Le texte choisi qui va 
suivre pr6sente le m6me genre d'6valuation 
pour I'Afrique Occidentale (Tchad). Le pro-
gramme qui est d~crit dans ce texte et dans le 
texte no. 5 assume de plus que 'entretien cou-
rant (c'est 6 dire assainissement, entretien des 
accotements, contr6le de la v6getation) est 
normal et que les grosses op6rations de nivel-
lement et de reprofilage ne pr~sentent pas 

ated against the incremental maintenance levels 
through an assessment of road deterioration. 

Because this evaluation tool is still under de
velopment, the empirical data base is somewhat 
limited. The results given in this text are for con
ditions existing in Kenya. The road de
terioration evaluations are valid for the climate 
and types of road surfaces common to Kenya. 
The next selected text presents the same type of 
evaluation for West Africa (Chad). The program 
described in both this text and Selected Text No. 
5 further assumes that routine maintenance (i.e., 
drainage clearance, shoulder maintenance, and 
vegetation control) is normal and that heavy 
grading and reshaping have no additional bene
fit compared to normal grading. 

The portions of the text reprinted in this com
pendium include two case studies.The first is en
titled Maintenance Policy Analysis for Unpaved 

se encuentra algo limitada. Los resultados 
dados en este texto son para las condiciones 
existentes en Kenya. Las evaluaciones de dete
rioro de caminos son v~lidas para el clima y los 
tipos de superficies de camino que se encuen
tran en Kenya. El pr6ximo texto seleccionado 
presenta el mismo tipo de evaluaci6n para xxilli 
Africa Occidental (Chad). El programa que se 
describe en este texto y en el Texto Seleccio
nado No 5 tambi6n asume que la conservaci6n 
rutinaria (es decir, limpieza de desagees, con
servaci6n de los bordes, y control de la vegeta
ci6n) es normal y que la nivelaci6n y reforma
ci6n extremas no proporcionarfan beneficio 
adicional en comparaci6n con la nivelaci6n 

d'avantages additionnels, compar~es au nivel
lement ordinaire. 

Les portions du texte que nous avons r~im
prim6es dans ce recueil comprennent deux 
6tudes de cas. La premibre est intitul~e Mainte
nance Policy Analysis for Unpaved Roads (Ana
lyse de la strat~gie d'entretien de routes 
non-rev~tues); la deuxi~me s'appelle Economic 
Analysis to Determine When to Pave an UnF.a
ved Road (Analyse 6conomique pour dote miner 
le seuil de bitumage). Bien que ces 6tudes doi
vent 6tre interpr6t6es avec beaucoup de circon
spection, Acause de la banque de donn~es qui 
est limit~e, elles repr~sentent n6anmoins la base 
fondamentale de la prise de d6cision quantita
tive sur le niveau optimal, la composition et la 
fr~quence de I'entretien routier. La premire 
6tude affirme aussi que des niveaux peu 6lev6s 
d'entretien des routes A faible capacit6 produi



Roads; the second, Economic Analysis to De-
termine When to Pave an Unpaved Road. Al-
though these case studies must be interpreted 
with considerable caution because of the limited 
data base used, they nevertheless present the 
basic fundamentals of quantitative management 
decision making about the optimum level, corn-
position, and timing of highway maintenance ef-
forts. The first case study also affirms that 
minimum levels of low-volume road maintenance 
yield extremely high economic returns. It further 
infers that regraveling of roads with low average 
daily traffic (ADT) rates may have a lower rate of 
return than providing higher grading frequencies 

normal. 
Las porciones del texto que se reimprimen en 

este compendio incluyen dos estudios. El pri-
mero se titula Maintenance Policy Analysis for 
Unpaved Roads (An~lisis de la polftica de con-
servacion en caminos sin pavimentar); el se-
gundo es Economic Analysis to Determine 
When to Pave an Unpaved Road (An~lisis eco-
nomico para determinar cu~ndo pavimentar un 
camino sin pavimentar). Aunque estos estudios 
debern interpretarse cautelosamente por la 

xiv 	 base limitada de datos que se utiliz6, presentan 
los fundamentos b~sicos de la toma de decisio-
nes en la administracibn cuantitativa sobre el ni-
vel, composicibn, y programaci6n 6ptimos de 
los trabajos de conservacion vial. El primer es-
tudio tambi6n afirma que niveles mfnimos de 
conservacion de caminos de bajo volumen rin-
den ingresos econbmicos extremadamente altos. 
Ademis, infiere que la recolocaci6n de grava en 

sent de tres importants profits economiques. De 
plus on infere que le rechargement des routes 
qui ont un bas trafic journalier moyen (TJM) peut 
avoir un taux de rentabilite inferieur celui qu'on 
obtiendrait en ayant une frequence de reprofi-
lage plus elevee pour les routes en terre qui ont 
le meme volume de trafic, dans les endroits oO 
le gravier ne se trouve pas facilement. Donc, il 
faut examiner soigneusement chaque compo-
sante de tout le programme d'entretien. Des 
avantages 6conomiques 6leves, qui par 
eux-memes seraient suffisants pour justifier un 
niveau de service 6lev6, peuvent cacher des d6-
ficiences dans les composantes individuelles. 

Le deuxibme cas d'6tude presente deux crit6-
res 6conomiques pour determiner si une route 
en terre devrait continuer 6 6tre entretenue, ou si 
elle devrait 6tre revbtue (avec un enduit superfi-

for earth roads of comparable traffic volumes in 
areas where gravel is not readily available. 
Therefore, there is a need to carefully examine 
the individual components that make up the total 
maintenance program. High total economic 
h',nefits, which by themselves are sufficient to 
r onomically justify a high level of service, may 
conceal possible deficiencies in the individual 
components. 

The second case study presents two eco
nomic criteria for determining whether a gravel 
road 	should continue to be maintained or should 
be paved (with a double bituminous surface 
treatment). The first criterion is the break-even 

caminos con niveles bajos de trnsito diario 
medio (ADT) podrfa tener un nivel m~s bajo de 
ingresos que el proveer nivelaciones ms fre
cuentes en los caminos de tierra con volOmenes 
de tr~nsito comparables, en las 6reas donde no 
se encuentra disponible la grava. Por eso hay 
que examinar cuidadosamente los componentes 
individuales del prograna total de conservaci6n. 
Los grandes beneficios econmicos, que por sf 
solos son suficientes para justificar un alto nivel 
de servicio, pueden ocultar posibles deficien
cias en los componentes individuales. 

El segundo estudio presenta dos criterios 
para determinar si un camino de grava se debe 
de conservar o pavimentar con un tratarriento 
bituminoso de superficie doble. El primer crite
rio es el volumen de tr~nsito de "sin ganar ni 
perder", definido como el ADT del argo base en 
donde el valor actual neto de pavimentacibn 
iguala el dejar el camino con superficie de 

ciel bicouche). Le premier crit~re est le volume 
du trafic au seuil de rentabilit6, defini comme le 
TJM de I'annee de base auquel le benefice (ac
tualise) de revetir la route 6gale celui de la lais
ser en terre. Le deuxibme critbre est celui du vo
lume optimal de trafic, defini comrne 6tant celui 
au dessus duquel le benefice (actualise) de re
vbtir la route ne peut pas btre augment6 en 
ajournant la construction. En autres termes 6co
nomiques, ceci serait le point oO le "ben6fice net 
annuel uniforme equivalent" (calcul en additio
nant au coOt annuel uniforme equivalent, un fac
teur de revenu ou d'avantage) ne peut 6tre 
augment6 par I'ajournement, ou le point obj, soit 
le "coOt annuel uniforme equivalent" (qui 
combine les coOts d'investissements et toutes 
les depenses annuelles en une seule somme 
annuelle qui est 6quivalente , toutes les depen



traffic volurne, defined as the base year ADT at
which the net present value of paving just equals
leaving the road in the current gravel status. The
second criterion is the optimal traffic volume, de-fined as the traffic volume above which the net 
present value of paving cannot be increased by
deferring the pavement construction to a later 
year. In other economic terminology, this would
be the point where the equivalent uniform annual 
net return cannot be increased by deferment, or
the point where either the equivalent uniform an-nual cost or the present worth of costs cannot bedecreased by deferment. 

grava. El segundo criterio es el voumen de 

tr~nsito "optimo", definido como 
 rl volumen de
trinsito por sobre el cual e! valor actual neto de
pavimentacibn no puede ser aumentado por la
postegaci6n de la construcci6n del pavimento
hasta otro argo. En otra terminologia econ6mica, 
este seria el punto donde el ingreso neto anual
uniformc, equivalente no puede ser aumentado 
con una postergaci6n, o el punto donde el coste
anual uniforme equivalente o el valor actual de 
costos no pLiede ser disminuido por posterga-
cion. 

Este texto recomienda el uso del segundo cri-
terio. Los voliOmenes de transito de "sin ganar ni
perde¢' y 6ptimo son muy sensitivos en to que
respecta a tantos de descuento normales y cos-
tos de construccion de pavimento. Por eso los
valores dados en el texto no son transferibles de 
una economia a otra. Los principios de an~lisis 
son v~lidas si se les aplica los datos correctos. 

El quinto texto, Engineering Economics of the

Maintenance of Earth and Gravel Roads (Eco-


ses durant la periode analys6e quand celles-ci 
sont 6tal6es uniformement sur cette p6riode),

soit la valeur actuelle du coOt ne peuvent pas

6tre diminues par I'ajournement. 


Dans ce texte, on recommande l'utilisation du

second crit~re. Le volume de trafic au seuil de

rentabilite et le volume optimal de trafic sont tr 
 s

sensibles au taux d'actualisation normal et aux

coOts do construction du revbtement. Dcnc les

valeurs donn6es dans le texte ne sont pas tran-
sposables d'une 6conomie i une autre. Lesprincipes de I'analyse sont valables si I'on utilise 
les dorin6es correctes. 

Le cinqui6me texte, Engineering Economics of
the Maintenance of Earth and Gravel Roads 
(Economie de l'entretien des routes en terre et 
en graviers), a 6t6 publi6 dans le Transportation
Research Record 702 (Transportation Reseach 
Board, 1979). On y d6crit une application prmfi-

This text recommends the use of the second 
criterion. Both break-even and optimal traffic
volumes are very sensitive to normal discount 
rates and pavement construction costs. Thus,
the values given in the text are not transferable 
from one economy to another. The principles of
analysis are valid if the proper data are applied.

The fifth text, Engineering Economics of the

Maintenance of Earth and Gravel Roads, was

published in Transportation Research Record
 
702 (Transportation Research Board, 1979). Itdescribes a practical application of the method
ology for the economic evaluation of maintenance 

nomfa polftica ingenieril de la conservaci6n de
 
caminos de tierra y de grava), fu6 publicado en

Transportation Research Record 702 (Transpor
tation Research Board, 1979). Describe una
 
aplicaci6n pr~ctica de la metodologfa para la
evaluaci6n econ6mica de programas de con

servacion para caminos sin pavimentar con

bajos volt~menes de tr~nsito, como se present6
 
en el primer estudio del texto previo. Afirma la

teoria de que, con tal que los par~metros de
geometria vial y del medio ambiente permanez
can fijos, los par~metros de deterioro de la su
perficie del camino (rugosidad media, profundi
dad de huella, y espesor de capa del material XXV
suelto) y el costo del usuario del vehfculo pue
den reducirse a un denominador comin, el vo
lumen de trnsito acumulativo (T). Tambien

afirma que las frecuencias 6ptimas de nivela
cion deber~n modificarsc para desarrollar un

balanceo tecnico apropiado entre la frecuencia
 
de nivelacion y otras operaciones de conserva
ci6n rutinarias pero esenciales, especialmente
 

que de la mthodologie pour I'6valuation eco
nomiques de programmes d'entretien des routes

non-rev6tues A faible circulation, telles celles qui

ont 6t6 present6es dans le cas d'etude no. 
1du 
texte pr6c6dent. On emet la theorie que les pa
rametres de d6gradations de la surface de la
route (rugosite moyenne, profondeur des ornib
res, et profondeur de mat6riau d6sagr6g6) et le
coOt d'exploitation des v6hicules peuvent btre
r6duits 6 un d6nominaleur commun -- le volume 
de trafic compos6 (T)-- condition quo les parambtres routiers de g6omitrie et d'environrient 
restent fixes. On reconnait aussi que les fr6
quences optimales de reprofilage devraient btre
modifi6es pour d6velooper un 6quilibre techni
que ad6quat entre les fr6que ices de reprotilage 
et les autres op#Drations d'entretien p6riodique
essentielles, particulihrement quand il s'agil do 
routes en terre. Une &ude do rentabilit6 est utili



programs for unpaved roads with low traffic
volumes as presented in Case 1of the previ-
ous text. It advances the theorv that both the
road surface deterioration parameters (mean
roughness, rut depth, and depth of loose mate-
rial) and the VOC can be reduced to a common 
denominator-cumulative traffic volume (T)-
provided that road geometric and environmental 
parameters remain fixed. It also acknowledges
that the optimal grading frequencies should be
modified to develop an appropriate technical ba-
lance between grding frequency and other es-
sential routine maintenance operations, particu-
larly for earth roads. A benefit-cost analysis is 
used to evaluate various graveling alternatives 
for different ADT. The criterion used is the 

para los caminos de tierra. Se utiliza un an~lisis 
de beneficio/costo para evaluar varias alternati-
vas de colocaci6n de (irava para distintos valo-
res de tr~nsito diario medio. El criterio utilizado 
es el volumen de trnsito "sin ganar ni perder"
El agregado y alisado de los datos provenientes
de Kenya limitan este an~lisis a la btsqueda de
las tendencias principales. Estas tendencias, sin 
embargo, pueden servir de reglas empfricas en 

xxvi otrc, sitios. Las Onicas decisiones variables quese corcideran son la nivelaci6n, espesor de la 
grava (en el momento de recolocacion de 
grava), y si es o no necesaric colocar grava en 
un camino de tierra. 

El programa de conservaci6n evaluado es, en
muchos instantes, semejante al descrito en el 
tercer texto. Equipos de trabajadores realizan el
relleno de baches, linpieza de zanjas y alcanta-

see pour evaluer differentes alternatives de ma-
teriaux graveleux pour differents TJM. Le critbre 
utiliz-e est le seuil de rentabilite (volume de tra-
fic). L'agregation et 1'6galisation des donnees 
provenant du Kenya limitent cette analyse Ala 
recherche des tendances principales. Ces ten-
dances toutefois peuvent btre utiles empirique-
ment ailleurs. Les seules variantes de prise de 
d6cision qui sont considerees sont le reprofi-
lage, la proforideur du gravier (au moment du 
rechargement) et si on doit ou non revetir de 
graviar une route en terre. 

La strategie d'entretien 6valuee est similaire 
sous beaucoup d'aspects Acelle decrite dans le
troisieme texte. Des 6quipes d'ouviiers remplis-
sent les nid_ de poule, curent les foss6s et les 
ponceaux, ,oiritr6lent la vegetation, font la repa-
ration des floches par poi, it A temps. On utilise 
I'emploi intensif de la main--'oeuvre pour ces 

break-even traffic volume. The aggregation and
smoothing of the Kenya-based data restrict this 
analysis to finding major trends. These trends,
however, may serve as rules of thumb elsewhere. 
The only decision variables considered are grad
ing, depth of gravel (at regraveling time), and 
whether to gravel an earth-surfaced road.

The maintenance program evaluated is similar 
in many respects to that described in the third 
text. Road gangs fill potholes, clean ditches and
culverts, control vegetation, and perform spot
regraveling as labor-intensive operations.
Routine maintenance operations (grading, com
pacting, and dragging with tractor-drawn tires) 
are fully mechanized. The physical requirements
for the maintenance program include equip

rillas, control de la vegetaci6n, y recolocaci6n 
de grava en reas pequerias con herramientas 
manuales. Las operaciones rutinarias de con
servaci6n tales como nivelaci6n, compactaci6n, 
y arrastre de neumcticos con tractor son reali
zadas mec~nicamente. Los requerimientos ffsi
cos para el programa incluyen equipo, repues
tos, talleres, y oficinas. Adem~s, se han inclufdo 
(como inversi6n de fondos) los costos prorra
teados de una actividad de entrenamiento que

se consider6 necesaria para implementar la
 
nueva estrategia total de conservaci6n.
 

El sexto texto, Effect of Simple Road Improve
ment Measures on Vehicle Operating Costs in 
the Eastern Caribbean (El efecto de medidas 
sencillas de mejora de caminos sobre los gastos
de explotaci6r de vehfculos en el Caribe Orien
tal), fue tambi6n publicado er. Transportation 

operations. Les autres operations d'entretien
 
courant (reprofilage, compactage et passages
 
au tracteur tirant un traineau de pneus) sont en
tierement mecanises. Les besoins materiels du
 
programme d'entretien comprennent les engins,

les pieces detachees, les ateliers et les bureaux.
 
En outre, ce programme contient aussi (comme

mise de fonds initiale) les frais au prorata d'un
 
programme de formation du personnel neces
saire pour l'implementation de cette nouvelle
 
strategie d'entretien.
 

Le sixibme texte, Effect of Simple Road Im
provement Measures on Vehicle Operating
Costs in the Eastern Caribbean (Effet de simple 
mesures d'amelioration routiere sur le coOt d'ex
ploitation des v6hicules en Carafbe de I'Est), est 
tir6 aussi du Transportation Research Record
702 (Transportation Research Board, 1979). On 
d6crit I'6valuation 6conomique utilis6e pour d6



ment, spare parts, shops, and offices. In addi-
tion, this maintenance program includes (as a 
capital investment) the prorated costs of a train-
ing activity that was considered necessary to 
implement the new overall maintenance strat-
egy. 

The sixth text, Effect of Simple Road Im-
provement Measures on Vehicle Operating 
Costs in the Eastern Caribbean, was also pub-
lished in Transportation Research Record 702 
(Transportation Research Board, 1979). It de-
scribes the economic evaluation used to deter-
mine the cost-effectiveness of a simple labor-

Research Record 702 (Transportation Research 
Board, 1979). Describe la evaluaci6n econ6mica 
utilizada para determinar el factor de eficacia, 
en Io que respecta al costo, de un metodo senci-
Ilo (realizado por mano de obra) de rehabilita-
ci6n y conservaci6n de superficies bituminosas 
muy deterioradas en la isla de San Vicente del 
Caribe Oriental. Este texto presenta los resulta-
dos de una conservaci6n atrasada en caminos 
pavimentados de bajo volumen. Describe (a) un 
esfuerzo que result en buen 6xito para desarro-
liar un programa de rehabilitaci6n dentro de los 
severos Ifmites financieros del presupuesto con-
finado de un pais en desarrollo, y (b) las t6cni-
cas de evaluaci6n que se utilizaron para deter-
minar la viabilidad econ6mica de ese programa. 
La evaluacin de la rehabilitaci6n es representa-
tiva del estado actual de los an~lisis para pro-
gramas de rehabilitaci6n y conservaci6n. 

El texto subraya la necesidad de un buen 
drenaje como primer paso en cualquier pro-

terminer la rentabilit6 d'une methode simple, A 
I'aide de I'emploi intensif de main-d'oeuvre, pour 
rehabiliter et entretenir des routes bitumees s6-
rieusement deterior6es dans I'ile de Saint Vin-
cent. Ce texte expose le rdsultat d'une politique 
d'entretien differ6 stir des routes rev~tues A fai-
ble circulation. On y decrit (a) une tentative, cou-
ronnee de succes, de rehabilitation routiere 
dans le cadre des severes contraintes monetai-
res du budget limit6 d'un pays en voie de dave-
Ioppement, et (b) les techniques d'6valuation u-
tilisees pour determiner la viabilit6 6conomique 
de ce programme. L'6valuation de la reconstruc-
tion est repr6sentative de I'tat actuel des analy-
ses de programmes de rehabilitation et d'entre-
tien routiers. 

On met I'emphase sur la necessit6 premiere 
de fournir un drainage adequat, dans un pro-

intensive method for rehabilitating and maintaining 
badly deteriorated bituminous road surfaces 
on the Eastern Caribbean island of St. Vincent. 
This text shows the results of delayed mainte
nance on paved low-volume roads. It describes 
(a) a successful attempt to develop a rehabilita
tion program within the severe financial con
straints of a developing country's limited budget 
and (b) the evdiuation 'o-hnque6 used to de
termine the economi viability of that program. 
The rehabilitation eN aluation is representative of 
the current state c; analyses for rehabilitation 
and maintenance programs. 

grama de ,onservaci6n a mejora; y evalia la 
magnitud de costos peri6dicos de drenaje en un 
programa de conservaci6n de caminos pavi
mentados. Despu6s de este proyecto de rehabi
litaci6n los fondos de conservaci6n designados 
al drenaje son tres veces m.s que los designa
dos al bacheo de superficie. 

Tambien demuestra el uso de la rugosidad de 
la superficie para medir el rendimiento del ca
mino. Ahorros en los costos de operaci6n de 
vehfculo se relacionan directamente con la re
ducci6n de IF.rugosidad. La evaluacidn econ6
mica del proyecto se basa en reducciones me- xxvii 
dibles de la rugosidad de la superficie por 
medio de su rehabilitaci6n, y reducciones en el 
costo de operaci6n de vehfculo debido a la me
jora en la calidad de rodadura del camino. 

Las cifras monetarias en este texto se dan en 
d6lares del Caribe Oriental del ario 1978. Los 
costos del texto debern dividirse por 2,7 para 
Ilegar al valor en d6lares Norteamericanos de 

gramme d'amelioration ou d'entretien. On 6value 
aussi I'ordre de grandeur du coOt p6riodique du 
drainage dans un programme d'entretien de rou
tes revetues. Les dotations pour I'entretien, 
aprbs ce programme de rehabilitation prevoient 
presque trois fois plus d'argent pour I'entretien 
du systeme de drainage que pour le reflachage. 
On demontre aussi I'utilisation de la mesure de 
I'uni pour verifier la performance de la route. Les 
economies de coOt d'exploitation des vehicules 
sont rattachees directement Ala reduction de la 
rugosit6 de la chaussee. L'6valuation 6conomi
que du projet est basee sur la r6duction mesu
ree de la rugosit6, accomplie en rehabilitant la 
surface, et sur la r6duction du coOt d'exploitation 
des vehicules, dOe A I'amelioration de la qualit6 
de roulement de la route. 

On utilise le dollar local (Carafbe de I'Est) pour 



The text emphasizes the necessity of provid-
ing proper drainage as the first step in any main-
tenance or upgrading program. It also evaluates 
the magnitude of recurring drainage costs in a
paved road maintenance program. The mainte-
nance funding after this rehabilitation project in-
cludes almost three times as much money for
drainage maintenance as for surface patching,

The text also demonstrates the use of surface
roughness to monitor road performance. The 
savings in vehicle operating costs are related di-
rectly to the reduction in surface roughness. The
economic evaluation of the project is based on 

1978, o por 5,2 para el valor en libras esterlinas 
de 1978. 

El septimo texto, Outline of a Generalized 
Road Roughness Index for Worldwide Use (Es-
quema de un fndice generalizado de rugosidad
de camuno para uso mundial), fue tambien pu-
blicado en Transportation Research Record 702 
(Transportation Research Board, 1979). El texto
previo indica que los costos de operaci6n de 
vehfculo son una funci6n de ia rugosidad del 
camino. Los costos del usuario se relacionan 
especialmente a la rugosidad en caminos muy

xxviii fragosos. En este momento existen varios meto-
dos de medir la rugosidad de la superficie pero
no hay una escala comOn de rugosidad para 
uso mundial. 

El texto define la rugosidad y sus componen-
tes. Describe las dos tecnicas que comtinmente 
se utilizan para analizar los componentes de ru-

les calculs. Les coOts mentionnes dans ce texte,
doivent 6tre divises par 2,7 pour I'6change en
dollars U.S. (1978), ou par 5,2 pour I'6change en
livres sterling. 

Le septieme texte, Outline of a Generalized 
Road Roughness Index for Worldwide Use 
(Schema d'un indice generalis6 de I'uni d'une 
chausees, d'emploi universel), est aussi publi6
dans le Transportation Research Record 702
(Transportation Research Board, 1979). Le texte
precedent nous a indiqu6 que le coOt d'exploita-
tion des vehicules est fonction de I'uni de la sur-
face. Les coOts aux usagers y sont particuliere-
ment rattaches lorsque les routes sont tres 
mauvaises. Acutellement, il y a plusieurs
m6thodes pour mesurer I'uni, mais il n'en 
n'existe pas d'6chelle de calibration commune 
au monde entier. 

Le texte donne une definition de la qualit6 de 
Iuni d'une chaussee et de ses composantes. On
d6crit les deux proc6des utilis6s gen6ralement 

measurable reductions in surface roughness
through surface rehabilitation and the vehicle 
operating cost reduction due to the improved
riding quality of the road. 

The currency figures in this text are given in
1978 Eastern Caribbean dollars. The costs given
in the text should be divided by 2.7 to give the
values in 1978 U.S. dollars or by 5.2 to give the 
values in 1978 pounds sterling.

The seventh text, Outline of a Generalized 
Road Roughness Index for Worldwide Use, was
also published in Transportation Research Re
cord 702 (Transportation Research Board, 

gosidad, es decir la integracin mec~nica y la 
matem~tica. La integraci6n mec6nica, que es el
metodo m~s comOn, consiste en el uso de un
instrumento mec~nico para autom~ticamente fil
trar y resumir los datos de rugosidad de camino. 
Los instrumentos m~s utilizados corrientemente 
incluyen el perfil6grafo (Profiograph), el medi
dor PCA (PCA Roadmeter), el medidor Mays
(Mays Meter), el rugosfmetro Chloe (Chloe Profi
lometer), y el medidor BPR (BPR Roughometer),
inclusive una versi6n que ha sido modificada 
por el TRRL del Reino Unido. La integraci6n matem~tica, el segundo metodo, involucra el an~li
sis matem~tico de una serie de distintos puntos
hallados por un deslinde con vara y nivel topo
gr6ficos. 

Estos distintos an~lisis de rugosidad no son

compatibles actualmente porque se han utili
zado distintos tipos de dispositivo y ha habido
 

pour analyser les composantes, c'est A dire
 
l'integration mecanique et l'integration

math6matique. L'integration mecanique, qui est

la m6thode la plus courante, utilise un
 
appareillage mecanique pour filtrer et r6sumer

automatiquement les donnees. Les instruments
 
les plus utilis6s actuellement, pour les mesures 
mecaniques et les resum6s, comprennent le
profilographe, le PCA Roadmeter, le ' lays
meter, le profilometre Chloe, et le rugombtre
BPR (est incluse aussi une version qui a 6t6 
modifiee par le Laboratorie de recherches sur
les transports et la route, Grand Bretagne). La
seconde methode, I'integration math6matique
consiste A analyser math6matiquement une
serie de points discrets obtenus avec la mire de 
nivellement. 

Ces methodes d'analyse ne sont pas
actuellement compatibles. C'est Adire que les 
r6sultats d'un pays n'ont pas de rapport
quantitatif ou significatif avec ceux d'un autre 



1979). The previous text indicated that vehicle 
operating costs are a function of road rough-ness. User costs Ere particularly related to road
roughness on very rough roads. At this time 
there are several methods of measuring surface
roughner.3, but there is no common roughness
scale for worldwide use. 

The text defines roughness and its compo-
nents. It describes the two techniques com-
monly used to analyze the components of
roughness, namely mechanical integration and
mathematical integration. Mechanical integra-
lion, the most common method, is the use of a
mechanical device to automatically filter and
summarize the road roughness data. The most 
common instruments in current use for mechan-
ical measurement and summary include the Pro-filograph, the PCA Roadmeter, the Mays Meter,
the Chloe Profilometer, and the BPR Roughome-
ter (including a version that has been modified
by the U.K. TRRL). The second method, mathe-
matical integration, involves mathematically 

problemas de calibraci6n entre unidades del 
mismo tipo. Por eso los resultados de un pals no
tienen relaci6n cuantitativa o significado para
otro pats. Esle texto propone el desarrollo de un
Indice General de Rugosidad que sirva comobase de comparacidn entre los dispositivos me-
canicos individuales y entre distintos tipos dedispositivo. Tal fndice aumentarfa el valor en uti-
lizar perfiles de superficie o medidas de rugosi-
dad en todo el mundo para (a) el contrdl de ca-
lidad en la construccibn; (b) la localizaci6n de
,:ambins anormales en el camino debido a, por 

pays. Ceci cause de l'utilisation de differents
appareils et de problemes de calibration entre 
certains du meme type. Ce texte propose le
d6veloppement d'un "indice de I'uni universel"
qui puisse servir de reference pour comparer
chaque appareil m6canique individuellement, et
les differentes sortes d'appareils m6caniques.
Un tel indice intensifierait I'emploi des mesures
des profils de la surface et de I'uni a travers le
monde pour (a) le contrele de qualit6 en
construction; (b) la localisation de changements
anormaux de la surface routi~re dOs par
exemple i des problemes de drainage ou de
sous-sol, (c) les dotations pour 'entretien des
chaussees de tout le r6seau routier, et (d)
lidentification des antecedents de viabilit6 etlde
rendement des chaussees. 

Le huitieme texte s'intitule A Review of Rural 
Traffic-Counting Methods in Developing Countries 

analyzing a series of discrete points found by a 
rod-and-level survey.

These various roughness analyses are cur
rently not compatible -that is, the results from 
one country do not have a quantitative relation ormeaning to those of another country. Different 
types of devices used and calibration problems
between units of the same type are the reasons 
or this. This text proposes the development of a

General Roughness Index to serve as a basis forcomparison between individual mechanical de
vices and different types of mechanical devices.
Such an index wnuld enhance the use of surface
profiles or roughness measurements throughout
the world for (a) construction quality control; (b)
location of abnormal changes in roads due to,
for example, drainage or subsurface problems;
(c) systemwide allocation of pavement mainte
nance resources; and (d) identification of pave
ment serviceability-performance histories.
 

The eighth text is 4 Review of Rural Traffic-

Counting Methods in Developing Countries
 

ejemplo, problemas de drenaje o sub~lveas; (c)
distribuci6n de recursos para la conservaci6n
 
del pavimento a traves del sistema; y (d) identi
ficaci6n de antecendentes de la utilidad y ren-

dimiento del pavimento.


El octavo texto es A Review of Rural Traffic-

Counting Methods in Developing Countries (Un
repaso de los metodos de conteo de tr~nsito

rural en los parses en desarrollo, Transport and

Road Research Laboratory, U.K., 1972). Se ha

incluldo porque la tercera entrada principal de in
formaci6n en la evaluaci6n econdmica de las es

(Revue des methodes de comptage de trafic

dans les pays en voie de developpement, Tran
sport and Road Research Laboratory, U.K.,

1972). Nous I'avons inclus, car la troisibme
 
composante principale de I'6valuation 6conomi
que des strategies d'entretien, est le nombre et

le genre de vehicules utilisant la route Aentrete
nir. (Les deux autres composantes 6tant le coOt

de I'entretien et le coOt d'exploitation des v6hicu
les.) En d6pit des avertissements donnes dans

le texte choisi no. 2, que la d6termination du
coOt d'entretien varie d'un endroit AI'autre, et 
pour differents niveaux de service, et ceux du 
texte choisi no. 4 que la base de donn6es empi
riques concernant le coOt d'exploitation est
quelque peu limit6e, aucun des textes prec6
dents n'envisage la possibilit6 que la d6termina
tion du volume de trafic de base puisse 6tre ine
xacte. 

xxix 



(Transport and Road Research Laboratory, U.K., 
1972). It is included because the third majorinput to the economic evaluation of maintenance 
strategies is the number and type of vehicles 
using the roads to be maintained. (The other in-puts are maintenance costs and vehicle operat-
ing costs.) In spite of the warnings given in 
Selected Text No. 2 that the determination of
maintenance costs varies from place to place
and for various levels of service and in Selected 
Text No. 4 that the empirical data base concern-
ing vehicle operating costs is somewhat limited, 
none of the previous texts address the possibility
that determination of the base traffic volume may
be inaccurate. 

This text reviews the methods of rural traffic 
counting in use in developing countries in 1970
and examines the accuracy of the resulting flow 
estimates. Although the duration, frequency, and
timing of traffic counts vary for the different 
countries studied, all the counting techniques
produce random samples of traffic volumes 
rather than a true ADT. The errors in ADT esti-

trategias de conservaci6n es la cantidad y tipo
XXX 	 de vehfculos que utilizan los caminos a conser-

varse. (Las otras entradas son los costos de 
conservaci6n y los de operaci6n de vehfculo.)
Ain cuando el Texto Seleccionado N0 2 
menciona que la determinacibn de costos de
conservaci6n varfa de lugar en lugar y para los 
distintos niveles de servicio, y el Texto 
Seleccionado N' 4 nota que la base empfrica de
datos respecto a los costos de operaci6n de
vehiculo es algo limitada, ning~n texto previo
menciona que la determinaci6n del volumen de 

On passe en revue les methodes de 
comptage du trafic rural utilisees dans les pays
en voie de d6veloppement, et on examine 
I'exactitude des calculs de flux de trafic. Bien 
que la duree, la frequence et la periode de I'an-
nee des comptages de trafic varient pour les dif-
ferents pays 6tudies, toutes les techniques de 
comptage produisent des comptages de trafficfaits au hasard plut6t qu'un veritable trafic jour-
nalier moyen (TJM). Les erreurs dans le calcul 
du TJM fait au hasard sont fonclion de: 

1. Le niveau de flux du trafic (les petits volu-
mes de trafic sont sujets 6 de plus grandes er-
reurs que les volumes de trafic tres importants).

2. La dur6e du comptage (I'exactitude des 
calculs du TJM augmente plus ou moins en pro-
portion A la racine carree de la dur6e). 

mates from random counts are a function of the 
following:

1. The flow level of traffic (low traffic volumes 
are subject to greater errors than high traffic vol
umes), 

2. The duration of the count (the accuracy of
the resulting ADT estimates increases more or 
less in proportion to the square root of duration),

3. The repetition of the count (the errors from 
repeated counts are approximately proportional
to the inverse of the square root of the overall 
duration of counting), and 

4. The time of the count (the samples from dif
ferent months or seasons vary in different de
grees from the true ADT).

The ninth text is excerpted from The Sensitivity
to Traffic Estimates of Road Planning in Develop
ing Countries (Transport and Road Research 
Laboratory, U.K., 1973). It evaluates the impact 
on the decision-making process in planning
road maintenance and imp ovement of the
counting errors discussed in the previous text.
This text assumes that the total maintenance 

tr~nsito base posiblemente sea err6nea. 
Este texto repasa los metodos de conteo de

tr~nsito rural en los parses en desarrollo en 1970 
y examina la precisi6n de los estimados de flujo
resultantes. Aunque la duracin, frecuencia, y
programaci6n de los conteos de tr~nsito varfan 
en los distintos pafses estudiados, todas las 
tecnicas de conteo producen muestras al azar 
de volmenes de tr~nsito en lugar de un verda
dero ADT. Los errores de estimados de ADT
calculados a base de conteos al azar son una 
funcin de lo siguiente: 

3. La r6petition du comptage (les erreurs pro
venant de comptages repetes sont 6 peu pros
en proportion avec I'inverse de la racine carr6e 
de la duree totale du comptage).

4. La periode de I'ann6e du comptage (les
6chantillons de mois differents ou de saisons dif
ferentes varient, Adifferents degres, du TJM 
exact).

Le neuvieme texte est extrait de The Sensitivity
to Traffic Estimates of Road Planning in Develop
ing Countries (La sensibilit6 de la planification
routiere aux calculs de trafic dans les pays en 
voie de developpement, Transport and Road
Research Laboratory, U.K., 1973). On 6value 
I'impact, sur le proc6d6 de prise de decision en 
planification de I'entretien et de I'am6lioration 
routiers, des erreurs de comptage, que nous 



cost per year per unit length is equal to a fixed 
sum plus the ADT times a constant. This assump-
tion of estimating maintenance cost as a linear 
function of traffic is now outmoded, as is shown 
in the previous texts. However, it does permit the 
development of a simplified relation of traffic 
volumes to maintenance costs. The ratio of the 
percentage change in maintenance cost to the 
percentage change in traffic flow level is defined 
as the sensitivity ratio. 

1. el nivel de flujo del tr~nsito (hay mayor error 
en los volimenes bajos de tr~nsito que en los 
volmenes altos), 

2. la duraci6n del conteo (la exactitud de los 
estimados resultantes de ADT aumenta m~s o 
menos en proporci6n a la rai: " uadrada de la 
duraci6n), 

3. la repeticien del conteo (los errores de re-
petidos conteos son aproximadamente propor-
cional a la inversa de la rafz cuadrada de la du-
raci6n total del conteo), y 

4. la programaci6n del conteo (las muestras 
de distintos meses o temporadas varfan en dis-
tintos grados del verdadero ADT). 

El noveno texto fue extrafdo de The Sensitivity
to Traffic Estimates of Road Planning in Develo-
ping Countries (La sensitividad de planeamiento

vial en parses en desarrollo a los estimados de 

tr~nsito, Transport and Road Research Labora-

tory, U.K., 1973). EvalC~a el impacto del proceso

de toma de decisiones en el planeamiento de 


avons discuties dans le texte precedent. Ce texte 
assume que le coot total annuel unitaire de 'en-

tretien est 6gal ( une somme fixe, plus le TJM,

multiplies par une constante. Le fait d'assumer 

le coOt d'entretien comme fonction lineaire du 

trafic est maintenant demod6, comme nous 

I'avons vu dans les textes precedents. Cepen-
dant, cela permet le developpement d'un rap-
port simplifi6 entre le volume de trafic et le coOt 
d'entretien. Le rapport du changement en pour-
centage du coOt d'entretien, au changement en 
pourcentage du niveau de flux du trafic, s'ap-
pelle le rapport de sen, ibilit6. 

La sensibilit6 des criteres utilises pour la justi-
fication 6conomique des ameliorations routi~res, 
repr6sentee comme la sensibilit6 du taux de ren
tabilit6 interne (IRR) aux changements du trafic 
journalier actuel et futur, est mise i 1'6preuve sur
10 projets routiers de pays en voie de develop-
pement. L'analyse montre que I'IRR est en gen6-

The sensitivity of criteria used for the eco
nomic justification for road improvements, as
 
represented by the sensitivity of the Internal Rate
 
of Return (IRR) to changes in the estimated 
present daily traffic and traffic growth, is tested
 
against 10 road projects in developing countries.
 
The analysis shows that the IRR is generally very

sensitive to errors in estimates of present daily

traffic an I is somewhat less sensitive to errors in
 
traffic growth. This is due, perhaps, because the
 

conservaci6n vial, y la diminuci6n de errores de
 
conteo examinados en el texto anterior. Este
 
texto asume que el costo total de conservaci6n
 
por argo por largo de unidad es igual a una cifra
 
fija m~s ADT mu!tiplicado por un constante. Se
 
ha demostrado en los textos anteriores que esta
 
suposici6n del estimado del costo de conserva
ci6n como funci6n lineal del tr~nsito es anti
cuado. Sin embargo nos permite desarrollar una
 
relaci6n simplificada entre voltimenes de tr~n
sito y costos de conservaci6n. La relaci6n del
 
cambio de porcentaje en el costo de conserva
ci6n al cambio de porcentaje en el nivel de flujo

de tr~nsito se define como la relaci6n de sensiti
vidad. 

La sensitividad de criterios utilizados para la xxxi 
justificacidn econ6mica para mejoras viales,
 
como es representada por la sensitividad del
 
Coeficiente de Ingresos Internos (Internal Rate
 
of Return-IRR) a cambios en los estimados ac
tuales del tr.nsito diario y el aumento de tr~n

ral tres sensible aux erreurs dans le calcul de 
trafic journalier actuel, et est quelque peu moins 
sensible aux erreurs dans le calcul de la crois
sance du trafic. Cela est dO, peut-6tre, Ace que
I'actualisation des avantages des ameliorations 
routieres, rduit l'effet de incertiludes A long 
terme. 

On 6value aussi la sensibilit6 du IRR: (a) A la 
composition du trafic actuel (la sensibilit6 
augmente avec le pourcentages des vehicules 
lourds), (b) au trafic induit, et (c) aux change
ments de la composition du trafic avec le temps.
Une discussion des erreurs communes dans le 
calcul des deux dernibre projections de trafic est 
incluse. 

Bibliographie 

Les textes choisis sont suivis d'une breve biblio
graphie contenant ies donn6es de ref6rence et 
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discounting with time of the benefits from roadimprovement reduces the effect of long-term un-certainties. 
The text also evaluates the sensitivity of theIRR to (a) the present traffic composition (the

sensitivity increases as the percentage of heavyvehicles increases), (b) induced traffic, and (c)
Thanges in traffic composition with time. It in-cludes a discussion about common errors in thedetermination of the latter two traffic projections. 

Bibliography 

The selected texts are followed by a brief bibli
ography containing reference data and 

sito, se ensaya en 10 proyectos viales en paises 
en desarrollo. El an~lisis indica que generalmente el IRR es muy sensitivo a errores en los
estimados de tr~nsito diario actual, y algomenos sensitivo a errores en el aumento detransito. Esto es debido, quiz~s, a que con el paso del tiempo la disminuci6n de los beneficios
de mejoras viales, reduce el efecto de lo incierto a largo plazo. 

El texto tarnbien evalia la sensitividad del IRRa (a) la compusici6n actual de transito (la sensi-tividad aumenia a medida que aumenta el por-
centaje de vehiculos pesados), (b) trcnsito in-ducido, y (c) carnbios en la composicion del
transito al pasar el tiempo. Incluye una secci6n que habla sobre errores comunes en la determi-nacion de las dos Lltimas proyecciones de tr~n-
sito. 

les analyses de 24 publications. Les 9 premieres
s'en referent aux textes choisis. Les 15 autresdecrivent des publications apparentees autheme des textes choisis. Bien qu'il y ait beau-
coup d'articles, rapports et livres qui pourraient
6tre inclus, l'objectif de cette bibliographie n'est 
pas d'enumerer toutes les references possibles 

abstracts for 24 publications. The first 9 describe the selected texts. The other 15 describe
publications related to the selected texts. Although there are many articles, reports, and
books that could be listed, it is not the purpose
of this bibliography to contain all possible references related to the subject of this compendium.
The bibliography contains only those publica
tions from which a text has been selected orbasic publications that would have been
 
selected had there been 
no page limit for thiscompendium. 

Bibliografla 

Al final de los textos seleccionados el lector en
contrarA una breve bibliogr Ufa que contiene losdatos y abstractos de referencia para 24 publicaciones. Las primeras nueve referencias des
criben los textos seleccionados. Las otras 15
describen publicaciones relacionadas con los
textos seleccionados. Aunque existen muchos

articulos, informes, y libros que podrfan nombrarse, no es el prop6sito da esta bibliografia
mencionar todas las posibles referencias que serelacionen con el tema de este compendio. Contiene Onicamente aquellas publicaciones de las
cuales se seleccion6 texto y publicaciones bisicas que se habrian seleccionado si no hubiera un ifmite al nOmero de p~ginas en este com
pendio.
 

ayai it rapport au sujet de ce recueil. Cette bibliographie se rapporte seulement aux publications dont nous avons choisi des extraits, ou 6des textes de base que nous aurions choisis
aussi s'iln'y avait pas de limite quant au nombre
de pages de ce recueil. 



Selected Texts
 
This section of the compendium contains 
selected pages from each text that is listed in 
the table of contents. Rectangular frames are 
used to enclose pages that have been 
reproduced from the original publication. Some 
of the original pages have been reduced in size 
to fit inside the frames. No other changes have 
been made in the original material except for the 
insertion of occasional explanatory notes. Thus, 
any errors that existed in the selected text have 
been reproduced in the compendium itself. 

Page numbers of the original text appear 
inside the frames. Page numbers for the 

Textos seleccionados 
Esta seccibn del compendio contiene p~ginas 
seleccionadas de los textos catalogados en la 
tabla de materias. Se utilizan recuadros rectan-
gulares para encerrar las p~ginas que han sido 
reproducidas de la publicaci6n original. Algunas 
de las p~ginas originales han sido reducidas 
para entrar en los recuadros. No se han hecho 
ningunos otros cambios en el material original 
exceptuando algunas notas aclaradoras que de 
vez en cuando han sido agregadas. De esta 
forma, cualquier error que hubiera existido en el 
texto seleccionado ha sido reproducido en el 
compendio mismo. 

Los nOmeros de pagina del texto original apa-

Textes choisis 
Cette partie du recueil contient les sections ex-
traites des publications indiqubes i la table des 
matibres. Les pages du texte original qui sont 
reproduites, sont entourees d'un encadrement 
rectangulaire. Certaines pages ont dO btre r6dui-
tes pour pouvoir btre placees dans I'encadre-
ment. Le texte original n'a pas 6t6 change 
sauf pour quelques explications qui ont 6 
ins6r6es. Donc, si le texte original contient des 
erreurs, elles sont reproduites daris le recueil. 

La pagination originale apparait lint6rieur de 
I'encadrement. La pagination du recueil est A 

compendium are outside the frames and appear 
in the middle left or middle right outside margins 
of the pages. Page numbers that are given in the 
table of contents and in the index refer to the 
compendium page numbers. 

Each text begins with one or more pages of 
introductory material that was contained in the 
original publication. This materia! generally 
includes a title page, or a table of contents, or 
both. Asterisks that have been added to original 
tables of contents have the following meanings: 

*Some pages (or parts of pages) in this part 
of the original document appear in the 

recen dentro de los recuadros. Los ntimeros de 
p~gina para el compendio est~n fuera de los re
cuadros y aparecen en el centro del m~rgen iz
quierdo o derecho de cada p~gina. Los nOme
ros de pagina que se dan en el indice del com
pendio se refieren a los del compendio. 

Cada texto comienza con una o m6s p~ginas 
de material de introducci6n que contenia la pu
blicaci6n original. Este materia, generalmente 
incluye una p~gina titulo, un fndice, o ambos. 
Los asteriscos que han sido agregados al 'ndice 
original significan lo siguiente: 

*Algunas p~ginas (o partes de p~gina) en 

esta parte del documento original aparecen 

I'ext6rieur de 'encadrement, soit Adroite, soit A 
gauche de la marge exterieure des pages, et est 
celle qui est cit6e dans la table des mati~res et 
dans I'index du recueil. 

Chaque texte commence par une ou plusieurs 
pages d'introduction qui 6taient incluses dans le 
texte original. Ces pages sont g6n6ralement le 
titre, ou la table des mati~res, ou les deux. Des 
asteriques ont 6t6 ajout6s A la table des matib
res d'origine, pour les raisons suivantes: 

*Certaines pages, ou portions des pages, 
dans cet extrait du document original sont 
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selected text, but other pages (or parts of 
pages) in this part of the original publication
have been omitted. 


"All pages in this part of the original

document appear in the selected text. 


The selected texts therefore include only those 
parts of the original documents that are 

en el texto seleccionado, pero otras p~ginas
(o partes de pagina) en esta parte de la pu-
blicacion original han sido omitidas. 

**Todas las p~ginas en esta parte del docu-
mento original tambion aparecen en el texto 
seleccionado. 

Por lo tanto, los textos seleccionados Onica-mente incluyen aquellas partes de los documen-
tos originales que esten precedidas por asteris-

incluses dans les textes choisis, mais d'au-
tres pages (ou portion de pages) de I'6di-
tion originale ont 6. omises. 

**Toutes les pages dars cet extrait du docu-
ment original sont incluses dans les textes 
choisis. 

Les textes choisis, donc, incluent seulement 
ces extraits des documents originaux qui sont 

preceded by asterisks in the tables of contents 
of the respective publications.

Broken lines across any page of selected text 
indicate those places where original text has 
been omitted. In a number of places, the 
selected text contains explanatory notes that
have been inserted by the project staff. Such 
notes are set off within dashed-line boxes and 
begin with the word NOTE. 

cos en el fndice de las publicaciones respecti
vas. 

Lneas de guiones cruzando cualquier p~gina
del texto seleccionado significan que en ese 
lugar se ha omitido texto original. En varios luga
res el texto seleccionado contiene notas aclara
doras que han sido introducidas por el personal
del proyecto. Tales notas estn insertacas enrecuadros de guiones y comienzan con la pala
bra NOTE. 

precedes d'un ast6rique dans les tables des 
matibres des publications respectives.

Les lignes bris~es sur les pages des textes 
choisis indiquent les endroits oO le texte original 
a 6t6 omis. A certains endroits, les textes choisis 
contiennent des explications qui ont 6t6 
ins6r6es par notre personnel. Ces explications
sont entourees d'un encadrement en pointill6, et 
commencent toujours par le mot NOTE. 
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B. THE ECONOMIC ISSUES OF HIGHWAY MAINTENANCE 

Introducdon 
1. For major new highway investment, most countries employ some sort of
overall planning procedure: in some cases, such 
new investment has topass a test of adequate economic return. In comparison, highwaymaintenance is something of a Cinderella: commonly there is as yet nounification and standardisation of assessment method within invididualcountries. There is little in the way of the application of formal economic
criteria to highway maintenance operations. Yet highway maintenance is
obviously important, not least in terms of expenditure; in Great Britain
for instance, expenditure on maintenance is running at about £500m per
annum, approaching 
a half of all highway expenditure. To consider the
subject as being a problem is therefore appropriate.
 

2. "Highway Maintenance" is not easy to define precisely. In fact, it is in
practice very difficult to separate completely highway maintenance from
minor road improvements, because the latter will often be canied out as
part of the same operation. What we 
understand by "maintenance" is,strictly, road work carried out without altering the boundaries of anexisting carriageway. But also, extra costs incurred during construction
in order to save later maintenance (eg adopting 
an increased pavementthickness) could, in an ideal set of accounts, be attributed to maintenance
rather than to construction itself.
 
3. In Great Britain, in common with other countries, road maintenance is ahighly decentralized activity. Central Goveiiment only has directresponsibility for maintaining trunk roads and motorways, albeit that
these are the most heavily trafficked part of the network and incur about
15% of total expenditure. Local authorities are responsible for all the rest
in the sense that they spend the money, decide the work to be carried out,
and the particular maintenance standards to be aimed at. Local authorityroads represent over 95% of the total network. But a large part of local
authority maintenance work is funded by Central Government grant, the
distribution of which is determined in discussion with the authorities'
associations. It is in this context, and particularly to help local authorities
in deciding their own 
priorities for maintenance, that there is an urgent
need to determine in economic terms the correct level of expenditure for
maintenance, the standards to be aimed at, and appropriate assessment
 

method.
 

Economic Perspective and Issues 
4. We adopt in this sub-report an economic perspective on highwaymaintenance. Economics is concerned with the allocation of availableresources between alternative uses. In this context, we are concernedparticularly with the efficient allocation of resources, questionsconcerning the distributional effect ofallocations between various sectors
of the community being here of lesser concern.
 

5 
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5. 	 Given this perspective, a number of issues can be immediately identified.Some of these relate to misconceptions concerning the application ofeconomic principles to highway maintenance; others to generaldifficulties of putting into practice a fully economic approach, at least atthe present time. We deal with these in order. 
6. Issues involving misconceptions from economic point of viewan are as

follows: 
i. 	 There is a fairly widespread belief, among both engineers andmembers of the public, that highways should be perfectlymaintained. For instance, it is believed that access should always bemaintained, implicitly under evzn the worst winter conditions (andby "worst" here we 	 ought perhaps to interpret the desirestatistically, as say the worst winter in 50 years). It is also believedthat pot holes, trips in foorways, and so on represent somedereliction of professional duty: and often these beliefs are 	givenlegal sanction. Such views are 	 in sharp contrast with a rational,economic perspective. The latter recognizes the extremely high costofseeking perfection in such matters (for instance, the cost of all theextra equipment needed for the worst winter). It seeks instead simplyto balance the extra costs associatc with an improvement in service

against the extra benefits yielded. 
ii. Closely related to this is a belief, held particularly by engineers, that 

6 
a road is a national asset, the maintenance of which is thereforejustified in its own right. This is erroneous because if a road is notused it is of no value; its value derives solely from its present andfuture use and is thus directly related to the traffic level. Roadmaintenance cannot be 	assumed so self-evidently necessary thatquestioning of the andscale balance of resources involved 

no
is

warranted. 
iii. 	 Correspondingly, any preconception, such as is sometime., held byfinance ministries, that maintenance costs should be min.mised, isalso erroneous. It is wrong to imagine that in matters of njaintenancethe ideal is to get through a year having spent the leas( possible. Lessmaintenance means a lower quality of service givr:n in the course of 

the year.
 
iv. 	 We wrote above of the traffic level as being the main determinant ofvalue and thus maintenance expenditure. But recogniseweadditionally that road maintenance has a general beneficial effect onthe 	environment or "quality of life". For ins;ance, decisions arepositively taken to maintain better embankments, because this makesthem more pleasant, and other roadside features, such as road signs

through their cleanliness. 
v. The annual cost of maintaining a stretch of road is typically only ofthe 	 order of 1% of the cost of 	constructing it. 	 From the abovehowever, any argument for 	 more maintenance based theon 
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smallness of this percentage is irrelevant - although of course the
 
absolute magnitude of the consequences may dictate priorities.
 

vi. 	 Level of service criteria are commonly employed for maintenance
 
decisions, as well as for new construction: simplicity of approach

makes this desirable. If benefits are related fairly directly to level of
 
service, this is obviously reasonable from an economic viewpoint as

well. But the corresponding cost must always be considered, as our
 
extreme winter example indicates. Moreover, the pressures on
 
public expenditure now are such that a common level of service
 
cannot be afforded for everyone on an equitable basis. This can
 
readily be agreed for another extreme example: a man who takes
 
himself off to live on Mont Blanc and demands, on equity grounds,

that he is given the level of service in terms of road access tha. is a
 
proper expectation in a modern society. This example raises some
 
difficult distributional issues: but its general message is clear. There
 
is some general recognition of this problem but at the same time
 
there is some general expectation of equity.
 

vii. 	 Finally, a frequent argument for increased maintenance funds is that 
their shortage will lead to the need for increased expenditure later,

because roads will then be in worse condition. This argument is
 
valid in principle; but its correctness depends on the increase in

expenditure involved in delay and the discount rate applicable in
 
comparing present and future expenditures.
 

A strong warning is thus necessary against a number of conceptual errors that 
are commonly made on the subject of highway maintenance. 
7. We now turn to general issues in putting into practice a fully economic
 

discipline for highway maintenance activities. These arise both from the
 
highly disaggregated and from the amorphous nature o, highway

maintenance: firstly, many individual maintenance activities are
 
extremely small in scale (consider again pothole repair), so that the

control of all individual activities cannot be centralised; and secondly,
 
many operations, particularly those of a "cyclical" character such as sign
cleaning, gully emptying and grass cutting, are amorphous in nature.
 
This has meant that it is very difficult for a government authority to

know what is going on in highway maintenance as a general picture; it is
 
furthermore difficult to establish standards 
 for maintenance - both
 
standards to aim at in repair and also intervention standards - that have
 
any uniformity ofapplication in all the variability of local circumstances,

including particular local resource constraints. There is in fact a
 
considerable tension between the whole concept of such engineering
 
standards, intended for a uniformity of application, and a fully economic
approach in which what is done should depend ideally on the parlicular

benefits that are expected from the individual maintenance activity, the

particular cost of the work involved, all subject to both national and local
 
resources constraints in terms of expenditure and manpower.
 

7 
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Furthermore the latter will and should vary considerably nver time,
whereas the whole concept of standards is as something ixed and 
absolute. 

8. 	 This problem also appears in a different guise in the relationship between 
the overall expenditure budget available for highway maintenance, either
national or for the particular area, and the myriad of individual 
maintenance activities on which this expenditure is incurred. Properly,
the overall budget should reflect the myriad of perceived needs, each 
objectively assessed, for the filture period in question; but the problems
of the foresight, individual assessment, and aggregation needed toproduce plans which vary with the overall resourcej available are such 
that all this is beyond current capabilities. Resource budgets, both
national and local, naturally tend to have a strong stability in their own
right. Conversely, the short lead time of maintenance works makes them 
a favourite focus for short-term changes in central government policy
with regard to expenditure or employment. Both these factors may
obviously be contrary to a truly efficient allocation of resources. 

Some Current Technical Problems 
9. 	 At the present time, we cannot therefore say that the approach we

advocate has been successfully translated into practice. There are also the 
following current problems of a technical nature that have to be overcome 
or resolved before we can be assured that highway maintenance 
operations have an efficient basis:
a. 	 All maintenance operations have to be clearly categorised by distinct

function for accounting purposes. At the margin, these distinctions 
will involve a degree of artifice. However, it seems likely that given a 
strong enough will, an acceptable national categorisation can be
effected. An important initial division is between cyclical and non
cyclical (ie structuril) maintenance. Examples of existing
categorisations are shown in the at'dched tables for Belgium, the 
Federal Republic of Germany, France, Great Britain and Poland -
as 	 a result of effort over the last several years, a standard of 
classification for highway maintenance in England is now agreed by
all 	concerned; 

b. Standard measures of actual road condition have to be identified and
agreed (eg rut depth, degree of cracking); in highway maintenance, a 
major problem is that there are few in the way of obvious, single 
measures to adopt. The use of machines, such as the Deflectograph
for measuring pavement deflection to indicate residual life, and
Scrim to indicate the coefficient of friction, may be desirable. This
problem has naturally led to the adoption of comprehensive
main:#.nance rating systems, such as the British CHART,
aggregating the deficiences of a stretch of road in some weighted
points rating, but which are nevertheless neither fundamental 
physically nor essentially economic; 
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There is also a need for definition of the basic structural 
characteristics of existing roads, because the appropriate solution to 
an obvious deficiency is often dependent on "what lies beneath the 
surface", and, particularly in the case of older, more minor roads, 
this latter is frequently unknown. The establishment of a road
inventory for road maintenance purposes is a frequently expressed 
objective. 
In the case of a pavement, it is presumably economic to re-surface 
rather than to await the need for a complete reconstruction. But the 
correct timing of resurfacing operations can be critically dependent 
on the rate at which a pavement deteriorates after the initial warning
signals. There is still too little knowledge about rates of pavement
deterioration, especially for the older, "undesigned" roads; 
In Great Britain, at least, there is as yet insufficient available in the 
way of unit cost information for maintenance operations eg a"standard" cost for pot-hole patching. Obviously we cannot analyse 
a maintenance situation to determine the most efficient strategy ifwe 
do not know the costs of carrying out one type ofoperation compared 
with an alternative; 
We know relatively little about the benefits of maintenance, for 
instance: reductions in speed with road conditions; rates of vehicle 
deterioration; accident rates. In this ignorance, the full cost benefit 
analysis approach cannot be applied. But we do know, if we accept
that the prime purpose of roads is to carry traffic, that maintenance 
expenditure should be directly related to the traffic flow, and 
therefore not necessarily simply to the class of road. This does lead 
to the possibly useful concept of a maximum maintenance value for a 
particular road, corresponding to the maximum value of the benefits 
realisable by it; 
In the absence of the complete cost benefit analysis, there must be 
resort to using engineering standards for maintenance operations.
But such standards must be related to economic considerations;
experience has shown that otherwise they will be impracticably
luxurious. Standards must define both an intervention and a 
restoration level. Some countries already carry out their maintenance 
operations fairly consistently according to a national set of standards 
eg Finland; 
Accepting its proper importance in determining maintenance 
decisions, the counting of traffic flow for the purpose is by no means 
straightforward. Traffic flow sensibly varies from link to link: it 
should therefore be identified for each link, which is a major task. 
Moreover in terms of damage, as opposed to benefits, it is heavy
traffic, specifically heavy axles, which is responsible for pavement
damage; there is currently no satisfactory, standardised way of 
carrying out heavy axle counts simply and comprehensively over the 
complete network; 
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i. 	 The focus of the above remarks has been pavement maintenance,
which typically constitutes a substantial fraction of the whole.
However, there are many other types of maintenance operation,
typically of a "cyclical" character, such as grass cutting, signcleaning, gulley emptying. Any objective, economic analysis of these
in the above terms is obviously more difficult still. 

Some CurrentDirections of Development
10. 	 The difficulties of applying a full economic discipline to highway

maintenance are thus very considerable, far greater than in the highwayconstruction field. In the state of affairs identified above, it is at least notclear that resources are being used efficiently en highway maintenance 
with the problems exposed, and in the absence of better knowledge, it isonly sensible to assume that much needs to be done before we have theassurance that the overall expenditure incurred on highway maintenance
is too high; but also possibli that it is too low. The total amount of publicexpenditure involved, and the resources it represents, justifies a
considerable concern. 

11. Such a concern has existed in England for more than a decade now. Andin recent years, encouraging progress has been made in tckling some ofthe fundamental problems, by 	 both central government and local 
government working in consort. The principle generally accepted is theeconomic 

10 	
one outlined in this paper, as far as it can be given sufficient 

realisation. It is thus seen that maintenance expenditures should berelated to the resulting benefits over time, taking into account the
appropriate discount rate. This has been given expression in a formaleconomic model called PAVMO, which is focused on optimising
expenditure decisions on particular stretches of road, by comparing coststreams with benefit streams. In some, but not all, situations, it couldwell be that decisions are appropriately taken on the basis of minimising
the total discounted stream of costs and ignoring user benefits such astime savings and comfort. But further work needs to be done to make thismodel operational, particularly on the engineering inputs, as alreadyindicated. One plan to provide such information is to carry out c series of
site experiments in order to assess the user maintenanceand costsassociated with alternative maintenance strategies and treatments; but the very nature of the subject means that this would take several years tocomplete because of the need to obtain data over complete maintenance 
cycles. 

12. 	 One of the difficulties in the field of highway maintenance is that ofobtaining pictures at a national level of what is going on, alreadyasmentioned. But at the national level, a rlatively straightforward way ofendeavouring to judge the size of the national highway maintenance
expenditure is from a knowledge of the trend of national road conditions 
over time. A time series of conditions on an adequate national sample ofsites should at least indicate whether things are getting better or worse 
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(although it will be recognised that this is not the fully economic
 
approach propounded above.) Such a survey has been established in

England, called the National Road Maintenance Condition Survey,

which is now in its third year, in which specific road defects are
 
identified and measured on a large number of sample sites. Here the

problem currently being faced is how to combine all these separate
 
measurements tc. give a simple, overall indication of condition, 
 the
problem of Paragraph 9b. Also, as a separate piece of work, a regular

analysis is carried out by central government of maintenance expenditure

by sub-head for all local authority areas, using regression analysis with
 
independent parameters such as traffic levels, kilometres of road in the
 
area by class, etc, in order to see whether any clear pattern emerges

between different authorities' spending on this relatively simple basis.

This regression analysis is fairly sophisticated, although the need for
 
further development is recognised, and it is not yet fully accepted by all
 
concerned.
 

Final Remarks 
13. 	 Our whole address is directed towards an eventual, rational answer to the
 

maintenance engineer's question: "What should I do?" Expenditure on
 
highway maintenance is such that it is economically important, and
 
severe financial restraints are likely to continue on it: thus the major

determining factor is already economic, and we believe that it is only

rational that the economic decisions on the use of the funds available
 
should be economic as well. Much has been done in recent years, but

much remains to be done, as we have seen. The alternative is that we 

must accept the need to forego the rational approach advocated.
 

14. 	 A number of issues of principle has been identified in this sub-report, all 
of which in the end relate to the level of maintenance. The general 
answers to these issues - such as the concept of perfect maintenance 
are clear enough, even if they as yet need to be given more detailed 
expression. A number of issues has also been identified in the general
application of rational, economic methods, relating to the problem ofthe
disaggregate and amorphous nature of highway maintenance work. 
These problems included those of specifying an appropriate information
 
and control system, in identifying maintenance standards, and ensuring

that the latter are economically sensible. There is a number of more

detailed technical problems still to be overcome in the field before there
 
is satisfactory progress: these include the difficult question of physical

measurement for highway maintenance, the provision of adequate

information in the form ofa road inventory if it is considered desirable to
 
go in this direction, a better understanding of the structural performance

of pavements over time, and relating maintenance work in a rational
 
manner with actual traffic flows. 

15. 	 In final summary, perhaps the complication of the whole subject of 
maintenance raises fairly acutely the issue of the simple hierarchical
 
concept of management and decision-making. For instance, what degree
 

1 
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of freedom of action should be given to the foreman of a maintenance 
gang equipped to repair pot-holes? Is the foreman to be given discretion 
over which pot-holes he fills in, discretion which is justified because he is 
the "man on the spot", and because it is his responsibility to keep the 
resources in his charge utilised? But such freedom of action may be 
contrary to a more efficient treatment of the deficiency indicated by the 
pot-hole - for instance, an overlay might be a more desirable treatment. 
Similarly, the full feasibility of the hierarchical concept is questionable at 
the level of decision on the overall maintenance budget for the coming 
year. In text book terms this should be resolved against information 
representing the aggregation of all the separate, foreseen needs. In 
practice, such aggregation is weii nigh impossible: for instance, what 
measures does one use at the different levels in the aggregation process to 
keep a proper indication of the relative severity of need; and more 
generally, is such a perfect hierarchical process administratively feasible? 
These are important questions, determining the nature of the technical 
information required for decision making, as well as the organisation of 
maintenance and responsibilities within it. 

FEDERAL REPUBLIC OF GERMANY 

Accoun:s Furnishedby a Road Maintenance Centre 

The accounts furnished by a road maintenance centre may be analysed in the 
following manner: 

(onaverage)

1. Maintenance of Carriageway 	 14.9% 
2. 	 Maintenance of Structural Works 2.5% 
3. 	 Maintenance of Installations of Drainage, Verges, Banks, 

etc. 11.2% 
4. 	 Maintenance of Trees, Bushes, Shrubs, Grass etc. 18.3% 
5. 	Maintenance of Panels, Signs, Installations for Hazards,

including Road Markings 8.6% 
6. 	 Cleaning of C, rriageways, Pavements, Cycle tracks, 

Verges, Banks, Ditches, Parking areas 3.0% 
7. 	 Winter Maintenance, including Meteorological Hazard 

Signs 	 16.8% 
8. 	 Traffic Safety Measures by Inspections of Road Sections,

Accident Works, Diversions 5.2% 
9. 	 Maintenance and Reparation of Equipment and Vehicles 13.0% 

10. 	 Traffic Surveys, Land Surveys, Inspection of construction 
works 6.6% 

100% 

This only concerns productive costs of maintenance activities, i.e. time lost by 
illness, holidays, etc., have not been taken into account. 

t._.. 
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BELGIUM
 
Road Maintenance Expenditure 1976
 

State Highway Network 
Expenses % of total(Million F.) expenditure 

Major Carriageway Works 
(Reconstruction, Haunching &Resurfacing) 847.836 21.70
 
Surface Dressing and Special

Skid Treatments
 
Patching and Minor Repairs 1.559.915 39.92 
Drainage and Gulley Emptying
 
Structural Works (Bridges and
 
Remedial Earthworks) 73.021 1.87
 
Grass Cutting and Hedge Trimming 195.224 5.00
Sweeping and Cleansing 80.227 2.05
 
Traffic Signs and Pedestrian Crossings 44.270 1.13
 
Road Markings 174.914 4.48
 
Other Highway Works
 
(Footways, Cycle Tracks, Kerbs,
 
Fences and Barriers) 95.711 2.45
 
Witer Maintenance 371.058 
 9.50 
Stree, Lighting 465.034 11.90
 
Total 
 3.907.210 100.00 

FRANCE
 
Maintenance Programme 1978
 

Main Stations
 
Carriageways and Side Roads MF % 

Coordinated overlays 498 31 
Ordinary Motorways 177 11 
Preventive Maintenance of National 

Routes overlaid or in good condition 394 25 
Curative maintenance of other 
National Routes 

agreed budget 134 
major repairs 40 174 11 

Structural Works 59 4 
Maintenance of Equipment 63 4 
Car parks and Service areas 39 2.5 
Winter Maintenance 74 4.5
 

Various 
 37 
Total Maintenance 1515 

Marking (exploitation) 70 5 

13 
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Total Maintenance Expenditure for all roads in England

1976/7 7 (Nov. 1976 Prices)
 

Local Authority Motorways &Trunk 
Roads Roads 

Operations Expendi. % of Expendi. % of 
tre (Lm) Total Exp. ture (Lm) Total Exp.

Major Carriageway Works 
(Reconstruction, Haunching
& Resurfacing) 83.1 22.4 13.60 30.7 
Surface Dressing & Special
Skid Treatments 23.5 6.3 1.01 2.3Patching & Minor Repairs 44.5 12.0 2.95 6.7 
Drainage & Gulley
Emptying 18.5 5.0 2.26 5.1 
Structural Works (Bridges &Remedial Earthvorks) 8.5 2.3 3.65 8.3 
Grass Cutting & Hedge
Trimming 19.3 5.2 1.34 3.0Sweeping & Cleansing 26.7 7.2 2.35 5.3
Traffic Signs & Pedestrian 
Crossings 16.2 4.4 3.54 8.0Road Markings 6.0 1.6 1.19 2.7
Other Highway Works 
(Footways, Cycle Tracks,
Kerbs, Fences & Barriers) 42.3 11.4 3.Pi 7.0Winter Maintenance 19.0 5.1 q. A8 9.4Street Lighting 63.4 17.1 5.10 11.5 
Total 371.00 100.00 44.25 100.00 

POLAND
 
Maintenance expenditures for public roads from 

State Government Budget 
Estimation 

Major carriageway worksreconstruction, haunching and resurfacing 41,5Surface Dressing and minor maintenance works and repairs 16,0Drainage and Gulley Emptying 4,9Bridges repairs and maintenance works 2,8Grass, trees and hedges maintenance works 2,6Traffic signs and road markings 2,7Sweeping and cleansing 0,5Winter maintenance of roads 26,6Other works 2,4 

100,0 
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HIGHWAY
 
RESEARCHRECORD
 

Number Highway and Bridge Maintenance:
 
451 Operations, Costs, and Modeling
 

6 reports

prepared for the
 
52nd Annual Meeting
 

Subject Areas 

15 Transportation Economics 
27 Bridge Design 
40 Maintenance, General 
41 Construction and Maintenance Equipment 

HIGHWAY RESEARCH BOARD 
DIViSION OF ENGINEERING NATIONAL RESEARCH COUNCILNATIONAL ACADEMY OF SCIENCES-NATIONAL ACADEMY OF ENGINEERING 
Washington, D.C. 

1973 

15 
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MAINTENANCE COSTING METHOD
 
FOR LOW-VOLUME ROADS
 
Richard D. Bauman, University of Hawaii; and 
Mathew J. Betz, Arizona State University 

This paper summarizes the importance of maintenance as it applies to de
cisions regarding low-volume road system development, especially as re
lated to economically developing countries. The importance of the decision 
to pave versus using local aggregates for road surfacing is presented. 
Specifically, the paper presents a method of estimating maintenance re
quirements and costs as developed for a transportation system planning 
activity in the Democratic Republic of the Sudan. Examples are presented
of the types of cost relations established and the philosophy of developing 
these costs from basic considerations of equipment need and utilization 
rates. The paper emphasizes the fact that the total cost to the economy, 
in areas with limited road systems, varies with the mileage of roads of a 
particular surface type to be maintained. This is a consequence of econ
omy of scale and equipment utilization. The development of fundamental 
input data involved 16 months of field exploration in Sudan. 

*IN most parts of the world, construction costs that are incurred when a transportation 
facility is put into operation are considered to be expenditures for natio -1 development
and form a significant portion of the operating capital of any country. In fact, among 
expenditures for national development in the less developed countries, transport gen
erally ranks first or second in magnitude. Costs of constructing new transport facil-
ities have accounted for approximately one-third of all loans made by the International 
Bank for Reconstruction and Develcpmnent and for one-fifth of American aid for devel
opment projects. Yet the lending agencies normally expect the borrowing countries to 
maintain facilities with little or no aid. A similar problem exists in the United States 
where no federal-aid money is available for maintenance. 

It is becoming increasingly apparent that, as more and more roads are constructed 
within a country or a state, the maintenance costs continue to accumulate long after 
the money that financed the road construction has been spent. These maintenance costs 
are sizable, usually ranging from 23 to more than 40 percent of the total highway ex
penditures. But as the highway system of a region expands, the maintenance costs can 
increase to the point that they exceed the total expenditures previously spent for high
ways. For example, after the Interstate System is finished, many states will annually
be spending more to maintain their portions of the Interstate System than they used to 
spend for new highway construction. 

Because the cost of maintaining roads is great but the role of maintenance is not as 
politically glanorous or seemingly productive as is new road construction, there is a 
tendency to try to ignore highway maintenance costs when new roads are programmed
for construction. In fact, instances have occurred where roads have been constructed 
but never maintained while new road construction continued. 

To schedule the costs of maintaining a road system into the budget for overall high
way expenditures, we need a systematic costing method that takes into consideration 

Publication of this paper sponsored by Committee on Maintenance and Operations Costs. 

10 
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factors that cause maintenance costs to vary from highway section to section. Such acosting method is difficult to obtain because maintenancea manner that allows costs are usually not kept inone to correlate costs with highway design, environmental factors,and traffic loads, and little or nothing is available for new roads of new design.This paper describes a procedure developed to predict maintenance costs of a proposed road system in Sudan. The procedural concepts may have utility for estimatinghighway maintenance costs on systems in other portions of the world. 

IMPORTANCE OF MAINTENANCE 
It must be emphasized that the failure to provide adequate support for highway maintenance results in decreased quality of service and deterioration of the initial investment. Once a highway facility has been constructed, any change in maintenance procedure will affect vehicle operating costs. Moreover, the amortization period of theconstruction costs can be affected by the maintenance provided after construction. Thisis further complicated by the fact that the quantification of this interrelation has not asyet been established. 
As road facilities are extended and improved, maintenance commitments accumulate.The magnitude of this is often not realize.. In the feasibility study of any one facility,the annual maintenance charge, in absolate tei;-s, will most likely be smaller than theannual construction costs or user costs. However, for nationwide systems, maintenance costs can amount to substantial sums, especially from the viewpoint of governmental road expenditures. This is due to the fact that maintenance costs are a continuing cost that accumulates as the system is improved and expanded.In the planning for any system of low-volume roads, especially in developing countries, the importance of proper maintenance must be emphasized and its probable costsindicated. Too oftn, maintenance is done as needed or as funds are available. Thefact that maintenance needs to be initiled upon18 termination of construction is seldomnoted. Deferring of such maintenance can mean the deterioration of the level of service, necessity for higher future expenditures, and possible loss of investment. Thus,the planning for maintenance should have an important position in the development of

low-volume road systems.

When this is done, 
 the developing countries will necessarily realize that it is important to construct a system to a level within the countries' ability to properly maintain it. The availability of skilled and semiskilled personnel and financial considerations must be considered. Roads that are inadequately maintained can result in apoorer overall system then would be obtained by a well-maintained system of roadswith an initially lower type of surface. Thus, it is realized that the decision to paveor not to pave is of primary importance in system planning. 

ROAD MAINTENANCE OPERATIONS 
For costing purposes, maintenance operations can be subdivided into three generalcategories: routine maintenance,

of the roadways. 
emergency maintenance, and periodic resurfacingIt is virtually impossible to predict or schedule emergency maintenance factors. These are due to unusual occurrences

military action, and so 
caused by flooding, earthquakes,forth. Because of the relatively rare occurrence of these needsand the conditions under which the work is performed, there is little Information concerning their costs. Therefore, this type of maintenance is not considered in this 

The periodic resurfacing of roads includes the addition of gravel or the addition ofa bituminous surface treatment, which is required on a relatively regular basis because of the effects of time and traffic on the road surface. The methods, equipment,and costs involved are essentially the same as used during the initial construction procedure and can be costed in a similar manner.The costing method discussed in this paper is concerned with routine road maintenance, i.e., that which has to be conducted on a continuing basis. This can be subdivided into the following operations: surface and shoulder maintenance, maintenanceof drainage facilities, maintenance of the roadside, maintenance of traffic control 
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devices, and maintenance of bridges and other major structures. Discussions of each 
of these as related to gravel versus paved surfaces can be found in the literature (1). 

In summary, important consequences of a decision to use a bituminous-treated sur
face affect the necessary maintenance, the equipment to be used, the skill level of the 
maintenance personnel, the overall costs, and the foreign exchange costs. Generally, 
the maintenance of surface and shoulders of graveled roads can be accomplished with 
light trucks, tractors, some type of drag (which can be locally manufactured), and pos
sibly motor graders. This work can be done by relatively unskilled personnel. The 
same is not true for the bituminous surface, with respect to either the day-to-day patch
ing operation or the periodic resurfacing. For many countries, the cost of bitumen 
represents a foreign exchange expenditure. 

The general cost of maintenance within the United States increases as one moves 
from a gravel to a bituminous surface roadway. The relative expenditure for surface 
maintenance decreases. One of the observed problems in a number of developing coun
tries has been a tendency to concentrate almost solely on surface maintenance. Rec
onmmendations by the International Road Federation as applied to Latin America indi
cated the need for greater emphasis on nonsurface maintenance (2). 

The decision to pave or not to pave has little impact on many nonsurface mainte
nance procedures but may affect the level of effort. An example is the necessity for 
more roadside maintenance for paved roads because of the higher expectancy levels of 
the public and because of the fact that the paved travel way is generally narrower than 
the available travel way on a gravel road (which often includes shoulder areas). 

. The maintenance of traffic control devices is another example of increased cost re
quired for paved surfaces. In most of the developing countries, when roadways are 
paved they are relatively narrow two-lane roads. It is therefore important from a 
safety standpoint to properly sign and stripe the roadway. The striping represents a 
substantial expenditure that is incurred yearly under most conditions. Roadway paints 
are relatively specialized items and represent a foreign exchange cost. Figures pub-
lished by the Highway Research Board for the United Statcs indicate that the cost of ma
terials amounts to almost 80 percent of the total cost of highway marking (3). In ad
dition, the equipment in this operation is specialized and has to be imported. Trained 
operators are necessary. Trained personnel to properly maintain the equipment itself 
is also important. 

MAINTENANCE COSTING METHODOLOGY 

What follows is a description of a maintenance cost-estimatL. *methodology developed 
for a major portion of Sudan. These costs along with construction and vehicle operating 
costs were prepared for inclusion in a total transportation analysis that led to the de
velopment of a multimode transportation plan for the country. The project was con
ducted by personnel at Arizona State University under subcontract to Lockheed Aircraft 
International, Inc. The basic engineering information was obtained in the field during 
a 16-month period in 1966 and 1967. The following presents an example of the type of 
maintenance equipment requirements and costs relations developed. As a part of the 
project, separate sets of these relations were presented for the various types of sur
face for each of the homogeneous areas identified (4). 

Total road maintenance needs are a function of fhe road design, soil and environ
mental conditions, and traffic characteristics. The interrelation among these, as re
lated to maintenance, is most complex and unquantified even for the most developed 
systems. In most cases, road maintenance is considered to be a function of traffic 
volume only, assuming both a fixed-cost and a variable-cost component. For example, 
Bonney (5) has derived an expression to indicate the maintenance costs of gravel roads: 
Total annual cost per mile = 496 + 13Q, where Q = daily traffic flow in vehicles per day. 
Actually, for any specific surface type, both the fixed cost and the variable costs will 
differ depending on the availability and quality of construction materials, the climatic 
conditions, and the topography of the area. 

19 
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Significance of Homogeneous Cost Areas 

Because the various items that make up the maintenance cost change depending onthe location of the road as well as the road design, the total maintenance cost will varyfrom area to area within a country even if traffic volumes are equal in each area.Therefore, the first step in the maintenance costing procedure is to divide a regioninto areas of similar pavement design with equal cost of maintenance materials andmaintenance equipment.
For Sudan, the equal cost areas were defined based on information gathered by thefield team and on laboratory tests concerning soil characteristics, construction material availability, and water availability. The northern section of Sudan was dividedinto 13 areas as shown in Figure 1. Each area, A through M, displays homogeneouscharacteristics that tend to cause all construction and maintenance activities and costsin the area to be similar. Thus, within each area it was assumed that the distance between wells is constant, the distance between gravel sources is constant, and the physical design of the pavement structure is constant. Because each area is distinct, itfollows that the construction and maintenance requirements in each area are different

from those in other areas. 

Preparation of Construction Equipment Packages

Knowing the areas of similar cost, 
 our next step was to actually determine the costsassociated with each area. The subject of road maintenance costing is only rarely discussed in the literature. Apparently nothing factual has been written concerning development of procedures for forecasting construction and maintenance costs forsystem. In many areas, a roadfuture costs of road construction and maintenance can be determined by studying existing costs. This was impractical in Sudan because few roadshave been constructed or maintained.20 In the past, when individuals have forecast maintenance costs,used a most studies havefixed cost per mile for all maintenance on roads of a certain design.same At thetine, planners have used relatively accurateroad. costs for vehicle operation on theActually, the analysis problem is as sensitive to changes in construction andmaintenance costs as it is to changes in vehicle operating costs.estimates lead to serious errors Fixed cost-per-milein the analysis because there is considerable economyof scale. For example, the cost of maintaining 1 mile of gravel road might be $2,500,whereas the cost of maintaining 40 miles of the same road might be $1,100 per mile.Within certain limits, which vary from project to project, the larger the project isthe lower the unit price is. This economy of scale is most noticeableduction at the low prorates prevalent in most underdeveloped countries that can only afford to buildand maintain a few miles of road each year. In light of this, it was concluded thatmaintenance cost formulation that considered the economy of scale of a project wouldbest solve the analysis problem.The issue was how to compute costs 

with 
that would reflect economy of scale for an areano history of costs on similar projects available. The problem was resolved byusing the normal bidding procedures utilized by contractors for road maintenance projects. The procedure entailed determining the pavement design prevalent in the area,selecting a package of construction equipment required to handle the maintenance tasks,and costing the maintenance price per mile for projects of varying length.For each homogeneous cost area shown in Figure 1, a package of construction equipment necessary to complete the maintenance activities was selected. This was done byselecting appropriate equipment units and then combining the units into groups termedequipment packages. For example, an equipment package for maintenance of an earthroad could consist of two dump trucks, one rubber-tired roller, one water truck, onefront-end loader, and one motor grader.Next, the total hourly cost to own and operate each package was computed. Thisprocedure involved obtaining hourly ownership and operating costs for each unit in thepackage and summing the individual costs to compute the total hourly costs.depreciation Severerates recommended either by the Association of General ContractorsOwnership and Expense Manual or by equipment manufacturers were utilized. 



Compendium 11 Text 2 
14 

In most cases, a single package was not suitable for handling a wide range of production rates on a project. Large-sized units of equipment can be used to maintain asmall project, but they cannot be used economically. Therefore, each package wascustomized to fit a specific range of project sizes, with the size and type of units ineach package varying with the size of the projects.The customizing procedure involved grouping specific sizes and types of construction units into packages and then determining the productivity-cost relations for eachpackage. Thus, for an activity involving the maintenance of a gravel road, one package rates up to 230 miles per year at traffic volumes be
was selected for maintenance 


low 25 ADT, 
 and the size of the package was increased as the traffic volume on theroad increased. Typical packages suitable for maintaining unsurfaced roads in Sudan are given in Table 1. 

Formulation of Maintenance Cost Equations 
It is a much simpler procedure to estimate costs of a maintenance project for ahighway that has a definite length and location than it is to estimate costs where theroad length and completion time are variables. But, for planning purposes, the latter is the case. Use of the equipment package concept simplifies tile costing processbut also points up the economic consequences of inefficient use of construction equipment packages. As is sbhwr. in Figure 2, for a specific construction package tile costper mile decrease, as Vie production rate increases until the operational efficiency ofthe package is exeede,,, then the cost per mile begins to increase. The challenge isto develop equipmeit packages suited for the anticipated range of productivity.For the Sudan project, maintenance costs were split into two categories: expectedroutine maintenance and resurfacing. Maintenance cost experience in Ghana and Nigeriafound that resurfacing costs range from 30 to more than 50 percent of the total annualmaintenance expenditure. The equipment package requirements for routine naintenance are different than the requirements for resurfacing. 21 

Routine Maintenance Costs in Sudan 
As previously indicated, the routine mainttnance on aggretate roads is basicallythe maintenance of tile riding surface and the elimination of road roughness. For hi tuminous surfaces, it involves tle )atching of potholes, the maintenance of signs and
markings, and the general "housekeeping" of roadisides 
and drainage facilities. Figure3 shows the expected typical relations between normal maintenance costs in Su dan andtraffic volume for an earth, rock road. The routine maintenance Costs of bituminoussurfaced roads operating at low-traffic volumes are relatively indi-pendent of trafficvolume. This cost was estimated at $1,200 per mile for a surface treatment, $1,340
per mile for a road mix, and $1,130 per mile for a hot-mix road.
 

Resurfacing Costs
 
Gravel 
and bituminous surfaces require periodic resurfacing in order to maintain
the standard of the roadway. The resurfacing operations for both 
gravel and bituminous surfaces are essentially the sane in e 'iAlinent, material , ant personnOl as thoserequired for initial construction. The costs prepared assumte the optin um use of th'smallest particular construction package based on a 40-hour week, The costs were converted to annual costs by simple division of the resurfacing cost by the expected periodof resurfacing. No interest calculations were included bec.,u.-ie the period of resur

facing is relatively short.
In the case of roads surfaced with crushed rock, it was assund that the tiurfacewould be rebuilt every 6 years, and at that time 4 in. of new crus.ied rock would beadded. In the case of roads surfaced with gravel, It was assumed that the nurface
would be rebuilt every 6 years, 
 and at that time 6 in. of new gravel would ie added,The resurfacing cost was determined by proratink, the initial construction cost. Generalexperience with gravel roads throughout Africa Indicates that with moderate traffic volumes, gravel roads tend to lose about I in. of grav,,l per year. This rate of (,gravel 
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Table 1. Minimum 

equipment packages 
required for routine 
maintenance of 
unsurfaced roads. 

Traffic 
Volume 
(ADT) 
0 to 24 

25 to49 

50 to 99 

100to 399 

Road Surface 

Earth 
One 5-yd truck 
One .000-gal water truck 
Ooe '/,-yd front-end loader 
One motor grader 
Two 5-yd trucks 
On. rolli 
One 2,000-gal water truck 
One '/2-yd front-end loader 
Oie motor grader 

One 5-yd truck 
Gne 12-ton truck 
One 2,000-gal water truck 
One roller 
One l-yd front-end loader 
One motor grader 
One 5-yd truck 
Three 12-ton trucks 
Two 2,000-gal water trucks 
Two l-yd front-end loaders 
Two rollers 
Two motor graders 

Gravel 
One 5-yd truck 
One 2,000-gal water truck 
One '/,-yd front-end loader 
One motor grader 
One 5-yd truck 
One roller 
One 12-ton truck 
One 2,000-gal water truck 
One l-yd front-end loader 
One motor grader 
Two 5-yd trucks 
Two 12-ton trucks 
Two roller. 
Two 2,000-gal water trucks 
Two l-yd front-end loaders 
One motor grader 
Two 5-yd trucks 
Three rollers 
Six 12-ton trucks 
Three 2,000-gal water trucks 
Two 1-yd front-end loaders 
Two motor graders 

Crushed Rock 

One 5-yd truck 
One 2,000-gal water truck 
One '/,-yd front-end loader 
One motor grader 
Two 5-yd trucks 
One 2,000-gal water truck 
One '/2-yd front-end loader 
One roller 
One motor grader 

Two 5-yd trucks 
One 12-ton truck 
One 2,000-gal water truck 
One roller 
One 1-yd front-end loader 
One motor grader 
One 5-yd truck 
Four 12-ton trucks 
Two 2,000-gal water trucks 
One l-yd front-end loader 
Two rollers 
Two motor graders 

Figure 2. Equipment 
package cost.productivity 
relation. 
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Figure 3. Routine maintenance cos and traffic volum of mrth-gurf ced rood. 
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loss is relatively constant for a moderate range of traffic volumes because the drag
ging operation tends to have a greater effect on aggregate loss than does traffic per se. 
The assumption that the Sudanese crushed-rock roads will lose only "/, in. per year 
was based on the fact that the aggregate used in the construction has particle inter-
locking characteristics not found in natural gravel. Usually, natural gravels have 
rounded particles that do not provide much mechanical particle interlocking. The 
Sudanese crushed-rock aggregate will be highly angular, and it is therefore expected
that there will be a much higher degree of mechanical interlock between particles a. i,
therefore, a decreased rate of loss. The different annual costs for certain areas for 
resurfacing reflect the influence of the differential length of haul from aggregate 
sources.
 

The calculation of the resurfacing cost for bituminous roadways was based on the 
cost of a single surface treatment repeated every 5 years. Experience has shown that 
this operation generally must be repeated every 4 to 6 years to counteract the effects 
of both traffic and aging. These costs were estimated assuming the equipment pack
ages were being utilized efficiently and the costs were represented on an average 
dollar-per-mile basis. 

SUMMARY 
As previously indicated, the variation of maintenance costs with basic variables is 

currently ill-defined although they represents a significant puLlic expenditure. That 
these costs can be evaluated over time when maintenance needs arc met under specific
known conditions is admitted. However, Sudan at this time does not have significant 
experience in the road maintenance procedures within its own area t( uantify any cost 
or productivity data. This is a situation common to most developing countries and 
even to some states. Due to the economy of scale associated with maintenance costs 
and the cost variance caused by variables such as project size, construction material 
availability, topography, in-place soil conditions, and productivity of the labor force, 
generalized fixed-cost estimates are inaccurate. The equipment package costing meth
odology outlined In this paper presents a technique that allows estimation of mainte
nance costs in areas where no maintenance cost experience is available and allows 
ccnsideration of economy of scale. 

23 
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DISCUSSION 
Bertell C. Butler, Jr., Byrd, Tallamy, MacDonald and Lewis, Falls Church, Virginia 

Bauman and Betz's paper presents a maintenance costing methodology that should bevaluable in developing maintenance cost for new highway systems. In particular, itshould be very useful to planners as they develop transportation programs in develop
ing countries. 

The authors' paper has properly stressed tho importance of maintenanoe for lowcost roads, particularly as a factor in 	 the planning and decision process. They
24 placed the maintenance impact on total highway expenditures between 23 and 40 percent.An 	examination of the maintenance expenditures made for county and township roads inthe United States during the past 15 years reveals that an average of 63 percent of totalhighway expenditures was spent for maintenance (6). The type of road system theydiscuss seems closer to the county-township type of system than the state systemwhere the maintenance percentage for the same period was 18 percent.As the highway system of a region expands, the maintenance expenditures continueto increase. There also is considerable evidence in the literature to suggest that thesemaintenance costs further increase as traffic volumes grow. However, as a percentageof total expenditures, the picture is not so clear. Figure 4 shows the percentage of total highway expenditures for state highway maintenance in the United States. Disregarding the war years of the 1940s, there is no evidence of any general increase with time.Rather, both the capital outlay and the maintenance expenditure portions grow together.The impact of increased traffic volume on maintenance is revealed by comparing asamplin2 of high- and low-volume state highway expenditures. The high-volume statesaveraged $24,000 per mile on maintenance, which reflected 25 percent of total roadconstruction expenditures. This can be compared with $1,250 per mile and 13 percentfor the low-volume states (6).

The authors were faced with the need to develop maintenance cost estimates for atotal highway program budget. Realistic costing is needed to allow for variations inthe physical and operational environments of the roads' in various areas of the country.This was particularly critical to the Sudan study where a wide variation was expectedin 	the mileage of a given pavement design from area to area. The estimating proceduredeveloped responds to the need for having more than a single fixed maintenance costthat can be applied to roads in the planning process.The authors divided Sudan into areas of similar pavement design and equal materialand equipment cost. They then selected the equipment units that would be needed tomaintain the pavement design assumed for an area, a given level of traffic volume,and a limited range of mileage of roads. The equipment was then placed into what theauthors termed an equipment package, and the total hourly cost to own and operate thepackage was computed. The authors are not clear on how the entire maintenance cost 
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Figure 4. Maintenance expoditures a pernage 120 
of total state highway costs. 
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was included in their cost equation, i.e., as part of the equipment package or in support 
of the equipment package. In developing resurfacing costs, the authors note that the 
equipment package cost was based on a 40-hour week use assumption. No such nota
tion is included for the maintenance equipment package. Therefore, the basis for de
veloping hourly cost for the equipment is not clear. Some mention of the assumed 
range of use would be helpful. Also, an indication of some of the other assumptions 
Lhat must have been made related to frequency of equipment assignment to each mile 
of road, treatment of supervisory cost, labor and material requiruinents, and housing 
and administrative costs would be useful additional information. However, it is as
sumed that the equipment package generated a total cost that cou'd be converted to a 
per-mile maintenance cost by assuming a mileage in each homogeneous cost area. The 
model shown in Figure 3 was apparently the result of plotting per-mile expenditures 
from like areas of road design and mileage for different traffic volumes. 

The method of costing presented by the authors was reportedly used to generate var
ious matrices of unit maintenance cost by type of road surface and region for varying 
system mileage and traffic volume. The inclusion of such a matrix would have been a 
useful addition to the paper. Nevertheless, this paper should prove a valuable addition 
to the present literature on the maintenance of roads in developing areas. 

Clell G. Harral, International Bank for Reconstruction and Development, 
Washington, D.C. 

Better knowledge of road maintenance costs would be welcome in every country, but 
the relative paucity of information and the need to examine various road design and 
maintenance strategies in developing countries make better information on maintenance 
costs particularly important in these countries. In the United States and Western 
Europe, high traffic volumes, high values attached to motorists' time, and relatively 
low cost of capital usually make it more economical to incur higher initial costs to con
struct roads to higher standards to minimize road-user and maintenance costs. In de
veloping countries, however, traffic volumes and values attached to motorists' time 
are often much lower, and capital is much costlier, so that staged construction, with 

25 
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lower initial design standards and higher road-user and maintenance costs, may be theoptimum strategy. In some of these countries, relative labor abundance makes labor
intensive methods of construction and maintenance more feasible, which has important
but relatively unexplored implications for road design and maintenance.

Thus, Baunan and Betz are quite correct in seeking to gain greater understanding
of road maintenance costs in developing countries and to develop methods for quantify
ing and predicting them. Certainly, the approach they developed in Sudan, which issimilar to the work by Soberman in Venezuela, constitutes an improvement over ex
isting procedures in many cases where the only data are average total maintenance outlay per mile of network. Formulation of maintenance costs in the form Y =a +b(ADT)
does take into account the fact that there may be certain expenditures, such as the costsof administration, or other economies of scale when traffic volumes expand. Develop
ing separate relations for different types of road in different homogeneous cost regions
is a further improvement.

However, this approach does not go deeply enough to answer many of the questions
that need answering. Predicting maintenance outlays in this manner implicitly 2s
sumes a given maintenance policy, when in fact we want to investigate what mainte
nance policy should be. If one is to examine alternative maintenance strategies, it is 
necessary to distinguish the physical deterioration of the road from the response tothat deterioration. The effect of different maintenance standards on the physical condition of the road and the effect in turn of various road conditions on road-user costs 
must be established, as welt as the costs of the different maintenance routines. If, in
addition, one is to determine the best technology to effect a given maintenance standard,
it will be necessary to generate the whole set of alternative technologies specified interms of outputs achieved by a given set of inputs (equipment packages) and prices of 
the various inputs.

Measurement of the physical deterioration of roads of different designs and the ef
fect of alternative maintenance policies thereon ultimately requires some longerexperimentation, which presumably was outside the authors' 

term
Lerms of reference. Leastis known concerning the deterioration of earth and gravel roads (of various geological

compositions), but fortunately this can be measured relatively easily because deterioration occurs rather rapidly if regular maintenance is withheld. A 2-year period of
study is quite sufficient to observe significant change in the condition of unpaved roads.It is more difficult to estahlish deterioration relations for paved roads because deteri
oration occurs much more lowly. The only alternative to lone-term experiments
would be cross-section analysis of pavements of various ages in various degrees ofdeterioration. However, because of the problems in defining the original construction
standards of those pavements, as well as the use and the maintenance they have received over the years previous to the study, we would not be optimistic about this approach. Thus, deterioration relations for paved roads may have to be derived from
time-series analysis of observations collected over several years from roads built to
carefully controlled standards and subjected to normal use. 

Various approaches may be used to establish the effect of different maintenance
standards on road-user costs. A direct experimental approach, involving operation
of a fleet of instrumented test vehicles over experimental road sections where the con
"'lion of the road surface is measured, may provide accurate information on the effect

of different maintenance standards on vehicle speed and fuel consumption. A samplesurvey of road users, including establishment of a well-controlled set of cost accounts
for a representative sanple of types of vehicles operating over roads in various statesof maintenance, will yield additional information on vehicle depreciation and mainte
nance costs.

If one wishes to relax the assumption of a fixed maintenance technology and deter
mine the optimum technology, it is necessary to scan the whole set of feasible alterna
tiv technologies. The authors' specification of equipment packages, or input-output
vectors, Is thus a step in the right direction, but it is not clear that they have system
atically generated the whole set of alternative technologies (or a reasonable approximation thereto). What do they mean when they say that the equipment package was "customized to project size?" What exactly does "project size" mean? Also one would 
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like them to specify the sources of the economies of scale they envisage. Is it simply
fixitles in administrative costs when either the mileage of the system or the traffic
densities increase ? Or do greater traffic densities or greater network mileage make
different technologies with lower variable costs more economical? It is not easy to 
see this intuitively, but ultimately the question is an empirical one. 

We at the World Bank have been very much concerned with these questions, par
ticularly the trade-offs between road design standards and maintenance costs and the
effect of different technologies thereon. Since 1969, we have been working in conjunc
tion with other institutions to develop the methodology and empirical data necessary to
determine optimum highway design and maintenance strstegies for low-volume rural
roads, assuming initially a fixed technology for const, uction and maintenance. The 
U.K. Transport and Road Research Laboratory, working in collaboration with the

World Bank, has been conducting empirical research in Kenya since early in 1971 
on
road-user costs and road deterioration relations for alternative design standards and
alternative maintenance policies. We hope to have completed the initial field studies 
of these relations by July 1973, but the study will have to be continued in order to gain
longer time-series observations on paved road deterioration. At the same time, we 
are hopeful that similar studies may be undertaken in India and Brazil to capture a 
wider range of physical and economic environments. The World Bank also has under 
way studies on the technical and economic feasibility of alternative civil construction
technologies involving different combinations of labor and equipment. An initial survey
of existing evidence reached the conclusion that it is technically feasible to use labor
intensive methods of construction for most activities involved in constructing highways,
including higher standard highways, and that these techniques miy be economically
feasible under certain circumstances in labor-abundant economies. The next phase
of the study will concentrate on the adaptation of road design 'o labor-intensive and 
intermediate technologies and its implications for road design and maintenance strat
egies and the problems of implementing changes in technologies, design, and mainte-
nance strategies. 

Samuel F. Lunford, Arizona Highway Departmer 
The authors discuss the importance of maintenance costs in the planning of highway

systems, especially with regard to its effect on the overall economic well-being of an 
emerging nation. A most interesting consideration not normally imposed on the riain
tenance engineer-economist in this country is the major effect that foreign exchange
expenditures have on the decision-making process when the physical designs to be 
utilized in the system are evaluated. 

In the citation on the lack of form.1 costing knowledge of highway maintenance ac
tivities, the authors present the same general observations that others have struggled
with in attempting to develop forecasting systems or formulas. For many years, main
tenance cost data have been collected, summarized, and published in terms of average
costs per mile of various types of designs with very little consideration of the relations 
among highway design, environmental factors, traffic loads, and social structure of the 
community. The application of such past per-mi,- average cost data can result in a
completely inadequate financial and organizational plan for any highway system, whether
considering an emerging nation without a transportation history or a highly developed
community with a sophisticated network and years of experience.

The emphasis on the importance of maintenance Is well made as a major element in 
system planning and design. The magnitude of accumulating maintenance requirements
is rapidly forcing highway administrators in this country and on the international scene 
to focus more attention on scientific research and economic evaluations of maintenance 
practices. In recent years this has resulted in the so-called new maintenance manage
ment systems in many states. 

These new maintenance management systems and the accompanying performance
budget methods of analyzing maintenance cost factors have been highly publicized and
reported in literature during the past 10 years. It was disappointing to find no mention 
or consideration of these highly developed techniques in maintenance costing. 

27 
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In approaching the costing of maintenance operations in an environment without apast history to relate to, the authors categorize maintenance into routine, emergency,and periodic resurfacing. Emergency maintenance factors are immediately dismissedas impossible to predict or schedule. Resurfacing maintenance is analyzed as essentially the same as initial construction procedures and therefore costed in the samemanner. It appears, then, that the important contribution this paper offers is a newapproach to forecasting the probable costs for routine recurring maintenance under theunique conditions and limitations of an emerging underdeveloped nation and the effectof this cost on the long-range financial requirements to protect the original investment.Although emergency maintenance might logically be a minor cost factor, it shouldbe considered, especially with regard to the effects of natural occurrences on underdesigned highway systems. Weather history and severe seasonal weather conditionsare generally well known, and the problems of maintenance operations involving design deficiencies for all weather conditions can be ordinarily recognized and can beadequately provided for by anticipating certain average activity requirements to provide capability to restore damaged or interrupted transportation services.The costing of routine road maintenance planning values is most difficult with knownexisting systems. The complexities of analysis presented in this described project,predict with confidence tothe cost of maintenance values for various design considerationson a nonexisting highway system, is approached in a new and unique manner. Such anapproach offers a new opportunity to make further research and extend present concepts of the state of the art.

Without a history base to quantify the many variables of maintenance activities,authors devised what might be called a system of common 
the 

denominators. By groupingsimilar environmental characteristics, a system of homogeneous cost areas was developed in which it can rationally bu assumed that all construction, maintenance, andcost factors will be similar. This same rationalization is used by several states in28 establishing regional performance standards for maintenance activities.The second common denominator presented for evaluating costs was the construction equipment package. This approach is unique in concept, but it is not clearly defined in the paper, especially with regard to what activities or level of service is considered in creating the equipment packages for comparative evaluation. It would seemthat a quality standard or a level of service must also be determined to establish anequipment package. The tolerance of wear or deterioration with a frequency of servicerequirements must certainly be involved in determining either the equipment packageor the area that a given equipment package might cover. The paper intimates that suchanalysis was considered within the project development, but it does not dwell on howthe service-level variables were constructed to determine the equipment package.Some additional development of these factors would clarify the concept of relatingmaintenance cost predictions on the assignment of cost factors to the hourly operation of a given equipment staffing required to perform the level of maintenance necessary to support and protect the transportation Livestment.The authors have injected an analysis consideration, which urovides a realistic approach to adjusting cost data, not heretofore observed by the reviewer in other maintenance cost projection exercises. The "economy-of-scale" adjustment to operationaldata emphasized in this paper has been observed and considered in many constructionprogram cost estimates, but its application to maintenance cost projections may be oneof the important contributions presented here and also might possibly be a subject forfurther research in relation to maintenance cost factors.
In summary, the project described certainly appears to have been challenging, andthe approach to analysis was innovative and unique. The importance of maintenancecosts to the total design consideration% and financial planning of transportation systemsis well presented. The homogeneous cust areas, the equipment package, and theeconomy-of-scale concept are analysis techniques that might be further researched

for useful relations. 
The paper offers an important reference background for refining the art of longrange maintenance cost predictions particularly as related to new transportation sys

tems in emerging nations. 
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AUTHORS' CLOSURE 
The basic elements in the discussions focus around issues concerned with assump

tions used in the derivation of the equations and with appropriate policies for mainte
nance of a road system when funds are limited. Butler discusses the cost assump
tions and raises significant questions concerning the methodology used in the derivation 
of the cost equations. Harral discusses important policy issues. Lanlord's discussion 
overlaps into both policy and cost issues. This response to the discussions will attempt
to clarify some of the assumptions and derivation procedures as well as comment on 
the policy issues. 

The first major ar, - of concern seems to relate to the cost formulation process.
The process of deriving the cost formula for an equipment package was to assemble 
the equipment units and manpower into a package, calculate all costs on an hourly ba
sis, expand costs to an annual basis using number of work hours per day and number 
of workdays per week typical in Sudan, estimate the maximum productivity of each 
package in terms of number of miles of two-lane road per year, and develop cost 
curves by holding annual equipment package costs constant and varying package pro
ductivity, thus achieving a variable cost-per-mile output. The costs used in each pack
age were derived based on relations among hourly costs to own and operate the units of 
construction equipment in each package, labor costs for equipment operators and su
pervisory personnel, and material costs. The operational life of each unit of equip
ment was computed in terms of total hours of life based on manufacturer's recommen
dations and assuming severe operating conditions. Utilizing this technique, the 
economy-of-scale characteristics of an equipment package become apparent as the 
efficiency of utilization of the package increases. 

Th, . application of the level-of-service concept for processes concerned with routine 
maintenance is significant and could be used to quantify policy decisions. For the Sudan 
project, it was assumed that the equipment packages would operate so as to maintain 
all roads in their respective areas at a level sufficient to preserve the roadway in a 
condition as close to the original as possible. This required assumptions concerning
frequency of machining, daily productivity, and material replacement based on empir
ical data from other studies. All assumptions are discussed in detail in the original 
report (4). This meant that the maintenance policy proposed for Sudan assumed a high
level of service. At first glance, this assumption may not appear to be the most ap
propriate policy for a country with low traffic volumes on nearly all its roads and with 
limited funds. However, the policy for maintenance cannot be considered in an isolated 
context. Instead. the policy for maintenance must be considered together with the pol
icies concerned with design and construction. If stage design techniques are properly
used and a road is never overdesigned, a high level of service for maintenance appears 
to be the appropriate policy.

Study of the trade-offs between road design standards and maintenance policies and 
costs was beyond the scope of this project. But the trade-offs represent a highly sig
nificant area of concern. So th( World Bank projects described by Harral, when com
pleted. should produce some very useful data. 
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MIN ROAD MAINTENANCE COSTS 

ANTRAC! 

The procedures adopted for the maintenance of earth roads and surfaced roade Is
described. Information Is given oanthe staff required per unit of work, togeter
with details of the equipment needed for both manual and mchanised maintennos, 
and the materials I be used in the operation.
 

Costs are given in each cane for staff, equipment and materials, leading to
the calculation of unit costs and total costs for each type of work. Bdget
details are given for each type of 
 aiWntenance work at 1976 prices end wages, 
Increased by quoted percentages to 1977 values. 

The currencey quoted is the Franc CPA (Francs CPA 50  1 French Franc) 
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1. MAINTENIAtlcE OF EARTH ROADS 

1.1 Introduction
 

'he work on esi-th roads involves both manual and mechaniaed maintenance. 

Manual maintenance in a matter of filling Jn road surface depression,pot holes etc., clearing of ditches and removal of undergrowth from the right ofway. The work is carried out by teams of roadmen under the supervision of diatrictsurveyors who are each responsible for a number of road sections. 

Mechanised maintenance consists of resurfacing, i.e. the addition ofselected material to the road base which also serves as a wearing course, and ofreshaping operations. The reshaping can consist of major work on the carriagewayand a reconditioning of the ditches or it can be a minor- operation involving thelevelling of local surface deformations (depressions, corrugations) so as to
provide a better riding surface. 

1.2 Basic data for calculating maintenance costs 

1.2.1 Manual maintenance (by road sections) It Is assumed that omemaintenance worker is required per10 to 15 ]an3in of road. The number of xena maintenance team is limited by the possibilities concerning theirdisplacement or local movement. A tipper lorry is allocated to each teamand the capacity of this vehicle determines the maximum number of"men
available for work on a road section. On average these vehicles can eachcarry three men in the cab, including the driver, and eight man plus their
eq.ipment in the rear. Thus a team consists ofs
 

1 ganaer 
I driver 

10 labourers 

Totalt 12 mo per term 

This teem can maintain a total of 120 km of road for 1,870 hours of wczkper year (170 hours per month for 11 months and I month paid leave). 

1.2.2 Nechanisedmaintenanoe 

1.2.2.1 Resurfacing The equipment used for resurfanirci, giveu tbeaverage transport distance@ involved (rarely exceeding 6 ks) consiststypically of the followinga 
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1 bulldoser, 10 h.p.
 
I grader, 120 h.p.
 
I loader, 0 h.p.

2 t*nker lorries, 220 h.p., 10,000 litres u&p cityI notorised pnouaatic roller, 220 h.p., 15 t weiht 
I toable pneumatic roller, 6t sauim= load
 
! agricultural tractor, 60 h.p.

4 tipper lorries, lOt capacity
 
1 tipper lorry, 6t capacity
 

In principle two sets of the above equipment will be allocated to Sresurfacing @ite and inadditioh the following will be availables 

1 supervisory van
 
1 workshop trailer
 

The average progress of a resurlac"gsite is estimated as 600 S3 of
additional compacted 
 material laid on the road per 7 hour working day. 

Allowing for bad weather it Is estated that the resurfacing teemwork for a total of 160 days per calender year. 

1.2.2.2 Major reshaping Equipment for this operation consists typically ft 

2 to 3 graders, 120 h.p.

1 towed pneumatic roller
 
1 agricultural tractor, 60 h.p.

1 supporting lorry, 3.5t capacity
 

The average progress for major reshaping Is estimated as 5 ka ofroad per working day. 

If we consider the atmospheric conditions that must applyreshaping operation (the earth must 
for this

be humid - not soaked or dry) and hencethe need to work at the beginning or the end of the rainy season and In amycase as allowed by tae frequency of the rainfll then It Is ebtlated thatthe major resurfacing teams work for a total of 60 days per calender year. 

1.2.2.3 Minor reshapinK The equipment for this operation consists typically
oft
 

2 to 3 graders, 120 h.p. (the number depending on the
width or the cLrriageway being treated)
 

I supporting lorry, 3.5t capacity 

3 
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The average progress for minor reshaping is estimated an 20 km of road 
per working day with a total of 140 working days per calender year. 

1.3 Costs of each itet 

1.3.1 Manual maintenance (by road sectiona) 

1.3.1.1 Staf_._f 
Franca/hout 

Ganger 136
 
Driver 123 
10 Labourers 851
 

1,110
 
Paid leave (1/12) 92.5
 

1,202.5 
Social charges, employer's 222 
contributions (18.5%) 

1,424 
Francs
 

Staff costs per year: 1,424 X 1,870 - 2,62.-880 

Site allowances (4%) 106,515 

Total staff costs per years 2,769,395 

1.3.1.2 Minor equpasut 

5% of 2,662,880 133,144 

1.3.1.3 Use of 3.5t SG4 lomy (40,000 km/year)
 

Depreciation 891,200
 

Repair 1,086,000 
Fuel 526,400 
Lubricants 130,000 

2,633,600 2,633,600
 

TOTALs 5,536,1P3
 

1.3.1.4 Cost per km of road
 

Cost per k*t 5,536.139 46,134 
120
 

4
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1.3.2 Resurfacing. 

1.3.2.1 Staff 

1 bulldozer 	driver 

1 grader operator
1 loadqr operator 
2 tanker lorry dr-iverw 
1 roller operator 


Franca/hoeu 

132
 

121
 
121
 

(2 X 129) 	 258
 
116
 

1 agricultural tractor driver 116
 
4 tpper lorry drivey. (4X 129) 516
 
1 supporting ory driver 129
 
1 tally nan 194
 
1 foreman 
 250
 
2 labourers (2 x 74) 248
 

2,001 

Par a &itehaving truo team: 2,001 z 2 


1 cite foreman 

1 supervisory van driver 

1 watchman 


Paid leave (1/12) 

Social charges, employers 
contribution (18.5 %) 


Staff oosts per year 1870 x 5,743 


Site allowances (4%) 


Total staff costs per year: 


Francs/hour 

a 4,002 

250
 
116
 
207
 

4,72
 
372..-


896
 
8
 

5,74.3 

Francs 

10,739,410
 

429,576
 

11,168,986
 
1ay
1,170,000
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1.3.2.2 Equipment.
 

3
Costa in 10 CPA 

Equipment 
Ue in km 
or hours 
per year 

Deprec-
iatio Rl 

Lubri
ucrn Totals 

Bulldoser 

Grader 

Loader 
Tanker lorry 

0960 h 

800 h 

1120 h 
2x 

2,923 

2,124 

4,267 
2,400 

4,080 

2,222 

4,133 
2,462 

1,o56 

705 

986 
1,550 

31 

320 

370 
216 

8,400 

5,371 

9,756 
6,628 

Motorised 640 h 792 715 423 64 1,94 

roller 

38 

Towed roller 

Agricultural 
tractor 

4 tipper3orriee 

6t lorry 

640 h 

640 h 

4 x 

24,000 kv. 
32,000 km 

89 

219 

4,704 

1,34 

136 

248 

6,336 

1,184 

-

324 

3,072 

70 

2 

60 

624 

160 

227 

751 

14,736 

3,392 

Total 18,862 21,416 8,820 2,157 51,255 

Total per site - (A) 
(2 sets of equipment) 

37,724 42.832 17,640 4,314 102,510 

Supporting equipment 

Supervisory 
van 

Workshop 
trailer 

40,000 . 

160 days 

468 

168 

580 

176 

470 

-

56 

2 

1,574 

3 

Total  (B) 636 756 470 58 1,P20 

Complete total  (A + B) 38,360 43,588 18,110 4,372 104,430 
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1.3.2.3 	Total s,,al Uzpadittmr
 

Francs
 

Annual staff costs 11,170,000
 
Annual equipment costs 104,430,000
 

Total 	 115,600,000
 

1.3.2.4 Costa e u3
 

Output per year:
 
600 m x 160 days = 96,000 m
 

Costs per m3: .6, = 1,200 F96,000 

1.3.3 Reshaping The graders are used 	as follows: 

60 days per year for major reshaping, i.e. for 30 per cent of the total time 
140 daysper year for minor reshaping, i.e. for 70 per cent of the total tim 

1.3.3.1 Staff costs -majorreshaping
 

Francs/hour 

3 grader operators (3x121) 363
 
1 lorry (6t) driver 129

1 foreman 
 150
 
1 towed roller operator 116
 
2 labourers (2x74) 148
 

906
Paid leave (/12) 	 75 

Social charges, employers 
981
 

contributions (18.5 ) 181
 

1,162
 

Francs 
Staff costs per year 
 1870 z 1,162 x 30% = 651,882
 

Site allowances (4 %) 26,075
 

677,957
 
Total staff costs per year; say 678,000
 

7
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1.3.3.2 Staff costs - minor reshaping. 

3 grader operators 
1 lorry driver 
1 foreman 

Paid leave (1/12) 

Social charges .upl~yers 
contributions (18.5 )128 

Staff costs per year: 1870 
Site allowances (4%) 

Total staff costs per ynr 

1.3.3.3 Equipment.
 

Use in ka 
Equipment )r hours 

per year Deprec-

iation 


3 graders 3xl00 h 7,965 
3.5t lorry 32,000 k, 596 


Total 	 8,561 


Towed roller 
plus towing 800 h 385 

vehicle
 

Total 	 8,946 

L 

Francs/hour 

363
 
129
 
150
 

"42
 
53 

695
 

823
 

Prance 

x 823 x 70 - 1,077,307 

43,092 

1,120,399 

say 1,120,000 

Costs in 103F CPA 
-

Repairs Fuel 	 Lubri-

cants 

8,334 2,643 1,197 
604 421 75 

8,938 3o64 1,272 

355 405 	 77 


9,293 3,469 1,249 

. .
 

Totals
 

20,139 
1,696
 

21,835
 

1,222
 

23,057 
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Total equipust coats per year: 

Francs 
Major reshaping 23,057,000 x 30% 6,917,000 
Min reshaping 21,835,000 x 70% 15,28i,000 

1.3.3.4 	Costs per km - major reshaping 

Francs 

Annual staff costs 
 678,000

Annual equipment costs 	 6,917,000
 

7,595,000
 

Cost per kilometre 	 7"595000M0 days x 5 ka 25,316 

say 25,500 

1.3.3.5 	 Costs Per km - minor reshaping 

Francs 

Annual star coats 
 1,220,000
 
Annual equipment costs 15,28%,000
 

16,4 0%,000 41
 

Cost per klometr . 16,404.000 	 5 
140 days x 20 km 5,858 

say ,000
 

1.4 	 Special anti-corrugation maintenance.
 

This is a previously established technique that via adopted 
and improved
for use in TPPER VOLTA commencing in 1972.
 

The technique is only applied in the dry and
season on heavily traffekejroads. A metal frame fitted with levelling blades is towed behind anagricultural tractor so as to remove the 	early formation of any corrugationc.
Two such equipments are required to deal 	 with 80 3m of road per day aovercarriageway width of 6a. These equipments are in use, on average, for 130 
days per year. 

This 	type of maintenance being unconventional has not been classifiedwith 	the more usual procedures considered in sections 1.1, 1.2 and 1.3.
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1.4.1 Costs o( anti-corm-. ition maintenance 

1.4.1.1 S
 

Francs/hour 

Tractor driver 
 116
Paia leave 
 10
 

Social charges, employers 
126
 

contribution (18.5 %) 23
 

149
 

Franca 
Staff costs per year 
 1870 x 249 278,630
 
Site allowances (4 %) 	 11,15 

289,775
 

Total annual staff costs 
 289,775 x 2 
 579,550
 
(2 tractors)
 

42 	 1.4.1.2 Equipment
 

Costs in 103 CFA
Equipent 
 Use per year
 
(hours) 

Deprec- Repaira and Fuel andiation 	 replacement lubricants Totals 
parts 

2 tractors 2 
x 900 616 418 1,078 2,112 
2 scrapers 2 z 900 360 216 - 576 

Total 
 976 634 1,078 2,668
 

10
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1.4.1.3 Costs per ks of roaA
 

Annual star costs 579.550 
hAnnal equiduett coats 2,688,000 

392679550
 

Cost per kilometre 3.267.550 
13o dYs z O J 314 

sar 320 

2. ML.UAL WINTfTERANCE OF SURFACED ROADS 

2.1 Introduction
 

This work is carried out by teams on sections of road as for the earth roads 
except that the reshaping and filling-in of pnt holes etc Is replaced by manual 
patching of the bituminous surface and of the road base where necessary. 

Th, s the team involved will be as defined for the manual maintenance of the 
earth roads. Additional equipment will however be required namely a binder 
distributur and a light-weight vibrating tandem roller (0.7t). Chippings and 
the binder will also need to be provided on the site. The costs will therefore
 
be as follows:
 

2.2 Staff
 

Prencs
 
Annual cost (see section 1.3) 2,769,395
 

2.3 Minor equipment
 

Annual cost (see section 1.3) 133,000
 

11
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2.4 Additiont:1 equipmont 

Coats in 103p CA 

Eqipment 
Us in kn 
or hours 

Repair 

per year Depreo- Lubri
iation Replaoe- Work- Fuel cants Totals 

Mont shop * 
parts labour 

Light lorry 

DIstributor 
40,000 km 

700 h 
891 

165 

603 

95 

283 

36 

527 

185 

130 

21 

2,634 

502 
Vibrating 
roller 700 h 331 169 76 206 34 816 

Totals 1,387 1,067 395 918 185 3,952 
__-_ -1 -III

* Overseas department (Departement Outre Mer) 

2.5 Road building materials. 

Binder (cut back): 800 litres/day x 100 days = 80,000 litres/yea, 

44 - 80 t/year 

Chippings: BLtXt 1 . 2 = 800 m/year 

Francs 
Costs: 80tT 80,O00? 

80Oc' X 14,500? = 
6,400,000 

11,600,000 

Total 18,000,OO 

2.6 Total wn ml epnditure 

Annualcosts(F) 
Staff 
Minor equipment 
Additional equipment 
Road building atr-Ia 

2,769,000 
133,000 

3,952,000 
18,000,000 

Total say 24,854,000 

12 
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2.? Coat per ke of road. 

Assuming thrt the road patching team proceeds at the same rate as for the
earth roads (120 ke/year) then the coat per im of surfaced roads is: 

24.8%,000 
120 

From the preceding calculations this coat per km 

as follows: 

Wages 


Social charges 


Site allowances 


Minor equipment 


Depreciation 

Replacement parts 


Workshop labour 


Fuel 


Lubricants 


Road building materials 


Franca 

18,999 


3,515 


901 


1,134 


11,718 

9,009 


3,339 


7,749 


1,554 


152,082 


210,000 


Francs 

207,000 
say 210,000 

can be broken down 

Per cent 

9.1
 

1.7
 

0.4
 

0.5
 

5.6 
4.3 4 

1.6
 

3.7 
0.7 

72.4
 

100.0
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,VALUATING THE ECONOM:C PRIORITY OF HIGHWAY YMINrEN:ACE
 

SOME EPLORATORT AIALYSES
 

I. Introduction
 

1.1 More than US$10,000 million is 
spent each year on highway construc
tion and maintenance by governments in the developing countries in Africa,
Asia end Latin America and the costs for vehicle operation borne by road
 
users is undoubtedly a much larger magnitude. 
The data do noi permit us to
distinguish how much of government outlay is spent on maintenance and how
much on new construction, but it 
is clear that new construction is much
larger than maintenance in most African countries which are still developing
and upgrading their networks, while in some countries 
in Latin America and

Asia, where the existing network is 
already very large, maintenance expendi
tures are increasingly overtaking 
new construction.
 

1.2 
 In North America and Europe high traffic volumes, high values
attached to motorists travel time savings and relatively plentiful capital

dictate high design standards and high maintenance standards. 
With several
 
thousand vehicles per day, even minute savings 
in operating costs of the
vehicle justify very large expenditures to maintain the road in like-new
condition. Thus, until 
recently, very litle attentton has been given in the
scientific literature to 
t e problem of determining economic levels of road
maintcnance. But circumstances in developing countries 
are different 
traffic volumes are low, incomes and values attached to travel time saving%are low, and above all there is a shortage of financial resources in general50 and foreign exchange in particular.
 

1.3 
 The severe competing demands for limited resources dictates that

African and other developing councries pay more attention to the economic

design of highways and maintenance programs. 
 But how are we to estimate
the economic return on maintenance outlays? 
"hac is the benefit to society
of another dollar (or pound 
or franc) spent on maintenance cocpared to another
dollar spent 
on new roads? -- or new investment in some other sector? Is
it more economical to spend a bit more money to 
construct a stronger pave
ment initially and thereby save 
future outlays on maintenance or, alternatively should we follow a stage construction strategy, economizing on the
initial construction and paying 
a bit 
more in the way of maintenance and
upgrading cost later on, when uncertainties about traffic growth will have
been resolved? 
 How much, or how little, should we spend to maintain paved
roads and how much to maintain gravel and earth roads? 
 Does it matter much
if maintenance outlays are 
postponed during years of financial stringency?
 

1.4 
 Thesu are questions which urgently need answering. These are
questions to which we in the Uorld Bank and our colleagues in the U.K.

Transport and Road Research Laboratory, in the Kenyan inistry of Works,

and at the Massachusetts Institute of Technology have been seeking answers
 over the past decade. More recently further large studies 
on these matters
have been undertaken by the Government of Brazill with assistance from the
United Nations Development Program and from the University of Texas. 
 Al
though many of the questions 
cannot yet be answered in a fully satisfactory,
scientific manner, I am glad that we 
can at 
least report some significant
 
progress.
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1.5 before I enter into a detailed technical discussion, let me sum
writze som significant facts. In the World Bank we are currently funding 
some 20 to 25 highway projects per year. In the fiscal year ending June 
30, 1977, 20 projects were approved involving Bank loans or TDA credit to
talling US$650 million, which on average constituted about 36 percent of 
the total costs of the project so chat the total coats of the project con
stituted US$1,800 million. I/ Substantial highway maintenance components 
were included in 10 of these projects, while the remaining 10 projects were 
constituted primarily of new construction components. An economic rate of 
return was calculated for 5 of the maincenance components and for all of 
the new construction components. 
 The rate of return for the naintenance
 
components averaged 63 percent per annum with a range from 20 
to 118 percent,
 
while the rate of return for new construction averaged 22 percent, with a
 
range from 14 to 53 percent.
 

1.6 
 Such high rates of return should not be surprising. It is simple
 
common sense 
that the annual benefit which would yield a return of 22 per
cent for new road construction costing, say, $250,000 per kilometer would
 
calculate as a much higher return on 
the much smaller amount of maintenance
 
necessary to keep that road functioning reasonably well once the investment
 
has been sunk. The inference chat one draws - that maintenance activities 
tend to have 
a much higher economic return than new construction - is
 
absolutely correct so long as maintenance outlays are kept as low as they

have been in most developing countries. The further inference is that some
 
shifting of funds to road maintenance even at the expense of new investment
 
in roads or other sectors is of utmost importance if w- are to obtain maxi-

mum benefit from available resources.
 

1.7 One need add only a few small words of caution. High overall
 
or average rates of returu can ask somn 
components which individually have
 
a much lower or even negative return when one 
compares the incremental cost
 
with the incremental benefit. 
One such example is the regravelling of very

low volume roads where local conditions make this very costly we shall
-

examine this case in some detail below.
 

1.8 A further and more important caveat is that maintenance activities
 
are difficult to administer. 
They are notoriously prone to inefficiency,
 
with a high percentage of the budget being dsed to 
support administration
 
and the payrolls, and relacvely little of the budget actually meeting the
 
direct expenditures on the 
road itself. Is it any wonder that Finance Min
isters are reluctant to see further monies allocated co highway maintenance
 
if they see that 60, 75 percent or even more is consumed in administrative 
overheads? Inevitably one is 
forced to ask the question whether It is more
 
resources which are required or 
simply more efficiency in the utilization of
 

/ In addition, USS103.1 million of 
Bank financing was made available for
 
feeder roads costins 
a total of $233.8 million through agricultural and
 
rural development loans.
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th existing maintenance budget. 
 The correct answer, I believe, in the context of rhe very limited maintenance budget in most African countries today,
is that a good measure of both is required  both more funds for maintenance

and greater efficiency in their utilization. In the following remarks we
viii limit ourselves primarily to the issue of evaluating the economic priority of different maintenance activities, while others will address the 
important issue of how to 
improve the efficiency of maintenance operations.
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It. Analytical Framework
 

A. The State of the Art
 

2. 
 The basic problem in determining economic design and maintenance
standards for a given road project is 
to predict, in a specified location,
total road transport costs - construction plus maintenance plus road user
costs 
-- as a function of the road design and maintenance standards which
may be adopted. The objective is to search 
out that combination of standards
which result in minimum total costs to society, including the costs 
to road
users as well as 
the cos7s- borne by the highway authorcty. To have a generally applicable cool, one must know the effects of different environments
(terrain, climate, traffic, driver behavior) on the different cost components.
To search many alternative design and maintenance strategies to determine
the most economic, there must be a capability for the rapid calculation of
alternative cost streams 
(which may extend to twenty years or more).
 

2.2 
 Therefore in 1969 the World Bank, in conjunction with research
institutions in the United States, United Kingdom 
and France, initiated a
major program of research to develop a new decision-making framework forevaluating alternative desi3n and maintenance strategies for low volumeroads. Phase I of the study, conducted by a research group at the Massachusetts Institute of Tec.._lcgy and completed in 1971, developed a conceptual framework for inter-relating construction, maintenance and vehicle
operating costs so 
that 
total highway costs may be minimized. 1/
 

2.3 However, it was concluded from Phase I, which included an extensive survey of the engineering literature, that sound empirical evidence
was lacking for many of 
the cost relationships necessary to determine economic design and maintenance strategies particularly for low cost pavement
designs, gravel and earth roads. 
 Consequently, subsequent efforts have
focused largely on empirical research involving field collection of primary information on the underlying engineering relationships, particularly
vehicle speed and road 
user costs, and road deterioration related to design
and maintenance standards. 
 The first such study commenced in East Africa
(Kenya) in 1971 and was 
completed in 1975. 
 That study ./ was conducted by 

/ F. Moavenzadeh, et al. Highwav Design Standards Study PhaseI: 
The Model.
World Bank Staff Workirg Paper No. 96 (Januar 1971). 
 See the Report Series
on the Road Transport Planning Program for Developing Countries by the
Technology Adaptation Program at the Massachusetts Institute of Technology,
Cambridge, Massachusetts, for 
the Agency for International Development,

U.S. Department of State. Winter 1977.
 

2/ H. Hide, S. W. Abayanayaka, I. Sayer and l.J. Wyatt, The Kena RodTransport Cost Study: Research on Vehicle Operatin CoIss. R. ReportLX 672, and J. W. Hodges, J. Rolt and T. E. Jones, TheYenva Road Transport Cost Studv: Resear:h r. Road Deteroration. U.*. DepartmencEnvironment TR.rL Report LR 
of the

673 (Crowthorne, Transport and Road ResearchLaboratory, 1975). (Hereinafter cited "Kenya Study").
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the U.K. Transport and Road Research Laboratory (TRILL) Ln. collaboration with 
the Kenya Ministry of Work and the World Bank. The Kenya study has largely

succeeded in providing a new decision-making framework and data base for
 
determining design and maintenance strategies for low volume roads applicable

to Kenya, to other parts of Africa and elsewhere where conditions are similar.
 

2.4 The Transport and Road Research Laboratory redeveloped and extended
 
the original 4IT/IBRD model based on 
its research in Kenya and elsewhere. I/
The two models have salient features in common buc differ in detail. The 
original MIT model and subsequent TRRL (RTIM) model were designed as tools to 
evaluate total transport costs on one route. The output formats are simply
in terms of cost and the models do not include endogenous facilities for eco
nomic comparisons between alternatives. Therefore, a collaborative effort
 
was undertaken in 1976-77 to develop a unified Highway Design and Maintenance
 
Standards Model (5DH) to incorporate the best features of the NIT and RTLX
 
models. Except for the integration of the construction cost submodel this
 
work has now been completed, and the EDH provides a consistent model that is
 
flexible and easy to use. 2/ This model is
now being used by government

planning agencies and the *orld Bank to design maintenance programs and
 
evaluate proposed projects in several countries. Possibly its most important
 
use will be ac the stage of the feasibility study where it can be used to
 
evaluate many alternative designs and time staging strategies. It can be made
 
available to 
government agencies and consulting groups. In common with
 
any large scale computer program, it requires several man weeks of effort 
to
 
learn how to make effective use of it. We are finding, however, that once it
 
has been mastered, subsequent applications are very quick and very economical.
 

2.5 Although we are at the present 
time using the model to analyze a
 
number of projects in South America as well as 
both 	West and East African
 
countries, the extent to which the results from Kenya are valid in other 
regions is not clear. Research on road deterioration was limited to the 
climate and types of road surfaces common to Kenya: predominantly surface 
dressings on cement stabilized bases and four types of gravel roads (lateritic,

quartzitic, volcanic and coral). Very little information was gained on the
 
behavior of earth roads nor anything on the type cf sand-clay engineered

surfaces that are used in ocher areas 
of Africa. Extreme geometric condi
tions were not studied, although further complementary studies in Ethiopia,
 
Scotland and Brazil will soon be filling this gap. 
 The research also focussed
 
on low volume roads with free flowing traffic typicgl of Kenya. The effect
 
of vehicle flow interactions, including non-motorized vehicles, on total costs
 
and the relationship of these to road width and geometric standards was not
 

1/ R. Robinson, H. Hide, J. W. Hcdges and J. Rolt. 
 A Road Transport In
ves:=ent Mcdel for Develooin. Countries. U.K. Department of the En
vironment, TRL Report LR o7 iCrcwthorne, Transport and Road Research
 
Laboratory, 1975). (Hereinaiter cited "RTL Xodel").
 

3.1 	 This work was performed by Proi. F. Hoavenzadeh and colleagues of MIT,
in collaboration with Dr. R. Robinson of the Overseas Unit, TRRL, and
 
the Transportation Department of the World Bank.
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researched in the Kenya study; in Asia and much of Latin America the volume
and ccmposition of traffic is quite different and a more impartant variable. 
Since many of these issues are more important in non-African countries,

further research is being focused there. A large-scale study similar in
 
purpose to the Kenya study was initiated in Brazil from July 1975 1/ and a

similar study is just getting underway in India 2/ to develop the necessary
relationships appropriate to those environments. However, in the interim of
 
about two yearr before further research is completed in these regions we

shall continue to apply 
 the model based largely on the Kenyan relationship
supplemented by results of research elsewhere as they become available. 

B. 	 The Highwav Design and Maintenance Standards Model (DN) 

2.6 The HDM model is used to predict the costs of different highway
design and maintenance options, including different time staging strate
gies, either for a given road project on a specific alignment, or for a
 
group of links or for the different links of an entire highway network.

It can quickly estimate the 
 total costs for large numbers of alternative 
designs and maintenance policy combinations on a year by year basis for
 
as many as 30 years or longer as required, and thus be used to search for
 
the alternative with the lowest total cost. 
 In fact the model can evaluate

in the same computer run up to 20 different road links, each with up 
to 10
 
segments with different design standards. Each link can have a different
 
traffic volume. Further, up to 5 different maintenance policies can be

implemented on each segment of the road. 
 Each 	link or segment can be up
graded at any time in the life-cycle of the project (e.g., frcm earth to 5
gravel or from gravel to paved) and the paved road can be realigned or 
widened. All estimates of maintenance and vehicle operating costs are 
first made in physical quantities, and then prices and unit costs are 
applied to determine the total market and economic costs. Shadow prices

and rates may be applied if desired.
 

2.7 
 The model also gives the results of economic analysis (total dis
counted transport costs, rate of return, net present value and first year

benefits) for comparison of any combination of two alternatives as desired
 
by the user. 
 Finally, the model has the capability to analyze sensitivity

of economic results for changes in key variables such as construction costs,

traffic growth rates, discount rates and value of passengers' time. Thus

the model is very flexible and offers great computational powe-. The model,

however, does not provide 
a traffic forecast, which must be specified by

the user. Similarly, the model does not calculate the regicnal income or
 

1/ 	 A project financed by the Government of Brazil and the United Nations 
Development Program and being executed by the Empresa Brasileira de
Planejamento de Transportes (CEIPOT) with the assistance of the Uni
versity of Texas, Austin. The World Bank is the executing agency for
 
UNDP.
 

2/ 	 A project financed by the Government of India and the World Bank, to
 
be executed by the Central Road Research Institute of New Delhi.
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value added benefits of feeder roads, nor the unit value of time savings,
nor accident costs, but it does provide facility for these items to be fed
in from separate estimates if desired.
 
2.8 It is the interrelationships 
among construction costs, road maintenance costs and road user costs, which are 
the principal focus of the
analysis and these interrelationships 
may be depicted as 
shown in Figure 1.
 
2.9 
 Road Design and Construction Costs. 
 The horizontal alignment is
specified in terms of the average degree of curvature per kilometer and is
used for predicting vehicle speed which then affects vehicle operating 
costs.
 The vertical alignment is used for Predicting vehicle speed andtion and also loss of material fuel consumpfor gravel roads;also a major determinant of earthworks cost. 

the vertical alignment isof average rise and It can be specified in termsfall per kilometer or in the RTDIand the intersection points of the tangent lines. 
model as vertical curves

is available, ifone can he designed by the 
no vertical alignmentRTIM model using a method based onthe TR L program "Venis". I/ 

2.10 For pavements up

identified by its 

to six material layers may be specified.
thIckness and material type. Each is
The strength of the subgrade,
subbase and base is specified in terms of California Bearing Ratio (CBR),
except for a chemically stabilized base which is defined by the unconfined
compressive strength; asphalt surfaces are defined by the strength coeffi
56 
 cient. These are used 
to
used 
 determine a Modified Structural Number which is
 

as an index of pavement strength.
layer is used and, for earth roads, 
For gravel roads, only one pavement
there are no pavement layers. 
 Shoulders
may be earth, gravel or paved and are specified in the same way as 
for the
main carriageway.
 

2.11 
 Where there 
is either new construction or reconstruction,
timaates, or alternatively, the RTL9 model has 
construction costs may be specified exogenously from available engineering esthe capability for calculating


an estimate of construction costs 
from given topographical data and specifications for horizontal and vertical geometry, geotechnical data and pavement design standards and unit costs.
 
2.12 Road Deterioration and Maintenance
Costs.
performs the important The maintenance sub-model
function of linking construction standards (and costs),
road maintenance standards (and costs),
road deterioration relationships. 

and road user costs through the
portion of Although maintenance is normally a small
policies in 
total costs, the model considers road deterioration and maintenance
some detail because vehicle operating costs are significantly
affected by road surface condition, and the life of the investment and future
rehabilitation costs are heavily dependent on the timeliness of maintenance.
 

I/ R. Robinson. 
A FurtterCom uter
M ethod
Alnment
of a Road:Pro ram 
f or Desi ninR the Vertical
VenusII.
TRP.RL Report LR 458. 

Department of the Environment,
Crowthorne, 1972 (U.K. Transport and Road Research Laboratory).
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Construction Costs 


A funccon of: 

ZaviromenC 


Technology 

Pavemede Standards 


Gemecrtc Standards 


Prices of Inputs 

yields 


Construction Costs 

.aintenane Costs 


A function of: 

Environment 

Traffic Usage < 

Pavenent Standards
 

Yields 

Subsurlace Deterioration 

Surface Deterioration 

plus 

Maintenance Standards 

Maintenance Technology 

Prices of inputs 


Yields
 

Maintenance Cos's 

Surface Condition 

Road Usr Costs
 

A 	function of: 

(Type and Size of V,!
( 
(Traffic Volumes 

._	Geometric Statdards
 

Surface Condi:ion
 

Prices of tIputs 

-ields
 

Vehicle Speeds/Tinns 

Vehicle Operating Cc 

Accident Costs(exce-L 
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2.13 Road deterioration is a function of the original surface design,
Material 
types, the volume and axle load configuration of traffic, climaceand the maintenance policy specified. 
The input data to 
the road maintenance
sub-codal includes initial road roughness and, for existing paved roads,
pavement age and cumulative standard axles that the 
road has carried since new
(in the most heavily trafficked lane). 
 In addition diiferent maintenance
policies must be specified. .aintenance options 
for paved roads include
patching, surface dressing, overlaying and reconstruction and for unpaved
roads, grading and regravelling, in addition to other routine maintenance
(drainage, shoulders and vegetation control). 
 7or each year that the road is
open to traffic, the model 
then predicts the deterioration of the 
road surface
as vehicles travel along it. 
 Having predicted the conditions of the road, the
model calculates 
the quantities for each of the naintenance tasks required
by the specified policy, and 
then applies unit costs 
to determine total
maintenance costs for the given year, and similarly for each subsequent
 
year.
 

2.14 
 Road User Costs. Road user costs are determined for each year that
the road Is open to 
craffic using the relationships developed in the Kenya
study and supplemented by subsequent 
research. Travel time costs may also
be added to these, if desired, and can be found from the product of 
the value
of passengers' time, which may be input 
to the model, and journey time which

is found from the 
road length and the average vehicle speeds.
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 2.15 
 Both vehicle speed and fuel consumption are calculated endogenously
for each vehicle type. Vehicle speed is 
a function of average rise and fall,
horizontal curvature, and road width, and, in addition, for unpaved roads
surface roughness, moisture content, and rut depth; for medium and heavy
goods vehicles' it is also a function of power/weight ratio. 
 Fuel consumption is a function of speed, rise and fall, and for unpaved road, also roughness and looseness; 
for medium and heavy 3oods vehicles it is also a function
of the power/weight ratio, and in addition of gross vehicle weight for medium
 
goods vehicles.
 

2.16 
 The cost of vehicle maintenance (parts and labor) is calculated using the new vehicle price, 
the distance travelled by the vehicle since new
and the roughness of 
the roads it has traversed. I're costs are 
related to
the roughness of 
the road and, for heavy vehicles only, to 
the gross vehicle
 
weight.
 

2.17 For depreciation, there are two methods of calculation. The firstmethod relates depreciation to average speed, annual kilometrage and vehicle
life, all of which must be 
specified exogenously. In 
the second method, depreciation is a function of vehicle age and annual kilometrage of which annual
kilonetrage exogenously specified 
to 
the model and vehicle age is estimated
endogenously by the model based on the originally specified age distribution
 
of the fleet.
 

2.18 
 In addition, the model calculates crew costs, interest charges on
capital invested 
in vehicles, and standing costs using exogenously specified
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data on average annual crew hours, interest rate, vehicle prices, and stand-

Ing cost coefficients. The model considers separately up to eight classes

of vehicles: passenger cars, light commercial vehicles, buses and up to five
classes of heavy commercial vehicles. 
.arkat and economic prices of vehicles,

tires, gasoline, diesel, lubricants, maintenance labor, crew, value of time
and standing costs are input to the model. 
For the five classes of heavy
vehicles brake horse power, unladen weight, average load, and equivalence

factors also are required as input data. Initial traffic volumes and traffic
growth races 
are also input for each vehicle type. The future traffic fore
casts can be specified in a variety of ways to allow any type of 
traffic
 
growth function to be simulated.
 

C. The Economic Benefits of Alternative Maintenance Policies
 

2.19 
 The economic benefits of highway maintenance expenditures are com
prised of three basic components:
 

(i) 	reductions in user costs: principally vehicle operating
 
costs, also passenger time savings, and accident cost
 
savings;
 

(ii) 	 reductions 
in the level of future maintenance and re
habilitation expenditures which will be required to
 
maintain the 
sane service standard if maintenance is
 
not done in a timely manner; 


(iii) 	 reduction or prevention of the economic loss due to
 
road.closures.
 

2.20 Reductions in vehicle operating costs are normally by far the larg
est component. Only under extreme conditions do other benefits approach the
 
same order of magnitude, e.g. where traffic volumes are 
of the 	order of 10
vehicles per day or less. 
 Avoidable future maintenance and rehabilitation ex
penditures which will be incurred if 
preventive maintenance is not done when

needed can become very large, however, in relation to normal maintenance - a

poignant example of 
the old adage that "a stitch iL time saves nine." Reduc
tion or prevention of 
road closures is primarily of concern with respect to
 
earth and low volume gravel roads where there is 
some question as to the
economic feasibility of (re) gravelling 
to all-weather standards. 
Evaluat
ing the economic loss due to road closure gives rise to 
some interesting theo
retical speculations, which strongly suggest that the losses are not of a
large order of magnitude from an economic perspective, since road use;s

stockpile goods to be transported and otherwise adapt their hehavior. 
But
 
we have no really satisfactory empirical measures of either the economic or
 
social costs of 
road closures.
 

2.21 Figure 2 depicts the benefits which arise from the different ain
tenace activities, first from an a priori conceptualization and second from

the type of relationships which have been derived or inferred frLa field research and incorporated 
into the HDH model. It is to be noted that we cur
rently have no definite, quantified relationships on the benefits of four
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FICHtRE 2: ECUN(*IIC BENEFITS OF IIICIIWAY MAINTFANCE - CONCEPTUAl. FRAWiWAjK -3

-D 
Maintenance Activity Surface Type Impacts Tdenlized Impact; Current Nodel 

(D 

A. Routine Maintenanc* 

1. Drainage Clearance Paved. Unpaved Rcduces water penetration of Monet assumes "normal" 
road structure, decreatIng maintenance. -A 
deterioration of structural 
strength and surface condition. 

2. Shoulder Maintenance -do- Reduces shoulder erosion and -do
roughneus, decreeaing pave
ment ravellin vehticle opera
ting costs (VOC) and accidents. 

3. Vegetation Control -do- Improves lateral vision and -do
increases vehicle speeds. 

6. Dragging Laterittc 
Gravels 

Reduces ruaclness increases 
vehicle spLeeds, reduces 
vehicle operating costs. 

None. but could be arbitrarily 
specified am some traction of 
tile effect of grading operation. a 

S. Normal Crading 
(no wetting or 
compaction) 

Gravel.Earth Improves surface condition 
(roughineua, rut depth). in-
creases vehicle speeds, 

Fully Incorporated as 
measured by Kenya study. 

reduces vehicle operating 
costs. 

6. Patching of Cracks 
and Potholes 

Paved (a) Reduces water penetration 
of road structure thereby 
decreasing deterioration 

Fully incorporated am meastired 
by Kenya study and extrapolated 
for extreme conditions. 

of structural strength. 
rate of growth of road 
roughneas and hence vehmi
cle operating costs. 

(b) Patching increases lnediate No effect on immediate 
surfaca roulaness for small 
cracks, but decreases 

level of roughness. 

Immediate roughness for 
severe cracking and potholes. 

CDX 
x 



0 
0 

Maintenance Activity Surface Type Topactgtdealtzed Impacts Current Modal CD 
3. Periodic Maintenance 

and Rehabilitation CL 

1. Heavy Grading & 
Reshaping (wetting 
and compacting) 

Cravel, Earth Restores shape, improves 
drainage reducing rate of 
deterioration, increases 

No additional benefit comr-
pared to normal grading. 

C3 
vehicle speeds, reduces 
vehicle operating costs. 

2. Cravelling Cravel, Earth (a) Creates higher strength, Fully incorporated as measured 
reducing rate of surface 
deterioration, Increasing 
vehicle speeds and re-
ducing vehicle operating 
coasts. 

by the Kenya study for gravel 
roads; earth roads arbitrarily 
assumed to have rate of 
deterioration (ro.iliness) 
15X faster than gravel roads in 
the absence of any evidence. 

(b) May increase or decrease 
immedinte roughness de-
pending on pre-existing 
condition and quality of 

Assumes same Imediate 
roughness after grading for bothl 
earth and gravel roads 
(-3250 mm/k,). 

gravel. 

(c) Preserves all weather 
characteristics, 

Does not calculate estimate 
of economic loss due to road 
closures but exogenous estimate; 

3. Resealing (dingle 
or double Urtum. 

surface dressing) 

Paved (a) Reduces water penetration 
etc. (see yatching) 

may be specified. 

Fully Incorporated. 

(b) May decrease slightly 
immediate roughness of 
badly parched surface, 
but may increase slightly 

No effect; thought to be 
negligible in effect on 
vehicle speeds and operating 
costs. 

roughness of smoothly 
polished surfaces. 

CD 
x 
r-40. 



0 
ai a ena c eA ctiv tty Surface Type mpuct :•dea l11zed J p c : C r e t H~ 

3 

(b) Rearores/lncreases atruc-
tural srrength, reducing
rate of deteriorctlon to 

Fully incorporated from3 
AASIIO 1llinois Tebt results 
and Aphalt Institute. 

new conJition. 

(c) Reduces ImneJiLte rough-
ness to new a"pihalt con-

Fully incorporated (rul
Kenya study. 

5. Reconstrtctie Paved 
crete level. 

Similar effects to overlay 
except reconbtruction with 
light bituminous surface 
likely to have different de-

Ausu ae snae behavicr a 
asphalt concrete ovcrlay 
with equal structural number. 

terioration including
greater SUScestibility to 
cracking and water pene
tration than heavy l-pilalt 
concrete overlay. 

x 
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of the basic routine maintenance operations: drainage clearance, shoulder
maintenance, vegetation control and surface draggicg. 
 It is, of course,
easy to conceive what type of Impact either lower or higher levels of axpeediture on these camponents might have, but we 
do not have any creditable
measurements. 
Thus, for the present tine, we are forced simply 
to assumethat a certain level of expenditure for these routine items is required 
as apart of the overall maintenance policies, and it 
is not possible to predict

the optimum level.
 

2.22 In the following three chapters we shall examine applications ofthe HDH model to esciate the benefits of different maintenance activities.
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III. Case Study I: Haintenance Policy Analysis for Unpaved Roads
 

A. Introduction
 

3.1 In a recent case we employed the HDM model to do an extensive 
engineering-economic analysis of a proposed country-wide maintenance program 
for unpaved roads. The purpose of the analysis was two-fold: first, to 
ascertain the economic feasibility of the road maintenance program as a 
whole; and, second, to determine an economically efficient scale and composi
tion of the program. The first objective is, of course, the standard eco
nomic criterion in any public project evaluation. The second objective, 
in an attempt to advance one step further, calls for a systematic analysis 
of a whole spectrum of alternative maintenance policies to arrive at an op
timal (or at least more efficient) allocation of equipment and manpower re
sources among different road types and traffic volumes.
 

B. Basis of the Analysis
 

3.2 The HDI model was used to simulate total costs for road maintenance
 
and vehicle operation ove a 16-year period. The simulacion predicted gravel
 
loss and road deterioration of Lhe road surface (roughness, rut depth and
 
looseness) and the effect thereof on speeds and operating costs. The metho
dology for predicting unpaved road performance is described in some detail in
 
Annex 1. In addition, since earth roads can be closed during wet weather, an
 
approximation was made for the economic cost of road closure.
 

C. Soecification of Inouts
 

3.3 The Ease input data employed, which are similar in level of detail 
to that required for the typical road maintenance feasibility study, fall 
into four major categories: 

(i) Road Data: engineering characteristics of the existing road
 
system-surface types, geometry and length of each type.
 
(Table 3.1)
 

(ii) 	Traffic Data: traffic composition, present volumes, and growth
 
rates (Table 3.2)
 

(iii) 	 Vehicle Data: technical characteristics, u;ilization and
 
capital costs of the different vehicles and prices of the
 
basic inputs in vehicle operation (Table 3.3)
 

(iv) 	 .MaintenanceCost Data: unit Costs of the various maintenance
 
activities, capital costs and productivity of equipment (Table 3.4)
 

3.4 In analyzing a road maintenance program on a country wide or net
work basis It is necessary to reduce the input data to a size manageable to
 
the analyst as well as the computer program. In this study the data simpli
ficatiowas done by aggregating the road sections into few (less than 20)
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classes by surface type, geometric characteristics, and traffic volume
each class represented by average characteristics. The timing of major operations (e.g., gravel r3urfacing) --
 which would actually be spread over time
over small road sections -- was specified for a single average year.
data simplification enables an Sucheasier and more meaningful interpretation ofanalysis results to be made. 
The actual programming of maintenance activities
can more easily be done once the basic economic results have been established. 

D. Specification of Maintenance Policies
 

3.5 Maintenance policies for unpaved roads include drainage and vegetation control, dragging (with rubber tires, chains, or small trees), emergency
repairs for washouts and weak spots, grading, and gravel resurfacing. Grading
and regravelling, which typically constitute the majority of 
an unpaved roads
maintenance program, were analyzed explicitly using the HDM model. 
As notedin Section II it is not possible to evaluate other routine maintenance activities separately; but since they are essential to road serviceability, their
costs were included in the total.
 

3.6 
 Even after the entire road network has been reduced to 
a few
classes, it is still difficult to explore maintenance policy alternatives for
all classes exhaustively. 
The approach taken in this study was therefore to
single out some "typical" maintenance strategies for detailed analysis. 
 Insights gained from the procotypical cases would serve to guide the development
of alternative maintenance policies for the entire road system. 


3.7 
 The following paragraphs present the results of detailed policy
analysis performed for Road Section 1, actually a group of engineered,
laterite road links totalling 480 kms.
 

E. Findings
 

Grading Freouencies.
3.8 The effect of more frequent grading is to
improve road surface condition and thereby increase vehicle speeds and decrease vehicle operating costs at the expense of some increase in maintenance
costs. 
 Table 3.5 summarizes results of three grading frequencies for Road
Section 1, with regravelling and without. 
With regravelling, the road was
assumed to retain its lateritic surface throughout the planning horizon; without regravelling, the road was assumed to revert 
to an earth road with the
(much more rapid) deterioration characteristics of non-clay earth material
(see Anne. 1). 
 With the exception of the grading frequency, all 
cases include the same amount of routine maintenance and 30 rubber tire dragging
passes per year. A first observation is that the economic returns of any
of the grading policies are generally high and are positive even at traffic
volumes as low as 
10 vehicles per day, as indicated by the ratios of net
present values to maintenance outlays ranging from about 2 to 7 in the without regravelling case. 
 Second, the relative economic benefits of different
grading frequencies are very similar, implying a wide range of substitutability between maintenance and vehicle operating costs. 
The "flatness" of
the optimal blading trequencies (at which the net present value is maximized)
is depicted in Figure 3.1. 
 In both with and without regravelling cases, the
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optimal blading frequencies expressed in the number of vehicle passes per
bLading operation is essentially constant for 30-90 vehicles per day base
year traffic--after allowing for time-dependent road deterioration as described in Annex L. At less tbk
.n30 vehicles per day time-depeident road
deterioration begins to take effect and slightly increases the optimal blad-
Lag frequency for laterite surface.
 

3.9 
 The frequency of one grading in 7,000 vehicle passes, which is
optimal for lateritic roads, implies one grading every 140 days (roughly
every five months) for a base traffic of 50 vehicles per day, but only one
grading in 350 days (or once per year) where traffic is only 20 vehicles
per day. 
Also as expected, when the "without regravelling" cases are compared to the "with regravelling" cases, it is 
seen that the optimal grading
frequency is generally twice or more for the former case, indicating that
increases in grading costs offset savings in regravelling costs 
to some
extent when the road reverts 
to earth standards.
 

3.1O Reeravelling. 
The effect of regravelling is to provide a riding
surface which can withstand traffic better than that of natural terrain and
permit all-weather usage. 
Withholding regravelling was assumed in the
analysis to cause a gravel road to lose the surface material and ultimately
revert to a non-clay earth road whereupon vehicle operating costs and grading costs risemuch faster. 
Recognizing the fair-weacher-only service
characteristics of an earth road, a crude estimate of the economic losses

due to road closure under the withholding regravelling policy was made basedon the storage and interest costs arising from the necessity to store thegoods which would otherwise be transported without delay; the magnitude ofthe costs for storage facilities is a function of the maximum length of
closure.
 

3.11 Table 3.6 summarizes the results of the analysis of regravelling forvarying road widths, including allowances for economic losses due 
to road
closure, alternatively, for one-month and two-month maximum closure periods.The "optimal" blading frequencies of 7000 and 3000 vehicle passes per bladingwere used for the with and without regravelling respectively. For the givenprice of $SI.06per cubic meter for regravelling, the breakeven traffic volumes(which are the minimum ttaffic volumes over which regravelling can be economically justified) under different assumptions are sti-arized below:
 

Breakeven Traffic Volume
 
(base year ADT)
 

7
-meter width 
 more than 90
 

6
-mtter width 
 50-60
 

5-mater width 
 40-50
 
Note, however, as discussed in Chapter 17 below, the breakeven traffic critocion will always indicate relravelling should take place earlier (i.e. at
a lower traffic volume) toan is economically optimal.
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3,12 Figure 3.2 shows the graphs of maintenance costs for regravelling
and no regravelling, broken down into regravelling, and blading and other
activities, plotted against traffic volume. 
 It is seen that although the
total maintenance outlay is greater under regravelling, the cost of blading
Is substantially lower. 
 In Figure 3.3 the breakeven traffic volume is plotted
against the unit cost of regravelling per cubic meter for regravelling widths
of 5, 6 and 7 meters, and at 10 and 20 percent discount rates. 
.4itha 2-month
stockpiling period used in all cases. 
 As illustrated in Figure 3.4 the difference in 
otal net present value between regravelling and no regravelling
(as compared to the net present value relative to doing no maintenance at all)is not very sensitive to the traffic volume. 
This suggests that from the
economic efficiency standpoint, the choice of whether to withhold regravelling

is not 
extremely crucial over a substantial range of traffic volume where
neither the cost of regravelling nor the opportunity cost of capital is excessive, since the increase in vehicle operating cost savings are about
equally offset by the savings in the cost of regravelling. However, under
severe financial stringencies where capital budgets imply opportunity costs
of capical at much higher rates, 
or where local con4itions make regravelling
a very expensive operation, regravelling of very low volume roads will not be
 
economical.
 

3.13 
 In reducing the width of regravelling only the savings in regravelling cost (in di:,ect proportion to width) have been reflected in the economic
benefits. 
 In fact, the traffic intensity is expected to be greater over a
narro.wer road width, thereby causing more rapid deterioration (rutting inparticular and gravel loss to some extent). There would likely be a marginal.increase in road grading costs and possibly a small increase in vehicleoperating costs which have not been incorporated in Table 3.6 or Figure 3.3. 

F. 
 Comoarison of Alternative Policies for Reglonwide Maintenance Program 

3.14 
 Based on the results of parametric analysis 
of basic maintenance
policies discussed in the preceding section, four alternative maintenancepolicies were specified for the entire unpaved road network, as summarizedin Table 3.7. The alternatives were developed for widely different levelsof maintenance expenditures. 
Policies I and 2 include regravelling on some
major road sections whereas policies I and 4 do not. 
 Two levels of blading
frequencies are compared each for the regravelling and without-regravellingcases; we have in the regravelling case the "optimal" blading freqiency and afrequency twlce Lne optil.31, and in the without-regravelling case the optimaland one-half the optimal frequekncy. (Note that Policies 2 and 3 are identi
cal for Road Sectons 5-12).
 

3.15 
 The "optimal" blading frequencies in Policies 2 end 3 (in m~nthsbetween successive bladings) were derived based on the results of previousanalyses which indicated that the optimal number was approximately 7000,
5000, and 3000 vehicle passes between bladings for the lateritic, sand-clay
and earth surface materials, respectively. 
The blading intervals were
computed by rounding off as 
shcin in Table 3.7C. 
For the low traffic level
(6 vehicles per day), the time-dependent weathering effect became significant
 

67 

http:optil.31


68 

Compendium 11 	 Text 4
 

- 19 

and a 	somewhat higher blading was specified. Because of the "flatness" of
 
the optima, the rounding errors would not have significant effect on the net
 
benefits computed.
 

3.16 The summary of results in Table 3.8 shows that all policies have
 
high positive net benefits relative to their maintenance outlays. Policy
 
3, for which the discounted maintenance cost is about one-half and two-thirds
 
those of Policies I and 2, respectively, has a total net present value ex
ceeding those of the other policies by greater than 10 percent. This suggests
 
the importap.ce of examining a wide range of alternative policies in order to
 
obtain a reasonably cost-effective road maintenance program.
 

r. Contlusions
 

3.17 Notvithstanding the limitations in the methodologies, the results
 
from the policy analysis of unpaved road maintenance have led to the following
 
principal conclusions:
 

(i) The economic benefits of maintaining unpaved roads in rea
sonable minimum serviceable condition are extremely high
 
and are positive even for traffic volumes as low as 10
 
vehicles per day.
 

(ii) 	 As maintenance standards are increased beyond the mini
mum levels the returns to additional outlay for routine
 
maintenance of unpaved roads tend to about equal the
 
additional costs. In fact at higher levels of routine
 
maintenance there appears to be a rather broad range
 
over'which net present values of different standards are
 
quite similar.
 

(iii) The economic return to achieving minimum standards of rou
tine maintenance (specifically grading) tend to exceed the 
returns to regravelling by wide margins. 

(iv) 	Where local conditions make regravelling very expensive
 
and/or where financial stringencies imply high opportunity
 
costs of capital, regravelling of lower volume roads is
 
likely to be uneconomical.
 

(v) The purpose of road maintenance program economic evalua
tion should be not only to justify a project proposal but
 
alpo to search for a reasonably cost-effective solution,
 
t. an 	incremental, systematic manner over a wide spectrum
 
ol alternative policies. There is a need to examine care
fully the individual components which make up the total
 
maintenance program, since the high total economic bene
fits, which are themselves sufficient to economically justify
 
the program, may conceal many possible deficiencies in the
 
individual components.
 

http:importap.ce
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TABLE 3.1 

CASE STUDYI - £eude de Ca. I 

NITIAL ROAD C-AP.ACT£..ISTzcs
Carac:ris ,ques Mnji'alesla routede 

Surface Base n a Sur!
Geoueterc SYearXfacerial Length Width of wearrg Th'ckneas (c
Standard / .4ataraux 

ADT Course (Mecers) Epai.aeur
Section Classification k::) T34 de Largeur de Lade Couche de initialeLcgueur l'annel 
 couche d'usure 
 do Is couche 

g-ometrique/ roulament (km) de bas .(metres) rOulement 

1 Engineered 
 Laterite
2 Etudjel Lattire 
411 45 7.0 2.0190 
 20 
 7.0 
 2.0
3 Lt - ..- lange 131 45 
 7.0 


4 Engineered 
2.0
 

1/3 Sand - Sabi 
 53 20 
 7.0 
 2.0
5 Etudiei 2/3 Clay-Argil 190 6 7.0 2.0
 
6 
 Pa t a l = . Latfiri te
 

7 Partially Eng. :L x acerite 79
P i 
- Milange 132 45 5.0 2.0

8 45 5.0
Etudief par. 2.0
1/3 Sand-Sable 
 150 
 20
9 5.0
tiellement 2.0
2/3 Clay -Argil 259 5.0
1 6 
 2.0
 

10 Natural11 210 J 45Track- Piste 5.0
Terrain 
 753 
 20 
 5.0
 
Terrain naturel 2503 6 5.0 

/ Because of lack of data the f0olowing geometric standards vere assumed for each roadsection:
 
Average rise and fall 
 U
Average horizontal curvature a 175 degrees/ka


a/ Due au manque do donneds, le hypothises suivantas out It| f&ite pour chaque sectionroutiere:
 
Pent* noyanne w 3Z
 
Degrd de sinuositi 
a 175 degrs/kat
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TALE 3.2 
Table-1 .2' 

CASE SUu- ?T.qa de Cas I 

3ASE rI-AR AV!VL.RG- DATLY -4UFIC37 VERIT= TYP.E al a 
Trafic journalier =oyen de 'acnie d%_:ase ?ar :'!O de vdhcule / 

Light 
Traff -c Goods 13-conne 27-tone 38-toune 
Level Vehicle Truck Truck Truck Total 

Vola du Cazion- Camion Camion Camion 

16 9 1 1 9 45 

__ __ _ 2J 12_ _ 1 

70a 	 For each traffic level and each type of vehicle the annual percentagegrovh of 2 percent was assaued. 

/ 	 Un acc:oisseanc annual d4 2 poureen: a cl admis pour chaque volume de 
trafic at chaque type da vihicule; 

http:AV!VL.RG
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TABLE 5.3 

TABLEAU 3.3 *CD 
CASE STUDY¥I - Etude do Cas II CL 

CVEHICLE CIIAkACTERISTICS AND COSTS 
 3
Csraccirectqucs reciinigauL ec cou-' -des vihcule= 

Light 13-Tone 27-Tanm 
 38-Tonne
 

DSCIPTIO 
 Goo Vdsohici Truck Truck Truck 
Camionntt.t Canion Camion casion 

PHYSICAL CiRACTEISTICS AND UTILIZATION 
 Donnfea techniques at l'utllisacion
 

Brake Ioate Power 
 86 130 160 
 250 Puissance a" troim
 

Payload (Tonnes) 
 1 7 
 14 24 
 Charge utile (tonoes)
 

coo Vehicle Weight (Tonse) 2.7 13.0 27.0 38.0 
 Folds total en charge Itoanna)
 

Fuel Type 
 Casolile 
 Diesi Dieo89 
 Dieue Carburanc
 
essence gas oil gas OI1 gas oil
Annual Operating Hours 800 800 1200 1200 
 iombre d'eSurus do 1'utilisa

tiun du vghicuho par an
Annual Crew laure 
 2000 2000 2000 
 2000 Uombra 4'beure do personnel


d* o snlsUte par e
Annual Kiloesteras& 23000 25000 
 25000 "350N0 Ki ILnriage annual 
Average Vehicle Life (year.) 4 6 6 6 Dura' de vie du vilhicule fane) 

UNIT COSTS 

Prix at co0[ unitaire en U5f
 

new Vehicle Cosl ($/vehicle) 
 5763 18184 31143 
 49486 Prix dun vihicule neut
 

Tire Cost ($C/tire) 
 69.1 395.5 395.5 
 395.5 fPix d'un train do pneu-.atiques
 

Mainteaance Labor Coot (W/hour) 
 0.41 0.41 0.41 0.41 -
Coat horaire du personnel dleat
 

Coat horaire Am pereonnal do con
Crow Cat (/hour) 0.49 
 0.42 0.42 
 0.42 duit
 
Fell Coat ($/litre) 
 0.33 0.33 0.33 
 0.33 CoOt du carburant (litre)
 

Lubricatleg Oil Cot (S/litre) 
 1.34 1.54 
 1.54 1.54 Coat du lubrifiant (litrs) 

(Dx 
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TABLE 3.4 - Tableau 3.4 

CASE STUDY I - Ttude de Cas I 

-'"UNIT .',I,-TA.CE COSTS 
CoGts unitaires d'entretien
 

M.aintensaCe Operation 	- Operations d'entrecien 
 Unit Cost - Coat unitaire 

Regravelling Laterite - Latirite $11.06 Per cubicRechargament 10 cm thickness - 10 cm meter in
d'Apaisseur 
 P place


Par mJ mis an 

Sand-Clay l5(cm) thickness $ 8.63 place
 
Sable-Argile - 15 cm d'epais

sour
 

Dry Grading - Reprofilage 
 $91.00 Oer km of
 
blading
 

Par km remise au 
Grading with C'ompaction - Reprofilage (avec compact- $439.00 
 profil
 

age)
 

Spot Emergency Repairs - Point I temps $ 6 ;89 Per cubic
 
meter in place
 
Par m3 mis en
 

place
 

Rubber Tire Dragging 	- Gratte t~le A pneus $ 2.37 	 Per km of 
draglingPar km traini
 

Cneral 	 Productivity of one mante 200 $107.0 Per km

Routine "ntretien 	maintenance unit (km1) 150 $147.0 per year
.aintenance Courant 	Rendement d'une unitl 100 $214.0 Par km/an


d'antretien (km/an)
 

Notes: 

(i)These costs include operating costs, overhead and equipment amortization but do
not include workshop and training costs which do not differ substantially from
 
policy to policy.


(ii)Except tar regravelling and general routine maintenance, 35 percent of the
 
unit costs were assumed to be equipment amortization.
 

(iii) The regravelling 	costs are estimates for work done by contractors.
 
Notes: 

Ces coots cotxrennant lea coots d':xploitaion,les frais giniraux, I'amortissement
du matiriel, :,
i.s pas les coots d'atelier o t de fornation du personnel, lesquels
ne diffirent pas sensiblement d'une mithode A l'autre.

(ii) A l'exciption des opirations de rechargement et de l'entretie courant, 35% des 
coats unitaires des opiratiors out Ati cocsidirds itre l'amortissemant du matiriel;(ill) Lea coots de rechargemnt correspondent I l'istim.ation de travaux qui serouteffectui$ par des entreprises de travaux publics.
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TADIX 3.5 - Tableau 3.S 'a 

CASE STUDY I - Etude de Cis 

Dliaculited lencfita 10 rasta for Vaiosle CradlngL..re!Lonclaa

sidlTraffic I.-vls ur 
gravc-ll- aoidtin egravel--li-
 C
 

Avantagea at colts actualiaid roar ditffrentas frlguencea do reprofflaca 
t[dlferents volia dzyT-'rtC* evee at $as rechargo*mut 3 

Discount Rate - 10 ypercelit - Tama diactullsatlon " 10 pourcnat 	 S 

Grading Freqjuency 
DIlOC O Um / d Co t s 81 p i e / lld l l 
 T r a ti c Year Acars n n e dd o b a ssi Ahvntages/cukto
 
Benefits (S 


Nol Of Valhlcle 	 BassJ o u r nal i s t n- wro n ad e DailyP aiTraffic c u l li l di s i
 
illii.) Irequau' do i-Otofi
 

,0 30 40 SO 1j 0 J 
 millier)
 
With .C. ivel I hn Ave t I I I
 

Vehicle Operatjng 
 400o 3.69 18.95 26.30 34.23 40.91 48.07 61.85 Econ ii aurtI COCCoat SavIng., 7000 3.5f) 18.( 33.69
2S.83 40.29 
 46.91 61.05 do functiunn eat di
(100 ._.I.U 18.43 25.31 33.14 46.6439.64 60.06 vhiculea
 

Ktaftessuce Costs 4()4Q 
 4.50 7.35 7.68 N.20 8.72 10.03 11.13
7oO 4:33 6.35 7.02 7.73
7.36 3.37 9." Cokes deatroliam
__4_21 j,20) 	 6.65 6.75 7.01 7.33 3.40 .94.-- _.,
 

I1*tPresent Value 
 4) -0.11 11.60 15.62 26.08 32.19 38.04 50.75 
7(4O -0.3 1 4 13.81 26.31 32.56 38.50 51.41 Velour actua leld tsic01)I ONU____o___ .9_.31 1"'_.73 18.58 26.11 32.31 38.24 51.12 

I h itisut n - Santi 10laira at9ravaoll 

vehicle Operat 1pm 2000 4.13 17.07 24.26 31.92 28.26 45.10 58.13 9cuusela. Sur Ia cootC-ta Savingsil! 300 3.5. 16.53 23.50 30.97 37.15 43.8 56.49 do 	 onctfunna.t desSW5O 3.24 15.47 21.98 29.i0 3..91 41.21 51.21 vhlculga
 

maintenamce Coats 2000 2.05 3.10 3.81 
 4.65 5.43 6.20 7.75
3000 1.30 
 2.32 2.85 3.36 4.40
3.08 5.43 CoOt d,seretion
O5 1.09 1,71 2.02 2.33 2.64. 2.95 3.57 .. 

not PteOnt Value! 2000 2.13 13.97 20.35 27.27 32.33 38.90 50.33
30M) 2.24 14.21 20.65 27.61 33.27 39.43 51.0 &lour actuatie "gia
 
SAM__ 2.15 13.76 39.96 26.77 32.29 33.26 49.6_
 

j/ 	 Uelttlwe to the do-mathias (sare Mainteance) case.
 

lr rappee a* cai d aeclan faliga" (aitiiates aero
 

x 

'5)q 



#ICURE. 3.1 

CASE STUDY I - Etude de Can I 

EFFECT O BILADING FREQUENCY ON VEHICLE OPERATING 
Effets do I& friquence do Ia remiss au profil sur lea lcqnooies relatives 

COST SAVINCS AN) HAINTENANCE COSTS 
aux coOts d'exploitation do* viaiculas at aux coUtc d'entretien 

(TJM do 
(Base Year ADT-Io; 1OZ interest) 

l'anneg do base - so; taux d'iutirit 101) 

US# millions 
Idiscounced) 
(actualies) 

Legend - Ligende regravelling - rechargehLnc 

no regravelling- pas do rchaargcuenE 

VOC Savings - Econonics CEV 

30.0A 

E acono.CEV 

tlePresent Value - Valeur actualiseg notte I 

20.0 

Not Present Value - Valeur acrualiac6 nette 

10.0 
Maintenance Coast - Coat d'entroeien 

" aintenane. Coa- CoQt doenrretien 

0 1 
2 3 4 

I 
5 

I 
6 7 8 

- - I 

9 

I 

30 

Grading Frequency (thousands 
Frequence do remiss au profL 

of velIcle pauses per blading) 
(an milliers do passages da vehiculas par rae-ise au profil) 
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TABLE 3.6 

TABLEAU 3.6 

REGRAVELLING VS. NO REGRAVELLING: EFFECTS OF ROAD WIDTH
 
AND ROAD CLOSL-E PERIOD CN NE-T PRESENTr VA.L!E
 

REMMRcE.T PAR RAPPORT AM 
 NON RECEARG-EMT: EFETS DE LA LARGE. )E LA ROUTE 
ET DES PERIODES DE FER-TtR A LA VALEU" ACTUALISEE NETTE 

(Road Section 1: Engineered, Latirite, 480 ka) 

(Section Roucilre I:Etudi6e, Latfrite, 480 km0 

Net 	Present Value ($million)

Valeur actualisge nette (9 il11ion'
 

Case / Base Year ADT 
 30 40 50 60 70 90

Cas / TJM de l'annef de
 
b~s e 
 - -- _ _ _ _ _ _Rr.I: Regravelling over
7-meter width 31.84 18.81 26.33 

_ _ 

32.56 38.50 
 50.41
 
Rechargement sur
 
7 z de largeur
 

R;2: Regravelling over
 
6-meter width 12.40 
 19.66 26.91 33.15 
 39.10 51.13 

Rechargement sur
 
6 m de largeur


&G3: Regravelling over
 
5-meter width 12.97 19.95 27.49 33.74 39.71 
 51.86

Rechargement sur
 
5 m de lar eur
 

NG1- No regravelling;
 
asauming 2-month 
stockpiling 13.60 
 20.04 27.00 32.66 
 38.80 50.45
Pas de rechargement
 

2 mois de
 atockage
 

G2: No regravelling;
 

supposant 


assuming 1-month 
stockpiling 13.90 20.34 27.30 32.96 
 39.10 50.75
 
Pas de rechargement
 
supposant I mois de
 
stockage
 

G3: 	No regravelling;
 
assumn~g no road
 
closure 
 14.21 20.65 27.61 33.27 
 39.41 51.06
Pas 	de rechargemen
oupposant pas de
 
fermature de la
 
route 

Note: 	 Under regravelling, dry blading Is done every 7000 vehicle passes; under no
 
regravelling, every 3000 vehicle passes.
 

Note: 	 En cas de rechargement la renise au profil est effectule tous les 7C00 passages
de vaiici.tes; en cas de non rechargement,tous les 
 3000 passages do vihicules 

7 
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Coat actualiss 
Discounted Costs 

US5$ mallond 

FIGURE 1. 2 

CASE STUDY II - Etude de Cas ii 

IR3AKDOUOF MAINTENANCE COSTS FOR REGRAV-LLING AND NO RECRAVELLING 
Decomposition du coGt dlantrerien avec et sans rachargement 

*discounted over 16 years at 101) 
(actualIsel sur 16 ans A 1OZ) 

Coft du rechargement (lar&eur 7m)
Cost of Regravelling (7-m width) $ 

0 
0 
3 

4. 

3.0 

.,2 

a-Ve 

2.0CP-ae 

VNrecaL 

-I I I I I I I 

30 40 

LAII 

50 60 70 0 90 

raoe Year AI}T 
TJM de 1'anndc do base 
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ICURE 3.3 

CASE STUDY I - Etude de Cas I 

BREAKEVEN ADT vs. M.IT REGRAVELLING COST 
TJM seuil de rencabiliti contre coOt uni aiire du rethargement
 

(2-mouth stockpiling)

(stockage 2 mois) 

TJM seuil de rentabilitf 
 7-s (20Z)

Broakeven ADT
 

7-. (10:)
 

70 6-M (20)7/ / 

6-M (10%)
 

5-m (20%)

60
 

5-o (10%)
50 

/7 
40 /7/ 

30 /,//- /7 
20 / 

4 6 8 10 12 

Unit regravelling cost ($/cu..) 3 

CoQt unitaire du rechargement ($/m) 
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-nIGURE 3.4
 

Reduction de Is valeur actualiste nette due 
A la selection d'une mechode -noinsiconomigue

REDUCTION IN NET PRESENT VALUE DUE TO 
SELECTING LESS ECONC.iICAL POLICY 

Regravelling vidth s 6 m 
Largeur du rechargement - 6 m 

Stockpiling period = 2 months 
Stockage - 2 mois 

Discount rate 1
10 percent

Taux d'actualisation r 10 pour cent
 

RBduction de La valeur accualised nette78 (en pourcentage de la valeur actualisfe nette
 
de Ismfthode choisie)
 

Reduction in Net Present Value
 
(inpercent of net present value of preferred policy)
 

10
 

8 

6 

41 
2 

0 30 40 50 60 70 80 90 

Breakeven
 
Traffic Volume Ease Year ADTTJf de l'annie de base 

Seuil de rentabiliti 
(Volune du trafic)
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TABLE 3.7-- Tableau 3.7 

CASE ST.DY-I - Etude de cas I 

A. Su=ary Description of Incremental Maintenance Policies 

A. Description soammaire des 	 methodes differentielles d'entretien en ordre dicroissant 

Policy Maintenance Level S-ary Description
 
Mithode Niveau d'entretien Description somaire
 

I High 	 Regravel only Sections I through 4, first in year 3
 
and thereafter when needed (at minimum depth of 20
 
u); double grading frequencies in Policy 2.
 

1 Elev! 	 Rechargement seulement sr. sections 1 1 4, pour la 
premiare fois A 'an 3 et apris quand nicessaire 
(Spaisseur minimum 20 =); friquences doubles des 79 
reprofilages pour la mithode 2.
 

2 Medium High 	 Regravel only Sections 1 through 4 as in Policy 1;
 
grade at "optimal" frequencies.
 

2 Assez Elevi 	 Rechargement seulement sur sections i 1 4 come pour
 
la mithode 1, reprofilages A friquence "optimale".
 

3 Medium low 	 No regravelling; grade at "optimal" frequencies same
 
as Policy 2 for Sections 5 through 12).
 

3 Moyen 	 Pas de rechargement; reprofLlage I friquence "optimale"' 
(cone pour la mithode 2 sur sections 5 A 12); 

4 Low 	 No regravelling; halve the grading frequencies in 

Policy 3;
 

4 Us 	 Pas de rechargement; riduit de moitil lea friquarce 

de reprofilages de la mithode 3; 

continue
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TABLE 3.7 (continued) 

TABLEAU 3.7 (continuation) 

B. Sumar, of Xaintenance Standards for Incremental Policies 

B. SonnAire de crie'rs d'entretien pour les r:thodes diffirentielles 
ordre decroissant 

en 

Section 

Section 

Road Section 
Section routi&re 

Description 

Description 

Base Year 
ADT 

T24 de 
l'annee 
de base 

Grading Frequency Spot Rubber Routine 
(months between Repairs Tire Maintenance 
grading) (cu. m/In/ Dragging (kn/unit/ 
Frfquence des ye.r) (pass/yr) year) 

reprofilages Point A Gratte-t01. Erretien 
nombre de mois teups A pneus courant (kMI 
entre reprofilages (=3/,/an) un'te/an) 

Policy All Policies 

Mithode Toutes les mithodes 
_ 2 3 41 

80 

1 

2 

Engineered 
Etudite 
Laterite 
Latirite 

45 

20 

2/2 

6 

5 

12 

2 

6 

4 

12 -

30 

20 

150 

200 

3 

4 

5 

Engineered 
Etudiie 
Sand-clay 
Sable-argile 

45 

20 

6 

2-/ 

4-/ 

6 

4A/ 

81/ 

12 

2 

6 

12 

4 

12 

24 

-

-

-

-

-

-

100 

150 

-

6 Partially Eng. 
Etudile partial. 
Laterite 
Latirite 

45 1 2 2 4 50 30 150 

7 

8 

Partially Eng.
Etudiie partial. 

45 

20 

1 

2'/ 

2 

5 

2 

5 

4 

12 

50 

50 

-

-

100 

150 

9 Sand-clay 
Sable-argile 

6 6 12 12 24 50 - -

10 45 1 2 2 4 25 - 150 

11 

12 

Track 
Piste 

20 

6 

2/2 

6 

5 

12 

5 

12 

12 

24 

25 

-

-

-

200 

-

a/ One pass of grading with watering and compaction for every 2 passes of dry Srading. 
V Un reprofilage avec arrosage et compactage pour 2 passages de reprofilage a tc. 

..continue.
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TALE 3.7 (Continued)
 

TABLEAU 3.7 (Continuation)
 

C. Derivation of "Oftional" Blading Frequencies for Incre=ental Policies 
Dirermination des fr~quences facultacives de re--.se au profil pour mithodes 
differentielles en ordre d croissant 

Laterite Saud-Clay 

Latdrite Sable-Artile 


(a) Approximately optimal number of
 
vehicle passes per blading 7000 5000 

Nombre optimal approximatif
 
de passages de vehicules par
 
remise au profil
 

(b) Base Year Traffic - 45 vpd 
Trafic de l'anned de base w 45 vpj 

(a) . (45 vpd x 30) 	 5.2 3.7 
vpi
 

Rounded Value 5 4 

Valeur arrondie
 

(c) Base Year Traffic - 20 vpd 
Trafic de l'annei de base - 20 vpj 

(a) 	(20 vpd x-30) 11.7 8.3 

vpi
 

Rounded Value 12 8 

Valeur arrondie
 

(d) Base Year Traffic - 6 vpd 
Trafic de lt annef de base - 6vpj 

(a) (6 vpd x 30) 

vpj 

Earth
 
Terr
 

3000
 

2.2 so@ 

2 " 81 

5.0 	"
 

6 "
 

16.7'"
 
12"
 



000CO) 

0
3
'a 

ROAD SCTION NW3IM 1 tU dh2. 
DESCRIITION - Description 

21-51 YEAR AUT TJM d. I'sann&do 

1LNoTIt (nr) Lonueur (ko) 

TolleeVIIre OFeAToNC CoST SAY- itslS (o million) 2 

o. u r Isl c atrdo 
ta.rtJunn-ni de vihiculcs 3 

0rar r.3.r-c, am. ca"n. visa
(S million) 4Polc 

WlSHMAPt'r,12 COSTS (8 1 

($million) 
2C.uGte deentgsema 

( million) 3 
4 

VlWICLZ OPERATING COST 1AY- 1lthodeIHL;S IMlUS MAINTENANCE 1 
CtoT 2 

uibctiu.nomwwnt dn vihicul.a 3 
w.,ens coat@ d ntr etiene 

TAILE 3.1 - lableu 3.3 

CASE STUDY I - Eiode d Ca. I 

DISCOWtED BENEFITS AID COSTS FOR INCtURE6TAL KAIMAMMCZ POLICIES!1Avantage. at coO~t actusfig6e des mitiodes diftirenticll. dcntrAltcicin 

2 3.j.....j. 4 5 __:_ 11 12Engineered Laterite Engineered Sand - Cicy I Partial) 1C.S.nd-ClayLatiit. tu1i.6 Sable - Argile it.udi € b/ . Sable-Arr llc ec..Ii.fd Trcck - lsSctions " dr--t:cL~sr .n 
45 20 45 26 6 45 45 20 6 45 20 & 

461 190 131 53 190 79 132 150 259 210 753 2503 
________ _______28.80 4.05 8.24 1.22 0.70 4.58 8.03 3.33 0.96 15.16 18.31 13.4528.16 3.93 8.01 1.19 0.64 4.36 7.65 3.10 0.08 14.45 17.16 12.111 

26.56 3.57 7.60 1.06 0.64 4.36 7.65 3.10 0.88 14.45 17.18 12.1 

23.68 3.00 6.84 0.88 0.52 3.92 6.36 2.49 0.71 13.05 i3.t2 9.6" 

7.54 2.25 3.17 0.82 0.30 1.02 1.73 1.03 0.90 2.13 3.51 3.93 
6.64 2.10 2.47 0.66 0.15 0.65 1.11 0.75 0.70 1.".4 2.67 1.96 

3.04 0.52 0.86 0.15 0.15 0.65 1.11 0.75 0.11 1.44 2.67 1.961,91 0.37 0.55 0.11 0.07 0.46 0.80 0.59 0.53 0.95 1.93 0.98 

21.26 1.80 5.07 0.40 0.40 3.56 6.30 2.29 0.06 12.73 14.45 9.52 
21.52 1.83 5.6O 0.51 0.49 3.71 &.541 2.35 0.Ii 13.01 14.51 10.22 
23.52 3.05 6.74 0.91 0.419 3.71 6.54 2.35 0.1 13.01 14.51 10.22 
21.96 2.63 1 .29 0.77 0.05 3. 4 6.081 .90 0.12 12.10 11.9 4.6" 

3All 
$aebbon 

as. 

Sill 

106.47 
lIMl.71 

".23 

85.6 

2.3 

21.3213 

14.00 

9.31 

17.44 

80.4? 

39.23 

16.35 

6 

CL 

3 

ai Lem quatro mlthodea pdmvoiet des dileute pout Ilentrstiim eoursot. I LcI rito 6tusa .. partiellnsaat. 

xr-4. 
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IV. 	Case Study: Economic Analysis to Determine When to Pave an Unnaved Road
 

A. 	 Economics of Staged Construction
 

4.1 A problem which often arises in the development of Bank-financed 

road maintenance programs is the quastlon of whether a gravel road should 

continue to be maintained or should it be paved. The effect of paving a 

road is, of course, to upgrade the riding surface, thereby reducing vehicle 

operating cost and the amount of routine maintenance -- whiich also alleviates 
maintenance management problems in many developing countries. In some cases 

improvements in road geometry are also provided at the time of construction. 
In this study we will focus only on paving. But it should be emphasized that 

paving and geometric upgrading should be examined in a step-wise manner, so 

that any possible economic deficiencies in each step can be detected. 

4.2 One economic criterion for deciding whether to pave is that of
 

"breakeven traffic volume". Here, the breakeven traffic volume is defined
 

as the base year ADT at which the net present value of paving just equals
 

leaving the road in the current gravel status. If the base year ADT exceeds
 

the breakeven traffic volume the relevant internal rate of return would be
 

greater than the discount rate used in the net present value computation,
 
and the construction is therefore economically justified. However, the
 

breakeven criterion is not the best criterion to rely on, since it is
 

possible in most cases to defer construction to some future time at which
 

the cost savings in maintenance and vehicle operations foregone in the 

years before construction are =ore than offset by the savings in interest
 

on the construction capital. This is particularly done in cases where
 

traffic volumes increase with time, so that at the breakeven traffic volume
 

the early smaller benefits, which by themselves do not justify immediate
 

construction, are "subsidized" by the larger benefits in later years.
 

4.3 The preferred decision rule is the "first year benefits" criterion.
 

The first-year rule says that the road should be paved when the ratio of the
 

net first-year benefits to the construction cost equals the relevant interest
 
rate or "opportunity cost" of capital. In a situation where the budget is
 

strictly limited the relevant interest rate is in fact the return on the mar

ginal highway project which must be foregone, which may be several times the
 
market rate of interest. Certain conditions are needed to ensure that the
 

first-year rule will yield the correct solution: but these are ordinarily
 

met by road paving projects 1/. Normally the breakevea traffic volume falls
 

j/ 	Conditions required to ensure that the first-year benefits criterion
 
yields the correct solutions for optimal zraining are: (i) the con

struction costs do not change over time relative to other costs (but
 

equi-proportionste inflation of construction, maintenance and user costs
 

would not matter); (ii) the benefits due ti construction depend only on
 

calendar timc and are not dependent on the time at which the investment
 

is made; and (iii) net benefits in the first year after construction
 

are greater than in the preceding years and less than in the subsequent
 

years; and (iv) net benefits in subsequent years after constructicn con

tinue indefinitely. Although these conditions appear very restrictive,
 

relatively minor violations are not likely to affect the solution.
 

83 
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belol the volume at which immediate construction is Justlled under the

first-year rule. 
 That is, the breakeven criterion always suggests earlier
construction although considerations of economic efficiency (and often budget

constraints) suggest othervise.
 

3. The Case Study
 

4.4 In the following section a single road section vill be eained

in some detail to illustrate the method of analysis to determine breakeven

traffic volume, and the "optimal" traffic volume under the first-year rule,
and the relationships of these two 
criteria to the costs of construction
 
and regravelling at different discount races.
 

4.5 The inputs, which are in the same form as 
in Case Study 1, aresummarized in Tables 4.1 
-
4.3 for road and traffic data, vehicle data and

maintenance and construction cost data, respectively.
 

C. Time Streams of Benefits and Costs
 

4.6 In using the first-year rule the extension of the benefits and 
cost streams beyond 20 years is essential to ensure that conditions for
use of this criterion are satisfied. I/ For this 
case study the net present
value of paving was computed as follows:
 

84 
 19

NPV - B  oNp Bt C0 + 

t-O (1+r)t (l+r)T (l+r)19
 

where B to net benefits for year t (savings in vehicle operating and
 
maintenance costs)
 

r - discount rate
 

Co initial construction cost
 
0
 

T - construction year (Noce: Bt - 0 before construction year)
 

S 
- "salvage value" of the project in the project's final year

(assuming a 20-year planning horizon)
 

The salvage value, S, was 
estimated using the following simplified formula:
 

Sm B19 - C 
t-19 (lr)t- V 

L/ Specifically condition 3 as given footnote I to para. 
4.3.
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where B,- net benefits for year 19; and C - cost of an overlay. The first
 
cer pimp that the net beyoud the planning horizones stream of benefits is
 
constant and equal to 
the project's last-year net benefits. The second term
 
implies that an overlay is provided immediately after the planning period. 1/
 

D. Findings
 

4.7 In the following paragraphs two basic policies will be examined,
 
paving and no paving. Under the paving policy, unless noted otnerwise,
 
pavement construction is assumed to be provided in the first year of the
 
planning horizon. Under the no paving policy, the road is assumed to re
main unpaved throughout the planning horizon, with gravel replenishment pro
vided when needed. The maintenance standards of these two policies are
 
specified in Table 4.4. In this study, no generated traffic due to pave
ment construction is assumed; therefore the policies can be compared on
 
the basis of the total discounted costs, which consist of vehicle operating
 
costs, and maintenance costs, and, for the paving policy only, the initial
 
capital outlay. (If there were significant additional traffic generated

from paving the road, then these benefits -- approximately equal to one
half of the operating cost savings per vehicle -- would be added in.)
 

Behavior of Maintenance and Vehicle Onerating Costs
 

4.8 Figure 4-1 Thows graphs of total discounted maintenance costs
 
for paving and no paving plotted against the base year traffic volume (for 

a given set of maintenance and construction costs, at 11: discount rate).

The maintenance costs under both policies vary virtually in a linear fashion
 
with the traffic volur=. The maintenance costs remain relatively constant
 
over a wide range of traffi,, volumes under the paving policy but not so under
 
the no paving policy. As epected, except for traffic volumes under 100
 
vehicles per day (vpd), the unpaved road maintenance costs are greater. Over
 
200 vpd per day the maintenance costs for unpaved surface are twice those of
 
paved surface. However, maintenance costs represent a very small proportion

of total outlays. As illustrated in Figure 4.2, the ratio of maintenance
 
costs to vehicle operating costs decreases very rapidly as the-traffic volume
 
increases. Vehicle operating cost savings are the dominant factor in the
 
paving decision.
 

Determining the B-eakeven Traffic Volume
 

4.9 The breakeven traffic volume can be determined graphically by plott
ing the discounted total costs for both policies against the base year ADT,
 
as shown in Figure 4-3 for a given set of construction and maintenance costs
 
at 11% discount rate. The intersection of the curves, where the mer prasent

value of paving just equals the no paving strategy determines the breakeven
 
traffic volume. The effect of a higher interest rate is examined below.
 

An examination of results indicated that no overlay would be needed
 
during the 20-year planning for the traffic range of interest. But
 
a terminal overlay is assumed for simplicity nevertheless.
 

85 
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Determininst-he Ontimal Traffic Volume
 

4.10 
 We define the optimal traffic volume as 
the traffic volume above
which we cannot increase the net present value of paving by deferring construction to a later year. As illustrated in Figure 4-4, we can graphically

determine the optimal traffic volume by plotting the net benefits in the year
immediately after construction ot 
the first-year net benefits (expressed in
percent of the initial construction cost), against the base year ADT. 
According to the first-year criterion, lZ discount rate the optimal traffic volumes
are 301, 447 and 592 vpd, respectively. It should be noted that since we have
assumed a 15-cm gravel surface thickness initially, no regravelling costs are
reflected in the first-year net benefits. 
As a result, in this particularcomparison, the optimal traffic volune are unaffected by regravelling cost. 

Comparison of Breakeven and Otimal Traffic Volues
 

4.11 The optimal and breakeven traffic volumes are compared by plottingthem against the discount rate, regravelling cost and pavement construction
 
cost,. as shown in Figure 4-5, 4-6, and 4-7.
 

4.12 As discussed in para. 4.3, the optimal traffic volumes 
are substan
tially higher than the breakeven, meaning that it is always preferable todefer construction until traffic reaches the 
optimal level. Referring back
to Figures 4-3, and 4-4, the breakeven volume of 308 vpd corresponds to the83 447-vpd optimal volume. This implies that if the base year traffic volume is308 vpd and growing at 7t, 
the best tine to pave would be year 6, not year
1 as suggested by the breakeven criterion. Postponing construction to year
6 would forego the savings in (discounted) vehicle operating and maintenance
costs during the first five years equal 
to US$2.14 million. 
On the other

hand the interest savings gain in deferring capital investment of US$6.0
million 
by 5 years amounts to US$2.44 million. Therefore, the net pre:ent
value of construction deferment equals US$0.31 million.
 

4.13 If the base year traffic volume is 447 vpd, i.e., the optimalvolume for the given set of costs at 11' interest, then paving immediately
would yield savings in (discounted) vehicle operating and maintenance costs
of US$8.49 million relative to not paving; with the construction cost of
US$6.0 million the net present value of the project equals U5$2.49 million.Although this net present value is 
only less than 4Z of the 
total discounted
costs of either alternative it is quite substantial relative to 
the capital
 
outlay.
 

4.14 
 As Figure 4-5 illustrates, both optimal and breakeven traffic
volumes are extremely sensitive to the discount rate within the range of 5
 
to 20%. 
 As expected, high opportunity cost of capital tends 
to discourage

capital investment as 
reflected in hijh optimal and breakeven traffic vol
umes corresponding to high discount 
ra es.
 

4.15 
 In Figure 4-6, the breakeven traffic volume is shovn to be relatively insensitive to 
the unit cost of rogeavelling over a range of US$3.0
to 11.00 per cu. n., 
 while Figure 4-7 shows both breakeven and optimal
volumes 
to be ver sensitive to 
the pavement construction cost.
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TABLE 4-1 

ROAD, ,WIARO ,tAL AND TRAFFIC CHARACTERISTICS 

A. Road Characteristics
 

Before After
 
Construction Construction
 

Length 6.85 6.85 km
 
Surface Width 3.0 7.0 meters
 
Shoulder Width 0.0 2.2 meters
 
Average Rise and Fall 4.0 4.0 percent
 
Average Horizontal Curvature 120.0 120.0 degrees/km
 

Surface Material Laterite 	 double bitumenous surface
 
treatment (D"ST)
 

Surface Thickness 15.0 3.0 cm 
Subgrade CBR - 8.0 present 
Initial Roughness 3250 3250 =/km 87 
Initial Structural Number - 3.! 

B. Environmental Characteristics
 

Altitu.-de 900 meters 
Wet Season Length 6 months 
Dr7 Season Length 6 months 
Annuai Rainfall 	 800 millimeters 

C. Traffic Characterstica 

Traffic Composition: 	Passenger Cars 65 percent 
Light Goods Vehicles 4 " 
Buses 6 " 

8 " Trucks-il tonne 

Trucks-22 tonne 14 "
 
Trucks-42 tonne 3 "
 

Traffic Growth Rate: 	7 percent annum for all vehicle types
 



0
 
TABLE 4-2 - Tableau 4-2 	 3
 

CASE STUDY I - Etude do Can 1I 	 'a
 
CD
 

VEHICLE CHARACTERISTICS AND COSTS a 
Caract~ristiqi:t.s et coaL s des vehettlem C
 

(U.S. doars - dollars U.S. 3
 
Passenger Light Goods 11-tonne 1 2 2 -tonne 4 O-tonne 	 _
Description Care Vehicle Bus Truck Truck Truck

Voture Cami/o_ette _1 Camion It t Comion 22t, Camion
I Autobu_ 
 40 L, 

Physical Characteristic& ard Utilization

Carac triatities physiques et utillsation 

Az 
 essence essence gas-o J,I gas-oil gas-oil gas-oil

1. Fuel Type 	 Casoline Gasoline Diesel Diesel Diesel j Diesel
2. Brake horsepower 90 140 7:i0 163 217 30)7
3. Cross ueight (tonnes) 	 1.5 7.5 15.0 15.0 22.0 40.0
4. Axle equivalency factor Apprx. 0 0.115. Average crew houurs 560 	 2.55 2.55 2.46 13.663,600 4,800 3,840 4,800 [ 4.80O0 
6. Average operating hours 320 1.500 2,000 1.000 2,000 
 2.000
7. Annual kilometerage 	 13,000 64,000 64,000 64,000 64,000 64.000 
 0

8. Average vehicle life (years) 6 5 5 5 5 5
 

Unit 	Costs - Colte unitaires 

I. New vehicle cost (S/vehicle) 3.250 9,020 40,350 14.250 21.340 50,O00
2. Tire coat (/tire) 
 24 60 165 150 188 202
3. Halntepance labor ($/hour) 9.30 6.85 6.15 6.15 6.15 8.55

4. crew coat ($/hour) 	 2.45 3.10 2.70 2.45 

5. Fuel colt (/litre) 0.37 0.37 0.19 0.19 	

4.90 
0.19 0.19
 

6. Imbrication oil cost/S/liltre) 1.19 1.19 1.19 1.19 1.19 
 1.19
 
7. overhead (Z of operating cost) 15 15 15 15 is 15
 
8. 	Ratio of spare parts to new 

vehicle coat 0.72 0.86 0.85 0.85 0.85 0.85 

A 1. Carburar,t 	 7. Milomtrage annuel 3, Cofltdes carburants (W/heura) 
2. Puissance au frein 	 8. Dureg de vie moyene du vkhIcule (ans) 6, Coatdes lubrifiunts|S/iitrc) 
3. Poids total en charge, tonnes 
 7. girouc (en poucent.

B I. 	Cot d'un vhleule neuf fS/vihlculo) 8, cot des plces d rqchang)4. Facteur d'equivlence par essieou 2. Coit d!un
I pneumatique (Spneu) par rpport aul coat u 

M 
e conduite 1. HIS --.1'....... d*;_... Itrpot pIarViCI. an out.a 



Remile au profil 

Point I temps (rechargement localial)

Recleor~umnt en gravier 

courant 

Point a temps 

Enduit superficial 

Tapis d'enrobfs
Entretien courant 


TABI 
 4-3 -
 Tableau 4-s 

CASE STUDY 11 - Etude de Cas II 

UNIT HAINTENANCE COSTS
 
Cot'aitaire d'entretien
 

A. Unpaved Road
 
Routes ell terre
 

Grading 
 USS 34.9 

Spot regravelling USS 8.9

Gravel resurfacing USS3;5-IO.5 
Routine maintenance US 175.0 

B. Paved Road
 

Routes Revatueg
 

Patching USS 4:38 
Surface dressing USS 0.89 
Overlay
Routine maintenance 

USS 
USS 

87.0 
687.0 

per km. page. 

per Cu. a. 

per Cu. M. 

per km. per year 


per sq. a. 


per sq. a. 

per cu. a. 

per km. per year 


*ar pass.
 
pas m
3par a 

pEtretienpar km/an 
3o
 

2
 par m
 

par W2
 
3
 par m
 

par km/am
 



0 
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TABLE 4-4 Tableau 4-4 Fa* 
CASE STUDY II - Etude do Cam It
 

NAINTENANCE STANDARDS - Hiveaux d'eitretien
 

A. Unpaved Road 


1. Crado every 6000 vehicle passes. 


2. Replace 301 of gravel loss but not more than 100 cu. a. 

per year. 


3. Resurface vhen gravel thickness reaches 5.0 cm. using

lateritic gravel to a restored thickness of 15 cm. 


4. Provide routine wamn.enance hich includes drainage, vega-

tation, shoulder ana miscellaneous activities; 


B. Paved Road - Routes 
1. Patch SbZ of unpatched cracks but not more than 700 


sq. m./ka/year. 


2. Surface dress vhsn unpatched cracks exceed 30% road 


surface area; 


3. Overlay when roughness exceeds 3750 m/km using 
asphalt concrete paving of 5,0 cu. 

4. Provide routine mintenance. 

- Routes en terye
 

1. Remiss au profil tous 
lea 6000 passages de viticules.
 

2. Remplacer 30Z3du gravier perdu par 
usure, maim pas
 
plus de 100 a par km/an.
 

3. Rechargement quand ]a couche do roulement eat rdduit
 
A 5,0 cm. 
en utilisant gravier latiritique afin
 
d'atteindre une fpaisseur compactie de 15 cm. 
 a
 

3. Entretien courant relatif au drainage. 
 A Is vigecation.
 
aux acc5tements et travaux accesaoires;
 

revitues
 

1. Point A temps do 502 deadfgradationa localiseds, main 
2
pas plus de 700 m /km/an;
 

2. Enduit superficial quand lea digradations localilsea
 

dpasuent 30Z de Is surface du revitement.
 

3. Tapis deenrobfis do 5.0 cm. d'e'Paissaeu quand la
 
rucositi ddpasse 
 30Z do I& surface du rcvitc emnt.
 

4. Entretien courst.
 

CD
 x 



Compendium 11 	 Text 4
 

- 41 -

FICU.! 4.1 

CASE 	S'LY !t !v'de- -12S I 

DISCOM.TMED . r! ANCE COSTS vs: TLAFFIC VOLt.hA 

Co~ts 	d'eatrseien acr.ualisls oar r:zaort aux volumas du trafic 

Discount Rate - 1M 
3.gravelling Coast - US$ 7.0/:3 

Paving Cost a USS 60,OI00/k 

Taux d'actual-'sacitn - 117 
CoGc du recharge=-nc - USS 7 0/2 
CoGt du rev,am.', - US4 60,00O/' 

Discounted
 
Maintanacca Costs
(US$ million)
 
Cn-it d'ent:etien
 

actu; 	liss 

5.0 	 91 

4.0 

3.0 -


Route raevtue
 

?aved
 

1.0 

0.0 	 I I I
 
0 100 200 300 400 500 600
 

Base Year A.T 

TJI do I'annie do base 



92 

Compendium 11 Text 4 

- 42 -

IGU. E 4.2
 

CASE STUDY I - Etude de cas 11
 

RATIOS CF DISCCLN. K!NT.EyCz ccs:S TO DISCOUNMD 
C C A:.:;G CCS:S 

Discount Rate a 11% 
Ragravelling Cost - US$ 7;0/n 3 

Rapport ent:e lea cofts d'ent-etien actualsiset les coOts
 
actu.aisis du forctionne=eic des vihicules
 

Tau d'actual'sation a 11Z 
CoGt du recharge=ent - USI 7.0/ 3 

Ratio i. percent
 
Rapport en pourcentage
 

7.0
 

6.0
 

5.0 

Route en gravier 

Gravel 

4.0 

3.0 

2.0 -
 Route ravitu 

Paved 

1.0 

0.0 , 
 t
 
0 100 200 300 
 400 500 600
 

Base Tear AT
 

TJM de l'annie de base
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FIGURE 4.3 

CASE STUDY 11 - Etude de Cas I 

DISCOUnTED TOTAL CCSTS vs: TRAFFIC VOLUME 

Coats totkux actualisis par rapport aux volmes du trafic 

Discount Rate a lZ 
Regravelling Cost - USS 7.0/ 3 

Paving Cost - USS 60,000/km 

Taux d'actualisacion - 11% 
Coat do rechargement - US$ 7.0/M 3 

Coat de revite-nent - US4 60,000/km 

Coat Actualisi
 
Total
 

Discounted
 
Total Costs
 

(USS million)
 
Route en gravier 

Gravel
 

100 

Route revitue
 

Paved 

I 
50 -


I 

* * , , *, * ta * .. . 

100 200 300 400 500 600
 

t Same Year ADT
 
3reakeveuDaeYrAD
rakTn oTJ de 'annie do baseTraffir Vol,=m 

w 308
 
Souil do rentabilitd
 

Volame du craiic a 306
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FIGURE 4.4 

DETERMINING OPTIMAL TRAFFIC VOLUMES 

Ditermination du volume optimal de trafic 

First Yemr Net Benefits
 
(percent of initial
 
construction cost
 

Taux de rentabilitg
 
imn diat
 

(en pourcentage du
 
coOt initial de
 

construction)
 

CoOt de construction
 
20 
 Construction Cost
 

18 
 US$ 40,000/km
 

16 

14 US$ 60,000/km
 

12 
 US$ 80,000/kM
 

10
 

6 

4 

2 

100 200 300 400 500 6Q0
 

Optimal Traffic Volume: 301 447 592 TJM de l'annle de base 

Volume optimal du trafic
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FZIGM 4.5 

BREACVEN ANT,OPTM.A TA .IC VOLLMS vs. DISCOUNT RAV! 

Seuil de rentabilitf at volume optical du trafic par rapport au taux d'ectualisacion 

Rogravelling Cost - USd 7.03
 
Paring Cost a TS 60,000/km
 

=
Coat du rechatfement UO 7;0/m3 
CoOt du revetement USS 60,OO0 akm 

Base Year
 

AD?
 
TJ ae" 1'annie
 

do-base
 
Optimal
 

optimal 

600
 

Suil de'rentabiliti
500 

Ureakeven
 

400 

300
 

200
 

o ' I * , I , , 

0 10 20
 

Discount Rate (percent)
 
Taux d'actualisation (en pourcent'
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rIGMRE 4.6 

BREAKZV &,D O?T-!A, ThWFlIC VOLLES vs. RECRAELLIG COST 
Volues du trafic, A1.'ouct == et au seuil de rentcbiltfi oar rapport au coGt de rechart,
 

Discount rate - liZ 
Paving Cost - US 60,000 

Taux d'actualisatjon a 11% 
CoGt du revicement a US960,O00 

Base Year
 
ADT
 

TJThde 1'anmne
 
de base
 

500 

Optimal
 

OptImal
 

400
 

300 

Seuil de rentabiliti
 

Breakeven
 

200 

100
 

0 ,a I I I I *I * 
0.0 
 5.0 
 10.0
 

Regravelling Cost
 
IUS$/cu. i.) 

CoOt du rechargunat 

(dollars/ 3 ) 
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FIGURE 4.7 

BREA EVRN A.D OP"D!AL TRAFFIC VOLDMS vs; CONSTRUCTION COST 

Volumes du trafic, A l'optimum it au seujl de rantabilitt par rapport au coat do constructic 

Saue.Year ... .... 

Discount *ata a 112 
agravelling Cost a US$ 7.0/cu. m 

Taux d'actualisation - 11% 
Cout du rechargemeot - US$ 7.0/cu. m 

* *..................... . .. ..... 

de base 

600 

Optimal 
Optimal 

500 
Seuil de rentabilits 

Brmaikeven 

9 

400 

300 

200 

100 

, I 

20 

I 

40 

I I I I I I I 

60 80 100 

Pavetent Construction Cost 
(LSS thcusands/k-) 

CoOt do construction du revitement 

(milliers da dollars/k.) 

_
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71. Conclusions
 

6.1 It must be recognized that the basis for quanttacive management

decision making about the optimum level, composition and t'-ing of highway

maintenance activities has heretofore been ver 
limited, and there are very 
many important gaps in the scientific data base today. Thus one should not 
attach too much precision to the results presented above, which =ust be in
terpreted with considerable caution. Nonetheless some strong conclusions 
do emerge and other rather interesting hypotheses are suggested which warrant
 
furthez consideration.
 

6.2 First, it is quite clear that the return to minimum levels of high
way maintenance, generally well in excess of current levels in most African
 
countries, yield extremely high economic returns. 
 In fact, economic returns
 
for increased maintenance outlays in this range greatly exceed returus for
 
new investments in roads and virtually every ocher sector of 
the economy.

Only outlays for maintenance of other existing infrastructure approach the
 
same levels. 

6.3 As 
a consequence of this fact the World Bank and increasingly other
 
lending agencies are focusing first priority attention on the development of
 
effective maintenance programs. We must all recognize that it makes 
no sense 
to invest in new roads if the existing roads are deteriorating prematurely
a fraction of the resources required for new construction can maintain the 

98 existing infrastructure adequately and avoid the necessity of costly, premature rehabilitation. This conclusion is quite firm and will survive any 
uncertainties in the data basis.
 

6.4 Soma-further very interesting ideas have been advanced, but Must be
 
considered more tentative since chey nay be sensitive to measurement errors
 
in the underlying engineering relationships, or the assumptions we have had
 
tn employ where there is in fact no scientific data base. One of these is
the jroposition that the (re) gravelling of low volume roads will typically
have a much lower return than providing higher grading frequencies for earth 
roads )f comparable volumes. In fact where financial stringencies are par
ticularly acute and/or local conditions dictate ver7 high costs for regravel
ling-as in several regions of Africa--regravelling of roads will not be 
economical. Better let them revert to earth roads and provile a somewhat
 
higher gradinS frequency, or possibly a higher level of labor-intensive 
maintenance.
 

NOTE: The deleted section deals with paved
roads and traffic volumes which are beyond 
the scope of this project. 
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Finally, I would like to close these remarks on a slightly different
 
note. 
I as glad that the issue of maintenance management--how to do more
uaintenance for less noney-is to 
receive much attention at this conference
 
from other speakers who are better qualified to address this issue. However,

there is one important dimension that I want to introduce which has been the
 
subject of another Large research undertaking in which we have been engaged:
the issue of appropriate technology. When we recently reviewed performance

under past highway projects financed by the World Bank in 43 countries we dis
covered that a uniform problem in almost all maintenance activities has been

the poor utilization achieved from expensive, imported equipment. 
Not only

does it require large amounts of scarce foreign exchange to purchase equip
ment, and usually a substantial amount of foreign technical assistance before
 
local institutions can be developed, the importation of fuel and spare parts

is often blocked altogether so that we have the specter of expensive equipment

simply lying idle for long periods of time; in one country no more than 60
 
working days per year is being achieved, due in large measure to inmediate 
constraints on the supply of fuel and spare parts. 
 Increasingly the question

has been raised as to whether these heavily capital-intensive, heavily for
eign-exchange-dependent technoloSie3 are not inappropriate to the needs of
 
the developing countries. The results of research done over the past six
 
years strongly indicate that labor-intensive or intermediate technologies can
 
be technically and economically feasible for the principal taske of civil con-

struction and maintenance in those countries where labor is abundant provided'

that due attention is paid to effective organization and management, t, the
 
use of proper tools and to the health and nutrition of the work force. Only

the tasks of long distance haulage (generally 5 kilometers or more), and high

quality compaction and finishing (as in asphalt concrete surfaces) 
are neces
sarily more economical by equipment-intensive methods. Of course, this pre
sents no surprise to cost of you in this audience who have seen road mainte
nance in Africa done over the years by manual methods under the cantonnage

and length man systems. What is perhaps more surprising is that major earth
works, and materials production and handling tasks (both gravel quarrying and
 
production of crushed stone to macadam size) are likely to be done more eco
nomically today by labor-intensive methods in those countrts where labor
 
wages are below about US$1.00 or even S1.50 per day (in 1976 prices). This

will include some 20 ,:ountries in Africa and about an equal number in Asia 
and Latin America. 
 Lven as wealthy a country as Xexico, where unskilled
 
labor wages of about $3.00 per day were paid, more than 75,000 kilometers of

rural access roads were constructed sinca 1970 at an average cost of 512,500 
per kilcmeter, which was said to be equal to the costs at which these roads
 
would have been constructed by local contractors. Of equal Lmportance, more 
thAn 80,000 nan-years per year of productive emplo'y-ent were created. Thus 
the World Bank is now actively exploring ways and means to facilitate the use 
of labor-intensive methods in civil construction and maintenance where it 
appears these methods would be economically efficient. !e are already working
with some L=portact pilot programs initiated by governmental agencies in Kenya,
Lesotho, Benin, and Chad and would be pleased to work with other countries 
who zay be interested in developing programs or improving existing programs 
to use labor-intensive methods efficiently. 
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ROAD DETERIORATION RELATIONSHIPS IN THE HDM ODEL
 

I. While extensive research has been conducted in North Ar-ica 

Europe and Australia into the performance of high standard pavements and
 

the effects of different axle loads thereon, inly limited research has
 

been carried out on low standard pavements, and to our knowledge, no coa

parable research on physical deterioration relationships for gravel and
 

earth roads has been undertaken heretofore. Thus, the Kenya study (Ref. 7)
 

constituted a major step forward in this field and provides the basis from 
which further research in Brazil and elsewhere is proceeding. Uutil the
 

results of those further studies are available, the Kenya study relation

ships must serve as a basis to represent a wide range of conditions and en

vironments that in some instances will be quite different from those in
 

Kenya. For this reason certain modifications have been introduced into
 

the Kenya relationships. This note records the current road deterioration
 
relationships employed in the EDM model. Subsequent modifications Vill be
 

made as new research results become available.
 

A. Unpaved Road Deterioration Relationshins
 

2. Deterioration of unpaved roads is measured in terms of surface
 

roughness, rutting, depth of loose surface material and also, for gravel
 
roads, loss of gravel. Deterioration is causr,! by two factors, viz. traffic
 

and timne related weathering effects; the latter is like'y to be a major
 

factor primarily in the case of extremely low volume roads and/or severe
 

climatic conditions particularly when combined with !evere terrain (steep
 

gradients) where erosion is difficult to control. The Kenya study did not
 
succeed in isolating the time related weathering effect from the traffic
 

effect, except for the effect of rainfall on gravel loss. Consequently,
 
an arbitrary adjustment has been made to reflect tnese effects in the HDM
 

model; however, this effect is significant only at extremely low traffic
 
volumes. The Kenya study also was able to give only very li=ited attention
 

to earth roads, and as a consequence no serious scientific information is
 

yet available which permits prediction of earth road deterioration. Until
 

such information becomes available, the TDM model, like the TR.L RTM 
 model,
 
simply assumes the relationships ccnJectured by the original MIT research
 

effort. These assume that predominantly clay roads deteriorate approximately
 
four times as fast as laterite roads, and other earth roads deteriorate
 
approximately 16 times as fast.
 

3. We list in Tables I and 2 below the deterioration equations as
 

employed by the RTL' model, which have been subsequently modified for tine
 

related weathering effect. We note that in Kenya the TMU observed that
 

unpaved roads were becoming i-passable as surface roughness approached 14,000 

mm and the maximum rut depth was about 75 mm. In the HDMmodel these limits 

are assumed to be the conditions for total road failure for both paved and 
unpaved roads. 
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Table 1 

Deterioration of gravel roads
 

Surface roughness
 

Lateritic, quartzitic and volcanic gravels
 

(1) R - 3250 + 84 T - 1.6 T2+ 0.016 T3 

Coral gravels
 

(2) R a 6500 + 58 T - 1.0 T2 + 0.017 T3 

where 

R - mean roughness in thi wheal-tracks measured in m/km 
by a fifth-wheel bump integrator towed at 30 ka.p.h. 

T - cumulative traffic volume in both directions which has 
used the road since grading, measured in thou.ands of 
vehicles.
 

Rutting
 

Lateritic gravels
 

+ 0.23 T - 0.0037 T
2 + 0.000073 T3 (3) 	 RD - 11 

Quartzitic, volcanic and coral gravels 

(4) RD - 17.5 + 0.73 T
 

where 

RD - rut depth measured in millimastera under 2 meter straight 
edge.
 

T - cumulative traffic volume in both directions which has used 
the road since grading, measured in thousands of vehicles. 
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Table 1 (continued)
 

Gravel loss 2
 

GLAT (4.2 +0.092 T *3.S0 + .88 VC)
A2+ 50A
 

where
 

f 	a 0.94 for lateritic gravels 

a 1.1 for quartzitic gravels 

= 0.7 for volcanic gravels 

= 1.5 for coral gravels 

TA - annual traffic volume in both directions measured in
 
thousands of vehicles.
 

RL annual rainfall neasured in meters.
 

VC - rice and fall (vertical curvature) expressed in meters per 
kilometer. 

GLA . annual gravel loss measured in millimeters.
 

Surface looseness
 

Roads graded in moist conditions
 

(6) 	 Lateritic and coral gravels 
LD - 1.0 

Quartzitic and volcanic gravels
 

(7) 	 LD - 5 e-0.35 T+ 1.5 

Roads 	graded in dry conditions
 

Lateritic, quartzitic, volcanic and coral gravels.
 

(8) 	 LD w 14 e-0 .23 T + 1.5
 

where 

LD a depth of loose naterial =easured in millimeters. 

T - cumulative traffic volume in both directions vhich 
has used the road since grading, measured in thousands 
of vehicles. 
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Table 2
 

Deterioration of earth roads
 

Surface roughness
 

for roads other than clay
 

(9) 	 K - 3250 + 1255 T 

for clay roads
 

(10) 	 R - 3250 + 314 T
 

where 

R - mean roughness in mm/km. 

T - c=ulative traffic volume in both directions 
which has used the road since grading, neasured
 
in thousands of vehicles.
 

Rutting
 

(11) RD - 14 + 1.2 T
 

where
 

RD - rut depth measured in millimeters under a 2 meter
 
straight edge
 

T - cumulative traffic volume in both directions
 
which has used the road since grading, measured
 
in thousands of vehicles.
 

Surface looseness
 

Roads graded in moist conditions
 

0
(12) 	 LD - 5 • " .35 T+ 1.5
 

Roads graded in dry conditions
 

"0
 (13) LD - 14 a .23 T + 1.5 

vhere 

LD - depth of loose material measured in millimeters. 

T - cumulative traffic volume in both directions which has 
used the road since grading, measured in thousands of
 
vehicles.
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4. Time-related road deterioration. Since no experimental data are
available on 
the pure effect of clizate on unpaved road deterioration, the
 
following tentative relationship has been employed:
 

I - 2000 Rf
 

vhere R - annual Lacrease in surface roughness (=n/km) due to weather alone;
and Rf - annual rainfall in mcters. This equation is based on the subjective
judgment that for 2000 = average annual rainfall, a newly graded road with
out any traffic loading should last about live years. 

I------------------------------------
NOTE: The deleted section deals with paved 
roads and traffic volumes which are beyond
the scope of this project. 
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3ISCXURIG ECONOMICS OF THE NAIWIUANCE OF EARTH ANDGRAVL ROADS 

ALef Fels and Edgardo Staffini, The World Bank, Washington, D.C. 

This paper presents a methodology for the economic priving the benefits from good maintenance. This 
evaluation of maintenance programs for unpaved subjective method of analysis often results in sub
roads with low traffic volumes (under 250 vpd), optimal investment decisions relative to the scale
 
a situation commonly encountered in rural areas and intensity of maintenance operations, such as the
 
In developing countries. The technique. drawing frequency of grading operations and the periodicity 
heavily on the road deterioration and user cost of gravelling(B).
 
relationships developed in the IBRD/TRRL Kenya The proposed method of analyzing road maintenance
 
load Transport Cost Study, involves a dynamic programs for unpaved roads is based on a dynamic
 
model that relates vehicle operating costs to analysis that relates vehicle operating costs to road
 
traffic-induced road deterioration. The proposed surface conditions as they are affected by traffic
 
methodology requires a two-step procedure: first and modified by maintenance operations. Traffic
to determine economically optimal and technically induced road deterioration is defined in terms of 109 
appropriate maintenance strategies; and second to roughness, rut depth, and depth of loose material. 
apply these strategies to assess the economic The corresponding vehicle speeds and VOC are also 
value of the global road maintenance program. .stimated as a function of surface condition "era-
The incremental economic analysis used in the meters, because the road geometric and anviron.oatal 
methodology permits the differentiation of bene- factors influencing VOC remain unchanged under normal 
fits, in the form of vehicle operating cost say- maintenance operations. 
inga, between routine and periodic maintenance. 
The use of the evaluation technique is demonstra
ted by application to a road maintenance program. The Analytical Framework 
Although the proposed method requires the use of
 
multiple regression analysis and elementary cal- The mathematical models that relate road surface
 
culus, graphical methods can be used as an alter- condition and vehicle operating costa to traffic vere
 
native. developed under the IBRD/TRitL research program in
 

Kenya (2, 3. 5). A review of the background rerer
ences is necessary for an understanding of the metho
dology presented in this paper as limitations of
 

Cost-effective road maintenance practice is becom- space preclude a thor-jgh discussion of these rela&
ing a priority objective in m st countries of the tionahips.
 
world since relatively nominal maintenance expendi
tures (about USS100-1000 per Im in case of unpaved
 
ro~ds) can extend the life of existing infrastructure load Deterioratidn Relationships
 
and postpone the need for its renewal. Although the
 
economic value of road maintenance is manifest, its Lateritic Gravels Roads
 
quantification is necessary to determine economically


T

efficient levels of maintenance expenditures. nten- 3
 
sive research by the World Bank over the last decade R - 3250 * 84 T - 1.62 T .0.016 T Mi)
 
suggests that the largest benefits of highway mainte
nance accrue in the form of vehicle operating cost
 
(VOC) savings and that these are often the dominant RD - 11 - 0.23 T - 0.003TT2 

* 0.000073T3 
(2)
 

factor in reaching economically optimal highway
 
maintenance policy choices. In fact, vehicle opera- 4a-0.23T
 
ting costs on an unpaved road surfice in good condi- LD a 1.5 • (3)
 
tion can be about 30-40% lower than if the surface
 
were not adequately caintained.
 

The traditionel approerh to quantification of 
bonefits due to good road maintenance takes the form CLa 0.9 -- (4.2 * 0.092T, 3.5 2 
of a static econo=i model that assnaLLe 50fixed and *50 
often arbitrary levels of VOC under "good" and "poor" 
road maintenance conditions; the VOC difference coo- 1.88 VC) (I4) 
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Wid-Clsi RarthRtoads 
 consumption was also estimated from the results of
 
a a 3250 + 785 ? 	 (5) 

the Kenya Study while for vehicle depreciation andcrew costs the nethod recommended in de Wisle s
 
I
Itn a 1b 1.2 ? 	 york (1) was used. Composite VOC, obtained by adding
(6) 
 the individual costs of VOC components, were calcula

ted for the four representative veniclea--light goods
0.237
.
Lb * 	 vehicle (11), single-unit truck (CM.S).medium truck1.5 • 1Ie'' under dry grading with trailer (CI.R)
and. heavy truck-trailer (CLR)--usaed in
 
1.) 10.0 san. the example denonstrating the application of the
(7) 	 proposed analysis method to a road maintenance pro

gram. The physical characteristics and costs of
LD a 1.0; under vet grading (8) these vehicles are shown in Table 1.
 

TTable 1. Vehicle characteristics ausdcests 

A - 325;0+ 1255:?' 
 (9)
 
Lih Single edlu m Steev 

RD - it+ 1.2 ? 	 Goods Unl Trch- Truck(10) Vehicle Type Vehicle tuck Trailer Trail 

(VLI Tau) -(-T Kf 
23
LD - 1.5 +41 e-0. T;vith LD)10.0 
 mo. (11) l.c 
 reriezic,......

mereed atliratlos 
I - mean roughness (m/ku) SraheNoresFoer

RDD - rudepth t eGross 	

6 130 160 250rut depth OWi 	 payleadCoe (t) 1 7 14 24Vehicleielght(t) 2.5 13 
 21 	 38
10 
 depth of loose material (mn) Fuele Type Cas. Diesel Die1el DieselT - cumulative traffic volume In both directions A-aa OperatingNwrs 
 00 500 1.200 1.2OO
since last grading (thousands of vehicles) AnnualCtreHours 
 2,000 	2,000 2,000 2,000
CLsa annual gravel loss (mm) Aneual tWlootterage 25.000 25.000 25.000 35,000Ta annual traffic volune in both directions AweraseVehicleLitt(yr.) A 6 6 6 
(thousands of vehicles) UlitCost. (netofctes)

*,
" annual rainfell measured in eters 5ev Vehicle (til/osh.) 3.145 10.15 21.145 4V,4a5VC - rise and fall, vertical curvature (Z) Tires(U0S/tire) 
 69 395 393 395 
Nalateaeoce Labor CUS/hr.) 0.40 0.40 0.40 	 0.40
CrewCoat 	 (US$/hr.) 0.30 0.40 0.40 0.40110 Vehicle10Loub. 	 Oprating Cost Relationships Fel Oil(USilltr.) 0.33 0.30 0.30(US$/Iltrt) 1.60 1.40 0.301.40 1.40 

In the Kenya Study relationships, if certain physical characteristics of the road 
(such as geonetrics,
altitude end moisture regime) are fixed vehicle speeds 
 Unified 	Road Deterioration and Vehicle
and consmption of fuel, tires, spari parts, and 
 Operating Cost Relationships
malntenan-
 labor can be estimated as a function of
surface 	condition descriptors, R. RD, and LD (4). The 
 A review of Kenya Study relai:ionships shovedaverage 	 road geometric and envirornental characteris- both
road surface deterioration paraceters (R, RD, 	LD) and
tics assumed in estimating speed and VOCcomponents VOC could be reduced to v counon denominator--cumuliwere: moisture content, 32; average rise, 30 n/km; 


average fall, 30 m/km; average horizontal curvature, 
tive traffic volume (T). provided that road geometric

and environmental parameters rema.ned fixed.
175 degrees/km; 	 This
and average altitude, 375 3. 
Oil special characteristic of the two relationships was 

Table2. 	 Vehicle operating cost equatios 

Bad Surface 
5.lhsber of Standard l pper soimdError of
Vehicle Type 	 Liit on VOCVOC ttlastion tquiatla Xsiss t Ohroe tl t tillate (US Iqulvales) 

Lateriteh

L -htods Vehicle V0C52i3.3*0.009T? 100 19 	 0.985 1.65snile Vlt Truck 	 IlaVOC.M.942GeO02ll 

1 T 30 19 	 0.991
ied i- Truck-trailer 	 3.27 610VOCt92.98i0.0 2 2 so

leivy tuck-tratiler VOC-,61.90O.0557t2 *.53 1020
4 2	 19 0.914 

so i 0.94 10.95 1220 

Light Goods Vehicle VOC 207.02l12.8 - .2 T2 

Single Unlt Truck 	 7 0 4 9 10 0 .907 6.72 370VOC385.96is.56T.0.26C2 30 
 1? 	 0.994 5.3ledil Truch-traillr 	 PlOVOCot?6.29434. 71T.0.4130T2 )0 
 I1 	 0.994 16.95 
 1)150
le.y Trck-trailer VO0C621J#51.S4Or.O.1' 1T2 304	 17 0. M 22.49 1613 

Track
U81- God Vehicle VO206. "54e21T'.0.O10)Itle003T 30 17lstil@taltTruck VOC-354.54*2l'.OT.1.sOnI7leoO'OrAT 0.966 7.41 370 
Ple4d1sTruck-trailer 2 30 1? 0.991 10.32 I10VOC-6I?.0'551.37T. 9197 00 06T4 30 1? 	 0.992139.21Saov7Truk-trailer VOC-o.I)*54.4gTl. 	 1350sO.1,t?,Ooly4 to 1? 0.090 25.99 1471 

a 8Cuoultiove traffic volu 
 between lradlns 
In both dlirerlons ('000 vehicles).

Applies to gravel ods I
th 
t I le.t .1 t I lalerli &.ff.ce.
CApplits to e rth roads 
aod r vel oads i h les 
than 2 toOf l terite murt s . 

otelt Voc - .ehicie eperatllI cost (USIi000 ha) 

http:0.992139.21
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table 3. Vehicle operatea col. a. afclo f traffic nd rad @erface characteristics 

8 
VO got tleat. 

headSurfaca I I 03 18 - K -

I Be0 330 11.0 2.) 23.32 44 492.84 $.0312. 

trai~'i7~isef~ce) I 3337 11.3 11.1 213.33 392.46 493.02 61.95
 

10 3%4 2.9 14.27 394.0 097.120 67.49
13.0 . 
" 4410 14.2 N. 217.09 401.09 709.6 84.20 
30 4744 16.3 1.) 321.61 611.91 130.14 912.30 
50 3400 2.4 1.3 2 46.52 198.49 201.11 
00 7794 43.1 1. 1 9 4.09 1216.26273.47 30.: 

t00 11450 70.0 1.5 307.61 608.74
 

Maximm vOC 310.00 10.00 1020.00 12235.00 

bad S 230 14.0 1.3 307.20 33.96 676.29 631.62
 
-La.C'aySurface) 1 4033 13.2 11.1 319.44 404.33 720.30 884.70
 

I13 30.0 10. 243.08 4721 839.02 079.69 
10 11700 26.0 10.0 310.74 3.4.93 979.93 1104.21 
20 14000 14.0 10.0 430.73 1194.23 132.38x44.33 
30 14000 30.0 10.0 313.47 704.97 .133.18 1659.38 

F&XLuNToth 373.00 710.00 130.00 1647.00 

Smith Trackt 0 3250 14.0 15.3 204.60 384.34 073.07 031.13 
1 4303 2.3 11.0 227.37 414.33 731.31 914.38 
5 9323 30.0 10.0 294.61 313.33 919.43 100.03 
10 14000 34.0 10.0 344.43 393.12 207.97 1102.98 
o 14000 32.0 10.0 3 0.60 644.98 1197.22 1333.71 

30 14000 30.0 10.0 37).7 704.97 1325.81 1539.36 

,be,.. VoC
b 

375.00 710.00 1350.00 1475.00 

Vehicleoperat. costeshtiate(/S$1000 Ion).
 
b VANomm VOC corresponds to as average speed of 10-13 kb/hr. 

used to formulate a unified relationship that would where: f(T)1 - VOC equation corresponding to minta.t

permit direct VOCestimation as a function of cumula- nance strategy I 

tive traffic volume (T). bypassing all intermediate f(T)2 - VOC equation corresponding to alternate 

steps requiring estimation of vehicle speed and VOC maintenance strategy 2 

components as a function of surface condition para
meters. The unified VOC estimation equations were This procedure stmplifies the calculation of benefits
 

obtained by regressing composite VOC with cumulative and does not equire discrete addition of vehicle 

traffic (T), for three road surface types (Table 2). operating costs. For example, VOC benefits from two 
The interaction among cumulative traffic, road sour- gradings per year, as compared to one grading per 
face condition variables and the related VOC is shown year on a sand-clay earth road. for a traffic stream
 
in Table 3. containing only light vehicles (VL) can be expressed
 

as:
 

2

Estimation of Benefits due to Reduced Vehicle B 10001X (207.02 * 12.8TT - O.2496T )dT
 

Operating Costs
 

+ 

With the use of VOC equations shown in Table 2, - 2(1000)10/2(207.02 12.TT - 0.2496T2)dT
 

savings In vehicle operating costs during a given time
 
period (normally one year for purposes of discounting) 2 3 13
 
can be eetimated directly as follows:O 00 . - - 02 (13)012..98V?-f 


1. Calculate an average VOC equation by weighting wheret x - accu-ulated number of vehicles per year in
 
the VOC equations for different vehicles by their thousands
 
respective percentages In the traffic distribution. 3 - VOC svings in US$/1000 im.
 

2. Use the average VOC equation to:
 
(a) sumthe operating costs of vehicles accumulated
 
between gradings during one year, for a given main- Application to Economic Analysis of a
 
tenance strategy (e.g. 2 gradings per year end other Maintenance Irugra.
 
required routine raintenance);
 
(b) si- the operating costs of vehicles acrurulated The foregolng' analytical procedure wae appl4ed to
 

bet.eten gradines during one year, try an altetnite evaluate the econoic value of a maintenance program
 
maintenance strategy (e.g. regraveti.rv, 2 rradings for a neti.crk o 5,100 In of unpaved roade and tracks
 
per year and other required routine -.intcnan:e). in West Africa. lhe area covered by the maintenance
 

2. Deteline increental benefits (C b•vines) program is characterired by a dry climate with an 
due to the alternate Pr.s' the aver1ye tainfall of about 1,100 m The-aintenance sar ai per year. 
difference beteen the sunred VOC fo the two main- average altituic is about 375 a with a flat to roll
tenance strategies. ing terrain. As dr'onits of good lateritic gravels 

are not plertl(f.|.1 nech nlcally stsbilised sand-
Kathaticaily, this can be expressed 4e1 clay vixture hls tren used as the wearing course on 

soes unpaved soais. 
VOCSavings - ff(Ml dT - /f(T) 2 T (12) 

http:regraveti.rv
http:2(1000)10/2(207.02
http:12235.00
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The Maintenance Program 	 Classification of the Road Network
 

The maintenance program was designed to cover both 
 The unpaved road network of about 5.300 km varied
 
routine and periodic maintenance (regravelling) cctivi- from all-weather gravel (laterite-surfaced) roads to
 
ties. rullv mechanized routine maintenance operations tracks. The base-level average daily traffic (ADT) 
consisted of grading, compactinp, and dragKtng with on the network ranged from about 50 vpd on the late
tractor-dra•n tires. Other operations such as filling rite-surfaced roads to 
less than 10 vpd on the tracka.
 
potholes, cletring ditches and culverts, vegetation As the road network had not been functionally claal
control, and spot regravelling were placed under the fled, it was categorized according 
to Its engineering 
responsibllitY of road gangs. Each gang consisted of and traffic characteristics (Table 4). An average

25 laborers under the direction of a sector chief with 
 traffic growth rate of 31 per annum was assumed over
 
responsibility for a road maintenance sector covering 
 the analysis period.
 
100-200 kv.
 

The physical requirements for the maintenance pro
gram included provision of equipment plus an initial Determination of Maintenance Strategies
 
stock of spare parts, workshop equipment, construction
 
of equipment sheds, improvements to the workshops, con- Maintenance policies for unpaved roads included
 
struction of 
spare parts store, offices for equipment drainage and vegetation control, dragging (with rubber
 
inventory control and inspection, and buildings to tires), emergency repairs resulting from washouts and
 
serve as administrative centers for the road 
sectors. weak spots, grading, and resurfacing with gravel. As
 
To meet the requirements 
for mechanics. operators, and no definite, quantified models are available to eva
other skilled staff, a comprehensive training program luate benefits from four of 
the basic routine stinte
including techilcal assistance and equipment for a nance operations--drainage clearance, vegetation con
training center was instituted. Senior administrative trol, shoulder maintenance and 
surface dragging--it

and technical staff needs were met by provision of a was assumed that a certain level of expenditures for
 
technical assistance team, whose functions included these routine items wes required as part of the over
training of local staff and development of the neces- all maintenance policies. For grading and gravelling.
 
sary capability for equipment maintenance, and planning which consituted the major maintenance operations it
 
and execution of road maintenance works, was necessary to determine: (i) appropriate grading
 

strategies for various classes of roads included in 
the maintenance program; and (it) the traffic level 

Sequential Economic Evaluation Procedure !t which surfacing with gravel would be economically 
justified. 

The evaluation of the maintenance program followed 
a aequential procedure involving -lassification of

112 cads included in the maintenance program, determine- Grading FrequenCy
1lon of appropriate maintenance strategies and the
 
overall economic assessment of the maintenance program. The effect of more frequent grading i to 
improve

After the road network was categorized broadly accord-
 the condition o. the road surface and thereby lover
 
ing to Its engineering and traffic characteristics, an vehicle opersaing costs. The vehicle operating coats
 
appropriate maintenance strategy wab determined for corresponding to various grading frequencies for a
 
each road surface type by calculating the incromental given type of road surface were obtained by
 
VOC savings associated with the improved maintenance 
operations. This was followed by determination of rVOC - N 0 f(T)v dT (14) 
overall economic benefits (VOC savings), which were
 
then compared with maintenance costs to evaluate the whera
 
economic returns for the routine and periodic mainte
nance components of the maintenance program. 1VOC a cumulative vehicle operating costs in 

one year corresponding to a grading

Table A. 	 Cilasiflcation of road terorb for econoic frequency. N/year CJSI/km) Iinalysls of the iaitaonaso pros x ascumulative number of vehicles during one 

year in thousands; 
$ N a grading frequency (number of blading/ 

elltsrk tenth AD7 Dtrirlutonn of Traffic year); and 
tegory RA) (wed) -vL I c t oo lIs f(T)w * average VOC equation obtained by their 

respective share in the traffic streom.
 

Crase1oads' 395 48 1S U is Is
 
Crew@:Usd, 09 35 AS 1 is is 
 The incremental benefits (reductions im vehicleCr..l goads

b 
116 is 45 Is 2 15 operating costs) due to additional grading were

earth 9.ad 43 '0 as 11 is is obtained as: 
Earth Road, 111 3 4$ 30 0 21
 
tarthRoads 173' I1 AS 30 0 is
 
Earth toads 49 U 
 45 is i 	 AVOC * EVOC - "'VOrl1Earth Needs 10 it 41' is 23 is 
larlbRads 219 10 41 30 0 21 where: 
NJe Tracks' it 9 41 is i1 Is 
Maor trlcks S46 17 41 is 1 Is AVOC * Incremental reduction in vehicle uperet
bUiOr 7rarh, 12 13 01 $1 o 0 ing costs CUSSl1)11m0 Tracks 1544 5 41 $5 0 o LVOCI - Cumulative VOC per annum for a grading
tuNer Tracks 1110 1 41 is is 11 frequency, N/year (USSfyear) 

TOT1t 	 [VOC ,-Cumulative VOC per annum for a grading
2!4 frequency 14*1/year (US/yaar).
 

VI trael roas ow* a wailingeanli of Istellil ly equating the Incremental benefits associated with 
All '!0ih reads a tsft+k t progressively increasing gradinp frequencies with the 
eslly stabliad . d-'|.. e .. Increrental unit cost of grading (US0 k),) optimalMost trerbi foile 11o. rtal aro.rd profile sI grading frequencies were established for various 
Ma, hosea i. d18.6. ot*rrl, s. 



Compendium 11 	 Text 5
 

$. -	 out sand-clIAYIale Ilfs . eilmt fkej,.ncr wikcle Oerellta Coest carried for earth made with a trface 
I., leteriti sls,.i roids and earth tracks; the results are sumaried in 

Table 6. The optimal grading frequency frm " ecoo
C~lu..Ie~llttlie |i.,crwntal Odecl.s mic standpoint is defined as the breakeven point 

tsedtel Fret....,y Or.et nst roSl. 14CC Is VOC.LW: where incremental reduction in vehicle operatiag 
(s"Natl1) iL1/r£-1) (ISStpss.) costs due to an additisoal grading (or grading with 

10 " 	 compaction) operation is equal to the /icrmemrot 
cost of one grading (or grading with compatiom)I 

1,641.60 0.0 soperation. It was found that at least one grediu4 
An -I to per year was economically justified on all of the 

1 1:."3 6.4 three surfaces whenever the base ADT was more than 
of0 $9."a $ vpd, when compared with the mull alternative (no 

1, 00.w - grading at all). The frequency of grading, however$ 

3 

2 ,,360.11 40.13 ia a function of surface type and level of traffic; 
AD! * 7024 	 a laterite (gravel) eurfaced rad requiring a con

t17..t at0.1 saderably lover frequency of grading than a sand
S01..02./t zot clay (earth) road or an earth track, for the aw 

A , 	 level of traffic intensity. The optimal grading 
wae found to be lee senai01,103.67 374.03 frequency on gravel roads 

3 11,05.0o o1.s3 tive to traffic, changing from 1 to 6 gradings/year 
AMO._2P_" with AD? varying from 30-250 vpd. For an earth road, 

30,7M.5. the optimum varied from 1 grading/year at an ADT of 
.$io,.g 10 vpd to about 17 gradings/year for a base ADT of 

A 4 0.080.24 4.02 120 vpd. The optimal grading frequencies obtained 
t 7641033 - by the ptceeding analysis were used as benchmarks 

and, where warranted, modified in the light of local 

3 25.2031. experience and climatic conditions to arrive at ope-
I 25,3.86 0.33 rational routine raintenance strategies that main-

AT 00 14 tathed an appropriate technical balance between gra
1 36,614.0 - ding frequency and other easential routine mainte

314 U,"2'7.3 3.1 72.27 
)3 1".93 476.40 nance operations, particularly for earth roads. As
 

4 3).604.26 164.7 a sul*t,the grading frequencies for gravel roads
 
S33122.09 0.0? wtre slightly increased hile those for earth roads
 

AM 1 5o rd and tracks were reduced (Table 7).
 

S462.0.0397 
S12.461.47 J30.37
 

4 12,1S6.04 3*.6) Gravelling
 
3 "2,000.33 ISO1
 

41,1.91 10.43 Surfacing an earth road with gravel provides a 
riding surface which can better withstand the dele

terious effects of traffic and environment, thereby 
permitting all-weather usage. The serviceability of 

levels of bees ADT. Where increment.- benefits ware the road is considerably enhanced, while roitine 
larger than US400/kn (the cost of grading with com- maintenance requirements become less stringent. In 
paction), the grading operation was supplemented with addition, the better surface quality results in low
compaction. The incremental (marginal) reduction in er vehicle operating costs. 
V0C with increase in grading frequency for a lateritic In order to determine the braekaven traffic 
gravel surface is shown in lable 5 with levels of base 'lume at which surfacing an earth road with gravel 
ADT varying from 10-250 vpd. A similar analysis was ur resurfacing an existing gravel road would be eco

nomically justified, a benefit/cost analysis was
 
Ille 4. 11c'61 ,Vptical freq-nTy of lfadlt cper.tio.4 carried out comparing the cost of four gravelling
 

alternatives with benefits resulting from differences
 

in VOCon gravel and earth surfaces with base ADT
Opt lra. Ldl'"a..v..nt7(CvldI'io/yer)

6..d snd £ Cllw..! 	 ranging from 30 to 90 vpd. The gravelling sltara-VAZ) o 

Ootfen* type (?p4) to'l.ct ion' [ gp,,l 1tol1 tives considered were!
 

cr.v.| t 1,d 10 0 1 Altennat ivet
 

,.,-1il,)i 10 I 0 1 A - 10 ca thickness; 6 a width with 0.5 a shoul
s0 	 1 0 1 dare. ' 

I B - 10 co thickness; 7 u width with 0.5 a shoul
90 	 1 1 1dt320 I dere.
 

150 1.- 3 3.4 C - 15 cmthickness; 6 a width with 0.5 a shoul
*00 1 1 123 3 	 D 15er cm thickness; 7 a width with 0,5 a shoul

otLh_"O*4 10 1 0 ders.
 
,.l-~,~I, 10 1 1
 

s0 	 s I outine aintenance stategies shown in Table 7 were 
70 	 6 4 0 asum:ed for the two surface types as required. Mena

*70 	 *6 i fits at given bra* Alt were then calculated aet 

) 0 1 	 1 

Vale Celltof rl lal • tlillo/k 

ef 4lkonpe., e O0l6Veit t.,l bi.41n6 *lI' 0 

http:12,1S6.04
http:S12.461.47
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tile P. slstnce straetotes pregramoutis adopted for the alintenance 


2*44 o .y .res fth Pts! !ratio
 
bes AD?(Pd)z 10 0 C U VD t to s 0
10 IO_3 

Sr,Cr042.

(eersittIyoisrl) I 00 2111 I2222 

withCespactIo
witdles 

cparatleelial....................1 1 2 2
 

Ipo Spairs
(sil,) 2.1.. 50 50 15 25
 

IFs"IaIestto) - 200 10 100 50 * 150 100 50 - 200 

(5.. of eperatiens) 20 t0 30 0 . . . . . . . .
 

alfl~ll potholes, drlan a 'ad vegetation coleo. shoulder Malntenance, etc.
 
bVIII trsctor-drc.. tUrea.
 

T
 
a -l I dT i fa(n)
r.(T) - G) dT) (16)
 

vheres with 452 VL, 152 CO. 252 OC} and 152 CLR vith VOC
 
- present value of difference in vehicle expressed in US/1000 km. The details of the analy

operating Costs between &ravel and sis are presented in Table 8.
 
earth surfaces sumed over a period of The regravelling cycle in years, obtained by
 

one regrevelling cycle (1S$/km); dividing the thickness of the gravel surface by the
 

a * analysis period - regrevelling cycle average annual gravel loas, was taken as the analysis 

(years); period. Discounted VOC savings were obtained as the 
- cumulative number of vehicles during present value of the difference in vehicle operating 

114 year "a in thousands; costs between gravel and earth surfaces over the 

I * grading frequency for earth surface andalysis period as given by Equation 17. The net 

(number/year); present value, then, was given ss the difference 

G ggrading frequency for gravel surface between VOC savings and the corresponding cost of
 

(number/year); gravelling. The breakeven ADT for the four grevell-


f(TE) - average vehicle operating cost equation ing alternatives was taken as the ADT at which the
 

for earth road; net present value becomes zero. At a discount rate
 

(T G) average vehicle operating cost equation of 12% (assumed to be approximately equal to the
 

for gravel road; and opportunity cost of capital), it wae shown that
 

pief(,n)= present worth factor for period a, regravelling alternative B was economically justified
 

discount rate i, and analysis period n. for all roads with a base ADT of at least 47 vpd.
 

Accordingly. 395 kn of gravel roads with an average
 
For this analysis, the average VOC equations for gravel base ADT of 48 vpd (Table 4) were included for gravel
 

and earth roads are given eel surfacing in the maintenance program; the design
 

standards for regravelling comprised a 7. wide run

ning surface, 0.5m wide shoulders, and a 10cm thick-

VODC - 457.39 * 0.0264? (17) nesa.
 

2

VOCEZ 445.20 a 24.97T - 0.3806T (18) 

'able5. lellt cost breakv#2 AD?fir grovellln ely6ta Is deteralne 


RepraII|IlnsCycle Cent olftraellIng PresentVol" of Voc 
bass d'."saI Auanln for ci , (Ll/k.) (tSl1k) Net fatsalhlckoess Selnto at Peant 

bax! '91 Lol A tlte . 1i.2 Dlont lMsO.)Alt.ars) 

(ct) 10 .l. I t A I C 0 A, C.P A 

S 0. 0 1 is 1.15 0.26s 10,745 10,400 2.210 3.l0 -2,IT3 .499 -1.71S-. 440 

142.16 1 it 7.14 1,24) 10,78S 11.400 i.0 10.1W 1.803 I -351-1.10 

1.40. 01 116 1,24 1010,74 2.400 9,68 12.40 6,100 I.10 2.118 440 

S 8.114 101 7,148 43 20,740 22,400 10.6)0 14.ti0 3,66 2.348 4.20) RJiU 

atiestl A J C s 

Trafic lovtehs It se in,nFrect o~ai llon it h Pl VC -. It.¢" 
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Economic Evaluation of the Maintenance Program The incidence and magnitude of vehicle operating
 
costs and related benefits as a function of accumu-


The economt: evaluatton of the maintenance program led number of vehicle passes and level of road
 
consisted of an enineering-economic assessment of the maintenance with and without the maintenance program

condition of the road network and the associated vehi- is demonstrated in Figure 1. Although the proposed

CIO operating costs with and without the maintenance method of economic analysis requires the use of stat
program. Without the maintenance program, it was istical regression analysis and elementary calculus,
 
estimated that effective road maintenance would dec- to estimate VOC savings, It can be seen from Figure 1,
 
1eas systematically ant eventually cease in about 
 that such VOC estimates can be alternately determined
 
four years. Maintenance output for with and without by preparing templates consisting of graphed average

maintenance program conditions is given in Table 9. 
 VOC curves and then measuring the area under these
 

curves for given maintenance strategies.

Table. uMIntnas, outputwithand wlthout"alnan 

Benefit/Cost Analysis of Routine Maintenance
 

-int.,nc.R.olIn, Mantonon., With Prra Costs for routine maintenance included (4.) capital
Crei Earth ,ltin. expenditures for maintenance and workshop equipment,

Road! Poj T 1, l an initial supply of spare parts, buildings, and reit-k! ?lnrensncei 

) lated technical assistance, main-Tesr k.) - and (ii) recurrent 

tenance expenditures for fuel, spare parts and labor,

1 474 161 965 1.600 - incremental to the amount spent without the mainte
a 474 161 565 1,200 1,800 100 nance program. Using procedures discussed in the

3 4?4 1b. 165 go0 5,318 100 preceding sections, benefits were calculated in terms54 400 400 5,318 905 100 of reduced VOC resulting from improved routine main

s 1.uts tenance. The benefits were accumulated over the 14
 
3,315 classified sections and grouped in three categories.


I ,318 The economic life of equipment was estimated to
 - 3.343 
_.average _ __ _ about 8 years while the salvage value of 

buildings at the end of the analysis period was esti-Distrlbutlon of road@and tracks a shownin Table 4. mated at 50Z of initial cost. Other than the roads 

to be regravelled under the maintenance program at

The economic rates of return for the maintenance prr the rate of about 100 konper nnnurn during the first
 
gram (separately for rnutine and periodic maintenanct four years of the maintenance program, gravel roads
 
components), were calculated by relating the incremen- with less than 2 cm of laterite surface were treated
 
tal cost of equipment and other maintenance inputs to is earth roads for purposes of the economic analysis

the corresponding incremental benefits in the form of of routine maintenance. The results of the benefit/ 115 
reduced vehicle operating costs, resulting from cost analysis are presented in Table 10. The econo
improved road maintenance brought about during the mic rate of return for routine maintenance operations 
economic life of the equipment. under the maintenanct program was estimated at 74% 

Yigure It ECONOMICBENEFITS FROMMAINTENANCE 

0 4 e 1 1 5 . it 
k-5 AD '#a- toatI-,, I - 2sc~o t,---s
 

Gt-tG AwtNt,A-

8,-..
4
 

".r. i il li[ft i ft it 
'1i 1 ... t. I t 

sa,,I I . . I : 1 I 

'--',t ' ,:, to,;.O,;, .... - ,'. ,:,S,', ,' . 

V I" 11"t ,.soo . 



116 

Compendium 11 	 Text 5 

2N7
 

table 10. &"lat. nIIwoacse - benefttlcest a alysl 

................
COSTS(tSl as 11 rab) ..... ... .......... . .. rtr ($Iul o). .. ..
 
_ .=_tt.
lsve|nu rt euvrrent al"envt _'_.___. et , _ VOC .Savi.,s


Iqaip.... 6 "1sri¢41 tfk CIth..t I -r : ,rane) luids Iots. X.1JJI isoNis Total 
vear I,.,.Parts bulldingsAssistancePre.ct Projectnats (150 he) (SU h) (3I91 1()11 a)i.) 


I 	 2.81' 0.10k 
 h.2I
 
'943 0.621I .31 0.493 0.493 0.221 1.1490.211 1.601
3 	 0.621 1.49 0. 10 1.03 1.116 1.3)5 4.138 6.$1961.439 	 0.43co 1.013 3.098 2.O. 8 4.233 1.401 

S 	 1.419 0.244' 1.238 1.019 4.121 N."4e.zw6 	 1.19 0.1 .236 3.351 2.593 '.109 9.0301 1.419 0.2.. 1.:36 1.83 1 ..960 4.107 9.679* 	 1.19 0.244 1.236 2.669 3.028 4.914 10.871* 1.419 0.244 3.232 3.0801.236 2.911 11.210
 
0.062b 
 1.419 0.244 0.142 2.212 
 2.120 3.461 1.194 

121 34.11
 

Salarls forPermaaentroadmltinseancestaff.
 
salvagevalueof build1ngs.
 

corresponding to a benefit/cost ratio of 3.17 at a 12% 
 three years of the program; no maintenance
 
discount rate. 
 thereafter (US$ million). 

VOC1 a Vehicle uperating costs under maintenance 
Benefit/Cost Analysis of Periodic Maintenance alternative '1',--2 gradings/year and

other routine maintenance operations over
 
(aegravelling) 
 an 8-year period (US$ million).
 

VOC2 i Vehicle operating costs under maintenance
The coat of periodic maintenance included expendi- alternative '2',-regravelling at 100 ka/
tures for equipment and technical assistance, and year over 4 years, 2 gradings/year and 
operational recurrent costs over the 
4-year regravell- other routine maintenance over an 8-year

In& program. The average regravelling output vas 
 period (US$ million).

satlmatsd at about 100 km per year with a total output Then.
 

of 395 km. A 501 salvage value was applied at the end 
 VOC1 - VOC i VOC savings under maintenance
0 

of the regravelling program, because equipment would 
 alternative 'I'.
le' been used for only one-half of its 8-year econo- VOC2 - VOC0 I VOC savings under maintenance
mic life. Since the regravelling cycle was calculated alternative '2'.
 
t, be about 8 years, while only about 100 km would be 
 or.
 
regrcv( ed each year, the residual thicknes AS iVOC2 
of the - VOCI
 
gravel at the end of the analysis period was also

assigned a terminal value. The annual gravel loss wes 
 The results of the analysis are presented in Table
 
estinated to be about 12.6 
mm per annum. The bene- 11. 
 The incremental rate of return for regravelling

fit* from regravelling were taken as the Incremental operations was 
estimated at 172, corresponding to a

reduction in vehicle operating costs, additional to benefit/cost ratio of 1.26 at a discount rate of 122.
 
the reduction effected under routine mainteance,
 
and expressed sat
 

l - (VOc 2 - Voc 0 ) - (VDC 1 - V(19) 	 Sensitivity Analysis 

Te specific risk elments related to the main-
Vhere: 
 tenance program were increase in costs and possible

AD i Incremental benefits from regravelling shortfalls in the projected maintenance output. A
 

(US$ million), 
 sensitivity analysis was carried 
to evaluate the

VOC a Vechicle operating costs under the null0 effect of these parameters on the economic return of
 

alternative--one grading/year and other 
 the maintenance program components (Table 12).

routine maintenance operations for initial 
 If routine maintenance were confined 
to the most
 

Table11. Sa&ravshloAR- WMefitlost anilyss 

leerIits
 
Costs (LISS* 	 V___i__ions (US$
mlions) ____L_ 

Svate Vaie nt lecrlestal
 
Tec0slcal Pecurrent f10..InaingAlternative
Alteroatlve .sfjeto


Vst Squipmat As latseetapteditareCrans Surfces 1 
 I 	 Alt.I - Alt.I
 

f 0.060 0.464 0.661 0.802 2.099

3 	 0.040 0.444 0.126 1.030 0.312
 

. 0.040 0.484
$ -0.611 0.000 0.444 0.18 1.210 0 40.7615 1.811 0.610 

2.641 )."1 1.0142.896 3.76) 1.049 
B 2.147 3.1l S.A3M 

--0.519 2.16 3.999 .201 

IU a 11.2:
 
IC I III 1.36
 

8 
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table Ii. sinstrIvit, .talNsi 

ta (2) 

I£ evict" Notatenaect - IN74.01; 1/01121,).17 
Ifiacs.f laa d I c Iu 

leeMtk 1.01ekn 

3.20ob 14.1 

.Saohn 63.0
 

l.20 he 	 6.4 

effect f teduc.d texmieot rttlisoa 

Ieeesc Life of tqvupmat:


I Y*278o 14.1 


6 years 	 11.3 

Effect of Costincreses 

ree in Costs: 
 70. 


102 	 u.a 
11 	 $3.1 

201 	 60.8 

affect of L~cEe@e Sewit| 
t 	 f keereess s 

S177.9 
101 81.8 

tIfeet of Reduction is AnnualOutput Of 

per Year:References
 Ktiloeter.legravelled 

100W 11.2 

so he 12.4 

Iffet of Increase in Cost of Re,ro.llinx 
lacrosse In Costs: 

$1 	 16.1 
102 
201 	 13.0 

Effect of Itnrease in lonef r tee. LeravelliftLacrue., to Lestts:
 

1 i8.4 

101 	 19.5 

As. semed under the wino prosi.tesaoce 


important road links (about 3.500 km of roads and 

tracks), it would have an economic return of about 632. 

If the training program failed to produce sufficient 

personnel to expand maintenance operations, or if a 

shortage of recurrent funds limited maintenance to 

current levels (about 1,800 km). routine maintenance 

would yield an estimated economic return of about 27%. 

The economic return for routine maintenance was rela-
tively insensitive to reduced equipment life and the 
corresponding reduction in raintenance output during 
the later years of the program, shoving only a 3 per-
centage point drop in the rate of return with equip-
ment life reduced from 8 to 6 years. A 20% increase 
in costs would lover the economic return to 61% hile 
a 52 Increase in benefits, a distinct possibilitv 
resulting from a probable traffic growth in excess of 
the assumed 3% would raise the economic return to 78%. 

Relative to regravelling operations, a 20t redue-
tio,' in the snnull regravelling output from 100 Ia to 
80 !% would lower the economic return to 15% while 
a 102 increase in benefits would raise it to 20%. 

Conclusions
 

An attempt has been made in this paper to present
 
an improveJ economic analysis method for the evalua
tion of rod naintenance prograas for unpaved roads.
 
The method employs som of the latest resesrch find-

Ings related to traffic-induced deterioration of un
paved roads snd its effect on vehicle operating costs.
 
This eveluation technique removes such of the subjec-


Text 5
 

tivity from estimation of vehicle Operating coats •8 

they are affected by the quality and scale of malate
uce operations and provides the analyst a tool for 

determining economically optimal levele of routina 
and periodic maintenance. The analysis can be carried 
out with a portable hand calculator without recourse 
to expensive and tla-consuming computer-based models. 
Sole of the salient conclusions of the maitence 
program example described in the paper are: 

1. 	 Ifficiently executed routine maintenance 

operations yield a very high economic return eandcan 
help to offset the need for early renemal of the road 
infrastructure. 

2. Once an earth road is surfaced with travel, 
routine maintenance requirements become less etring
ant and require a lower frequency of grading opera
tions. 

3. The optimal grading frequencies reoulting 
from econo ic analysis should be used only as guide
lines in the design of maintenance programs; where 
necessary, they should be modified to reflect actual 
operational conditions. 

4. 	 The minimum breakeven ADT at which gravel 
surfacing of earth roads becomes economically justi
fied varies from about 45-60 vpd, depending upon the 
design standsrds used. 
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EFFECT OF SIKPLE ROAD IMPROVEMrENTNEASJzS ON 
VEHICLE OPERATING COSTS IN THE EASTERN CARIBBEAN 

H Hide, Transport and Road Research 1aoratory, UKi 
D Keith, British Development Division in the 

Caribbean, Barbados 

The paper describes the effect on vehicle 
operating costs of a simple labour-intensive 
method of rehabilitating and maintaining badly 
deteriorated bitumen surfaced roads in the 
Eastern Caribbean. The techniques developed 
for the rehabilitation &r.d maintenance of the 
roads are described, and the equipment, 
materials and manpower required are listed. 
The rehabilitation and maintenance system Is 
a simple one restricted to providing adequate 
drainage, filling the potholes in the road 
and providing a minimum seal over the whole 

All the roads included in the analysis are of 
low strength having a modified structural number of 
less than 312) and have high horizontal and verti
cal curvature (at least 300 degrees/kmn and up to 
100m/km respectively). They carry between 50 and 
1500 vehicles per day and have all been trafficked 
for between one and two years since rehabilitation. 

As the improvements were carried out to the road 
surface only there was no change in road geometry 
but the riding quality of the road surface was 
improved. Riding quality has been measured using a 
vehicle mounted bump Integrstr unit. The rough
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road surface. The reduction n vehicle 
operating costs resulting from the improve-
ment in the riding quality of the road sur-
face is shown to be sufficient to recover the 
rehabilitation costs in a very short time even 
at flows as low as 100 vehicles per day. 
T•hemajority of the roads included in this 
scheme are of low 3Lrength, have low geometric
standards and have traffic flows ranging from 
50 to 1500 vehicles per day. All the roads 
have been trafficked for at least one year 
since being rehabilitated and some for two 
years. During this time little or no damage 

ness vlues obtained were the,. converted to the
corresponding towed 5th wheel bump integrator 
value(1). The road surface roughness as measured by 
this method reduced from 7000m/km before the 
improvements to an average of 4000mm/km on cople
tion of the restoration of the road surfaces. 
Details of these roughness measurements for a 
representative sample of the roads are given in 
Table 1, and their locations are 6hown on the map in 
Figure 1. 

All costs are quoted net of tax in Eastern 
Caribbean dollars (ECA2.7 - USS1s WA 5.2 - [1 
sterling). 

to the surface has taken place. 

The situation prior to the Rehabilitation Prograe 

Introduction St Vincent has 320 kilometres (200 miles) of 

This report describ-es the cost-effectiveness 
of a simple labour-intensive method of rehabili-
tating and maintaining badly deteriorated bitumi-
nous road surfaces, 

The method used to improve the road surfaces was 
developed In the Eastern Caribbean island of St 
Vincent by one of the authors whilst Regional Pub-
lic Works Advisor to the Britisn Development 
Division in the Caribbean. Data on vehicle operat-
Ing costs were obtained from an investigation into 
vehicle operating costs being undertaken by TRRL in 
the Eastern Caribbean and from an earlier study(l).
The cost-effectiveness of the operation is calcula-
ted by comparing the cost of the Improvements with 
the savings in vehicle operating costs resulting from 
the Improved riding quality of the road surfaces. 

bituminous surfaced roads and, with the exception of 
24 kilometre. (15 miles) which have been recon
mtructed over the last 10 years, they had received 
little if any surface maintenance since they were 
first bituminised in the period 1950-1968. This 
neglect had resulted in serious deterioration of 
the running surface characterlsed by extensive pot
holing and crazing, as shown in Figure 2. If a 
'pothole' is defined as having a minimum diameter 
of 150me (6") and a minimum depth of 25mm (1) , t e s 
by 1976 incidence* of one pothole per linear metze 
of road were comnonplace, and in many cases the 
whole width of the road surface had been 
broken up, forcing traffic to drive on the bouliea 
base. The method of construction adopted when the 
roads were originally bituminised wee basically 
grouted macad 

a 
m. A loose layer of 25ms 11) stoues 

was laid over a boulder base, blinded with 1t= (') 
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Stomi sad then penetrated with bitumen and 
finished off with a layer of fimm ') to dust. 
Whilst this method of construction provides a 
reasonably waterproof finish initially, it has the 
disadvantage that once water gains access through
the finished surface it easily penetrates the 
porous 25em 1) layer down to the base, lifting 
oft large areas of surfacing. 


between 1968 and 1976 the St Vincent Govern-
ment, using grants from the UK Ministry of 
Overseas Development, reconstructed 8 kilometres 
(5 miles) of the Leeward (West Coast) Highway and 
16 kilametres (10 miles) of the Windward (East
Coast) Highway. In addition in 1978 the recon-

atruction of a further 19 kLIlometres (12 miles) of 

the Windward Highway was started using funds pro-

vided by the European Development Fund. However 

with reconstructiorn costs of the order of 
S0O,000 per kilometre (A5 million per mile) it 
wee clear that because of limitations on funds the 
remainder of the road network could not be recon-
structed in this way. 

Te amount available for maintenance of bitumen 
roads in the Recurrent Annual Budget is only

5800,000 or 52500 per kilometre ($4000 per mile) 

approximately and the Roads Maintenance Department

found that these funds were sufficient only to 

repair the worst of the potholes with premixed 
bituminous macadam. It was not possible to under
take a maintenance and surface dressing programme

sufficient to arrest the decline of the road 

surface condition. To alleviate this situation 
the UK Ministry of Overseas Development in 1975 
approved a grant to establish a Pilot Road Main-
tenance Unit on St Vincent to train local staff 
in 

maintenance procedures and to develop a cheap,

labour-intensive method of rehabilitating the road 

system in order that its continued maintenance could 
be financed within the recurrent budget allocation. 

The Rehabilitation and Maintenance Programme
 

The rehabilitation and maintenance of 
a typical 
broken bituminous road surface comprises the
following activities: 


1. Clean and improve side and cross drainage. 

2. Repair the potholes, bringing the road pro-

file as nearly as possible to Its original chape.
3. Surface dress or otherwise waterproof the 


repaired surface.
 
4. Maintair the road so repaired by:-
(a) Keeping the drains clean. 
(b) Repairing minor potholes as they appear and 

efoe they become major ones, 

Drainage 

Since the side drains and road culverts had 
become blocked and overgrown and numerous land-
slides had not been cleared, the initial cleaning
of the side drains was carried out using a grader, 
a front end loader, and dump trucks. The cost
of this operation ranged from 
1250 to 52500 per 

kilometre (52000 to 04000 per mile). Thereafter

it has been possible to maintain the drains in good
order at a cost of 5950 per kilometre (5)500 
per mile) per year. 

Ppeiriag Potholes 

'Me
normal method of repairing potholes is to 
trim off the aides, prime with MCOgrade bitumen and 

fill with a premised bituminous macadam. This was 
the method most extensively used in St Vincent. In
order to make maximum use of labour the premix was 
mixed by hand and this was 
found to be more effective
 
and cheaper than machine mixing. The cost of
 
hand mixed material is about 593 per cu. metre
 
(170 per cu. yard) as compared with 0113 per 
 cu.
 
metre 
(185 per cu. yard) for material made by a 
Spotaix machine and 0142 per cu. metre (5107 per 
cu. 
yard) for material bought commercially. It
 
was found that 10 to SO 
cu. metres of premix were
 
required per kilometre (20 to 100 cu. yards per mile)
depending on the state of the road and its width. 
The cost of providing and laying this material 
ranged 
from 51240 to 56200 per kilometre (52000 to 010,000 
per mile). 

In order to reduce the costs of patching still
further a method of grout patching was evolved (Figure 
3). This consisted of brushing clean the area to be 
repaired, priming with an RC 2 grade bitumen, fill-
Ing the hole with a suitably graded stone (the grad-
Ing being dependent on the size of the hole), 
grout
ing with RC 2 bitumen and blinding with sand.
 
Although rather crude, this method was quick and
 
produced a watertight petch. 
 It was also less extra
vagant on materials since 
the hole was not squared

off and was therefore of smaller volume than when
 
filled with premix.
 

Surface Dressing
 

It was soon found that roads repaired as des
cribed above quickly deteriorated again, especially
 
during the rdiny season. Water soon penetrates 
to the road base through crazing in the bitumen sur
face, through small potholes which have not been 
repaired, and through patches. For example the 8 kilo-
Petre (5 mile) long VIgi Highway required the expen
diture of the following sums for repairing potholes 
over a twenty month period:-


Date 
 Cost of re airing
ekil ometres 

ov.75 
 $10,000
 

Mar.76 
 025,000
Oct.76 
 023,000
 
April/June 77* 
 018,000
 

eidiately prior to surface dressing
 

Clearly the repair of potholes alone was
 
insufficient to arrest 
the deterioration and it was
 
necessary to waterproof the road surface by some
 
inexpensive means. Accordingly a programe of sur

face sealing was started in November 1976. After

experimenting with various forms of 
surface dressing,
including spray and chippings and slurry sealing, it
 
was found that the most effective method 
was laboug-Intenbive sandseaLing. This had the following advan
ragess
 

1. It could be readily adapted to labour-

Intensive methods.
 

2. It used an easily obtainable and cheap sur
facing material.
 

3. It provided a dense, waterproof finish. 
4. It caused the minimum disruption to traffic. 

The method of sandesoling employed is as follows: 

1. IC 2 bitumen Is poured on the road surface at 
a rate of approximately 0.27 lltres/sq. metre(0.2 gals/eq. yard). 
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2. It Is then spread with rubber aqueejees. 
. The bitumen is then covered with a layer 

of Snd 25 to 30rl,thick, 
4. The sand Is then lightly rolled. 


shown 	in Figures 4. 5 and 6 and 
a
 

These steps are 

completed road in rigure 7. At normal daytime
0
 

temperatures in St Vincent (over 70 T) the NC 2 
does not need heating and can therefore be poured 
straight from the drums. 

The cost for a kileoetre of 3.7 metre (12 ft) 
wide road is 


PC 2 Situsen 

Sand 

oller 

Labour 

6000 litres 983.42 per #2500 


litre 

100 cu-metres @$7.50 per $ 750
 

cu-metre 
6 days 135 per 0 210 

day 
177 man days @17 per day 01240 

Small 	tools etc # 300 

Total $5000 


or approximately $1.35 per sq. metre (#1.10 per 

sq.yd). 


Regular Maintenance
 

Side Draina3e. As mentioned above the
 
recurrent maintcnance cost for keeping clear aide 

drains and culverts is approximately #950 per 

kilometre per year. which equates to one man per
 
1.6 kilmetre (I mile) per year plus a few hundred 

dollars extra for emergencies. In some instances 


the method adopted for this maintenance Is to give 
one labourer the responsibility 	for keeping clear 
one kilometre of rodd, but usually casual gangs are 

employed to clear specific lengtlis. In either 
case the importance of keeping the side drains 
cleAr to stop water from getting into the road base 


cannot be over-emphasised. 


Surface Maintenance. The object of the rehabili-
tation and surface dressing programre is to bring 
down the costs of regular surface maintenance to 
manageable proportions and in this the programe has 
succeeded. The first stretch of 8 kilometres (5
 
miles) to be s"ndsealed on the Leeward Highway 

has nut required patching since 	it was scaled in 

the period Nov ni)er 1976 to May 1977. The more 
heavily traffi ked Vigi Hitchway 	 was sandsealed in 
early 1977 and to date (Kay 1978) has only required 

minor pothole patchiing on one occasion at a total cost 
of $360.
 

A mobile potchintl gangs of 8 men has been formed 
equipprd with inor tools such as hand ram-era and 
a flat-bed truck fur transport. This qng patrols 
the sealed roads in a 3-month cycle, patching 
with premix or grouting any small failures as they 
occur. 

The cost o! this gang per day is as follows: 

Materllls $150 

Labour 11 n0 
Vehicle $ 45
 
Tools etc $ S 

$180 


Assuming a working year of 200 days the cost of 
one gang per year is #16,000. A gang can maintain 100 

kilometre. (70 miles) of rehabilitated road in this 

Text 6 

way, hence three units will be capable of covering 

ell the bituminous roads In the country at a coOt 
of $108.000 per year when the 240 kilometres 
(150 miles) included in the rehabilitatiop 
p~rograis has been aeltd. 

Cost of the RehOMllitation and maintenance Prograame 

The average rehabilitation costs are given
 
below but in practice they vary 	 from road to road 
as can be more clearly seen in Table 1. 

1. Ne-establishing earth 	 $1900 pet kilometre
 
side-drains (03000 per mile) 

2. Patching potholes 	 #4300 per kllometre 
(0700 per mile) 

3. Sandsealing 	 #15000 per kilometre 

fr: 3.7 metre road 
4OD000 per mile for 

a 12 ft. wide road) 

06200 per kilometre 
for a 4.6 metre road
 
(#10,000 per mile
 

for a 15 ft wide
 
road) 

Haintenance costs after rehabilitation are:

1. 	 Drainage #950 per kilometre
 
(01500 per mile)
 

2. 	 Surface patching after Average #300 jar 125 
rehabilitation kilometre 

(#500 per mile) 

let year Nil
 
2nd year 0 60 - $ 190 per km ) Depending 

(11100 	 - # 300 per mile) on the 
3rd year #190 - # 620 per ku I traffic 

(#300 - #1000 per mile) volume
 

Future maintenance costs are a matter of con
jecture but the Indications are that total 
recurrent costs for maintenance when the programe 
is completed will be: 

Drainage 320 kilometres 1 S 950 * #300,000 
(200 miles 4*1500) 

Surface 3 patching 41#36,000 .j(108,000 
patching units
 

#1W.000
 

This is well within the annual maintenance 
budget and leaves #400,000 for additional surface 
dressing, widening and improvements. 

The life of the eardseal cannot be predicted 
with any certainty as the first stretch was only 

completed in November 1976. However, observation 

Indicates that on lightly trafficked roads a life 
of 5 to 10 years can be expected. 

Tne Effect of the Improvements on SJrface RLughness
 

The roughness of the roads included in this 
programse was measured using a vehicle mounted 

Rump Integrator Unit. Roughness measurements were 
taken before during and after 	 the rehabilitation 
operations. Typical results, together with
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rehabilitation and surfacing costs, are given
inTable 1. 

in the worst roads on the island roughness of 
nearly 10,000mm/km were recorded, whilst those 
recently completely reconstructed gave readings as 

low an 25S00nr/ka. It was found possible in the 
rehabilitation programme to reduce roads from 
700Om/km down to 4500mf,/km by patching, and to 

achieve a furtJer reduction to 400tm/ke by sand-
sealing, 


Derivation of the Vehicle Operation Costs 


Methodoloqy 


The method used to calculate the vehicle 
operatir.g costs for this evaluation is the same 
as that used in the TRRL Kenya study(_) where the 
various components of total vehicle operating 
costs were considered separately on a quantity 
rather than a cost basis: the cost at any particu-
lar time being obtained by applying the relevant 
unit costs in operation at that tine. 

The components of total vehicle operating
 
cost used in compiling the figures calculated for 

this study were as follows:

2. Oil consumption. 

3. Spare parts. 

4. Kaintenance labour. 

5. Tyre consumption.
 

As the geometry of the road system in St 
Vincent is the main factor controlling the speed 
of vehicles rather than the condition of the road 

surface and distances travelled 	are short, very 


little change in journey times between vartous 
points on the island has occurred since the 


road improvements. The average annual useage of
 
vehicles has also changed little and therefore 


the value of time and overheads has been virtually
 
unchanged, although in the case of the latter there
 
may have been a slight reduction due to the fall 

in vehicle maintenance requirements.
 

Vehicle Types Evaluated 


Three types of vehicle were considered to be 
sufficient for the purpose of this study to 
represent the overall vehicle population travail-
Lng on the roads of St Vincent. They are: 

I. A 'European type' saloon car with a 
1600cc petrol engine, three years old and having 
covered 32,000 kilometres (20,000 miles). 

2. A large van with a 2000cc petrol engine 
end carrying capacity of I tonne, three years 
old and having covered 48,000 kilometres 
(30,000 miles). 

3. A 7 tonne carrying capacity truck with 
a 5000cc engine, three years old and having 
covered 64,000 kilometres (40,000 miles). 

Vehicle operating Costs for each Veh~cle Type 


The following tables give the cost per kilo
mtre, net of tax, for the components of vehicle 
operating cost included in the analysis both before 
and after the improvements to the road surfaces 
at the unit costs prevailing in 	 1970. 
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1. 1600¢€ saloon car (European type) 

component before after ratio beforeafter 1.65 

fuel 0.06 0.06 
oil 0.01 0.Cl 
parts 0.09 0.04 reduction  $0.11 per km 
labour 0.04 0.02 in cost (10.18 per 
tyres 0.08 0.04 mile) 

total 0.26 0.17 

2. 2000cc 1 tonne van 

component before after ratio 	beor . 1.65
 
after
 

fuel 0.07 0.07 
oil 0.01 0.01 
parts 0.12 0.06 reduction $0.13 per km 
labour 0.04 0.02 in cost (U0.21 per 
tyres 0.09 0.04 mile) 

total 0.33 0.20 

3. 5000cc 7 tonne truck 

before
 
component before after ratio ft.---r 1.42
 

fuel 0.11 0.11
 
Oil 0.02 0.02
 
parts 0.11 0.07 reduction - 50.13 per km
 
labour 0.04 0.03 in cost ($0.21 per
 

tyres 0.16 0.08 mile)
 

total 0.44 0.31
 

The unit prices used in deriving these figures ares
 

Car Van Truck
 

Vehicle cost 520,000 925,000 545,000

ruel (litre) 50.49 90.49 $0.40
 

Oil (litre) 50.67 50.67 50.67 
Labour (hour) 56 56 56 
Tyree 072 5112 0260 

At these prevailing units prices the direct 
savings in operating costs per vehicle kilometre 
realised by upgrading the road surfaces so that the 
urlace, roughness Is reduced from 700m/km to 
400' /km Is 50.11 for a car, $0.1) for a
 
I tome van and 50.13 for a 7 tonne truck. 

71Terelationships used to calculate the quanti
ties of fuel, oil, spare parts and tyre consumptlon 
and to estimate the number of maintenance lebcur 
bours, are given in the TRPL Kenya Study report( ) 
and the Transportation research board, Special Report 
160(3).
 

The Cost Effectiveness of the Road Improvements 

In order to assess the coat savings likely to 
result from the Improvements made to the roads, it 

to neceasary to take into account both the cost 
e the initial rehabilitation en the likely fature 
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coats of maintaining the roads, 
The average cost of rehabllitating one kiloastre 

-
of road i8 11. 200 (11,000 per alls) made up as 
follows: 


improving drainage 0 1900 per kilWoetrs 

filling potholes o 4300 per kilcuetre 

sand easling S 5000 per kiloetge 


total $11,200 per kilmetre 

This is a once and for all expeoditure provided 
that the annual maintenance progrme described 
below Is adhered to. The costs of this programs 
arel 


clearing drains a 950 per kilometre 

patching pothole& 0 340 per kilometre 

re-sealing $5000 per kilametre 


The first two operations are carried out each 
year, but resealing is only undertaken when 

necessary, depending on the level of traffic on 

each particular road. Although none of the reha-

hilitated roads have yet reached the stage where 

further resealing is necessary the condition of 

those which have been trafficked for two years 

since being upgraded suggests that further resealing 
will not be necessary for at least another year 
for the most heavily trafficked roads. Three 
years has therefore been taken as the frequency 
with which the most heavily trafficked roads carry-
Ing at least 1000 vehicles a day will require re-
sealirq and four, five, six and seven years has 
been as.uwed for roads carrying 600-1000, 

200-600, 100-200 and less than 100 vehicles a 

day respectively. 


As stated above the stvings in vehicle operat-

ing coats per vehicle kilametre resulting from the 

upgrcding of the roads are $0.11, $0.13 and 50.13 

for 	cers, light commercial and heavy ccsercial 
vehicles respectively. These give an average
 
figure of 50.12 for all vehicles on the basis of 

the proportions of the different vehicle types in 
St Vincent. 


In the analysis the cost effectivene:. of th 

scheme is exaJsinpd at various levels of traffic, 

The 	 costs and benefits are discounted back to the 
base year in which reconstruction takes place and 
the number of years it takes to recover the initial 
reconstruction cost is calculated. The present 
best estimate of the rate of growth of traffic in 
St Vincent and the discount rate cuzrently being 
used to assess road improvement schemes in the LD'a 
of the Eantetn Caribbean are both 10%. Although 
ane Information existed on the cost of previous 

msintenance on the Vigl Hijhway, there was 
not sufficient to be able to include this gener-
ally In the analysis. 

Table 2 compares the costs and benefits for each 
traffic level considered. It can be seen from the 
table that the cost of rehabilitating any road with 
traffic flows of more than 300 vehicles a day is 
recovered through savings in vehicle operating 
costs in the first year but it takes progressively 
longer at lower flows (2 years ct 200 veh/d, 5 years 
at 100 veh/4 until at S0 veh/4 it takes 12 years. 

Thin progression is illustrated more clearly 
in the graph shown ii, figure a. 

lumvs ry 

The simple labour-Intensive methods of road 
rehabilitation and maintenance described in tis 
paper were developed because of the recssity to 
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find a cheap way of improving the roads of at
 
Vincent. rull scale reconstruction was too espan
sive to be applied to the majority of the 320 
kilometies (200 milesi of surfaced roads in oed
 
of rehabilitatlion.
 

The methods described will enable all the ar
faced roads to be improved and maintained within
 
the 	 present annual maintenance budget, leaving 
sose resources for Improvements to the gradient,
 
width and alignment of the roads each year. The 
savings in vehicle operating costs due to the
 
improvement in the condition of the road surface 
equal the cost of the improvements to all the roads 
included in the scheme within two years, and from 
then on the net annual vehicle operating cost
 
savings will substantially exceed the apnual cost 
of maintaining the roads.
 

The 	 labour-intensive method of sealing which 
has 	been auopted permits a very flexible approach
 
to the management of road maintenance, it being
 
possible to switch a maintenance gang from one 
area to another at a few hours' notice.
 

The maintenance technique edopted has greatly
 
reduced the cost of operating vehicles in St Vincent
 
and 	at the same time has increased the amount of
 
work which can be carried out on the roads within
 
the 	fixed budget available to the Roads Department.
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Table 1 

Rehabliltation costs and surface roughness of game Individual roads 

Reference 

number 

Location of 

road 

Length 

ke 

Rehabilltation 

n 

costs per km Roughness (mm/km) 

Before After After 
Patching patchIng sealing 

Vehicles 

per day 

2 

Vig Highway 

(Nesopotamla 

- Arnos Vale) 

Leeward Highway 

(Layou - Warouallie 

I 

6.5 

025W) 

52000 

06200 

$2500 

06200 

05600 

7900 

7500 

4300 

4800 

3900 

3800 

1540 

250 

Montreal Road 4 51300 6200 5000 9300 5800 5400 560 

4 

S 

6 

Vermont Road 

Calder Road 

Clare Valley 

4 

3 

2.5 

01600 

52500 

01000 

03000 

56200 

52000 

55000 

55300 

55000 

7500 

9300 

7000 

4400 

4800 

4600 

4200 

4500 

4300 

140 

180 

110 

elast.rn Caribbean dollars. 1978 prices. 

Table 2 
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The time taken to recover rehabilitation costs on low flow roads 
(all costs are in EC dollars for 1 km of road) 

flow 

(Yah/d) 

r ehabili- Annual 
tation maintenance 
flost cost 

( 106) 106)
(Vehd) Oc"s X1010 

Annual 
VOC 

savings 
savings6 s X 0 

Net annual 
savings 
par ye1) 
pe yar) 
( 06 

Number of 
years to 
recover 

rehabilitation 
cost 

400 

300 

0.0112 

0.0112 

0.0023 

0.0023 

0.0158 

0.0119 

0-0135 

0.0096 

0.8 

1.2 

200 0.0112 0.0022 0.0079 0.0057 2 

150 0.0112 0.0021 0.0060 0.0039 3 

100 0.0112 0.0021 0.0040 0.0019 5 

50 0.0112 0.0020 0.0020 0.0000 12 
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Fi1gure 1. HAl' of St. Vincent slowing the roads 
Included in the rehabl itation scheme. 

Figure 2. 
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,Figure 6 

Figiirv 5. 
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NOTE: Figure 8 was not included in TRR 702.
 
It was subsequently reproduced in Transportation
 
Research Circular Number 214, January, 1980,
 
as shown below.
 

Effect of Simple Road Improvement Measures on Vehicle Operating Costs in the Eastern Caribbean

H.Hide and D.Kelth
 

Insert Figure 8 on page 276 
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Project Correspondent Pascual A. Caballero, Bureau of Barangay Roads, Ministry
of Public Highways, Republic of the Philippines. 
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OUTLINE OF A GENERALIZED ROAD ROUCHNESS INDEX FOR WCPDZIDE USE
 

W. R. Hudson, The University of Texas at Austin
 

The solution to the problems of providing uniformity 	surface, e.g., its desirability for use.
in roughness measurements is not an 
easy one. No Road roughness can be thought of In many ways.
perfect 
answer exists, only a set of Intelligent 
 some people talk about smoothness, others, servicealternatives. It is vital, however, that soqe type 
 ability. The Canadians use riding comfort and
of framework be set up so that coordination can 
 there are national committees in the United States
begin. A multifaceted approach is proposed as 
 to evaluate "riding quality." Still others talk of
follows: 
 surface profile. In the European committees of 
PIARC, the Permanent International Asociatio of1. Develop a Generalized Roughness Index Road Congresses, the English term "roughness" has
(GRI) which has a sound basis and can provide a 	 come to be associated with surface texture and skidpseudo-standard for comparison of all methods. 
 resistance or hydroplaning. Herein, roughness and
2. Evaluate the use of an artificial call- smoothness can be defined as opposite ends of the
bration method 	 137(such as developed by the Transport 
 same scale. A general definition of roughness mustand Road Research Laboratory) with a variety of 
 describe those surface characteristics of a road
Inatrumentr and cases to determine its value, 
 which affect the riding quality as perceived by the
problems, and utility, 
 road user.
3. Apply the concept of a standard rating 	 The availability of a roughness scale to
panel to provide an additional methodology for 
 Important in terms of evaluating a road and its
defining and reproducing the CR! in countries all 
 performance, but it is also very important in terma
over the world without the cost of purchasing a 	 of evaluating vehicle operation and user costs. 
 A
stable profilometer, such as 
the General Motors 


device, 	
common roughness scale for worldwide use regardless

of the level of roughness, e.g., gravel surface or
4. Evaluate the use 
of rod and level surveys 
 paved surface, is highly important.


and recommend field equipment to simplify and
 
speed up such surveys for establishing calibration
 
points on a CR1. 
 Surface Roughness
 

It Is recommended that a CF! be implemented to 
 Serviceability, or ride quality. is largely a
test these concepts. Cooperation will be needed 
 function of roughness. Studies made at 
the AASHO
among several countries and agencies. Particular 
 Road Test (8) showed that about 95 percent of theattention should be given to coordination of 
 information about the serviceability of a road is
research data from the Kenyb, Brazil and India 
 contributed by the roughness of its surface profile.
projects, 
in which the World Bank Is involved. That is, the correlation coefficients in the present
serviceability, or PSI, equation studies improved 
only about 5 percent when other factors were added 

Background to the index (8). Francis Hveem discusses thisproblen in several papers. 
He states that "there is 
no doubt that mankind has long thought of roadOne of the primary operating characteristics of a 
 smoothness or roughness as being synonymous with
highway or pavement at any particular time is the level pleasant or unpleasant." Road surface roughness is
of service that it provides to itp users. 
 In turn, not easily described or defined, and the effects of
the variation of this level of Fervice, or service-
 a given degree of roughness vary considerably with
ability, with time provides a measure of the road's 
 the speed and characteristics of the vehicle using
performance. This performance and the cost and benefit 
 the pavement.


Implications thereof are 
the primary outputs of a 
pavement management system. 
 User costs are particular
ly related to road roughness on very roug' roads. 
It Roughness rafimed 
ves shown by Carey and Irick (5) In 1960 that roadsurface roughness was the primary variable needed to 
 Road roughness is a phenomenon present im a"plain the driver's opinion of the quality of service- road surface that Is experienced by the operator Idability, or level of service, provided by a road 
 passengers of any vehicle travelling over that 
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surface. Surface roughness is a function of the 

road surface profile and certain parameters of the 

vehicle, including tires. suspension, body mounts, 

seats, sic., as ,el as the sensibilities of the 

passenger to acceleration and speed. All of these 

lactora undoubtedly affect the phenomenon of roughness.

Safety considerations also influence our acceptance 

of roughness. Hudson and Haas (10) refer to "pavement

roughnesN" as the "distortion of the pavement surface 

which contributes to an undersirable or uncomfortable 

ride." This definition refers to the road surface 

and divorces itself from other considerations. For
 
purposes of this paper. thia definition Invtlving

aurface distortion will suffice in terms of "road 

roughness." 


Components of Roughness 

To define completely a roughness function aome 
evaluation of the roughness of the entire surface 
area of the pavement should be made. However, f .
 
practical purposes this roughness can be divided into
 
thr.e components; transverse variations, longitudinal 

variations, and horiznntal variations of pavement
 
alignment. In other words, any functional roadway
 
parameter which imparts accelerations to the vehicle
 
or to the riders must be examined. 'ore particularly
 
of Interest are those functions which Influence the 

comfort and safety of the rider and/or the deterior
ation of the vehicle. Previous studies have shown 

that longitudinal roughness is probably the major
 
contributing factor to undersirable vehicle forces
 
(8). The next greater offender is transverse
 
roughness (e.g., the roll component transmitted to
 
the vehicle). The horizontal curvature of the
 
roadway, which imparts yaw forces to the vehicle, Is
 
considered to be the least offensive and the one
 
which is normally handled by following good highway 

alignment practices. Since most vehicles (approx
imately 70 percent) travel in a well-defined wheel
 
path with their right wheel located approximately 

one meter (2-1/2 to 3-1/2 feet) from the outside lane 

line we conclude that measurements of longitudinal 

profile in the two respective wheel paths 1.83 meters 

(six feet) apart might provide the best sampling of 

roadway surface roughness. Furthermore, comparison

between the two wheel paths can provide some 

measurement of the cross slope or transverse ear-

atlons which are also important.
 

A rider in a vehicle passing over a road surface
 
experiences a ride sensation. This ride sensation is 

a function of the road profile, the vehicle
 
parameters, and the vehicle speed. A variation of 

any one of these three variables can make a rough road 

profile appear smooth or vice versa. Therefore, we 

might say that, from a passenger's viewpoint, rough-

ness is an unfortunate combination of 
road profile, 

vehicle parameters, and speed. Riding character-

istics of airplanes are also affected by the proper-

ties of the pavements and of the aircraft. Acceler-

ations of sufficient magnitude to critically affect 

safety of aircraft operations are sometimes obtained 

over poor pavements, 


Although some vehicles have hard suspension and 

others soft, the vehicle parameters (tires, suspen-

sion body mounts, seats, etc.) do not vary •ufficimt-

ly to make a significant change in passenger comfort, 

With the limitation of relatively fixed vehicle 

parameters it is apparent that ride sensation is most
 
dependent.upon the car excitation generated by the
 
various combinations of road profile and vehicle 

speed. Host drivers have experienced the sensation
 
of either slowing down or speeding up to Improve their 

ride on a particular road. This indicates that the 

road has a wave length content which, when driven 
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over at a particular speed, produces an excltatiou
 
in the vehicle at one of the vehicles resonant
 
frequencies. The typical passenger car has resonant
 
frequencies at between one and ten cycles per

second. The relationship between wavelength, car
 
speed, and car resonant frequency Is showm in Figure

1. This relationship indicates that at many speed&
 
there is a road wavelength that will cause an
 
excitation at one of the car resonant frequencies. 
If the amplitude of that wavelength Is large, the
 
car ride will be noticeably affected.
 

Figure 1. Relationship between resonant frequencies
 
of cars, car speed, and pavement surface wavelength.
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In general, t'st passenger car ride character-

Istics are very much alike, and for any particular

road most cars will be driven at about the sm
 
speed. With two of these variables held relatively
 
fixed, the excitations into the car and thus the
 
riding characteristics of the car become primarily
 
a function of the wavelength content of the road
 
profile surface.
 

Surface Roughness Evaluation
 

Roughness evaluation has received considerable
 
attention from many highway and airport agencies in
 
North America. Roughness is the primary component
 
of serviceability and a large number of different
 
roughness measures are In current use. 
This concept
 
of preception b- the highway user is important.
 
This definition of roughness excludes surface
 
texture and microtexture of surface aggregates since
 
these are not perceived by the user to affect riding

quality. Instead they affect skid reiastance and
 
other operational characteristics but will be
 
excluded In this paper. The diameter of the surface
 
stone used in pavement surface treatments which
 
causes "noise," is discernible to the user, has an
 
effect on the user's perception, and Ia rougheess by

this definition.
 

SurfaceProfile
 

Many authors, such " Darlington (6) mad Corey

(3), feel that a surface profile is the best way to
 
characterize roughness, In terms of profile, rough
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nas can be defined as "the summtion of variations available, Including (6. !. 16, and 22).
in the surface profile." Profiles In this sense do 
 Since so much has been written about the various
 
not include the overall geocetry in the road but are Instrustts available, we will not attempt in this
lamted to wave lingths in the surface that 
are less short pape; to review all these measurement methofs

than approximately 152.4 oeters (500 feet) in length. 
 i detail. See (14,16. and 39) for details.
 
in Darlington's terms, roughness is "the analysis of 
the profile or of the random signal known as profile."


Carey in QI) points out four fundamental uses of Coarison of Measurement and Sumary Techniques

turface profiles or roughness measurements: as con
struction quality control tools, to locate abnormal Aegardlsaa of the measurement and type of smmary

cLanges in the highway such as drainage or subsurface techniques used, it is essential that a 
good refer
problems, extreme construction deficiencies, etc.. ence be established and maintained. 
 It is equally
to establish a systemwide basis for allocation of 
 Important that accuracy be maintained in stmatiom.
 
pavement maintenance resources, and to identify 
 Darlington 6 points out that three basic
 
pavement serviceability-performance histories, 
 reference methods have been used historically to
 

In sumary, a profile Is a detailed recording of measure roughness: the so-called rolling straight

surface characteristics and roughness or smoothness 
 edge or land plane, as illustrated in Figure 3, the

is a statistic which sumarizes these characteris- inertial 
mass as used in the SPR Roughometec,
tics. Thus, roughness-smoothness is a statistic or illustrated in Figure 2, the Mays meter and the PCA
number which summarizes the riding quality or surface 
 meter which the automobile serves as the inertial
 
profile of a road. 
 mass and, finally, an inertial reference profll-
How rough is rough? Once the surface character- ometer, such as the Surface Dynamics or General
 
istics are suimmarized. It Is essential 
to establish Motors Profilometer, where an external reference is
 
a acAle for thia statistic or summary value. This provided.
 
can 
be done in many ways, as pointed out by Darlingtoo

(6_). Traditionally there are two ways of determin-

Ing this statistic; mechanical integration and 
 Figure 3. Land plane roughness device sometimes

mathematical Integration or analysis. The first of 
 called Profilograph or rolling straight edge.

these methods is the most commor., that Is, the use
 
of some mechanical instrument or the
device, such as 
BPR roughometer in Figure 2, to mechanically filter 
and sw .arize the dnta in a specified way. The 
second method Involves recording the profile as 
faithfully as possible and then analyzing and/or 
integrating this profile mathematically with some
 
standard mathematical procedure, such as that out
lined by Walker and Hudson (31dnd 32), Roberts and 

Hudson (24 and 25). and Darltngton (6 ). The most 
common methods in current use for mechanical measure
ment and summary include the BPR Roughometer (1_ and 
.j), the PCA Roadmeter (. and Z), the Mays Meter (32 Figure 4 illustrates by means of a Bode plot the
and 33), the Chloe Profilometer (4). and the land tranrfer function or response of several types of
plane or Profilograph (roIling straight edge) (28). instruments to th 
 input of road roughness. The 

problem is that the straight edge or land plans
device is so erratic in its response that it toFigure 2. Schematic Diagram - SPR Roughometer relatively useless. This is illustrated in Figure
4, where the effect of roughness wavelengths which
 
are any multiple of the length of the straight edge
 
results in zero output from the device.
 

Darlington simulated the response of the BPR 
roughometer (or vibrometer, or seismic reference 

e " 0Whdevice) on an analog computer using measured 
physical characteristics of the Instrument. His 
analysis shows that the roughometer type device 
yields reasonable results for wave length In the 
region of approximately 1.22 to 4.26 meters (4 t-)ISfeet). Wave lengths Inthe range of 4.26 to 5.48 
meters (14 to 18 feet) are badly distorted, and wave 
lengths beyond 6.70 mters (22 feet) rapidly atten
uate to aero response.
 

Oempirs Theneed forcompatibilityorGenerality
 

As outlined above, diverse measurements of 
roughness are used around the world. It Is not 
feasible to talk of equality @amn these measure
ments since It is not possible to provide compat-
Ibility among the various measuring systems if proper
consideration is given. This compatibility involves 
two levels of concern: "Zxternal" compatabilfty 
relating to whether the results of one agency's or 
country's work has quantitative relationship or 

A umber of studies have been made to compare meaning to those of another agency, and "Internal" 
these Instrtments and a ntmber of references are Compatibility -- relating to correlating results.achieving repeatability, etc., within an agncy. 

139 
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Figure 4. Theoretical differences between SD Profilometer,

Chloe, rolling straight-edges and seismic roughometer
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Thie second aspect of c~patbility is well illus-
trated by the Brazil Project (js) for it is essential 
that measurementa madein all parts of Brazil be 
Coptible with each other even though it is not 
possible to make all the measurements ,,itha single 

The problem of external compatibility is beet 
illustrated by the fact that results of studies inlenys can be compared to the findings in Brazil only 
if there is compatibility between the tvo sets ofroughness' data. I feel this can best be accomplished
by establishing a "generalized roughness index' which 
can be used as a compatible base of c€mparison. This 
is preferable to selecting any particular measurement 
system, which itself may be changing and which msy
not be available to a particulir potential using 
agency.*

If a Generalized Roughness Index (CR!) is used,
the the mtter resolves to one of providing some wsy
of daereuing the CR! in any particular instance. 

In his opening remarks to a National Conference 
onroughness mesurements and correlation in 1972. Mr.
V. N. Carey, Jr., Executive . rector of the U.S. 
Transportation Research Board speaks to these grob.
lem (2). 

A third use of profile measurements is to 
establish a systematic staewide basis for 
ellocation of pasvement mainteaance resources,
A terd of caution here is in order. In the 
Interest of finding low-coat tools that can 
beeasily available to each highway departmntdistrict, there is a tendencey to suggest 
highly simplistic devices. Ibelievethat
relianceonthesedevicesmay redto er s 
mistakesinthed velopmetof prioritiesfor 
mantenanceeeenditures , .stnrd 

arey' oment can easily mextedd t include low-
nl&mecsn unpaved r todplein in deealoping 

00 30 

countries where roughness can be teed not only for 
allocating maintenance resources but also for escer
taittng and conaidering uaer and vehicle operating
coata. Although the absolute accuracy required for 
these various purposes may differ in all cases. 

rltv cuayadcptblt r moet 

Historyof EughnessCalibration ndCorrelation 

The earliest roughness measurements were 
reported by Hogentogler, as far back as 1923 (42) and 
early development of the Roughometer waa reported in 
1926 (19). Even in these early developments the 
need for calibration was readily recognized. From 
1941. when the IPO Roughoeter became "atandardized" 
the Uureau of Public Roads (now the Federal BighwayMmilnistration) maintained a "standard calibration 
section' for testing any new or modified EPR Rough
ameter. It waa obasred from the beginning that 
instrmente manufactured a nearly alike as possible
did not record the same roughness value for the same 
pavement. The fallacy of a single calibration sec
tion is discussed by Hudso and Hamn (j..).

It is not possible to calibrate a dynamic 

instrminnt at a single point over its range end 
expect the calibration to be slisfactory for uae of 
the intrtment over a full range .f roughness. This 
is illustrated in Figure S where a standard rough
se section with a value of 10 has been eat up. Vs 
might jse th. mny other instrument which reads10 would be calibrated to the standard value. In 
fact, this 8esiption is depicted by the solid "lineif an in n rea 10. i s 'clibratsdandh 
tiuanwillutriesnwhren hes stcan ibrdatoeto rds 

t t ras 
20, 0r e the standard o ttibest reads 30 etc.Alternatively line No. I illustrates a plausible ae 
of a l Nrrelati ahip tr a n Ctrmet at.I 
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Fiore S. Sile point SPR calibration problem.
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calibrated to the standard Instrument on the aection 

with value 10. Without additional tea, points we
 
vould not realize that the slope of the calibration 

lne is really different from the assumed line of 

equality. Dotted line No. 2 Illustrates a more 

complex case of nonlinear relationship which would, 

of course, also be missed with the single point 

calibration. Some twenty-four state agencies had 

BPR Roughometers in use in 1960. Many of these 

devices have been calibrated by this one-point method 

and by no other method, 


Roughometer Calibration Course - AASBO Road Test 


As reported by Hudson and Hain (15) there was a 

need to use the Roughometer in the AASHO Road Teat 

but it became obvious very early, with the AASIIO 

Profilometer to conpare to, that the BPR Roughometer 

ws a variable Instrument, difficult to keep In 

calibration. In our work at the AASHO Road Test we 

were not snly involved in neasuring the roughness of 

all pavemtnts with the AASIIO Profiloseter and in 

developing and operating the BPR Roughometer. but
 
also in checking and calibrating at least six rough
ometerm from states such as Michigan, North Dakota, 

HMnnesota, and Wisconsin which brought their instru
meats to the Road Tent for calibration against the 

AASHO Profilometer for determining serviceability. 


lsically the method involved the installation 

of aluminum bars on the surface of a smooth rigid 

pavement to establish four separate test sections of 

different but known roughness. The roughnmeter 

mold then be checked against the standard sections 

at amy required time, 
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TRRL Pipe Calibration Course 

Another artificial calibration technique has been
 
proposed and used by the Transport and Road Research
 
Laboratory in England. This concept appears to have
 
promise for use as a calibrating device or standard
ization method around the world. A short note on
 
the soethod is presented in (39). Brielry, the
 
method involves the selection of a smooth pavement
 
section approximately 300 meters (985 feet) long as
 
a standard. This smooth section becomes the
 
smoothest section In a series of 6 calibration
 
settions. Subsequently rougher sections are created
 
by adding artificial bumps to the surface of the
 
standard sections by means of pipes with external
 
dIsmter of 3.413 centimeters (1.3 inches). A total
 
of six levels of roughness are created. Thus, the
 
problem of one-point calibration is alleviated and
 
yet the calibrating agency need find only one smooth,
 
relatively unchanging pavement section. The absolute
 
profile of this basic smooth standard section can
 
likewise be checked with precise rod and levels on a
 
quarterly or semiann l basis as necessary.
 

Use of a "Standard" Device for Calibration
 

Probably the sost widely used method of calibra
tion and correlation has been the uae of some type
 
of so-called standard device. Really this approach
 
should be divided Into two types. The first involge
 
the selection of one replicate from the group of
 
similar devices being used and the use of this
 
replica only for calibration purposes sothat It
 
presumably does not "wear out." This is the
 
approach that the BPR took with the check section
 
am outlined earlier. I liken this approach to gold
plating a crowbar, If you have two doxen crowbars
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ao~ iu 1an_ perpnd of6 1eec 

andu slect on a t itappreaston'e more
otrem rl 

perfect In shape and we ght than the otherss plate

Itwith gold, what do you ha:ve? Still a crouwbar, ---
albeit a thiny There is littleand expensive one. 
evidence that this typoeof- |tadard" beendevice Ir.io 

successful Inetrue calibratoee and correation.* 

-The second typedof standard deviceInvolv i the 
use aofmaster device which is Itself calbratIble 
or'which ha A-'a 't andard 7Df av:curacy'h Ich -1' r IvarIs 7 
a magnitude greater than tho other devices for which 
It Is to be the The Rad Testmaster control, AASHO 

- rofilometer was such a device which became a stand-

ard against which dozens of Chloe Proflometers aond 

after the AASHOoad Test. T4is approach Is di 
cuased below as the Texuas Calibration Course. 

SPGroud mcer ~e airtedoring aeedhootUse wernd2)of Hydraulic Shaker Table 

The Central Motors Profiloneter was originally 
developed for obtaining road profileInput which could 
be fed into a vehicle ride simulator for testing 
vehicle oupenslion at ulMotorsthe Genera Proving 
Ground ( 6end 27), Some authorities feel that a 
allt approach can be used for i standardbnputting 
roughness torea machine in-enanalytically controlled 
manner tocalibrate other devices.'eThis method 
involves observing the responses of&a messuring 
device in a laboratory with a servo-controlled 
hydraulic ram resting under each wheel Known ex-
citation Ls applied through the hydraulic rams to . 

the vehicle to determine its responsoe.r specific-
ally, the wheels of the vehicle are vibr&atedby-a 
ehakertable In a manner to simula oreration of the 


vehicle na-each of a set of standard tst sections. 

Road 'profile data obtained with an.instrument such as 
CM .rofilomeer are used to drivethe shakerantable.• .feld, he haer sorceofdiscrp .nMyre


for any number of 

successive recalibrations over any period of time 

and., In that sense, would not change. 


There Is,of course, some question about theou 

correspondence betuen readings obtained byshaker 

table and roughness measurements obtaind in the 


The profile data tape could be tused 


field. The, major source, of, discrepancy, remains in 
the fact that the vehicle is moving and wheels are 


L

rotating while measurements arebe ng made' in the 
field but not.whileoperating on a shaker table. The 
dynamic vs. stmticntire conditions are of particular-
concern. At the present time the.National Cooper-
ative Highway Research-Program is undertaking a 
research project which will undoubtedly investigate, 
the akoe table approach to calibration of.roughness 
devices(21j. n general, this method does notscem 
possible r use worldwide since theshaker table is 
cumbersome and expensive, Ifa simple version could 
be 'tvisdIt could be duplicated and.purchaned by
interested goups but a great deal of research and 
development Is required and we must await the results 
of the study. 

Ta-e Calibration Course -.
 

The Center for IIIvWy Reserev and the Texas 

State Department of.HighwaysAnd PublicTrana-

portation use' the 311P
or-Ceneral Motorsprofflometer 


• 


, 

master calibration device :for aseries ,of lasys
a$,,a 


*-

I 

. 

.
 

a sof calibratin Secilons. Theseisections aren 

run .culanrybye igt tyaM eters to inure that
their calibration reininstable. IA'control- char 
procetAre and regular cb.eckprocedure similar to thtt 
outli re,by illiao t Is followed ;n32 rvd 34)..o , 

BhaiLall", Texa. iriintaiis a groupnof_25 pavetnt 
sectai. m which varyn fod smooth to.rough.ay Every- a---

e

threo mouiths the profilo s of allthes sections are 

ea or and'ana lyzeJ-vi th -t he -SDP: prof Ilometer,i lnm 
this tiny, a Bet of pavements with known rou ghness 

t, Th'bris 

.'

i '.' 

-' >' 

-'
 

.we 


the profile to yieldeatimates of verticalaccel
oration presentn the profile. A relationship has,
 

,in
turnbeen developed between vertical accelera-
tions-andeS. ......--


Calculations are simple and do not require a 
large conputer facility'as is the case with existing 
profile analyzing methodssuch as power spectral 
density#nfournor transformtand digitalffiltring. '. 

Road profile rootmeansquare varticalaccelerations 
have a strong correlation ith Haysneter etoughness 

. In checkingsand c 
bratny oeother roughness instrument . nyl nastru

are avi available for use diii 

ment hich appears to b giving erroneous thereadingsad 

valu.s plotted ona standard control chart.' If a 
device Is "out-of-control' on three or four sections 
then it Is thoroughly c ncked, mechanically repaired, 
and, If oecesary, recalibrated,, ,
ispavementhecreual ru on sections
yunng€otord andheeE'!
 

Rod and Level Surveys
 

fany people feel that it is possible to estab
lis t toughness calibrations over standardo
vehicle 

pavemet nolctions
by running-control rod and level 
surveys of the calibration sections to se if-and 
how their* profiles are changing. - There are two basic 
problems associated with thismethodology. First, 
the response of the vehicle and most roughness 
measuring Instrumentesto aprofileInsan pntegration 
of everything the me instrument*sees on theteasuring 
roadseurfo. <This Is a'continuou!process and not 
one Inv o0Itret poit.eh aarusedina 
rod and level survey. This problemiseagnified by 
the fact that even the best manual leveling tech
niqus make it expensive to make' easurements of 
test setions 300 meters (985 feet) long at spacings 
closer thnanabout l/ eter (1.6 feet). Even in this
h onl fu/scon oIn
vinescreate itheu :&'aerios 

case a totalof 600measuring points is required each
 
time a calibration sction-Is checked,
 

hPcr n sr o e difficult than the accuracy and ..
 

d aLe
d problem outlined above Is the need to
 
I n tgrnt ),ndlcvrFsuiarise
endanlyze theprofile. 
To date$, littlehas been done in this area&.Recently *

have investipated the use of second derivations of 

NoerswhIch are used routinely throughout t otte. obtain detailed, discrete proffloo~with rodand- -
This approach to reported by WalkerpHudaon and levels of, say, ten or twelve pavemontetotsections
Villtamson (.Uohlan 0.) to some degree, a. on a regular basisethan to maintain a high-technol-, 
siilsapproase been taken by the Michigan - oy, expensive electronic deviet forcontinuous'i --

Nihrling to.1 a toprthe by Holbrook and profile measurements, Sucha method will-be practi-
DaisoJ n U Tesae approach to being Wa If date annlysis techniques can be developed end 

taken. ethe present time inthe VNDP Brazil Study autoated for easy us* of the data,.- - -- . 
(Us, A SDP was purchased and is used for measuring

reading as shown in-thostudnyby,Mcenzie ando 
orinrawat (40) . Figure 6-illustrates averyo good 
.agreementlin termst 10of serviceability indexwrtom 
roed surfac eprofiles obtained byrodpand level
 
method and the Surface Dynaics frofilomater (SDP)

(L).-Thin plot also sugatsto~that road profile data 
from rod and level and SDP are interchangeable and
 

can-be used to providecomonality'
rod and levojl 

ams road roughnaso scales'preesently inuse.,
 

Certainly, those discrete srod and level surveys
 
have some practical advantsags, particularlyin. . 

developing countries where labor-Intcnseive methods~
 
are economical, Itmight be far more practical-to
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Figure 6. Comparison of serviceability indices 

derived from rod and 
level profile and SDP profile. 
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Serviceability From SDP Profile 

Rating Panel Approach - Canadian Good Roads 

Association 


Immediately following the AASHO Road Test, the 

Canadian Good Roads Association desired to put the 

findings of the AASHO Road Test into practice. In 

order to do this, they ran a rather complete survey 

of the existing roughness of their pavement system. 

They did not agree totally with the serviceability 

concept outlined at the AASHO Road Test and they

chose to develop a Riding-Comfort Index Scale with 

values from I to 10. 
 This index is basically an 
evaluation of pavement riding quality or roughness
(7, 9, and10).

After carefully establishing their Riding Comfort 
Index, a standard procedure was adopted using a
small panel of well-trained raters to go from 
location to location evaluating the riding quality of

these pavements and recording this riding quality in 

a data management system. A great deal of work has 

been done on rating scales and other subjective

evaluations (_5_,17, 20, and 24). There are some 

shortcomings to this approach, but it has the 

benefits of being practical, relatively inexpensive,

and reasonably stable although its precision may be 

questioned. It certainly fulfills the concept and 

answers the question, however, raised by Carey in 

the quote referenced earlier in this paper. This 

approach deserves further consideration. 


Standard Rating Panel 


While it is not in present use, I believe that 
the concept of using a standard panel of pavement

riding quality raters to establish a time-and-

condition-stable standard roughness scale offers 

great promise as a practical solution. Yoder and 

Pilhoua (37) show in thier studies of rating panels

and various instrumentation that rating panels of 

fifteen persons or more are quite stable in pre-

dicting pavement serviceability. Since roughness is 

so highly correlated with servicembility, there is 

little doubt that such panels would be equally stable 
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as5
 

in predicting pavement roughness. Carey snd Irnck
 
(_L) report similar results when comparing panels
 
at the AASHO Road Test. as do Roberts and Mudson
 
(4 and 25).
 

one major problem exists, what about panels from
 
different cultures? For example, a panel from the
 
United States rides predominately on paved roads.
It rate accurately on the same scale as a panel
 
from a developing country which rides predominately
 
on gravel roads? How could this dichotomy be solved?
 

if As many as three members could be made
available to participate in panel ratings In each of
 
major areas of the world, goegraphic and cultural
 

stability could be evaluated.

This method would never have the precision or
 

of physical calibration. However. it might

be accurate in terms of insuring that different
 
classes of road roughness are adequately separated.
The following section presents a discussion of
 
the relative merits of these methods for use In
 
establishing a General Roughness Index.
 

Possible Approaches for Calibration
 

Evaluation of the concepts for calibration out
lined in the last section indicates that three basic
 
methods have strong potential: the use of a shaker
 
table to input artificial roughness in a laboratory,
the use of artificial roughness calibration sections,

and the use of standard road sections along with a
 
method of evaluating the roughness of these standard
 
calibration aections from time to time.
 

However, the practical limitations of the problem
 
set forth in this paper apparently preclude any

possibility of using a hydraulic shaker table with
 
known roughness inputs to calibrate roughness 

devices. No such equipment is presently in
use for
 
this purpose, even in the United States, and the
 
development and employment of such equipment in the
 
field seems completely infeasible at this point.

Therefore, the other two major approaches are
 
discussed in further detail: 
 artificial calibration
 
sections and standard pavement calibration sections.
 

Artificial Roughness Course
 

The concept of introducing well defined arti
ficial roughness onto a selected section of smooth
 
pavement in identifiable stages follows the approach

of Abaynayaka and TRRL. The approach is certainly
 
feasible since any country in the world could
 
develop at least one smooth, strong section of pave
went to serve as the base section. They could then
 
find several pieces of standardied rive or ther
 
material approximately 2 meters (6.6 feet) long to
 
introduce roughness. These two ingredi., s can be
 
combined in several st.Res to provior up 
to six or
 
even more test sections of increasing roughness.

The method therefore warrants careful consideration.
 

The major problems associated with this method
 
are the artificialltv of the roughness Introduced
 
and the potential of generating resonance or
 
harmonic motion in the measuring vehicle being

calibrated. As indicated by 
the anlysie of Darling
ton (figure 4), the transfer function of a roughness

measuring device ia highly dependent upon the
 
wavelength characteristics and amplitude of the
 
roughness in the roadway surface. 
 It yields reasoo
able readings for wavelengths In the range of 1.22 to
 
4.28 meters (4 to 14 feet) and it has two resonasce
 
frequencies at 0.61 meters (2 feet) and 5.16 fatars
 
(17 feet). The respoinse of the instrument to step
inputs might be on the first peak present at very

short wavelengths. If some type of resonance Is
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|enerated in the system, say for rouahnssa level ai, 

then the multiplication amplitude could be even high
er. It to entirely possible that the response of an
 
instrument to the roughest calibration section would 

be. for example, a very large roughness number and 

yet the instrument might respond different to a very 

rough gravel road with natural potholes, etc. There 

Is certainly also the possibility that the calibre-

tion course can be set up In such a way as to cover 

the rang@ of interest for most very rough roade and 

thus to serve adequately as a calibration procedure. 

The only way to ascertain the answer to this question

is to study the problem theoretically and to apply 

the concept in the field where an alternative method 

of calibration and checking, such as the SOP or 

Ceneral Motors Profilometer, exists for comparison. 

This type of comparison check is being made In Brazil 

and results will be reported soon. 


The other problem with this method is that it 

does not yield to traditional analysis of random 

data or profiles as outlined by Darlington, William
son and Walker (6. 36, 30, and 31). It Is possible
 
that another type of analysis could be used to eval-

uate the step function inputs to the roughness pro-

file which will be made by the pipes or artificial 

bumps. It is desirable that someone follow up on 

the required analytical approach as a part of the 

evaluation methodology for this procedure. 


Finally, this concept is attractive in the sense 

that only about six test sections are needed to cover 

a wide range of roughness and only one basic strong 

pavement section is needed to provide the base 

section. Considerable thought, however, needs to be 

given to the possibility of replication of roughness 

levels within the artificial calibration course. This 

could be done by adding two additional roughness

levels whose roughness corresponds with a previously 

selected level, but with new roughness being Intro-

duced by an alternate pattern or an alternate means 

such as a few wider bumps or a rearrangement of the 

location of the bumps to interrupt regular patterns, 


Natural Pavement Calibration Sections 


The use of existing pavement sections for cal-

ibration of roughness devices is an attractive 

alternative, bit there are problems. The attrac-

tiveness seems obvious since the sections are 

typical of the pavements to be measured in the real 

world; they contain normal roughness inputs of 

varying wavelengths and ampli'udes over a wide 

spectrum of conditions. The problems, however, are 

multifold and must be considered. They include
 
finding sections at extremes of roughness, the
 
changing of roughness with time on a selected test 

section, the large number of sections usually re-

quired. and the considerable time and effort 

required to check the sections which are normally 

fairly widely spaced geographically. 


Obviously It is not possible to set up a normal 

pavement section calibration course on which tht 

test pavement roughness will remain constant. All 

of the pavements are in various degrees of deter-

ioration. Most of them were built smooth but they 

ore In the process of change and experience shows 

that rough pavements change more rapidly than smooth 

pavments. It is absolutely essential then that 

for this approach some method of determining the 

roughness history of each test section with time be 

developed. This can be done in at least three ways; 

by true profiles measured "continuously" with in-

struments such as the SOP profilometer, true 

profiles measured at discrete increments with pre-

ilserod and level techniques, and repeated eval-


uation of the roughness of the calibration section by 
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a standard rating panel.
 

Evtaluat ion of the True Profiles - "Continuous."
 
Of the three listed methods, the most attractive
 
asews to be the use of existing pavement with an
 
evaluation of their true profiles. This technique
 
was chosen for use in the Brazil Project where
 
adequate research funding was available to provide
 
a standard profilometer, in this case the SOP profil
esater, for making continuous measurements for
 
calibration.
 

It seems, however, that this approach is im
practical at the present time for 'se worldwide as
 
a calibration standard. The use of a standard
 
roughometer or other "gold-plated" version of a
 
typical machine carried around the world as a stand
ard device is not realistic as shown by experience
 
at the AASHO Road Test and the work by the Center for
 
Highway Research for the TexasaHighway Department.
 

Evaluation of True Profiles - Discrete. It is
 
possible that analytical techniques can be developed
 
to accurately evaluate a discrete rod and level
 
profile of pavement test sections set up for stand
ardization. Field work is underway by Srinarawat
 
and Hudson to evaluate this approach snd to compare
 
the accuracy required and the spacing or detail of
 
the measurement points needed to provide adequate
 
information (41).
 

If the approach is feasible from an analytical
 
point of view, it is possible that field practice
 
can show what type of level instrument and perhaps
 
even what special level rod could be most useful to
 
speed up the process and make it more practically

applicable. The U.S. Air Force, for example, has
 
developed a laser profiling system which works on
 
the same basis as a rod and level but which takes
 
automatic readings using a laser beam for a light
 
source (38).
 

Another point favoring the rod and level
 
approach ia the hand labor which is normally avail
able in many of the developing countries for which
 
a roughness calibration is needed. The rod and
 
level crews could make the necesnary measurements
 
on a quarterly or triannual basis with relatively 
little expense whereas in the United States, for 
example, such an approach might not be as economical 
as a profiloseter. 

Thusfar, work by Srinarawat and Hudson seems to
 
indicate that It is possible to interchange machine
 
and rod-level measurements (.1).
 

Roughness Panel. A third approach to establish
ing and maintaining standard roughness evaluations
 
of calibration test sections Is appealing and shoul6
 
be carefully considered. It involves setting up a
 
standard rating panel and developing a Generaliled
 
Roughness Index (Ci) which could be used not only
 
for rating and establishing the roughness level of
 
the calibration sections but as a standardized
 
roughness scale for comparing Instruments against
 
each other all over the world without having to
 
select any one particular instrument as the "stand
ard."
 

This approach is far from thoroughly formulated
 
and a great deal of additional thought will be need
ad before it can be accepted or rejected. However,

it is worthy of consideration. If the method works, 
its value is readily evident. If adequate accuracy 
and details can be obtained, calibration sections 
could be sat up and evaluated regularly without the 
expense and detail required for rod and level 
surveys. 
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Likewise, the potential pitfalls to the method 

ore obvious. The method would basically be sub-

jective rather than objective, which we, as engineers,
,lvaya strongly desire. The potential value of the 
method lies in the question of whetehr or not we can 
make the subjective rating process objective by care-
fully selecting and establishing rating panels and 

rating procedures using up-to-date modern scaling

and psychological techniques to overcome some of the 

subjectivity of the rating approach. 


The basic value and acceptsbility of ratings for 

judging pavement quality was well established at the 

AASHO Road Test by Carey and Irick (Q) and subase-

quently by Yoder and Nilhous in the significant 

NOIAP study (37). As outlined previously herein, 

the Canadian Good Roads Association has also made an 

"zcellent practical application of the rating 

concept (Q and ). 


Another major problem with the roughness rating 

approach Is possible cultural differences amongst

countries. 
One country, for example, such as the
 
United States, has a population accustomed to riding
 
on paved roads which are basirally smooth. On the 

other hand. other countries such as many of the
 
countries in Africa and Latin America, are accumatom-

ed to riding on unpaved roads. There is considerable 

concern that this cultural or historic difference, 

which is also by the way aggravated by traditional 

types and quality of vehicles used, would greatly

affect any relationship developed by a rating scheme, 

anu thus would completely invalidate the concept of 

relative ratings. 


Generalized Roughness Index 


After a thorough evaluation of the problem of 

establishing a couon basis for comparing roughness 

measurements all over the world, and specifically

comparing roughness measurements in Kenya, Brazil, 

and India in terms of using data taken fr ' these 

three research studies and combining it for use in 

developing improved joint models, it is recomended 

that a Generalized Roughness Index or a universal 

roughness index be developed to serve as a basis for 

comparison instead of the output of any particular

roughness device. On the surface this seems an 

arbitrary intermediate step; however, experience 

shows otherwise, 


At the present tine, no simple, robust roughness 

measuring and evaluation technique exists which is 

constant enough to become the appropriate "standard." 

The SDP profilometer sight be considered, but work in 

adopting &Ardusing this instruament in Brazil and in 

comparing it to the Texas instrument manufactured 

ten years ago shows considerable difference in 

hardware and data processing techniques. Many 

people feel we are on the threshold of developing a 

non-constact probe to replace the road-following 

wheel for the SDT device. When this happens, you 

can be assured that the transfer function of this 

transducer will be different from that of the road-

following wheel. Thus, the "standard" would change 

again. Many other examples could be cited, but for 

simplicity let it suffice to say that no real 

"standsrd" exists, 


An example of a similar situation existed in 1962 
concerning specifications and measurement of subgrade
strength for pavement design. The American Assoc-
lation of State Highway Officials at that time 
desired to establish a standard design method which 
mould be usesble and used by all or at lea,.ta large 
majority of the State Highway Departments. There
 
were many candidate measuring techniques, such as
 
CDR, Texas Triaxial strength, shear modulus, Calif
ornia f-Value, and others. Majo.'ty vote would have
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selected CM since it was used by more states thea
 
any other method. However, comparison of the Cl
 
between states showed that even 
this so-called
 
"standard" was far from standard since each state
 
made slight modifications in the empirical test
 
procedure. In the face of this diversity. M. 
. S.
 
Huff. Chief Highway Design Engineer for the Texaa
 
Highway Department and Chairman of the AASHTO
 
Cornittee, recmended that a "soil support value"
 
with a range from zero to ten be set up as the
 
Istandard." Each State Highway Department thea
 
related its soil test method to the soil support
 
value rather than to some state test procedure.

Nationwide information on standard test materials
 
obtained from the AASHO Road Test was 
used to estab
lish common points.
 

At this time, 15 years of experience in usfig
 
the AASHO Interim Design Guide has shown the wisdom
 
of telecting the what-semed-at-the-t me "arbitrary" 
Soil Support value.
 

CR! - A Combined Approach
 

Examination of alternatives indicates that the
 
practical approach to solving this problem will
 
Involve some combination of the factors discussed
 
above. To provide realism in the calibration, it
 
i essential that 10 to 12 real pavement sections be
 
included in a calibration course. These can be
 
evaluated on a semiannual basis by rod and level
 
surveys. A detailed methodology will be published
 
by Srinarawst and Hudson within the next year.


To provide a large number of calibration sectiona
 
of varying roughness and a calibration technique
 
with some comonality around the world, a TRRL

calibration course should be added to the calibration 
procedure. The methodology currently outlined by
 
Absyanaka and the TRFJLshould be used until a more
 
definitive consensus procedure is developed.

Finally, the overall reasonableness of the scale.can
 
be assured at any time using a rating panel to
 
ensure that reasonable roughness ratings are eatab
listed for uniformity. These ratings should involve
 
panels on 
at least all three or four major research
 
efforts in the world and should Include at least
 
three or four common members in each panel in the
 
initial stages of development. These common embers
 
could be employees of the World lank or other
 
research personnel who are involved in one or more of
 
the world-wide research projects and who could
 
bereficially visit other activities, thus providing
 
the necessary comonality of ratings.
 

The CRI itself should have a relatively large

scale, perhaps 0 to 100 and should be generalized
 
with smoothness of existing new highways falling

in the range of 10 to 15 and roughness on some of
 
the roughest roads now perceived falling in the
 
70 to 80 range. This gives adequate room at both
 
ends of the scale for changes and variations not yet
 
observed and in no way detracts from the use of the 
Index. 

Some readers will undoubtedly be disappointed 
that a firm Index in full detail is not presented
here; however, work over the past 10 years shows 
that there will be several steps required to solve 
this problem and we believe this paper is a mecessry
first step In defining the problem so that s 
intelligent compromise cm be reached. 
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Sumary and ROeCOMendAtions
 

Solving the problems of providing uniformity in 

roughness measurements is not easy. No perfect 

answer exists, only a set of 
intelligent alternatives. 

It is vital, however, that a framework be set up so 

that coordination and use can begin. I proposed a 

multifacted approach. 


1. Develop a CR! which has a sound basis and 

can provide a pseudo-standard for comparison with 

any roughness scale existing nov or to be developed. 


I Evaluate the use of the TRRL artificial 

calibration method for a variety of roughness devices 

and cases to determine its value, problems, and 

utility. 


3. Apply the concept of a standard rating panel 
to provide an additional methodology for defining 
and reproducing the CR! in countries all over the 

world without the cost of purchasing an SDP profil-

ometer or similar equipment. 


4. Use rod and level surveys and recomend 

field equipment to simplify and speed up such surveys 

for establishing calibration points on a CR!. 


It is recommended that action be taken to 

implement a CRT and to test the concepts forth
set 

above. Cooperation will bee needed among several 

countries and agencies and a leader, such 
as the 

World Bank, is needed. Particular attention should 

be given to coordination of research data from the 

Kenya, Brazil, and India projects. 
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A REVIEW OF RURAL TRAFFIC COUNTING 
METHODS IN DEVELOPING COUNTRIES 

ABSTRACT 

This Report reviews methods of rural traffic counting currently used In 
developing countries and examines the accuracy of the resulting flow 
estimates. 

The results of aquestionnaire survey among asample of developing
countries suggest that decisions on the duration, frequency, and timing 
of counts are at present arbitrary. Consequently, estimated daily traffic 
flows can rarely be expecteL to lie within ±30 per cent of the true value 
averaged over the whole year. Although repeating counts at intervals 
throughout the year increases the accuracy of traffic estimates, this is 
achieved only at adisproportionate increase in cost. 

It isconcluded that for any appreciable increase in the accuracy of 
rural traffic estimates much more needs to be known about the magnitude 
and causes of the variations in flow. This requires that automatic traffic 
counters be used on awider scale than at present. 

1. INTRODUCTION 

This Report reviews the methods of rural traffic counting currently used in developing countries. The 
object of the review was to examine the accuracy of estimates of rural traffic flow resulting from the 
counting methods, and, if necessary, to make suggestions for their improvement. The Report is the 
first in aseries that isconsidering the design of traffic survey methods suitable for developing countries. 

Information on traffic flow isneeded for many purposes, in determining the appropriate standards of 
layout and design for particular roads, inallotting the resources for maintenance and improvement between 
the different roads in anetwork and inmaking general plaining decisions on the development of transport 
systems. Existing methods of traffic counting provide information that isoften inadequate and of doubtful 
accuracy and this research has been undertaken to establish the most economical methods ofsurvey to 
produce adequate and reliable data. 

Information on the methods in use for counting rural traffic was obtained from aquestionnaire circulated 
to asample of developing countries In 1970. This was supplemented by information obtained during visits 
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and from technical publications. 

The efficiency of the traffic counting methods was tested using continuous traffic measurements 
conducted by the Road Research Laboratory at 38 sites in Kenya. Comparative data were also obtained 
from two sites in Nigeria and 30 of the sites used in the United Kingdom 50-point census for 1969'. 

The Report first considers methods of traffic counting currently in use in developing countries. 
Next abrief discription isgiven of the Kenya experiment followed by an outline of th3 method of 
calculating errors in traf c counts. 

Sample testing is then described and the mults presented and discussed. 

2. METHODS FOR COUNTING RURAL TRAFFIC IN DEVELOPING COUNTRIES 

Appendix I summarises the information on methods for counting nural traffic in fourteen developing 
countries located in South America, Africa, the Middle East and the Far East. The information was 
correct at the time of the survey, but, as some countries are making changes in their traffic census methods, 
It may no longer be so in certain cases. Notwithstanding this, conclusions drawn from the results are 
probably still broadly correct. The aspects of particular interest to this study are the duration, frequency, 
and timing of counts. 

2.1 Duration of counting 

The duration of counting isstandardised Inabout half the countries sampled. It ranges from a 
single 8.hour count (Turkey) to acontinuous count for 15 days (Ethiopia). although the latter is 
exceptional, being for special counts only. The most common period is 12 hours (6am - 6pr or 7am -7pm) 
repeated for 5 or 7 days. The complex 8-hour count each day for three weeks, that isproposed for some 
stations in Thailand, can be regarded as an effective 24-hour count for 7 days. 

2.2 Frequency of counting 

For 'national' censuses (counts made annually over the entire country) the frequency of counting 
varies considerably from country to country. One country states that the frequency of counting is 
irregular, two countries state once ayear, four countries state twice ayear, three countries state three 
times ayear, and one country states four times ayear. Where the frequency is more than once ayear, 
it isusually related to the number of major climatic seasons. 

2.3 Timing of counts 

The timing of counts isnot generally standardised, although for 'national' censuses some countries 
specify broad wet and dry (or harvest) seasons when counts will, or will not, be made. Thus, in respect of 
their timing, traffic counts in developing countries can be considered as random samples. The period for 
counting, however many hours and days it comprises, iseffectively a random selection in that any period 
in the year other than a few containing obviously unusual activities, such as Easter or Christmas, can be 
chosen. Even when, asin some of the national censuses, certain months or periods are specified, sampling 
isstill essentially random since there isno evidence that the period chosen isselected on the basis of a 
known pattern of seasonal variation. Also, experience has shown that in practice these periods are, 
repettably, rarely adhered to. 
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In some developing countries, the purpose of traMc counts isnot always dteu. It might be to
 

provide estimates of average daily traffic in the specified week. month, or year, or merely thsa image
 
flow during the observation hours.
 

2.4 The quantity to be estimated 

Although It Israrely explicitly stated, rural trafficcounts usually attempt to measure average 
rather than peak uusge. The commonest measure of average uuge is the amount of daiy traffic. However, 
the word 'daily' sometimes refers to aperiod of less than 24 hours. In the United Kingdom2 rural traffic 
counts are taken to obtain the 16-hour (6am. 10pom), sever-day, average flow occurring in August. All 
current counting systems based on 'm-hour days' (where m <24) suffer from anumber of drawbacks. 
Since mvaries so much between countries this suggests that the particular value chosen is arbitrary. 
Certainly It isnot normally possible or meaningful to assign limits oferror to the traffic estimates that 
result. Further, the 'm-hour' days are not natural periods of hurnan activity such as the day, week or month. 
Thus, variations in traffic-flow charcteristics, which can only add to estimation errors, areto be expected, 
e.g. the distribution of traffic through the hours of the day will vary with route characteristics: the 
distribution on amajor trunk route carrying a large proportion of goods vehicles is unlikely to be the same 
as that on a farm-to-market road. 

In the USA, the term 'daily' traffic has its normal meaning: the flow of vehicles passing agiven location 
In 24 consecutive hours. The basis of American traffic observations isthe quantity 'Average Annual 
Daily Traffic' (abbreviated to ADT), which isdefined as the 'Annual average number of vehicles during 
24 consecutive hours that pass aparticular point on the road over the period 365 days' 3 This term would. 
seem to have anumber of advantages not shared by the various 'm-hour' days. It is unambiguous, readily 

Thus it eliminates thoseunderstandable, and corresponds with anatural period of human activity. 
problems associated with variations in the hourly distribution of traffic in different locations. However, the 

most important advantage of the ADT concept isthat it enables statistical methods to be applied to the 

problem of rural traffic counting. Generally, it would seem to be the most logical basis for traffic observations 
and isthe one used in this analysis. 

3. KENYA STUDY OF RURAL TRAFFIC FLOW 

The objectives of the Kenya study were to provide the data necessary for a quantitative evaluation of 

current traffic count methods, and to allow vanous new counting strategies to be tested. The study can be 

separated into two stages: 

(I) 	 the measurement of the total pattern of traffic variation for a full year and 
the relation of this, if possible, to the level of flow, the type of road, and the 

economic and climatic characteristics of the region around each site: and 

(0i) 	 the statistical evaluation, using the results from (1),of optimum methods of
 

counting traffic.
 

Observations were made from March 1968 to July 1970 using Fischer and Potter hourly recording counters 

at 26 sites, and from September 1968 to November 1970 using SYX.RRL non-recording counters -which 

were read daily by observers - at 12 Lites. The sites were chosen to be representative of the general range 

of flow levels, road types, and climatic conditions found in Kenya. 
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4. ERRORS IN ESTIMATES OF ADT FROM SAMPLE COUNTS
 

Only where continuous counts are made under perfect conditions can a true ADT or total year's flow be 
computed with the expectation of its being absolutely accurate. It follows that any count of les than 
em-year's duration must be reprded as asample. and the estimate of ADT or totl yeas's flow made from 
Itwil be subject toeror. The error of estimation issimply the difference between the estimatud ADT and 
the true ADT. If the man and the standard deviation of these errors are calculated, then probability analysis 
can be applied to determine, for agiven level of confidence, how accurate an estimate of ADT isprovided 
by aparticular sample period or umpling procedure. 

The method of error determinabon used in the analysis followed the above principles. For agiven 
duration of counting, repeated samples were drawn from the actual flows recorded at each site in one 
complete year. From each estimated daily flow (ADTE), the true value (ADTT) was subtracted to give the 
enot of estimate. The resulting errors were divided by ADTT and multiplied by 100 to give the 
proportional error of estimatein percentage terms. This was done so that errors obtained at sites with 
different flow levts would be on acomparable basis. 

Thus: 

-proportional error of estimate - 100 (ADTE ADTT) percent 

Finally the swidard deviation and the coefflcient of variation of the percentage enrors were calculated. 

4.1 	 Sample trsting 

The errors resulting from the following ADT sampling procedures were detemne~d: 

I. 	 Random samples of 1,2, 3, 4, 5,weekdays and 7consecutive days for 
a&.possible periods in the year except those including aPublic Holiday. 

2. 	 As in I for periods of 1,2, 4,and 6whole weeks. 

3. 	 Random samples of 1,2,3, 5 weekdays and 7consecutive days repeated 
at regular intervals of three, four, and six months. To provide samples of 
areasonable size It was nccessary to group the sites by Cow level as follows: 

Group I (ADT < 75 vehs/day) 

Group 2 (ADT 76-200 " ) 

Group 3 (ADT 20.600 " ) 

Group 4 (ADT 601.1000 " ) 

Group 5 (ADT > 100 ) 

4
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4.2 Dsirable accuracy of estimates of traffic flow 

To judge the results or the umple tests objectively, it isnecessary to decide what level o accuracy
estimtes of traffic should attain. Specifically we must state within what range of error we wish our 
estimates of ADT to lie, and how certain we need to be that the estimates lie within the stated range.
In the USA 3 , the accepted standard is that there should be only a I In 20 chance (Sper cent level of 
pohbility) that the ersor ofestimute will exceed 110 per cent at any sample count site canying over 
500 vehicles/day. For roads with lower flows, errors of up to 1 20 per cent are acceptable. 

It might be felt that developing countries cannot afford such high standards as the USA, since, the 
more precise estimates must be, the greater the cost of obtaining them, However, it is considered that 
accuracy standards in developing countries should be similar to those quoted, and in fact should tend 
towards the higher of the two, even for roads with low traffic flows. 

Whereas the use Inthe USA of lower accuracy standards of traffic counting for roads with low traffi 
flows isjustified to some extent by the relative unimportance of such roads in the USA, the main aim of 
road improvements in most developing countries isprogressively to upgrade earth and gravel roads to 
bitumnous-surfaced roads, i.e. stage construction , when the level of traffic demands it. A reasonable 
standard of traffic estimation istherefore required even for roads with low traffic flows. 

Lowering the confidence limits at which estimates are judged does inot seem to be worthwhile since
 
the results rapidly lose any real significance.
 

Until precise studies are completed of the cost-effectiveness of various methods of traffic counting
and the sensitivity of the highway planning process to errors in traffic estimates, it will not be posible to 
specify desirable zc, uracy limits for developing countries. The USA standards will, hewever, serve as a 
criterion by which to judge the performance of estimating procedures elsewhere. 

4.3 Practical limits to.sample duration 

The final point to be discussed before the results are examined iswhether there are likely to be 
any practical limits to the duration o' :ounting indeveloping countries. In this connection, the most 
critical consideration iswhether counts will be made manually or PIy machines. 

Experience of conditions in developing countries suggests that the great majority of counts will 
continue to be made manually. The use of automatic counters isat present uncommon and they are only
gradually being introduced, mainly for the measurement of seasonal variation and long-term traffic trends. 
The more widespread use of automatic counters for general counting seems unlikely for some time to come 
since they are expensive to buy. Also, they require skilled slpervision and maintenance if accurate results 
are to be obtained, and the necessary skills take time to acquire. Lastly, manual methods have the 
advantage of giving classified counts of traffic flow, and they may also be politically desirable because of the 
generally acute unemployment problems. 

If manual methods of counting are used, then aone-week's continuous count isabout the practicable
maximum. Apart from the probable loss of accuracy caused by the boredom of the enumerators, longer 
counts at each point would reduce the coverage of the road system that was possible. In practice, many 
counts, although spanning seven days, will probably be for less than 24 hours on some, and possibly all, 
days. Night-time counts are unpopular and difficult to supervise effectively, especially indistant rural 
locations. 

5
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Coet-efetv-nmess considerations also indicate the need to keep the duratioa of counting a dort 
as possible. Stce wages are the main element, the cost of traffic counting can be assumed to increase in 
direct proportion to its duration. However, simple sampling theory suggests that the accuracy of the
multing ADT estimates is likely to incr.e inproportion to the square root (approximately) of the
duration of couning, I.e. other things being equal, acount for four days will only double the accuracy of
ADT esgimation incomparison with that obtained from agagle day's corat, whereas the cost wil have 
dn by a factor of four. 

6. RESULTS 

Al estimate errors given in the results are at the Sper cent level of confidence. Lower confidence limits
10 per cent (I in l0 chance) or 20 per cent (I in 5 chance), can be calculated by mnultiplying the results 
by 0.84 or 0.65 respectively. 

5.1 Traffic variability and ADT 

In the early stages of the anidysis, it became apparent that the results were strongly influenced by
the ADT at each sample site, so this effect was investigated fint. The relationship between traffic 
variability and flow level isillustraled in Figure I which shows the coefficient of variation of daily flows 
(V) over a complete year. plotted against ADT. 

From the Kenya data alone, It is clear that the coefficient of variation is inversely related to ADT •
the curve has been fitted by inspection as a rough guide. A simple regression analysis based on the 
relationship, 

V - y (ADT) A 

where "y and ) are constants, showed that ADT accounts for approximately 55 per cent of the total 
variation In V. The implication is that, in Kenya b, least, the main factor governing the variability of 
traffic is the average level of flow, and not the function of the road or the type of traffic It carries. 

Excluding the most extreme of United Kingdom results, Figure I shows that traffic variability
increases rapidly below flows of approximately 1000 vehicles per day. Partly this is aconsequence of the
law of small numbers: when the total flow is low a unit change has a proportionately bigger effect than 
when the total is large. Also, in practice, variation is inherently greater at low flows because the traffic 
stream is composed of fewer individual trip motivations, i.e. a flow of 20 vehicles per day on a given road 
may be motivated entirely by the travel demands of asmall government administrative centre, aschool, 
or a single agricultural enterprise. Any change in its activities, such as school holidays, or crop harvesting, 
can produce very large relative volume changes. Conversely, on roads carrying 500 or more vehicles per
day, the trips are usually motivated by t wide range of activities whose operational variations tend to be 
mutually balancing. When the travel demand for one ishigh another will be low and vice-versa. Between
these two extremes there isa gradual transition and one would expect a steady decrease in variation with 
increasing flow of traffic. 

The Increase in traffic variability below flows of approximately 1000 vehicles per day is significant
because in many developing countries the majority of the rural road system carries daily flows less than
this. In Jamaica (1964), Zambia (1964), and Kenya (1970), the percentages of the rural road system
carrying less than 1000 vehicles per day were 95, 98 and 95 respectively s. Thus in developing countries 
rural traffic estimation is especially difficult because of the inherent variability of daily travel. 

6
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Generally the United Kingdom results do not exhibit any dose reliltonship between trailcvanrability and flow level. Surprisingly, over athird of the United Kingdom results are characterised by
avery much higher vanibility than equivalent sites in Kenya. 
 It seems that the effects of climate in theUnited Kingdom, particularly snow, are much more disruptive than those in Kenya. Also, because theclimatic contrast between winter and summer in the UK isvery marked, sites located close to tourist or
holiday centres are likely to experience larger relative changes in flow level than equivalent sites in Kenya.
hipectton of the locations of sites in the United Kingdom showed that those sites with exceptionally high
sriabillty were located either close to tourist-holiday resorts or in areas likely to experience inclement
 
weather.
 

5.2. Errors from random continuous counts of different durations 

Table I tives the enors for ADT estimates obtained from random continuous counts of differentdurations. Generally, the errors in estimates fall as both the duration of counting and the ADT increase.
There are, however, considerable variations between sites in the rates at which the errors decrease with respect
to both the duration of counting and the ADT. 
 Because of the magnitude of the variations, they areunlikel) to be accidental and are probably related to site location and the function of the roads. To make
the trends clearer, sites have been grouped into the five flow levels used for repeated sampling and the
results averaged. Figure 2shows that the errors in estimates fall rapidly as the duration of counting and

the ADT are increased, but there isamarked decrease in the rate of fall when the duration of counting
exceeds a week. This suggests that rural travel isdominated by weekly, rather than by daily or monthly
activities. Another significant feature isthe sharp fall in errors in estimates when the duration of counting
Isextended from five weekdays to one full week. 
 As might be expected, the latter effect ismore pronounced


at the higher flow levels i.e. on roads that serve regional and district centres with distinctive weekend
activities. Clearly, variations in flow at the weekend contribute significantly to total variability, and soif circumstances arise that allow only acount of 4or 5days this period should span the weekend rather
thin only weekdays. 
 It should be recalled at this point that the suggested maximum practicable durationfor acontinuous manual count isone week (see 4.3). Figure 2shows that large errors are associated with 

counts of only a few days' duration. The lowest flow-level group has errors in estimates ranging from
 
t 35 per cent for aone-week count to + 62 per cent for acount of asingle day. On roads carrying
1000 vehicles per day or less, errors in estimates are at best approximately t 20 per cent for aone
week count and + 30 per cent for aone-dy count.
 

Clearly then, no practicable duration of random counting islikely to provide ADT estimates ofanacceptable accuracy for the great majority of roads in developing countries. 

53. Repeated random samples 

Table 2gives the errors for ADT estimates obtained from repeated random counts of different
durations. The figures inbrackets show the errors in estimates for continuous counts of equivalent
durations. Inspection of the results suggests that the errors in estimates of repeated random counts arerelated to those obtained from single random counts. If a random count of duration dgives an errorequal to t x,then repeating the count will reduce the error to ± 0.94x , (n>1) where n isthe number 

of repetitions (i.e. the errors from repeated counts are approximately proportional to the Inverse ofthe 
square root of the overall duration of counting), 

7
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As might be expected, repeated counts give more accurate estimates of ADT than continuous counts 
o the ut duration and the advantage increases with the number of repetitions. Also, repeating acount 
twice reduces the error%in estimates to appruximately 22 per cent of their continuous count value, and 
repeating four times results in a40 per cent reduction. However, only at the highest flow levels and for 
counts repeated four times do the errors in estimates approach the deskable standard of t lO per cent. 
welow tric flows of 600 vehicles per day, repeating counts 3 or 4 times generally results in enron In 

estimates of between 1 10 and t 20 per cent. 

Because of orpnilsational difficulties, repeated counts are unlikely to be reprded as apractical 
proposition for most data requirements. :'though they may be of use for one-off studies. Also they 
cannot generally be expected to produce estimates of a desirable accuracy. 

5.4 Sampling errors for individual months 

It seemed likely that random samples drawn from particular months might show errort considerably 
different from those drawn throughout the year. Ifa wet season falls consistently in aparticular month 
and normal travel is likely to be interrupted by rain, then samples from that period can be expected to 
have higher.than-averag, errors. Conversely, other months, between seasons and away from Public 
Holidays, could have virtually constant near-average flows, and consequently very low sampling errors. 
To test this possibility, random samples were drawn separately from each month and the error in ADT 
estimate calculated as before. The results for one whole week are shown in Table 3. 

There is considerable variation in errors in estimates from month to month. At any site, the ratio 
of the largest to the smallest monthly error has a range from approximately 2 to an exceptional 27. 
Generally, the ratio is in the range 3-12. Even at moderately high flow levels of 400-600 vehicles ADT, 
the maximum monthly error for one-week random counts c.n reach 48 per cent. In contrast, even at ADT's 
of less than 40 vehicles the minimum error in any month does not exceed 10 per cent. Generally, if the 
month, or months, could be predicted during which sampling errors were likely to be a minimum, then 
relatively short counts could produce ADT estimates of ahigh accuracy. Table 4 shows that counts for 
as few as three consecutive days have errors of 20 per cent or less if the observations are conducted during 
the month of minimum sampling error. 

6. DISCUSSION 

The magnitude of the errors clearly indicates the need for improvements in the methods of measuring 
traffic flow in developing countries. In considering how this might be done, it seems useful to examine 
the basis of methods of counting rural traffic in some developed countries. 

6.1 Rural traffic counting in the United Kingdom 

As mentioned in Section 2.4. rural road planning and design in the United Kingdom are based upon 
the average daily flow (7-day average, 6am-10pm) measured in August. Average factors are used to 
adjust any observations taken in other months to their August equivalent. August conditions are used 
as the basis for counting because average monthly travel demands have consistently been found to be at 
their highest then 1. Although the method has worked satisfactorily in the United Kingdom. because 
it Isbased upon a 16-hour observation period it shares all the criticisms previously levelled at the other 
'm-hour' counting systems. Furthermore. although the idea of conducting all counts during asingle 
period of peak activity is attractive, the method does not seem suitable for use in a developing country, 
because it presumes tut seasonal variations in traffic flow are the same everywhere, and remain so, year 
after year. Geographical considerations suggest that, in the mainly tropical or sub-tropical developing 
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wountrks, the climatic variations, and hence most of the likely traffic flow vajiations, amitera 
simple nor as consistent as those experienced in the developed countries. 

This suuestion isgiven some confirmation by Figures 3(a) and 3(b) which show the monthly patterns 
of flow variation recorded at 21 of the Kenya sites. No simple patternemerges: the seasonal vration of 
traffic ishighly variable both at individual sites and between sites. The causes of the monthly flow 
variations at each site and whether they recur are still being studied. but it isclear that the method of 
standardising traffic counts in the United Kingdom could not be used in Kenya, as there isnot asqe 
month when flows are near maximum at all sites at the same Lime.[ 

6.2 Rural traffic counting in the USA 

As explained in Section 2.4. the object of rural traffic counts in the USA is to estimate ADT. 
When sample counts are made, usually for one or two consecutive days only, the results are adjusted 
to give ADT estimates, within the accuracy lirruis described in 4.2, by factors derived from a relatively 
small number of continuous counting stations called control stations. This procedure isbased upon 
the fact that seasonal patterns of variation have been found to persist from year to year3 on the same 
road sections and are similar: 

(I) 	 for long consecutive lengths of major road (ADT > 500 vehicles) all of
 
which are not necessarily on the same route;
 

and (ii) 	 for all minor roads (ADT < 500 vehicles) within agiven economic 
(geographic) region. 

Thus the seasonal patterns of traffic variation on all sections of road can be represented by those obtained 
from either 'route control stations' or 'area control stations'. 

This system would seem to be the more promising of the two described as far as developing countries 
are concerned, but it would not be easy to implement. The present sophistication of traffic counting in 
the USA has been achieved only after many years of recording traffic flows. What isapparent isthat the 
use of a&Ltomatic traffic counters wdl be anecessary pre-requisite of any significant improvement in the 
accuracy of current traffic estimates in developing countries. 

6.3 Use of automatic traffic counters in developing countries 

When first introduced into developing countries, automatic counters should be operated continuously 
at fLxed locations. These should be chosen to represent the major traffic routes and geographic areas; 
the method of doing this isdescribed in arecent Report s . As well as monitoring long.term trends, the 
counter results will enable astudy to be made of the magnitude, frequency, and causes of the day-to-day 
and nionth-to-month, fluctuations in flow. Aclear understanding of these will enable methods of counting 
traffic to be designed along the lines indicated, so that ADT estimates of aprescribed accuracy can be 
made. After one or two years. additional counters could be obtained and astart made on the grouping 
of road sections acccding to their seasonal vanation characteristics. In the USA seasonal variation 
counts are made for only one week inevery month at agiven location; with efficient organisation, a 
single counter can therefore cover four sites per year. 

In the initial stages of such asystem, there isno need for expensive makes of traffic counter to be used. 
The simple SYX.RRL Nos. 4A or 4B accumulating counter would be adequate and it costs approximately 
one.tenth asmuch as a recording counter. A recent report by the Road Research Laboratory describes 
the operation and maintenance of the SYX.RRL counters under tropical conditions6 . 

9
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7. CONCLUSIONS 

. Tric counts Indeveloping countdes should sek to provide estlumis of the Annual Averap
Daily Traffic (ADT) on a road. 

2. Ifnude manually neither simple random traffic counts nor replicated random counts oflanypacticable duration can provide estimates of ADT within desirable limits on the majority of
roads in developing countries. 

3. Any appreciable improvement in estimates of traffic flow n developing countries will require theuse of automatic traffic counters operated continuously at fixed locations. 
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TABLE I 

Error%In ADiestimates rtom random 
counts of varying duration (per cent ) 

Number of Weekdays Number of Wleue 
ADT 

(vehln) I 2 3 4 S 1 2 4 6 

25 70.6 58.8 So.2 48.0 41.4 36.3 34.1 33.9 34.9 

26 69.0 57.0 55.1 51.7 53.1 31.2 28.4 23.3 19.4 

26 80.6 69.4 63.7 61.2 58.8 50.2 44.7 38.0 33.1 

32 83.9 71.7 66.2 66.6 65.8 54.7 55.7 60.0 63.3 

44 41.7 31.8 27.2 .6.8 25.1 22.5 19.2 16.8 17.4 

56 37.4 30.4 27.2 27.4 25.5 22.9 19.4 14.9 9.2 

63 52.9 43.7 40.8 37.0 35.5 30.0 28.4 26.8 23.3 

88 44.1 40.8 39.8 34.9 30.6 26.5 22.5 20.4 16.1 

93 51.0 45.3 42.9 40.8 43.7 33.1 32.9 31.6 30.2 

106 45.7 38.6 34.7 31.8 28.4 24.1 20.8 19.0 18.8 361 

120 41.6 34.3 25.5 25.9 29.4 22.3 20.2 17.4 14.5 

152 39.0 33.9 36.3 31.4 27.0 34.5 30.6 22.5 7.4 

156 36.8 32.1 30.0 28.4 25.5 18.8 14.1 30.1 6.3 

250 50.8 47.0 44.5 43.5 41.4 39.8 34.7 34.5 32.5 

355 35.7 28.4 27.2 26.8 30.2 13.1 12.3 11.8 10.2 

357 41.7 37.2 32.7 30.8 30A 36.6 32.7 19.0 8.2 

438 37.2 36.1 34.9 36.8 34.9 22.1 17.6 14.1 5.5 

494 38.4 30.8 27.6 25.5 25.1 18.0 17.4 17.8 16.7 

Sol 36.8 33.7 33.1 32.9 31.8 29.4 27.6 21.6 16.5 
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TALE I (conunued) 

ADT
(whides) 1 2 3 4 s 1 2 4 6 

622 25.3 20.4 17.2 17.2 17.2 17.4 13.9 9.6 7.8 

632 40.0 35.3 32.9 29.4 27.4 24.9 23.3 22. 21.4 

650 32.3 34.3 36.4 34.5 32.7 22.7 17.2 9.8 7.0 

675 25.7 23.9 23.5 22.0 20.2 21.2 17.4 11.2 7.8 

676 30.4 31.8 34.3 31.8 32.5 20.8 19.0 16.8 16.7 

788 26.6 20.6 19.8 19.2 16.3 19.0 16.5 14.9 14.5 

792 39.2 44.1 45.7 45.9 41.0 24.5 22.3 16.3 16.3 

825 20.8 19.0 18.6 16.8 17.6 19.0 16.8 13.7 12.7 

162 
109 24.5 21.8 19.4 17.8 15.3 16.1 14.3 14.7 14.5 

1185 31.4 30.2 30.4 30.2 28.6 18.2 17.0 17.0 17.2 

1250 35.3 28.0 26.7 22.0 21.2 15.3 13.5 11.0 9.6 

1373 34.3 40.4 43.1 41.2 36.1 16.5 13.7 9.8 8.8 

1751 30.0 27.2 26.5 2S.1 22.2 18.0 17.0 17.8 17.4 

1766 26.8 29.8 31.2 31.4 26.1 12.9 11.2 8.6 7.1 

2846 31.2 29.0 28.4 29.0 27.0 16.3 12.7 7.8 6.9 
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TABLE 2 

Errors In ADT estimates from repeated random 
counts of varying duration (per cent) 

Flow level 
(vehicles/day) Repetitions 

1 

Duration of counting 

Number of weekdays 

2 3 5 

I week 

< 75 I 
2 
3 
4 

62.3 
46.6(51.7) 
33.5 (47.2) 
25.9(45.5) 

51.7 
36.4 
28.0 
24.3 

47.2 
31.4 
25.5 
22.1 

43.5 
28.8 
23.5 
20.4 

35.5 
23.5(32.9) 
17.6 
16.1 (30.6) 

75-200 

i 
2 
3 
4 

43.1 
28.0(37.4) 
23.7(34.9) 
18.6(32.1) 

37.4 
22.9 
18.6 
17.2 

34.9 
24.5 
17.4 
15.9 

30.8 
21.2 
15.7 
13.9 

26.6 
17.6(23.5) 
14.3 
12.5(20.2) 

201-600 

1 
2 
3 
4 

40.2 
32.7(35.5) 
22.7(33.3) 
21.8(32.7) 

35.5 
27.8 
22.3 
20.2 

33.3 
25.1 
18.0 
15.7 

32.3 
21.6 
17.4 
15.1 

26.5 
17.6(23.7) 
14.3 
12.5(19.8) 163 

601.1000 

1 
2 
3 
4 

30.0 
19.2(28.6) 
16.3(28.6) 
14.3(27.0) 

28.6 
15.5 
15.5 
11.2 

28.6 
17.6 
15.9 
12.3 

25.7 
17.0 
13.9 
12.2 

21.2 
13.9(18.4) 
11.4 
10.0 (14.3) 

>1000 1 
2 
3 
4 

30.6 
17.8(29.4) 
15.7(29.4) 
14.3(29.0) 

29.4 
18.4 
15.7 
11.0 

29.4 
16.8 
14.9 
11.8 

25.3 
14.7 
12.9 
11.2 

16.3 
13.3(14.3) 
11.8 
7.6(12.3) 

Figures in brackets are for continuous counts of an equivalent duration. 
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TABLE 3 
Erors In ADT estfimtes from random counts 

AMT 
of Iweek Indifrerent months (per cent) C 

(Vehicles) Jan Feb Mar Apt May Jun Jul Aug Sep Oct Now Doc 

Yeady 

Average 

-. 

., 

25 
26 
32 
44 
88 
93 

106 
156 

250 
349 
357 
438 
494 
501 
622 
632 
675 
676 
788 
792 
825 

1109 
1285 

48.8 
31.8 
13.9 
10.8 
6.9 

20.0 
23.9 
18.2 
11.0 
6.7 
9.2 

20.8 
6.7 

13.7 
9.0 
8.6 

17.6 
7.6 

25.5 
6.1 
9.0 
8.6 
3.9 

15.9 
22.5 
40.6 

4.9 
12.0 
8.8 

22.5 
6.7 
8.4 
9.6 
5.3 
4.7 
9.0 
3.3 
3.9 
6.9 

10.8 
4.1 
2.4 

10.2 
8.6 
2.0 
8.6 

27.4 
8.4 

39.8 
16.1 
25.3 
12.9 
34.3 
10.0 

8.0 
9.6 
8.2 

13.9 
28.6 

8.6 
38.8 

8.0 
6.1 

6.3 
6.3 
9.2 
7.4 
8.4 
8.2 

13.3 
23.1 
28.6 
15.9 
14.7 

5.5 
12.3 
31.4 
17.4 
5.9 

12.0 
5.3 

12.5 
19.8 

4.3 
13.5 

5.5 
3.7 
3.7 
5.3 
7.4 
3.3 
4.3 

10.0 
33.3 
23.3 
11.4 
36.1 
18.8 
17.8 
28.0 

8.6 
5.5 

78.0 
9.4 
8.4 

12.2 
7.4 
5.1 

6.3 
8.0 
9.2 

11.8 
9.0 
4.5 
7.8 

27.0 
18.0 
21.8 
21.8 
11.8 
6.1 
6.3 
S.5 

18.8 
7.0 
4.3 
4.7 
6.9 
5.1 

12.2 
21.2 
14.7 
2.4 
6.7 
6.1 
3.7 
3.3 
8.6 

7.0 
64.3 
9.6 
9.8 

22.0 
9.0 
7.6 

12.0 
9.2 
5.5 
9.2 
5.1 
6.5 
8.8 
4.3 
8.4 
8.0 

17.2 
12.9 
21.8 
6.9 
7.0 
7.2 

23.9 
22.3 
14.1 
12.0 
21.6 
10.8 
16.3 

6.3 
5.7 
7.4 

23.5 
3.5 
7.6 

11.6 
15.9 
18.4 

3.7 
17.4 
6.9 
8.0 
5.5 

18.0 
8.2 

21.4 
25.1 
14.5 
13.1 
14.1 
31.0 
14.5 
20.2 
18.0 
9.2 
4.3 

10.0 
6.9 
9.2 

10.6 
25.5 
13.1 
9.0 
5.9 

11.0 
6.5 
8.2 

17.2 

17.4 
38.4 
14.1 
7.0 

15.5 
26.6 
20.8 
5.9 
19.6 
8.2 
2.9 

10.4 
16.S 
7.4 

20.0 
25.9 
14.' 
4.3 
6.5 

35.5 
10.2 
4.7 
6.1 

27.2 
34.7 
18.8 
18.4 
17.6 
20.8 
30.0 
11.8 
45.5 

9.2 
10.2 
7.8 
9.8 

10.4 
17.6 

7.0 
5.7 

19.0 
8.2 
7.6 
8.4 
7.0 

26.6 

26.1 
35.5 
12.9 
S.7 

23.9 
'S.7 
IS.3 
9.8 

ISA 
8.0 

17.6 
28.6 
14.2 
48.0 

6.7 
9.6 

15.9 
15.3 
30A 

8.4 
20.0 
22.0 
10.0 

36.3 
S0.2 
54.7 
21.8 
26.5 
33.1 
24.1 
18.8 

39.8 
13.1 
36.6 
22.1 
18.0 
29.4 
17A 
24.9 
16.7 
20.8 
19.0 
24.5 

19.0 
16.1 
28.2 

1250
1751 

11.0 
17.2 

5.3
10.8 

4.7 
4.3 

11.0 
3.1 

12.7 
1.4 

7.6 
4.9 

8.6 
9.0 

7.8 
5.9 

14.3 
8.8 

6.5 
10.0 

5.5 
S.9 

25.9 
19.2 

IS.3 
18.0 

I846 8.0 3.7 12.0 2.9 11.0 7.8 7.6 13.9 12.5 22.7 26.3 6.3 16.3 

i~t 
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TABLE 4 
Errors In ADT estimates from random counts of3 consecutive weekdays in different months (pcr cent) 

C . 

C3 
ADT 

(vehides) lan Feb Mar Apr May Jun Jul Aug Sep Oct NoT Dec 
YMIy 
A .er . 

25 
26 
32 
44 
88 
93 

106 
256 
250 
349 
357 
438 
494 
Sol 
622 
632 
675 
676 
788 
792 
825 

1109 
12l5 
1250 
1751 
2846 

82.3 
42.7 
31.8 
17.2 
13.9 
13.5 
22.0 
21.0 
28.8 

8.6 
12.3 
18.8 
7.6 

11.8 
123 
10.8 
20.4 
4.9 

25.1 
9.0 

153 
6.9 
7.2 
9.8 

19.0 
20.0 

17.0 
37.6 
54.1 
10.2 
25.2 
16.7 
32.1 

6.7 
25.1 
14.5 
9.2 

13.5 
13.3 
5.9 

10,0 
12.5 
7.8 
4.5 
5.5 

12.3 
8.4 
6.3 
8.2 
8.6 

13.7 
6.3 

333 
17.4 
71.0 
20.2 
37.2 
17.6 
SI.S 
9.8 

22.4 
13.3 
13.1 
16.1 
29.4 
10.2 
28.4 
11.0 
6.1 
9.2 
6.7 
9.6 

12.3 
12.2 
4.9 
5.3 
5.1 

13.3 

23.1 
31.0 
52.7 
18.8 
33.5 
15.1 
17.2 
54.1 
14.9 
8.8 

33.5 
6.9 

11.0 
23.5 
9.6 

19.2 
18.2 
6.7 

12.0 
13.9 
9.8 

10.2 
12.9 
31.8 
17.0 
10.2 

19.2 
54.5 
31.0 
14.3 
54.9 
30.6 
30.6 
42.3 
19.6 
9.0 

69.6 
7.8 
7.8 

14.7 
16.8 
6.3 

10.6 
8.2 

18.0 
11.4 
8.6 
4.3 
6.9 

20.2 
10.4 
8.6 

21.2 
36.1 
22.7 
32.9 
23.1 
13.1 
16.7 
12.0 
30.2 
1.2 
4.9 
6.1 

12.9 
5.9 
6.5 

23.3 
22.9 

3.9 
12.9 
10.0 
6.9 
9.6 
7.8 

11.2 
8.2 

13.1 

21.4 
103.7 
20.0 
14.9 
15.3 
14.7 
16.1 
19.4 
13.3 
10.2 
22.8 

7.4 
13.9 
12.7 
8.6 

10.8 
13.7 
22.7 
13.5 
25.9 
10.4 

8.2 
!0.6 
11.4 
14.9 
20.4 

39.6 
38.4 
21.4 
19.0 
28.0 
14.1 
18.8 
14.1 
10.6 
14.3 
31.4 

8.0 
14.5 
18.4 
24.9 
18.8 
5.1 

31.0 
7.8 

22.8 
5.3 

28.2 
14.1 
9.4 
9.0 
9.8 

22.5 
23.5 
31.4 
23.5 
19.2 
33.3 
16.7 
19.6 
25.5 
13.7 
6.7 

14.1 
12.7 
15.7 
25.1 
29.4 
18.8 
8.2 
7.2 

12.2 
13.1 
10.0 
18.8 
15.7 
11.4 
143 

17.4 
38.6 
33.1 
19.0 
42.7 
41.9 
17.8 
12.9 
25.1 
15.9 
6.7 

20.6 
24.1 
12.9 
14.5 
38.6 
16.5 
4-3 

18.6 
35.5 
12.2 
10.8 
7.0 

22.4 
16.3 
223 

29.0 
35.1 
31.9 
34.5 
20.6 
35.9 
40.2 
17.4 
65.8 
13.5 
20.4 
1.4 

18.8 
8.2 

20.8 
13.7 
8.2 

20.0 
11.6 
9.2 

10.4 
7.4 

25.5 
7.4 
63 

31.8 

64.7 
38.0 
30.0 
1.6 
19.0 
49.2 
29.0 
10.0 
42.9 
15.3 
17.0 
53.9 
32.9 
53.7 
17.2 
15.3 
25.7 
29.8 
28.8 
22.0 
11.4 
32.9 
32.7 
35.9 
28.4 
26.5 

50.2 
63.7 
66.2 
27.2 
40.2 
42.9 
34.7 
30.0 
44.5 
27.2 
32.7 
34.9 
27.6 
33.1 
17.2 
32.9 
25.1 
34.3 
19.8 
45.9 
17.6 
19A 
30.4 
26.6 
265 
28.4 

e-4CD x 
.00.OD 

on3 



0 
0 
3 

8. APPENDIX I 
CD 
0"} 

Questionnaire on ntVnal procedures for survey of rural traffic flow 

COUNTRY 

COLOMBIA 

-- ,_,_per 

CYPRUS 

ETHLA 

Is there any form 
of national traffc 
census operating? 

Yes 

Yes 

yes 

NATIONAL CENSUSES GENERAL COUNTS AUTOMATIC COUNTERS 
For how many How many Are all classes For how many Is there any Does the Are automatic For whathours and days surveys are ot road hours and days specific period. Government ut traffic counters purpose?are ohervations mde a year? covered? are observations or periods, of standards for in use?made during a made? the year when trafficsurvey? observations observations?

I are made? 

24 hours aday I Only roads main- 24 hours aday No. Yes. Yes. As continuousIor 7 days. tained by national for 7 days mainly. counters atGovernment 
fed(about 7 sites 
locations. 

year). 

7 days continuous. 3 Yes varies Varied from yes Noly on some trunk place to placeroads; 92 hours to coincide withspread over S days local cropan others. 84 harvesting period
hours spread oreh 
Sdays on tourist 
and village roads. 
but varies from 
year to year. 

24 hours a day 3 AP-wethe roads 24 hours for 7 No Yes mofor 5 days. Jan-April built and main. to IS days. 
dry season; tained by the 
June-August Imperial Highway 
wet season; Authority 
Sept.-Dec. whether primary.
Intermediate secondary or 
season. feeder roads. 

-L 

Lx 
(D 
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APPENDIX I  ontlnu*6 (1) 0 

NATIONAL CENSUSES GENERAL COUNTS AUTOMATIC COUNTERS C 
COUNTRY Is there any form 

oi national traflfc 
census operating? 

For how many 
hours and days 
are observations 
made during a 

survey? 

How many 
surveys are 

made ayear? 

Are all classes 
of road 

covereiT 

For how many 
hours and days 
are observations 

made? 

Is there any 
-pecific period. 
or periods, of 
the year when 

observations 

Does the 
Government set 
standakds for 

tratfic 
observations? 

Are automatic 
tratflc counters 

in use? 

Foe what 
purpse? -, 

are made? 
GHANA Yes 7 days 12 hours 

(6 a.m.-6p.m.) 
manually and 24 
hours by automatic 

3or 4 tlimes 
ayear. 

Only primary and 
secondary roads, 

16-or 24-hour 
counts for I week 

No. No. Yes. As continuous 
counters at 
fixed locatona. 

counter. 

IRAN No (one Isproposed for 1971) days Up to 2 times No. To a linited 
1st day: 

idnight.8 a.m. 
a year in each 
season 

extnt. 

nd day: 
a.m.-4 p.m. 
rd day: 

_ p.m.-idnight. 

KENYA Yes 12 hours (6 a.m.. 
6 p.m.) for 5 days 
In aweek and 

4 
Februaty. 
May. August, 

Yes 12 hours (6 a.m.. 
p.m.) for 7 days. 

Wet weather sd Yes 
main annual 
socia events 

No 

24 hours on the November. avoided. 
remaining 2 days. 

LESOTHO Yes 12 hours a day 
for 7 days 

Irregular Motly main. 
roads. 

12-hour I day 
counts. 

NO No No 

MALAWI Yes I day 12 hours 2 Maln and Yes For Awl counts 
manual and 24 
hours automatic 
counter. 

Wet and dry 
season, 

secondary road 
only. of am days

dario. I 

CD
X4 

-a 
O 

x
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APPENDIX I - continued (2) CI 

NATIONAL CENSUSES GENERAL COUNTS AUTOMATIC COUNTERS 

COUNTRY Isthere any form For how many How many Are all classes For how many Is there any Does the Are automatic For whatof national traffic hours and days surveys are of road hours and days specific period, Government set traffic counters purpose?census operating? are observations made ayear? covered? are observations or periods, of standards for In use?made during a made? the year when traffic
survey? observations observatlcus? 

are made? 
MAURITIUS No 12 hours (6a.m.- During supr No No 

6 p.m.) for 7 days. crop period July 
to December. 

TANZANIA Yes 72 hous 2 Yes 72 hours No No No 
THAILAND Yes New standards being introduced. All roads to be I day 8 hours No Yes In the past forcovered. Most counts 2 times ayear. April and manual (8 a.m.- short counts ofOctober. 8-hour counts (8a.m.-4 p.m.) rqr Sweek. 4 p.m.) and 24 one day's duratiOmdays. At afew sites 4 times ayear Jan.ary. April. hours by automa- but permanentJuly, October. 8-hour counts spanning 24 hours for tic counter. sites are to be seta total duration of 3 weeks; i.e. an effective one- up.

week count. 

TURKEY Yes Variable, marjoity 8-hour counts Dnly those Oly toe 
are I-day S-hour usually 3 times vhich are the
 
counts. Some are a year but responsibility
 
for 24 hours I or some just once 3f the national
 
2 days. or twice 24- highways 

iour counts department. 
repeated up to 
IS times a year. 

UGANDA Yes 24 hours a day for 2 Onlyroads 24houmnadayfv: No Yes Ye Fordoreoamab7 days. which are the 7days. of7 days duretio. 
responsibility 
of the Ministry 
of Works, 
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APPENDIX I -continued (3) 

NATIONAL CENSUSES GENERAL COUNTS AUTOMATICCOUNTERS 

COUNTRY Isthere any form For how many How many Are alllams For how many Is there any Does the An automatic For what 
of national traffic hours and days surveys are ofroad hours and days specific period. Government set triaffic ounters purpose? 
census operating? are observations made a year? covered? are observations or periods. of standards for inuse? 

made during a made? the year when traffic 
survey? observatlons obsermtions? 

are made? 

ZAMBIA Yes 	 12 hour for S Once a year Yes Varies from 12 Dyseason May. Yes To alnitted For short
 
days in a week in June. hours up to 7 October extent. counts of 30
 
and 24 hours on days. 
 days duration. 
the remaining 
2 days. 
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THE SENSITIVITY TO TRAFFIC ESTIMATES OF ROAD PLANNING IN 
DEVELOPING COUNTRIES 

ABSTRACT 

This Report gives an analysis of the sensitivityto traffic estimates of 
rural road planning decisions in developing countries. Consideration 
was given to decisions concerning the annual amounts spent on 
mintaining each section of road, the economic justification of road 
Improvements, and the selection of road design standards and hence 
construction costs. 

he Report shows how each of these decisions issensitive to 
the traffic parameters used in making them. Many of the traffic 
parameters are shown to be subject to large crrors sue to the estimating 
methods currently in use. This isparticularly the case with estimates 
of induced traffic likely to result fromr, road improvements and the 
forecasts made of all future traffic for planning and designing road 
improvements. 

The analysis stresses te need for improvements Intraffic 
estimation nethods and for further research into the fundamental 
characteristics of rural road traffic in developing countries. 

1. INTRODUCTION 

This Report analyses the sensitivity to traffic estimates of decisions about rural road planning in developing 
countries. The analysis was undertaken because a re,'ent study of counting methods indeveloping countries 
showed that estimates of rural traffic flow were subject to considerable error'. It therefore seemed prudent 
to consider the effect of any errors in the traffic estimates generally used in teaching planning decisions. 
Errors inestimates of traffic parameters can be ignored provided highway planning decisions are not seriously
affected. However, if it can be shown that uncertainty in traffic estimates have aconsiderable effect on the 
costly decisions which are made this would justify both improvements to counting methods and increasing 
the money spent on traffic estimation. 

1.1 Definition of sensitivity 

All decisions in maintaining, planning and constructing a road need estimates of traffic parameters. 
Some decisions require estimates of only asingle parameter, others of several. Each of these estimates is 
usually treated inanalyses as if it was certain to occur, yet many of them are subject to considerable 
uncertainty. If asmall change in the estimate of oae parameter will alter the decision under consideration, 
then ' e decision issaid to be sensitive to change! in the estimates of that parameter. On the other hand, if 
one particular parameter can be varied over awide range of values without affecting the decision, then the 
decision issaid not to be sensitive to u-,,'ertainties regarding that particular parameter. For example, In the 
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United Kingdomi, roads are built in discrete numbers of lanes each of which Isable to accommodat a si 
of traffic volumes. For rural roads these at as follows:0 

2-ane 0. 9 000 pasenger car units/day (pcu) 

3-ane 9 000.15 000 passenger car units/day (pcu) 

Dual 24ane 1S 000-33 000 passenger car units/day (pcu) 

Dual 3-lane 33 000-50 000 passenger car units/day (pcu) 

Dual 4-lane 50 000-60 000 passenger car units/day (pcu) 

In deciding capacity requirements for future road networks there would be no need to refine trafic eltimates 
to agreater accuracy than the nearest 1000 pcu ifthe predicted value for the design year was in the middle 
of one of these ranges, say, 5000, 12 000 or 24 000 pcu, etc. However, ifthe predicted traffic flow was dose 
to one of the transition levels in the rel;.ionship between the number of lanes and road capacity, then a 
considerable degree ofsophistii in traffic estimation procedures would bejustified to determine with 
confidence the required number of lanes and hence the cost of providing them. 

1.2 Scope of the study 

The term 'planning' has so far been used to describe all the decisions made Inmaintaining and 
improving a road system. Analysis was limited to the main decisions, i.e. those concerned with the annual 
amounts to be spent on maintaining each q-:.';"n of road, the economic justification of road Ir provements, 
and the s.lection of road design standards and hence construction costs. A further restriction on the scope 
of the analysis was that decisions concerning traffic capacity were not considered. Congestion Isuncommon 
on the rural roads of most developing countries and consequently few countries have yet defined capacity 
standards. 

-,78
 

As will be seen from the following examples, the methods by which decisions in different countries 
are made differ considerably. Although this ispartly a reflection of the rapid changes in highway practice 
indeveloping countries, it would nonetheless be possible to criticise some of the methods used on the I "vi 
of generally accepted engineering'and economic principles. This has not been done as It isconsidered outside 
the scope of this study. Dfferences inprinciple are discussed and their effect on the sensitivity of decisions 
indicated, but it isthe sensiivity of decisions as the)' are now made, not as '.heyought to be made, which are 
of interest. To this f j - examples used were selected to give a fair cross-m.ection of current practice in 
developing countries. 

2. THE SENSITIVITY OF ANNUAL MA' NTENANCE COST ESTIMATES 

If the effects of topogralph.%and clim.le on road ninlenance needs are regarded as fixed for agiven ection 
of r-)ad. then the two most importan. factors affecting maintenance costs are the type of surface and the 
traffic volume carried. Ilowcver. the i'-,, of the relationship between road maintenance costs and traffic 
volumes has not been finall) cstablished. Some countries use adifferent fixed cost per kilometre for earth, 
pael. and bituniinou ,ui practice isnot common.fIced roads, but this Most developing countries decide 
their niintenance exxpnJurcs by using a r,'itiuinhip of the form: 

Total maintenance cost per year (TNIC) = a + bQ
 
where Q isthe flow in vchices peiday and aand b are constants. Examples are shown in Table I.
 

* They are currently being revisedl, but setnc t, illustrate twz!point. 
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TABLE I 

TiU olationdp between maintenance costs and traffic flow Invarious countries 

Type of road surface 
Cowntry and Year 

Gravel 
Bitumen 

Kenya:Earth 
(pounds/mile) 95 + 1.37Q Fixed cost per mile 

Niger: 1963 40000 + 1620Q 98320 320Q 
(francs/kin) 

Nigeria3: 1967 150 + Q 340 + 0.2Q 
(pounds/mile) 

Tanzania: 1969 2930 + 22Q 2500 + 48Q 9353 + 3.74Q 
(shillings/mile) 

c-zucla4: 1960 1550 + 54Q 5200 + 18Q 10400 + Q 
(Boli'.rs/km) 

Zambla5: 1964 36 + 1.7Q 96 + 1.4Q 242 + 0.065Q 
(pounds/mdle) 

The ratio of the percentage change in maintenance cost to the percentage change in flow level Is 

defined as the sensitivity ratio. If the sensitivity ratio is 1.0, it means that a 100 per cent error in the 

estimated traffic flow produces a 100 per cent error in the allocated maintenance cost. Conversely, a 

senmilivity ratio of zero means that the allocated maintenance cost isindependent of the estimated traffic 

flow. Inspection of the for :n of the relationships in Table I shows that the sensitivity ratio is constant 

for any particular road surfact ix.agiven country. The actual values are given in Table 2. 
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TABLE 2 

Sensitivity ratios for the maintenance cost relationships given in Table I 

C a e1Type of roed surfaceConwad Yewr 

Earth Gravel Iitumen 

Kenya: 1969 0.59 

Niger: 1963 0.80 0.25 

Nigeria: 1967 0A0 
 0.06 

Tanzania: 1969 0.43 0.66 0 04 

Venezuela: 1960 0.78 0.26 0.01 

Zambia: 1964 0.82 0.59 	 0.03 

180 

It can be seen that 'he ratios vary from as little as 0.01 to amaximum 0.82. Generally thtse forearth surfaced roads are the highest, followed by those for gravel surfaced rm 's,with, as might be expected,
bituminous surfaced roads having the lo * ratios. 

3. 	 THE SENSITIVITY OF CRITERIA USED FOR THE ECONOMIC 
JUSTIFICATION OF ROAD IMPROVEMENTS 

The methods used fur the economic justification of road improvements differ in the various developingcountries. but in all, once acriterion has been selected, projects are jud.,!ed on whether or not their valuewill exceed some agreed minimum. If there are several projects then the) are ranked and accepted forimprovcment 'it rank order until the total cost reaches the limit of available funds. 

Acommon criterion used for the selection of proposed road improvements isthe Internal Rate ofReturn (IRR). This isonly one ofanumber of criteria in general use. but it has been p~cferred by theWorld Rink for its own analyses 6 and isthe one used here. Althougli doubts have recently been expressed
about the suitability of the IRR for assessing public investmentS7 ,sinCe chIellproject in the analysis wasconsidered seprately and none of the projects assumed acomplex ',stor beneflt stream over the designlife of the road. Ptleconclusions of the following anal) siswould not have been altered if either Cost-Benefit
Ratio or Net Present Value criterion had been used instead. 
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Initially the sensitivity of the IRR to changes in the estimated present dAily traffic and traffic growth 
wre tested. These are the main traffic parameters which have to be estimated for cich road that isassessed. 
In practice each is estimated separately so it is necessary to show their separate eftect. Rather than devise 
hypothetical road projects, ten. described in Appendix I -were selected from those recently constructed 
. developing countries. Where it was apparent that some of the ten projects were likely to give similar 

results, calculations were restricted to those which Inspeclion suggested would give either the typical or the 
extreme values of the sensitivity ratio. In fact, it soon became obvious that the same few projects, because 
of the naivety or sophistication of their overall assumptions, would provide the range of values. The results 
which follow probably contain the likely values for all projects. 

3.1 INrent daily traffic 

For each project the IRR was calculated using the assumption as given. Then. keeping all other 
factors constant, the estimated present level of traffic was varied by ± 20, ± 40,± 60, ± 80 and + 100 per 
cent and the IRR calculated. Fig. I illustrates the range of values obtained. Minor variations in the slopes 
of the individual griphs are caused by discontinuities in the project assurmtptions. To simplify them linear 
regression lines were fitted and in each case the correlation coefficient exceeded 0)8. From the regression 
lines a mean sensitivity ratio of 0.70 was calculated. This clearly shows that the IRR is generally very 
sensitive to errors in estimates of present daily traffic, although the spread of the graph lines indicates that 

project sensitivity is considerably influenced by the mix of the other assumptions. 

3.2 Traffic growth 

The sensitivity of the traffic growth assumptions used in each project was tested in the same manner 
as the present daily traffic estimates. Fig. 2-:icvs thi relationships obtained. In each case linear regression 
lines gave regression coefficie.it above 0.99. The sensitivity ratios are very sca:tered ranging from 0.20 to 
0.71 with a mean of appror:-.el! 0.43. This is not really surprising as Appendix I shows that assumptions 
about traffic growth ary considerably among projects. 

It is interesting that the mean sensitivity ratio for errors in estimates of traffi, growth is lower than 
that found for the errors in estimates of present daily traff'c. The probable explanation for this isthat the 
discounting with time of the benefits from road improvements reduces the effect of distant uncertainties. 

Because of the magnitude and range of the sensitivity ratios in the last two tests, the sensitivity of 
thejustification for road improvements was examined in more detail. The effect on the IRR of three other 
aspects seemed particularly worth studying. They were: 

(i) present traffic composition; 

(ii) estimates of induced traffic. and 

(iii) assumed changes in traffic composition. 

3.3 Present traffic composition 

For atsessing the justification for road improvements indeveloping countries traffic isusualllr 
separated int) 'light' (cars and vans) and 'heavy' (lorries and buses) vehicles. Alitiiuh more complex 
classifications are made for some purposes. they are rarely use t in the calc-datiin of c.lier costs or 
benefits The principal effect of errors inclimating present traffic composition iton v0L1cle operaltr;O4 
cost savings, since operating costs per km are usually assumed to be hicher for hcajsthin i'r .chices. 
Thus the IRR for aproject %kith tes is likely to te mu more sensitive tuahigh proportion of heavy 
errors in estimates of traffic omposition than one in which the proportion of hcav')vchicks islow. 
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The results in Fig. 3 suggest that this isso. Below about 30 per cent heavy vehicles, the IRR isrelatively insensitive to errors in estimates of percentage composition with sensitivity ratios of less than0.20. flowever, with 60 per cent heavy vehicles, sensitivity ratios increase to approximately ahalf. Theextreme values for Project 10 occur when the percentage of heavy vehicles exceeds 80, which isunlikuly
to be common in practice. 

3.4 	 Induced itaffic 

Very few of the reports considered in this analysis explain what ismeant by induced traffic. tsuallyd term implies the extra flow of vehicles on an improved facility over-and-above that which would have
teen expected from normal trends. Alternatively, on an entirely new facility, it is taken to be the extravolume of traffic over.and-above that which would have been expected to divert from existing routes.
Neither of these isstrictly correct; the traffic on anew road or the extra traffic on an improved road can 
be broken down into: 

(i) 	 that traffic 'diverted' to the new facility, finding it more convenient or attractive 
than the former route of travel; 

(ii) 	 that traffic which has made achange in 'mode', e.g. from rail or air to road; 
(i) 	 that traffic which isentirely new and never existed before, and Isassumed to be 

the effect of making certain areas more accessible to larger numbers of people. 

Strictly the term induced traffic should be reserved for (iii)a. It isunfortunate that the threecomponents are frequently lumped together. One result of this practice isa tendency to ascribe to eachunit of induced tralfic the same benefits as each unit of existing traffic; this isincorrect. (All but one ofthe projects used in the analysis made this mistake). The benefits to each unit of induced traffic should betaken as one-half of those of each unit ofexisting traffic9. Even if benefit calculations are correct, errors 
in estimating induced traffic can be expected to have aconsiderable effect on the IRR since the changes inflow are often assumed to occur immediately after the road isimproved. The extra benefits that result are
thus relatively unaffected by the practice of discounting all the benefits to their present value. 

Assumptions concerning induced traffic can be classified into one of two types: 

(I) 	 Immediate increase tssumption. This assumes that lhere isan immediate, once and for all,
increase in traffic as soon as the new facility isopened, after which traffic continues to pow
as before. (See, for example, Protect 2, Appendix 1). 

(i) 	 Limited time assumption. This assumes that for anumber of years after the improvement.usually two or, more rarely, three years - traffic will grow at a faster rate than was established 
before the improvement. After the limited time period has elapsed traffic isusually assumed 
to grow at the pre-impro,vcrnit rate. (See, for example, Project 10, Appendix 1). This type
of assumption isopen to several c~iticisms, but these are not considered here for the reason 
given in 1.2. 

Using one Project (2) in which the benefits to induced traffic were incorrectly taken as equal to thoseof existing traffic, and one project (3) inwhich the benefits to induced traffic were correctly calculated 
as half those of existing traffic, the induced traffic assumptions were tested as follows: 

(I) immediate increase of 20,40, 50, 80 and 100 per cent; 
(id) increase for 2years of 10, 20, 30,40 and 50 per cent per year; 
(iii) 	 increase for 3years of 10, 20, 30, 40 and 50 per cent per year. 
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In each case sensitivity was measured relative to the value of the IRR with no induced traffic. This method 
of testing was adopted since cunNtderable uncertainty surrounds present methods of estimating induced 
traffic. None of the reports used in the analysis produced or quoted any evidence to support the amount 
of induced traffic used. In these circun-itances, it seems fair to measure the sensitivity of the IRR relative 
to what it would be if it were assumed that there was no induced traffic. The results are shown in Fig. 4. 

As might be expected in each case the sensitivity ratio ishigher for Project 2 which makes incorrect 
mumptlons about the benefits to induced traffic. Although the immediate increase assumption gives the 
lowest sensitivity ratios, they are still large at between 0.37 and 0.52. However, the sensitivity ratios when 
induced traffic is assumed to occur over two and three years range from 0.74 to 1.68. The magnitude of 
thewe values gives cause for concern at the present lack of knowledge concerning induced traffic in developing 
countries. The estimation of induced traffic is clearly in urgent need of research. 

3.5 Changes in traffic composition 

One of the projects used for this analysis assumes that the proportion of h-avy vehicles will increase
 
and one that it will fall, but most, explicitly or implicitly, assume that the proportion will remain constant
 
with time. This seems unrealistic for. unless there are artificial restraints on the personal ownership of
 
vehicles, it can be expected that on rural roads in developing countries the proportion of heavy vehicles will
 
fall with time.
 

In the eary stages of devitopment, when acountry is being opened up by road communications, 
personal ownership of vehiclei is uncommon and the ubiquitous bus or multi-purpose lorry provides the 
main means of transport. Also, the low standard of many roads deters all but the most ruggedly constructed 
vehicles and the most determined of operators -usually the commercial lorry and bus operators. At a later 
stage of economic development the low standard roads are improved, and increased ownership and use of 
light vehicles is made possible: hence the proportion of heavy vehicles steadily falls. 

Vehicle registration statistics from a sample of developing countries suggest that many developing 
countries have passed or are passing through the stage described above (ste Fig. 5). The number of heavy 
vehicles has been expressed as a percentage of the total stock of vehicles. Generally, the proportion of 
heavy vehicles declines with time and in some cases (Afghanistan, Brunei, Ghana, Laos, Sarawak) this is 
quite marked. Some of the counties in Fig. 5(d), however, show asensibly constant proportion of heavy 
vehicles with time, and, in the c- c of Nepal, an increasing trend is apparent. The latter is hardly surprising 
as the rugged terrain has, until recently, limited the development of roads. These trends are, of course, 
only true nationally, and on indimidual rural roads there will be considerable variation from them. Nonethe. 
less, they do strongly suggest that only on roads opening up new land and in the early stages of development 
is the proportion of heavy vehid'es likely to increase or remain constant wth time: the results from a recent 
study of the composition of rural traffic flows in Kenya indicated asimilar lendcil:cy o. 

From the foregoing discussion, itseems that a reasonable measure of the sensitivity of the IRR to 
assumptions about changes in tralic composition is obtained by comparing liltvalue of the IRR assuming 
aconstant proportion of heay v'hiiles wth that assuming that the proportion of heavy vehicles declines 
by various amounts over the d.rq life of each project. Fig. 6 gives tie results. 

With one exception, the assumpt ion of a constant instead of adeclining proportion of heavy vehicles 
with time will result in an increased IiR. (The negative sign of the results fur Project I is cauced by the 
somewhat unlikely assumption iai tI e absolute operating costs of light vehiles exceed those of heavy 
vehicles.) It can be seen that. aS w.Asthe case with present triltic composition. (section 3.3) the sensitivity 
of the IRR is determined by ilic iiiial proportion of heavy vehicles. k-low approxinmately 50 per cent 
heavy vehicles, sensitivity rath ie rclaitiely low, being leis than 0.1. Only %%hien the proportion of heavy 
vehicles exceeds 50 per cent, do scnsitivity ratios reach moderate values of 0.1 and 0.3 1. 
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NOTE: Section 4 has been deleted because it does 
not deal with the subject of this publication.I___I 

6. 	 DISCUSSION 

There are two objectives in making asensitivity analysis of a planning decision: first, to determine the effecton the final decision of changing the value of each of the variables involved in reaching it; secondly, to calculatethe probability that the estimated values of the variables which cause significant changes in the results will 
Occur. 

The analysis has been concerned with the first of these objectives, and it has been shown that each ofthe decisions considered issensitive to the traffic data needed to make them. It ismuch more difficult tocalculate the likelihood that estimates of agiven traffic parameter will be subject to aspecified error. A recentstudy' has provided confidence limits for estimates of present daily traffic from traffic counts of varying
duration. Evidence was also presented in the results on tie confidence limits of estimates of the present
proportion of different types of vehicles. However, the other traffic parameters considered are based onforecasts and very few studies of the accuracy of these have beeiimade - as far as isknown, none in the 
developing countries. On the evidence of the methods being used (see Appendix I), it must be concludedthat most forecasts of rural traffic indeveloping countries are subject to considerable error: as indicated
above a figure of ± 50 per cent is alikely minimum confidence interval. 

This Report emphasises the need to evaluate the consequence of decision errors, although no attemptto quantify them has been made. I he consequences of improving or not improving a road, or of over.designing or under-designing it are difficult to predict. If an investment ismade inaroad before conditionswarrant, then the opportunity is foregone of investing that money, possibly more profitably, elsewhere.Equally, if an investment ismade ina toad after conditions warrant, tlen the benefits that would haie accruedif the investment hid been irnde at the optimum time will be foregone in favour of other, and possibly lesser,benefits elsewhere. (Similar reaisoming can eapplied to 11wunder-designing or over-designing of a road.)
The magnitude of the effects of either of these actions obviously varies with circumstances, but economically
they are both undesirable and the causes of them should be eliminated if possible. 

n1,- results dleatly show that improved traffic estimates could, in many cases, greatly increase thecertainty of planning decisions. "]hisisespecially notable in the case of estimates of Ind~uced traffic. 

6. 	 CONCLUSIONS 

I. 	 Al of the three planning decisions considered are sensitive to errors In estimating the traffic paramelers
used in making them. 
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are of fundamental importance both to current decislons
 
and to decisions relying upon forecasts.
 

2. 	 Accurate estimates of present daily traffic 

3. 	 The very large sensitivity ratios associated with estimates of induced traffic used in the economic 
asseument of toad improvements indicates the need for urgent research on the sodo.economic chanpa
 
Induced by road improvements in developing countries.
 

improvements in traffic 

into the fundamental characteristics of rural road traffic in dei eloping countries.
 

4. 	 The results stress the need for estimation methods and for further research 
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9. APPENDIX I 

PROJECT CHARACTERISTICS AND ASSUMPTIONS USED IN TESTING THE SENSITIVITY OF THE 

CL0. 
C 

ECONOMIC JUSTIFICATION OF ROAD IMPROVEMENTS 

Project 
number 

Designf 
lift

(years) 

Construction 

(Ws 1000) 

Length
of 

project(kin) 
Type of 

improvement 
Terrain and 

soil type 
ADT 

(vehicles) 

30 396 55 Earth-gravel to Flat to rolling 220 
bitumen, over sandy silt 

with pockets 
ofsilty clay. 

20 880 III Slightly im- Flat through 403 
proved gravel rolling to 

2 and improved mountainous 
gravel to over shallow 
bitumen, soils over. 

lying granite, 

Traffic growth assumptions 

I. Separate growth rates assumed 
for cars: 10 per cent for five 
years. 8 per cent for five years, 
6 per cent for five years. 4 per 
cent for five yea.S, and 2 per 
cent for ten years: and for 
trucks: 10 per cent for five years, 
12 per cent for five years. 10 per 
cent for another five years, and 
5 per cent for fifteen years. 
2. Although not specifically 
mentioned the proportion of 
heavy vehicles is increasing with 
time from 45.5 per cent. 

i. All vehicles assumed to in-
crease by 25 per cent for one 
year and 8.5 per cent for the 
remaining nineteen years. 
2. The proportion of heavy 
vehicles is assumed to remain 
constant with time at 34 per 
cent. 

Benefit calculations 

I. Separate operating cost 
savings assumed for light and 
heavy vehicles with the former 
exceeding the latter. 
2. Maintenance costs are 
assumed to be independent of 
the traffic flow. 
3. Induced benefits mentioned 
but not quantified. 

I. Separate operating cost savings 
assumed for light and heavy vehicles. 
2. Fixed maintenance saving inde
pendent of traffic flow. 
3. Induced benefits discussed but 
not included. 

CD x 
P.* 
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APPENDIX I - Continued 	 C: 

Prjt Design Construction Length 
Proc life
number (years) 

cost of Type of Terrain and ADT ie growth assumptions Benefit ealculatlo(L's 10()) project improvement soil type (vehicles)

(km)
 

20 260 36 Improved track Mountainous 237 1. All vehicles assumed to Increase by 1. Separate operating cost 
to gravel. over dark red 14 per cent for two years, then by 9 savings assumed for light 

clays with red per cent until the ADT reaches 600 and heavy vehicles. 
humic top

3 
vehicles, and then by 3 per cent till 2. Fixed maintenance saving


soils, the design life is reached, independent of traffic flow.
 
2. The proportion ofheavy vehicles based on route shortening. 
isassumed to remain constant with 3. Simple before-and-after 
time at 14 per cent. calculation of benefits. 

20 1317 140 Unimp-wed Rolling to 330 I. All vehicles assumed to increase I. Separate operating cost
gravel to mountainous by 25 per cent for one year and savings assumed for light

bitumen, over v .anic 4.5 per cent for the remaining and heavy vehicles.
4 deposits nineteen years. 2. Fixed maintenance saving


covered with 2. The proportion of heavy vehicles independent of traffic flow.
 
black cotton is assumed to remain constant with 3. Induced benefits discussed

soil. time at 20 per cent. but not included. 

20 826 40 Improved track Flat through 245 1. All vehicles assumed to increase I. Separate operating cost 
to bitumen, 	 rolling to by 19 per cent for two years. then savings assumed for light and 

mountainous Dy 6 per cent until the ADT reaches heavy vehicles. over volcanic 600 vehicles, and then by 3 per cent 2. Fixed maintenance savingashes and pumice till !he design life is reached, independent of traffic flow. 
2. The proportion of heavy vehicles 3. Simple beforeend-after 
isassumed to remain constant with calculation of benefits. 
time at 34 per cent. 

CDX 
r-11 
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S APPENDIX I- Continuzd 

~ ~~Design Constructionot of Type of t.DT 	 .,, Length Terrain and 

numbper ret0life00(years) (£VSIO00) poetproject i,.ieetymp. soil typeye3yement si (veo'ices)(eil Traffic growth asrumpt tDs Benefit calculations 

(kin) 

20 2051 149 	 Siigle lane bit- Rolling to Five road 1. All vehicles acumed to incMase by I. Separate op-rating cost 
unren and mountainous sections 10 per ccist for ten years. then by 8 avil;.- for li.lit and he.ivy
gravel to 2- ove .esidual 1042 per cent for five y'ars, and 7 per vehicles. 
lane bitumen. soils from 1161 cent for five "-ar. 2. Gravel and single lane6 	 weathered 653 2. The proportion of heavy vehicles bitumen maintenance costs
 

gneiss of the 256 
 Isassumed to remain constant with assurmed proportional to 
basement 274 time. traffic flow. Two-lane bitumen 
complex. sf1iltenanLC cost fised per 

kilorietre. 

33 1365 203 	 Gravel to Flat to 104 1. Very complex growth issumptions 1. Separate operating cost 
bitumen rolling over for four separate vehicle classes. sav.ng- for light and heavy

non-calcareous Trucks and pickups assumed to vehicles. 
black soils. 	 Increase by 3.1 and 4.0 per cent res 2. Maintenance saving 

pective;y over fifteen years. and then prolxp-tional to traffic flow 
both by 3 per cent for ninetcen years. asssscd on befote-and-after 
Buses and cars are both assumed to basis.increase by 5.1 per cen: for five year.. 3. Induced benefits mentioned 
then by 5.9 and 6.3 per cent respective- but not quantified.
 
ly for ten years, and finally both by 3
 
per cent for rineteen years.
 

2. The above assumptions result In the
 
proportion of heavy vehicles declining

slightly with time. 

_____________I _____________ ___________________________________ ________________________(0___ 
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APPENDIX Continued 

Design Construction
Project lire 
number (years) (V3s t0)numbr(eat) (£s I00) 

Length 
of 

project(km) 
Type of 

improvement 
Terrain and 

soil type 
ADT 

(vehicles) 

I 
TrafTic growth assumptions Benefit calculations 

C: 

a 

1S 197 13 Gravel to bitu-
men. 

Flat over 
alluvial 
gravels. 

242 1. Complex assumptions discussed 
resulting in t. - -of astandard 
vehicle unit and asimple constant 

growth rate of 6 per cent. 
2. The proportion of heavy vehicles 
is implicitly assumed to remain con-
stant with time. 

I. Complex operating costs cal
culated for standard vehicle to allow 
for the deterioration of the road 
without improvement. 
2. Fixed maintenance cost on existing 
road assumed, but cost assumed to vary 
slightly with flow on improved bitumen 
road. 
3. Induced benefits in terms ofIn
creased agricultural production and that 
foregone ifthe road wert not improved 
form the main justification for the project. 

9 

22 2020 111 Gravel to bitu-
mcn. 

Flat to 
rolling over 
sand with 
underlying 
granite. 

275 I. All vehicles assumed to increase 
by 10 per cent for one year and 9 
per cent for the remaining twenty-
one years. 
2. -he proportion of heavy vehicles 
is assumed to remain constant with 
time at 27.4 per ccn:. 

I. An average operating cost figure isused 
for both light and heavy vehicles. 
2. Maintenance costs are assumed to be 
independent of the traffic flow; 
£280 per km for gravel and 
£3 0 per km for bitumen. 
3. No induced benefits considered. 

10 

20 1295 96 Gravel to bitu-
men. 

Flat to 
rolling over 
red loam 
and gravels. 

115 1. All vehicles assumed to increase I. Separate operating cost saving: aaaumed 
by 10 per cent for the first two for light and heavy vehicles. 
years, and 7 per cent for the re- 2. Maintenance costs are assumed to be 
mainlng eighteen years. in direct proportion to traffic flow and lower 
2. The proportion of heavy vehiclesat all flows on bitumen roada than on gravel 
Ihassumed to fall from 60 per cent or earth surfaced roads. 
at the time of construction to 40 3. No induced benefits considered. 
per cent at the end of the d6sign life. 4. Benefits are calculated on abefore-mnd-after 

improvement basis rather than a with-and
without basis. 

-4CD'X 
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The following bibliography contains two sets of 
references. The first set consists of a reference 
for each selected text that appeared in the
preceding part of this compendium. The second 
set consists of references to additional 
publications that either were cited in the 
selected texts or are closely associated with 
material that was presented in the overview and 
selected texts. Each reference has five parts
that are explained and illustrated below, 

(a) Reference number: This number gives the 
position of the reference within this particular 

Bibliograf fa 
La siguiente bibliografia contiene dos series de 
referencias. La primera serie consiste en una re-
ferencia para cada texto seleccionado que apa-
recio en la parte anterior de este compendio. La 
segunda serie consiste en referencias a publi-
cacionos adicionales que fueron mencionadas 
en los textos seleccionados o que se asocian in-
timamente con el material que se present6 en la 
vista general y los textos seleccionados. Cada 
referencia tiene cinco partes que se explican y 
se ilustran abajo. 

(a) Numero de referencia: este nOmero indica 
la posici6n de la referencia dentro de esta bi-

Bibliographie 
La bibliographie qui suit contient deux cat6go-
ries de r6f6rences. La premibre cat6gorie 
consiste en une r6fhrence pour chaque texte 
choisi qui est inclus dans la partie pr(c6dente
de ce rocucil. La deuxibme cat6gorio contient 
des r6f6rences pour des documents qui ont soil 
Me, cit6s dans los textes choisis, ou soil sent 
6troitement associ6s avec des 6crits qui sent 
pr6sont6s clans I'expos6 ou los loxtes choisis, 
Chaque r6f6rence est compos6e do cinq parties
qui sont expliqu6es et illustr6es ci-dessous: 

(a) Num6ro de la r6f6rence: ce num6ro indi-
que la position do celle r6f6rence dans cotto bi-

bibliography. It is used in the compendium index
 
but should not be used when ordering
 
publications.


(b) Title: This is either the title of the complete
publication or the title of an article or section
 
wi fln a journal, report, or book.
 

(c) Bibliographic data: This paragraph qives
 
names of personal or organizational authors (if

any), the publisher's name and location, the date
 
of publication, and the number of pages

represented by the title as given above. In some
 
references, the paragraph ends with an order
 
number for the publication in parentheses. 

bliograffa en particular. Se utiliza en el fndice del
 
compendio pero no deber6 utilizarse al pedir
 
publicaciones.


(b) Titulo: el tftulo de la publicacibn completa 
o el tftulo de un artfculo o secci6n dentro de una
 
revista, informe, o libro. 


(c) Dates bibliogrificos: este pbrrafo da los 
nombres de autores personales u organizacio
nales (si hay alguno), el nombre del editor su
 
direccion, la fecha de publicacin, y el nOmero
 
de pginas representadas por of titulo en la
 
parte (b). En algunas referencias el p~rrafo ter
mina con un nimero de pedido para la publica
cicn en par6ntesis. 

bliographie. Ce num6ro est indiqu6 dans rindex 
du recueil mais no doltpas 6tre utilis6 pour les 
commandes de publications. 

(b) Titre : cola indique ou le litre du livre en
tier, ou le titre d'un article ou d'une section d'une 
revue, un rapport, ou un livre. 

(c) Donn6es bibliographiques: cc paragraphe
indique les noms des auteurs personnels
(quand ily en a) ou des auleurs collectifs (orga
nisalion), le nom de r6dileur of son adresse, la 
date do 16dition, et le nombre do pages qui sent 
incluses sous le titre dans (b). Certaines r6f6
rences se terminent par un num6ro entre paren
theses qui indique le num6ro do commando. 
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(d) Availability information: This paragraph organization from which it is available are given.
tells how the referenced publication is available The order should include all information given In 
to the reader. If the publication is out-of-print but parts (b) and (c) above. 
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can be ordered, the name and address of the in part (b). 

(d) Disponibilidad de la informaci6n: este p6- (2) la publicaci6n puede ser pedida de la orga
rrafo indica la disponibilidad al lector de la pu- nizaci6n cuyo nombre y direcci6n est~n indica
blicaci6n referenciada de una de dos formas dos. El pedido deber incluir toda la informaci6n 
como sigue. (1) La publicaci6n eslA agotada dada en las partes (b) y (c). 
pero puede ser consultada en la biblioteca indi- (e) Resumen: este p~rrafo es un resumen de 
cada, donde se sabe que se posee una copia, o la publicaci6n cuyo titulo se di6 en la parte (b). 

(d) Disponibilite des documents: ce paragra- le nom et I'adresse son, indiqu6s ici. L'ordre de 
plie indique les deux farons dont le lecteur peut commande dolt inclure toutes les informations 
acquerir les documents: (1) L'edition est 6pui- donn6es dans les parties (b) et (c). 
see, mais Line certaine biblioth6oue detient ce (e) Analyse: ce pa'agraphe est une analyse
document et ilpeut btre consulte. (2) Le docu- du texte dont le titre est cit dans la partie (b). 
ment peut 6tre commando 6 l'organisation dont 

Illustration (from Comp.1) Ilustracl6n (del Comp. 1) Illustration (du Recueil 1) 

(a) Reference number 
(a) Nimero de referencia -	 Reference 3 
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b) Tire-. 
 Order from: Internationa flank for Reconstruction and 

Development, i88I H Street, N.W., Washington, DC 
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(c) Bibliographic data 
(c) Datos bibliogriflcos 	 I The design standards of some 10 highway projects 
(c)Donnies bibliographiques financed by the International lank for Reconstruction 

and Development between 1960 and 1970 are re
viewed, mid areas of agreement between thestand. 
id , studiedof the63 countries are Identified;


(d) Availability information 	 prctlcai highway standards based on these areas of 
(d)Disponibilidad de Ia informacldn 	 agreement are sketcheo for the guidance of planners
(d) Dilsponibilit&des documents 	 In developing countries. The roads discinsed here,

fail into three functional categories a small group of 
expressways, freeways and toll roads carrying large
volumes of traffic a very large group of 2-lane(a) Abstract 	 highways carrying a wide range of traffic volumes 

(o)Resumen 	 servIng both local and long distance trafficl aoid a 
(e)Analyse 	 smaller group of low-traffic tertiary or special

purpose roads existing primarily for land service. 
Comments are made on the problem of classifying 

The order should include all information given In pats (b)and hghway standards, and on the comparison of stand
(c) above, aids. Conclusions regarding standards for the

El pedido deberi Inclulr lode Is Informaciin dada en las perte capacity., related elements of design and standards 
for the velocity-related elements of design (radius or

(b)y (c). curvature, stopping sight distance, passing sight 
L'ordra de command. dolt inclure toutes letInformations distance) are dscussed, as well as the horizontal and 

donnies dens los parties (b)et (c). vertical clearances for brl ges. The standard live
loadings for bridges, the structural capacity of 
pavements and legal load limits ar. covered, and
concluslons relatli-g to pavement design, desIgn, 
standards for 2-l4ne highways, incremental 
development of higriways, and levels of serviLe are 
presented. 
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Reference I 
ECONOMIC AND FINANCE COMMITTEE REPORT 

Permanent International Association of Road Congress-
es. Paris, France; 1979; 61 p. (XVIth World Road 
Congress, Vienna, September 16-21, 1979). 

Order from: Permanent International Association of 
Road Congressez, Secretariat, British National Commit- 
tee, St. Christopher House, Southwark Street, London 
SEI OTE. 

This report presents four papers. The first paper, 
Indirect Effects of New Road Links on Urban Living 
Conditions, describes a study that proposes a process 
of analysis and quantification of the inconvenience 
caused to the community by the destruction of 
buildings or open spaces of high value, as well as the 
effects of dislocation. The second paper, The 
Economic Issues of Highway Maintenance (Selected 
Text No. 1), links the '.Yvel of maintenance to traffic 
volume by economically balancing the extra costs 
asso'iated with improvement in service against the 
extra benefits. The approach described in the paper 
Is designed to determine the correct level of expendi
ture for maintenance, the standards to be achieved, 
and an appropriate asses.'rnent method. The third 
paper is titled, Choice in Roaa Investment and Its 
Execution In Developing Countries, By Reference, to 
Costs in Hard Currency, Emplo',mint and the Stan-
dard of Technology in the Count-y. The fourth paper 
consists of three parts: ge!neral aspects )f operations 
In highway exploitation, applying c lculations of 
viability to the operatio',s of highway exploitation, 
and methods of calculation of the viability of 
operations in highway exploitation. Illustrative ex-
amples based on experiences in France are included, 

Reference 2 

HIGHWAY AND BRIDGE MAINTENANCE: 

OPERlATIONS, COSTS, AND MODELING. E6REPORTS. 


Highway Research Board, Washin.ton DC; 1973; 62 p. 
(Prepared for the 52nd Annual Meeting; Highway Re
search Record Number 45). 

Order from: Transportation Research Board, Publi-
cations Office, 2101 Constitution Avenue, N.W., 
Washington, DC 20418. 

The first report in this publication addresses the 
problem of inventorying the road system and main-
taining low-volume tracks in the Sud'n. The survey 
of Sudan roads attempted to obtain information on 
soils, drainage, aggregate availability, and vehicle 
operating costs. The report emplusizes the survey 
procedure, the related problems, and the evaluation 
of the technique. The report alto discusses mainte
nance techniques for extending the useful life of 
existing tracks Into the rainy .,!son and providing 
all season vehicular transport to central and northern 
Sudan. The second report Maintenance Costing 
Method for L.jw.Volume Roads (Selected Text No. 2) 

discusses the Importance of maintenance p3 It applies
 
to low-volume roads In develop.ng zountries. The
 
decision to- pave versus the use of local aggregate to
 
surface roads Is discussed, and a method of esti
mating maintenance and costs as developed for a
 
transportation system planning artivity In the Sudan
 
is presented. The report notes that the total cost of
 
the cconomy In areas of limited road systems varies
 
with the mileage of roads of a par:icular surface type
 
to be maintained. The third report describ.:s a
 
procedure for simulation modeling of highway main
tenance operations. A mowing model was developed
 
that facilitates decision mnaking related to mowing
 
operationsr the program developed for the model is a
 
utility program that can be extended to other
 
highway maintenance operations. Three other reports
 
describe the evaluation of equipment utilization and
 
management within the Virginia Department of High
ways, an Instrument for detecting delamination in
 
concrete bridge decks, and the detection of bridge
 
deck deterioration. 

Reference 3 
MAIN ROAD MAINTENANCE COSTS 

Ministry of Public Works, Transport and Urban Develop
ment, Republic of Upper Volta; 1977; 14 p. (Pan 
African Conference on Highway Maintenance and Reha
billtation, Ghana, November 1977). 

Order from: Transport and Road Research Laboratory, 
Overseas Unit, Crowtborne, Berkshire, RGII 6AU, U.K. 

The paper describes earth road and asphelt-surfaced 199 
road maintenance procedures in the Upper Volta and 
Includes detailed costs for manual maintenance in
cluding the filling of road surface depressions and 
potholes, clearing of ditches and removal of under
growth from the right of way, resurfacing, major 
reshaping, minor reshaping, and special anti
corrugation maintenance. Information is given on the
 
staff required per unit of work, together with details
 

of the equipment needed for both manual and
 
mechanized maintenance and the rr.iterials to be used
 
In the operation. Costs are given in each case,
 
leading to the calculation oi unit costs and total costs
 
for each type of work. This paper represents the first
 
step In the process of tne economic evaluation of
 
maintenance procedures.
 

Reference 4
 
EVALUATING THE ECONOMIC PRIORITY OF
 
HIGHWAY MAINTENANCE 

Harral, C.G.; Fossberg, P.E.; Watanatada, Thawat. 
Washington, DC: International Bank for Reconstruction 
and Development, Transportation Department; 1977; 
71 p. and annexes. (Pan African Conference on Mainte
nance and Rehabilitation, Ghana, November, 1977). 

Order from: Transport and Road Research Laboratory, 
Overseas Unit, Crowthorne, Berkshire RGII 6AU, U.K. 

The method for determining the economic Impact of
 
different levels of the maintenance effort is de
scribed, as -v-ll as the Highway Design and Mainte
nance Standards Model (HDM) (see Reference 22),
 
which was used in the study. The method is based on
 

http:develop.ng


the theory that economic benefits of highway mainte-
nance expenditures are comprised of three basic 
components: reductions in user costs, reductions in
future maintenance and rehabilitation costs required 
to provide the same level of service if preventive
maintenance is done in a timely manner, and reduc-
tion or prevention of the economic loss due to road 
closures. The effect of the original surface design,
material types, volume and axle-load configurati of 
traffic and climate are all evaluated against the 
incremental maintenance levels through an assess-
ment of road deterioration. Three case studies are 
presented that describe the determination of (a) the 
most economic grading and regravelling policies for 
unpaved ioads, (b) optimum timing (and traffic 
volume) ;it which to pave an unpaved road, and (c) the 
most economic pavement desigi, maintenance and 
rehabilitation strategies over a 20-year life cycle of a 
heavily -rafficked paved highwa . The study con-
firms that the economic returns are very high for 
levels of maintenance %ell ab-ve those currently
practiced in most developing countrie., 

Reference 5 
ENGINEERING ECONOMICS OF THE MAINTENANCE 
OF EARTH AND GRAVEL ROADS 

Faiz, Asif; Staffini, Edgardo. Low-Volume Roads: 
Second International Conference. Washington, DC: 
Transportation Research Board; 1979; pp. 260-268 
(Transportation Research Record 702). 

Order from: Transportation Research Board, Publi
200 cations Office, 2101 Constitution Avenue, N.W.,

Washington, DC 20418. 

This paper presents a methodology for the economic 
evaluation of maintenance programs for unpaved
roads with low traffic volumes (under 250 vpd), a 
situation comnonly encountered in rural areas in 
developing countries. The technique, drawing heavily 
on the road deterioration and user cost relationships 
developed in the IBRD/TRRL Kenya Road Transport
Cost Study (see References 17 and 18), involves a 
dynamic model that relates vehicle operating costs to 
traffic-induced road deterioration. The propoted
methodology requires a two-step procedure: first, to 
determ ine economically optimal and technically ap-
propriate maintenance strategies; and second, to 
apply these strategies to assess the economic value of 
the global road maintenance program. The incremen-
tal economic analysis used in the methodology per-
milts the differentiation of benefits in the form of 
vehicle operating cost savings between routine peri-
odic maintenance. The use of the evaluation tech-
nique Is demonstrated by application to a road 
maintenance progr am. Although the proposed method 
requires the use of multiple reg-ession analysis and 
elementary calculus, graphical rethods can be used 
as an alternative, 

Reference 6 
EFFECT OF SIMPLE ROAD IMPROVEMENT 
MEASURES ON VEHICLE OPERATING COSTS IN THE 
EASTERN CARIBBEAN 

Hide, H.; Keith, D. Low Volume Roads: Second 
International Conference. Washington, DCt Transpor-

tation Research Board; 1979; pp. 269-276 (Transporta
tion Research Record 702). 

Order from: Transportation Research Board, Ptibli
cations Office, 2101 Constitution Avenue, N.W.; 
Washington, DC 20418. 

The paper describes the effect on vehicle operating 
costs of a simple laeor-intsnsive me'hod of rehabili
tating and maintaining badly deteriorated bitumen
surfaced roads in the Eastern Caribbean. The 
techniques developed for the rehaoilitation and main
tenance of the roads are described, and the equip
ment, materials, and manpower required are listed. 
The rehabilitation and maintenance system is a 
simple one restricted to providing adequate drainage,
filling the potholes in the road, and providing a 
minimum seal over the whole road surface. 1he 
reduction in vehicle operating costs resulting from 
the improvement in the riding quality of the road 
surface is shown to be sufficient to recover the 
rehabilitation costs in a very short time even at flows 
as low as 100 vehicles per day. The majority of the 
roads included in this scl-eme are of low strength,
have low geometric standards, and have traffic flows 
ranging from 50 to 1500 vehicles per day. All the 
roads have been trafficked for at least one year since 
being rehab.litated and scme for two years. During
this time little or no damage to the surface has taken 
place. 

Reference 7 
OUTLINE OF A GENERALIZED ROAD ROUGHNESS 
INDEX FOR WORLDWIDE USE 

Hudson, W.R. Low-Volume Roads: Second International 
Conference. Washington, DC : Transportation Re
search Board; 1979; pp. 249-259 (Transportation Re
search Record 702). 

Order from: Transportation Research Board, Publi
cations Office, 2101 Constitution Avenue, N.W, 
u'ashington, DC 20418. 

The solution to the problem of providing uniformity in 
T he ss m e r emts r i ngu ifacet y an 
roughness measurements requires a multifaceted ap
proach. The approach outlined in the paper is as 
follows: (I) develop a Generalized Roughness Index 
(GRI) that has a sound basis and can provide a pseudo
standard for comparison of all methods; (2)evaluate
the use of an artificial calibration method (such as 
developed by the Transport and Road Research 
Laboratory) with a variety of instruments and cases 
to determine its value, problems, and utility; (3)apply 
the concept of a standard rating panel to provide an 
additional methodology for defining and re.producing 
the GRI in countries 411 over the world without the 
cost of purchasing a staLle profilometer, such as the 
General Motors device; (4) evaluate the use of rod 
and level surveys and recommend field equipment to 
simplify and speed up such surveys for establishing 
calibration points on a GRI. It is recommended that a 
GRI be Implemented to test these concepts. Cooper
ation will be needed among several countrie: and 
agencies. Particular attention should be given to 
coordination of research data from the Kenya, Brazil,
and India projects in which tie World Bank is 
involved. 



Reference aA REVIEW RURALOF TRAFFIC COUNTING 
METHODS IN DEVELOPING COUNTRIES 

Howe, 3.D.G.F. Great Britain Road Research Laborato-
ry, Tropical Section; 1972. 10 p. plus tables and graphs(Road Research Laboratory RRL Report LR 427). 

Order from: Transport and Road Research Laboratory,
Crowthorne, Berkshire RG 1I 6AU, U.K. 

This report reviews methods of rural traffic counting
currently used in developing countries and examines
the accuracy of the resulting flow estimates. The
results of a questionnaire survey among a sample of
developing countries suggest that decisions on theduration, frequency, and timing of counts are atpresent arbitrary. Consequently, estimated daily
traffic flows can rarely be expected to lie within !30
percent of the true value averaged over the whole 
year. Although repeating counts at intervals through-
out the year increases the accuracy of traffic
estimates, this is achieved only at a disproportionate
Increase in cost. It is concluded that for any
appreciable increase in the accuracy of rural traffic
estimates much more needs to be known about the
magnitude and causes of the var;ations in flow. This
requires that automatic traffic counters be used on a
wider scale than at present. 

Reference 9 
THE SENSITIVITY TO TRAFFIC ESTIMATES OF ROAD
PLANNING IN DEVELOPING COUNTRIES 

Howe, 3.D.G.F. Great Britain Transport and RoadResearch Laboratory, Overseas Unit; 1973; 15 p. plusgraphs (TRRL Report LR 516). 

Order from: Transport and Road Research Laboratory,
Crowthorne, Betrshire, RG I GAU, U.K. 

This report analyzes the sensitivity to traffic esti-
mates of rural road planning decisions in developingcountries. Consideration was given to decisions
concerning the anual amounts spent on maintaining
each section of road, the economic justification of 
road improvements, and the selection of road designstandards and hence construction costs. The report
shows how each of these decisions is sensitive to the
traffic parameters used in makin- them. Many of the
traffic parameters are shown to be subject to large
errors due to the estimating methodL currently in use.
This is particularly the case with estimates of
Induced traffic likely to result "rom road improve-
ments and the forecasts made of all fture traffic for
planning and designing road improvements. Theanalysis stresses the need for improvements in traffic 
estimation methods and for furthe: research into the
fundamental characteristics of rural traffic in devel-
oping countries. 

ADDITIONAL REFERENCES 
Reference 10 

CONSEQUENCES OF DEFERRED MAINTENANCE 

Transportation Research Board, Washington, DC: 1979; 

24 p. (National Cooperative Highway Research ProgramSynthesis of Highway Practice SI). 

Order from: Transportation Research Board, Publications Office, 2101 Constitution Avenue, N.W.,

Washington, DC 20418.
 

This synthesis, which will L- useful to maintenance 
engineers and highway administrators, presents infor
mation on the economic, energy, esthetic, and safety
impacts of deferring maintenance on highway facilities. New management concepts are evolving and

factors important to highway administrators in for
mulating maintenance strategies are noted. Recent

studies have attempted to quantify maintenance

needs, develop maintenance strategies, and set priori
ties. Maintenance service levels must be defined and

practical field measurerhent systems designed to
identify and quantify deferred maintenance. Adistinction can be made between (a) deferring physi
cal maintenance that is cumulative and ultimately

must be done if the facility is to be restored to good

condition and (b)deferring, reducing, or eliminating

maintenance activities that affect primarily esthetic
 
or functional characteristics of the highway. An area

that requires research is that of maintenance vs.

reconstruction and, specifically, the costs and bene
fits of various levels of maintenance. Four different
rehabilitation strategies for pavement evaluation in 
Utah are discussed. An example of a maintenance
impact assessment procedure app'ied to structures
 
was provided by a Minnesota study. Impacts 
 on
 
drainage, services, energy, and da-sign are also dis
cussed. 

Reference II 
RECORDING AND REPORTING METHODS FOR 

HIGHWAY MAINTENANCE EXPENDITURES 
Transportation Research Board, Washington, DC: 1977. 
35 p. (National Cooperative Highway Research ProgramSynthesis of Highway Practice 46). 

Order from: Transportation Research Board, Publi
cations Office, 2101 Constitution Avenue, N.W.,
Washington, DC 20418. 

A maintenance management Information system is
described that provides basic information needed by

operating managers for routine decisions and by top

management for program 
control and improvement.

The system sh"'jld contain data recorded at the field

level and reports generated by computer, that

assemble and analyze the data. The types of reports
generated should fit the end use of the report at a
particular management level. The systems used hy
11 states were studied and two types of recording

systems were identified: the single recording system

which uses one procedure for reporting both mainte
nance and management information and payroll and

accounting information, and the parallel recording

system, which uses separate reports for this informa
tion. Their respr;ctive advantages and disadvantagesare noted. Recording of work location (by milepostor highway segment) would allow maintenance data to 
be correlated with other data systems including
condition surveys, skid studies, photologging, etc.The recording of time (in man-hours), equipment, and 
material quantities are also discussed. Among therecommendations are (a) a recore.Ing and reporting 
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system must provide for Internal rianagement needs; 
(b) the system should furnish maintenance informa-
tion to the pavement management ind other manage-
ment systems; (c) the recording .ystem must stress 
accuracy; (d) reports for district 'nd central offices 
must be made monthly; (e)a standing cmmlttee on 
maintenance standards or maintenance management 
should exist in every state. 

Reference 12 
MAINTENANCE SYSTEMS: ESTIMATING 
MAINTENANCE COSTS, SOLID-WASTE DISPOSAL 
SYSTEMS, MAINTENANCE STATION LOCATIONS, 
MANAGER TRAINING, AND EQUIPMENT 
MANAGEMENT. 7 REPORTS. 

Highway Research Board, Washington, DC; 1972; 51 p. 
(prepared for the 5lst Annual Meeting; Highway Re-
search Record Number 391). 

Order from: University Microfilms International, 
311 North Zeeb Road, Ann Arbor, Michigan 48106. 

The reports presented In this record focus on the 
application of systems logic to the selection of 
maintenance policy and are concerned with mini-
mizing the cost of transportation while maximizing 
the use of the maintenance dollar, determining 
current and future equipment needs, and developing a 
regional approach to the problem of solid-waste 
disposal at recreational facilities ard along highways. 
The first report, Predicting Maintenance Cost for Use 
in Trade-Off Analysis, suggests that it is erroneous to 

202 measJre highway maintenance costs without refer
ence to other factors and that mair,tenance costs are 
directly related to design and ceration of highways. 
A maintenance cost model is described. It is part of 
a total-cost model that has potential for use in 
predicting maintenance costs. The second paper 
presents an analysis of solid-waste disposal methods. 
The problems of storing, collecting, transporting, and 
disposing of refuse in rural areas are examined, and a 
mathematical model example is included. The use of 
optimization models to determine where maintenance 
stations can most economically be located is dis-
cussed In the third report. A sanding and plowing 
model is given, and it is suggc;ted t!,at this technique 
could be applied successfully to o',"er maintenance 
functions. Two abridged reports dis:uss the general 
applicability of systems logic to maintenance pro-
grams and the training program f r highway mainte-
nance managers. A detailed st.,y rf equipment 
management is presented in the scventh report. The 
eighth report, Repair Shop Work Reporting Proce-
dure, notes that employee morale and produ.tivity 
were Improved by applying performance standards ;numerous
repair shop activities. 

Reference 13 

MAINTENANCE PLANNING AND SUPERVISION. 

32 REPORTS. 


Highway Research Board, Washington, DC; 1971; 229 p. 
(Highway Research Record Number 347). 

Order from: University Microfilms International, 
300 Norn , Zeeb Road, Ann Arbor, Michigan 48106. 

This record reports a maintenance management work
shop that discussed problems and solutions to prob
lems encountered In implementing and utilizing man
agement reporting systems, mLintenance levels, per
formance standards, organizational structures, and 
training. Among the aspects that were highlighted In 
the reports was the fact that reporting systems must 
be flexible enough to accommodate the changing 
input and output needs of management. The manage
ment system must be conceived as a team effort. An 
outstanding problem is the turn-around time needed 
to process the data Into a meaningful report. The 
methodology of setting and evaluating roadway ser
vice levels is discussed. The legal ramifications of 
formalized maintenance levels that affect safety 
were discussed. The relationship of maintenance 
leels as a variable to other fixed components of a 
maintenance management system is described. The 
skillful use of interdisciplinary experts, a statistical
approach to the method of measuring the quality of 
highway maintenance, and the development of quality 
standards are also covered. A British method to 
measure productivity is described, and it is noted that 
program budgeting in maintenanc can be made into a 
practical management process i,' performance stan
dards are used. A project is beirg developed by the 
Highway Research Board [NCHIRP Project 19-2(4)] 
based on the use of a uniqLe card system for 
controlling allocations of resources in conjunction 
with the use of a work order for, to control 
expenditures. The impact of improved communica
tions on hierarchical organizational structures is 
examined, and programs in Louisiana, Wisconsin, and 
Pennsylvania are described. 

Reference 14 
PERFORMANCE BUDGETING SYSTEM FOR HIGHWAY 
MAINTENANCE MANAGEMENT 

Highway Research Board, Washington, DC; 1972; 213 p 
(National Cooperative Highway Research Program 
Report 131). 

Order from, Transportation Research Board, Publi
cations Office, 1101 Constitution Aver're, N.W., 
Washington, DC 204;S. 

A complete model system for highway maintenance 
budgeting and management is described. Tle model 
consists of the following interrelated elements: 
maintenance program development, budget prepara
tion and evaluation; fiscal authorizations, work pro
grams authorization and operations control, and fiscal 
control. The model system presents basic concepts, 
procedures, and relationships within which there are 

options for selection of specific criteria 
and standards and alternatives as to techniques and 
procedures. The model system was deveioped in 
accordance with five basic criteria: establishment of 
maintenance levels; definition of work load; determi
nation of resource requirements, procedures for 
management planning, evaluati" n, and control; rec
ords and reports t%,serve the budget system; and 
simplicity and economy of installation and operation. 
This report provides background information on cur
rent practices and developments in performance 
budgeting techniques and an evaluation of the state 
of the art. The report also provides a comprehensive
explanation of the concepts and processes of the 
model performance budgeting system, as well as an 



explanation of the application of the model system to 
a highway agency, including procedures for develop-
ment and Implementation, problems likely to be 
encountered, and potential benefits to be derived, 

Reference lQUAncAT O RandQUJANTIFICATION OF ROAD USER SAVINGS 

De Weille, Jan. Washington, DC: International Bank 
for Reconstruction and Development; 1966; 93 p.
(Wcrld Bank Staff Occasional Papers Number Two). 

Order from: International Bank for Reconstruction and 
Development, 1818 H Street, N.W., Washington, DC
20433. 

This paper attempts to give a generally accepted and 
more homogeneous approach to th problem of 
calculating vehicle operating costs. The study deals
with road user savings resulting from an improvement
in the quality of a road. The difference between road 
user costs if the road con.truction were undertaken
and those if it were not undertaker, constitute road 
user savings for each vehicle concerned. Total road 
user savings resulting from the rca:' improvement are 
calculated by applying estimate: of the number of 
vehicles of different categories. The technical 
relationships relevant for the ultimate determination 
of unit road user savings ' )cus laig.ly on the type of 
vehicle, the type of roau surface, and the running 
speed of the vehicle. Attention i3 also given to the 
rise and fall and the curvature of the road. Repre-
sentative typ,;s of vetdcles were selected for :he 
study and uperating costs were broken into 'he 
folo ng: fuel consumption, engine oil consumption,
tire wear, depreciation and interest, maintenance, 
and occupant's (or driver's) time. "Indicative" prices 
were established for the various cost items. Basic 
tables present physical or technical relationships
.Jetermining road user costs under various conditions,
".s well as the "indicative" prices. These data are 
then combined in an overall view of road user costs 
and savings as they relate i-) ti,, state of the road and 
the assumptions made as to speed. The limitations 
inherent in the study, the role of speed and its 
Influence on several aspects of the study, as well as 
qualifications that attach to the study results, are 
discussed (see Reference 21). 

Reference 16 

TECHNIQUES FOR MAEASURING VEHICLE 
OPERATING COST AND ROAD DETERIORATION 
PARAMETERS IN DEVFI-OPING COUNTRIES 

Abaynayaka, S.W. Low-Volume Roads. Transportation
Research Boaro, Washington, DC; 1975; pp. 302-310. 

Wmshlngton, DC 20418. 

(Special Report 16U). 

Order from: transportation Research 
cations OffIce, 2101 Constitution A 

Boarl 
!nut 

Publi-
N.W., 

Field Investigations Into the b- iavior and operating 
characteristics of traffic and the behrvior and deteri-
oration patterns of the roid require the use of 
Instruments to make and re,. ,rd measurements for 
analysis. This paper describes sc-. available tech-
nlques for measuring vehicle operating cost and road 

deterioration parameters with sLggestions for simpli
lying the measurement techniqut in the light of the
 
technological resources, manpt,,er, and facilities
 
available in developing countries. An instrumented
 
vehicle that rapidly measures the permanent features
 
of the road in terms of horizontal and vertical
 
curvature and road width is described, and methods of
 
measuring the variable features rcsulting from traffic


the changing pavematnt condition are discussed.
 

Reference 17
 
THE KENYA ROAD TRANSPORT COST STUDY:
 
RESEARCH ON VEHICLE OPERATING COSTS
 

Hide, H.; Abaynayaka, S.W.; Sayer, I.; Wyatt, R.3. 
Great Britain Transport and Poad Research Laboratory,

Overseas Unit; 1975. 70 p. plus charts. (TRRL

Laboratory Report 672).
 

Order from: Transport and Road Research Laboratory,

Crowthorne, Berkshire RGII AU, U.K.
 

This report describes an itivestidation undertaken In
 
Kenya to examine the effects of various road,

vehicle, and environmental pIrameter; on some com
ponents of vehicle operating costs. The investigation
 
was undertaken jointly .with the lnternational Bank
 
for Reconstruction and Dev,.lopmeit. The field work
 
was carried out in two part:; -- an e'.perimental study

of vehicle speed and fuel co isumption and a road user
 
survey. The two studies are -upoted in separate

sections, and the results are coribined to produce a
 
set of relationships for estimitin', the effects of road
 
geometry, surface conditior and vehicle age on the 203 
components -f vehicle operating cost. All compo
nent-s are defined in either quantity or non
dim .)ional terms, and th± actual -:ost is obtaii',d by

app!>,-g the arj.ropriate unit cost prevailing at a
 
par,;-.'-- tirre. Tht relationships derived from this
 
study n.l . been incorpora'ed in the Road Transport

Investment Miodel. (See R'.ference 5.)
 

ReferencL. 19 
THE KENYA ROA r) TRANSPORT COST STUDY: 
RESEARCH ON ROAD UIJTERIORATION 

Hodges, J.W.; Rolt, 3.;Jones, T.E. Great Britain 
Transport and Road Research Laboratory, Overseas 
Unit; 1975; 56 p. (TRP.L Laboratory Report 673). 

Order from: Transport and Road Research Laboratory,
Crowthorne, Berkshire RGI I 6AU, U.. 

This report describes a study of the performance of

paved and unpa ed roads that was undertaken in
 
Kenya as part of a larger -tuJ./ designed to provide

suitable relationships for use in a computer model
 
capable of estimating tie ca:itructioi costs, maintenance costs, and road user costs throughout the life
 
of a road in a developing zountry The paved-road

sample consisted of 39 sections loc-ted on surface
dressed roads with cemen-statiized bases and 10 
sections located on asphatic cncrete roads with
 
crushed stone bases. The u,.paved-road sample

consisted of 38 test secticns ocated on properly
 
engineered gravel roads (lateritic, quartzitic, volcan-

Ic, and cora l, and eight sections on earth roads. The
 
deterioration of the surfoce of the paved roads wao
 



quantified in terms of surfdce ro tghness, amount of 
cracking, and depth of ruts. These parameters
together with the transient deflections and the CBR 
Andthe moliture content of the various pavement

layers were monitored for a period of up to four 
years. 'he deterioration of unpaved roads was 
quantified in terms of surface roughness, depth of 
ruts, depth of loose surface material, and the 
thickness of the gravel layer. These parameters were 
monitored for a period of two years. The deteriora-
tion of the roads was related to the traffic loading,
the original design and construction standard of the 
roads, the maintenance picy in use, and the environ-
mental conditions. 

Reference 19 
A ROAD TRANSPORT INVESTMENT MODEL FOR 
DEVELOPING COUNTRIES 

Robinson, R.; Hide, H.; Hodges, 3.W.; Rolt, J.; 
Abaynayaka, S.W. Great Britain Road Research Labo
ratory, Overseas Unit; 1975; 63 p. plus charts. (TRRL
Laboratory Report 674). 

Order it-m: Transport and Road Research Laboratory, 
Crowthorne, Berkshire RG II 6AU, U.K. 

The report describes the development of a model that 
can be used to aid investment decisions within the 
roads sector in developing countries. The Report is 
aimed at senior administrators, engineers and 
planners and at those responsible for developing
Improved techniques for road investment appraisal.

204 The model calculates the construction cost of a road 
and predicts the condition of the road as time passes
and vehicles travel along it. Having predicted the 
condition of the road, the model estimates the costs 
of road maintenance and the cost of operation of the 
vehicles for each year. Al. these costs are then 
discounted back to the base year and summed over 
th- life of the roa4 to obtain the total cost. All 
estimates are made in terms of physical quantities
and costs are obtained by applying unit rates to these. 
The model is very flexible and can be used to study 
the economics of varying stage construction alterna-
tives such as upgrading an earth road to a gravel or
paved road at any time during the design life. The 
report describes the construction, road deterioration, 
road user cost and road maintenance sub-models and 
then looks at a case study oi a roa I in Kenya. 

Reference 20 
TABLES FOR ESTIMATING VEHICLE OPERATING 
COSTS ON RURAL ROADS IN DEVELOPING 
COUNTRIES 

Abaynayaka, S.W.; Hide, H.; Morosiuk, G.; Robinson, R. 
Great Britain Transport and Road Research Laboratory,
Overseas Unit; 1976; 59 p. (TRRL Laboratory
Report 723). 

Order from: Transport and Road Research Laboratory,
Crowthorne, Berkshire RGII 6AU, U.K. 

Tables are provided for ,stimating vehicle operating 
costs by component on free-flowing low volume rural 
roads In developing countries. They provide a 
convenient and easy reference manual for road 

appraisal and investment studies. The components
evaluated are fuel and oil consumption, maintenance 
parts and labor charges, tire wear, depreciation, crew 
costs, and standing charges. They are estimated on a 
quantity or non-dimensional basis so that costs can be 
determined for any monetary system or environment 
by applying the appropriate set of unit rates. Oper
ating costs may be estimated for different road 
geometries, surface condition, and altitude and for 
vehicles of different types with different prices, 
ages, loads, and engine power. The tables are based 
on research carried out in Kenya by the Overseas 
Unit of TRRL in collaboration with the International 
Bank for Reconstruction and Development. Examples 
are given for paved, gravel, and earth road surfaces. 

Reference 21 
AN IMPROVED DATA BASE FOR ESTIMATING 
VEHICLE OPERATING COSTS IN DEVELOPING
COUNTRIES 

Hide, H. Great Britain Transport and Road Research 
Laboratory, Overseas Unit; 1976; 25 p. (TRRL Supple

mentary Report 223 UC). 

Order from: Transport and Road Research Laboratory, 

Crowthorne, Berkshire RGI I 6AU, U.K. 
This report describes an investigation undertaken by
the Transport and Road Research Laboratory in 
cooperation with the International Bank for Recon
struction and Development (IBRD) in Washington to 
compare the data base of the vehicle operating cost 
relationship derived in the joint TRRL/IBRD Kenya
road tranport cost study with that of the World Bank 
Staff Occasional Paper No. 2 "Quantification of Road 
User Savings". (See References 15, 17, 18.) 

Reference 22 
HIGHWAY DESIGN AND MAINTENANCE STANDARDS 
MODEL: MODEL DESCRIPTION AND USERS 
MANUAL 

International Bank for Reconstruction and Develop
ment. Washington, DC; 3une 1979. Variable paging. 

Order from International Bank for Reconstruction and 
Development, frdnsportation, Water and Telecommuni
cations Department, 1818 H Street, N.W., 
Washington, DC 20433. 

The Highway Design and Maintenance (HDM) model 
predicts the costs of different highway design and 
maintenance options, including different time-staging
strategies, either for a given road project or a 
specific alignment or for groups of links of an entire 
highway network. It can quickly estimate the total 
costs for large numbers of altern;.tive project designs
and maintenance policies on a year-bv-year basis for 
up to 30 years and thus be use4 to search for the 
alternative with the lowest total :ost. The model can 
evaluate, In the same cornputcr run, up to 20 
iifferent road links, each with up to 10 segments with 
different design stand.-r .s and environmental condi
tions. Each link can have a differ nt traffic volume. 
Up to eight different maintenance policies can be 
Implemented on each segment of the road. Each link 
or segment can be upgraded at anytime in the life



cyde of the project. The model provides the results
of economic analysis for the comparison of two 
alternatives or groups of alternatives. Vehicle speeds
and operating costs and road deterioration and main-
tenance costs are Internally estimated by the model 
as a function of the road design and maintenance 
standards, traffic, and environmental conditions. 
Within the model framework and the limitations of 
the underlying empirical rolationships, the model can
be employed in a variety of applications ranging fromproject-level pre-feasibility and feasibility studies tohighway sector resource-allocation planning. The 
model, which is coded in Fortran IV, requires basic 
software features available in most major Fortran IV 
computers. This manual provides a detailed account
of the underlying empirical relationships and com-
putational procedures employed in the model. Adetailed descripicn is also provided of the prepara-
tlon of Input data and the different kinds of reports
generated by the model on economic analysis results,
financial expenditures, road user costs, road surface 
conditions, and maintenance quantities performed and 
costs. (See Reference 4.) 

Reference 23 
ROAD NOTE 40; A GUIDE TO THE MEASUREMENT 
OF AXLE LOADS IN DEVELOPING COUNTRIES USING
A P(RTA!3LE WEIGHBRIDGE 

Great Britain Transport and Road Research Laboratory,
Crowthorne, U.K. 1978; 19 p. plus photographs. 

Order from: Her Majesty's Stationary Office, 49 High
Holborn, London WCIV 6HB, U.K. 

This note gives guidelines for using the Overseas Unit 
Weighbridge for carrying out axle-load surveys on
paved roads in developing countries and incorporates
the results of experience gained in axle-load surveys
in many parts of the world. The equipment consists 
of an aluminum alloy weighing platform, reading unit,
and a 12-volt car battery. The complete system has a
measuring range of 0-10 000 kg and, under field 
conditions of use, has an overall accuracy of + or - 2 
percent of full scale. The equipment is not adversely 

affected by high temperatures or humidities. This
 
note discusses the selection of the survey site, the
 
Installation of the equipment, and the various steps of

the survey including traffic counting and axle weigh-

Ing. A computer program to analyze the results is
 
described,
 

Reference 24 

ROAD NOTE 31: A GUIDE TO STRUCTURAL DESIGN 
OF BITUMEN-SURFACED ROADS IN TROPICAL AND 
SUBTROPICAL COUNTRIES 
Great Britain Transport and Road Research Laboratory.
Crowthwne, U.K.; 1977; 26 p. (Third Edition). 

Order from: Her Majesty's Stationary Office, 49 High
Holborn, London WCIV 6 -1B,U.K. 

This guide covers design requirements of most non
urban roads in developing countries. Traffic is
 
defined in terms of the cumulative equivalent number
 
of 8200-kg (18 000-1b) axles to be carried during the
 
design life of the roads. Thus, this guide may be used
to design pavements for traffic flows with widely

different axle-load distributions and gives the design
er greater flexibility in selecting the design life of
 
the pavement. The guide emphasizes the importance

of detailed consideration of the inflience of tropical
 
climates on moisture conditions in road subgrades,and the desirability of adopting a stage construction
 
approach to road building where traffic growth rates
 
are high, or long-term predictions are uncertain. The
details are given of the thre._ main steps to be 
followed in designing a new road pavement: esti- 205 
mating the amount of traffic (and its axle-load 
distribution) that will use the road over the selected 
design life; assessing the strength of the subgrade soil
 
over which the road is built; and taking into consider
ation the influence of subgrade moisture and the
 
stage-construction approach in selecting the most

economical combination of pavement materials and
 
layer thickness that will be sufficient to provide

satisfactory service over the design life of the 
pavement. A French translation of this publication is
 
available.
 



206 

Index
 
The following index is an alphabetical list of 
subject terms, names of people, and names of 
organizations that appear in one or another of 
the previous parts of this compendium, i.e., in 
the overview, selected texts, or bibliography.
The subject terms listed are those that are most 
basic to the understanding of the topic of the 
compendium. 

Subject terms that are not proper nouns are 
shown in lower case. Personal names that are 
listed generally represent the authors of selected 
texts and other references given in the 

Indice 
El siguiente indice es una '6ta alfeab6tica del vo-
cablo del tema, nombres de personas, y nom-
bres de organizaciones que aparecen en una u 
otra de las partes previas de este compendio, 
es decir, en la vista general, textos selecciona-
dos, o bibliografra. Los vocablos del tema que 
aparecen en el indice son aquellos que son ne-
cesarios para el entendimiento de la materia del 
compendio. 

Los vocablos del tema que no son nombres 
propios aparecen en letras minsculas. Los 
nombres personales que aparecen representan 
los autores de los ',extos seleccionados y otras 
referencias dadas en la bibliograffa, pero tam-
bien pueden representar a personas que de otra 
manera estin conectadas a los temas del com-
pendio. Los nombres personales aparecen con 
el apellido seguido por las iniciales. Las organi-

Index 
Cet index se compose d'une liste alphab~tique 
de mots-cl6s, noms d'auteurs, et noms d'organi-
sations qui paraissent dans une section ou une 
autre de ce recueil, c'est Adire dans I'expos6, 
les textes choisis, ou la bibliographie. Les 
mots-cl6s sont ceux qui sont le plus 616men-
taires A la compr6hension de ce recueil. 

Les mots-cl6s qui ne sont pas des noms pro-
pres sont imprim6s en minuscules. Les noms 
propres cit6s sont les noms des auteurs des tex-
tes choisis ou de textes de r6f~rence cites dans 

bibliography, but they also represent people 
who are otherwise identified with the 
compendium subjects. Personal names are 
listed as surname followed by initials. 
Organizations listed are those that have 
produced information on the topic of the 
compendium and that continue to be a source ot 
information on the topic. For this reason, postal 
addresses are given for each organization listed. 

Numbers that follow a subject term, personal 
name, or organization name are the page 
numbers of this compendium on whi,, the term 

zaciones nombradas son las que han producido 
informaci6n sobre la materia del compendio y 
que siguen siendo fuentes de informaci6n sobre 
la materia. Por esta raz6n se dan las direcciones 
postales de cada organizaci6n que aparece en 
el fndice. 

Los numeros que siguen a un vocablo del 
tema, nombre personal, o nombre de organiza
cion son los numeros de p6gina del compendio 
donde el vocablo o nombre aparecen. Los n6
meros romanos se refieren a las p6ginas en la 
vista general, los numeros ar~bigos se refieren a 
paginas en los textos seleccionados, y los nO
meros de referencia (por ejemplo, Ref. 5) indi
can referencias en la bibliograffa. 

Algunos vocablos del terna y nombres de or
ganizaciones estan seguidos por la palabra see. 
En tales casos los numeros de pagina del com

lla bibliographie, ou alors les noms d'experts en 
la matibre de ce recueil. Le nom de famille est 
suivi des initiales des pr~noms. Les organisa
tions cit6es sont celles qui ont fait des recher
ches sur le sujet de ce recueil et qui continue
ront A6tre une source de documentation. Les 
adresses de toutes ces organisations sont inclu
ses. 

Le num6ro qui suit chaque mot-cl6, nom d'au
teur, ou nom d'organisation est le num6ro de la 
page o6 ce nom ou mot-cl6 parait. Les num~ros 



or name appears. Roman numerals refer to under the alternative term or name that follows 
pages in the overview, Arabic numerals refer to the word see. Some subject terms and 
pages in the selected texts, and reference organization names are followed by the words 
numbers (e.g., Ref. 5) refer to references in the see also. In such cases, relevant references 
bibliography, should be sought among the pagp -.Amqbers 

Some subject terms and organization names listed under the terms that follow ',ords see 
are followed by the word see. Insuch cases, the also. 
compendium page numbers should be sought The foregoing explanation is ilustrated below. 

pendio se encontrarln bajo el termino o nombre trar~n entre los nimeros de p~gina indicados 
alternativo que sigue a la palabra see. Algunos bajo los terminos que siguen a las palabras see 
vocablos del tema y nombres de organizaciones also. 
est~n seguidos por las palabras see also. En La explicaci6n anterior est,.subsiguiente
tales casos las referencias pertinentes se encon- mente ilustrada. 

6crits en chiffres romains se rapportent aux pa- m6ro des pages du recueil se trouvera aprbs le 
ges de I'expos6 et les num~ros 6crits en chiffres mot-cl6 ou le nom d'organisation qui suit le 
arabes se rapportent ux pages des textes terme see. D'autres mots-cls ou noms d'orga
choisis. Les numv:.)s de reference (par exem- nisations sont suivis des mots see also. Dans ce 
pie, Ref. 5) indiquent les numeros des ref6- cas, leurs references se trouveront citees aprbs 
rences de la bibliographie. les mots-cles qui suivent la notation see also. 

Certains mots-cls et noms d'organisations Ces explications sont illustrees ci-dessous. 
sont suivis du terme see. Dans ces cas, le nu-

Illustration (from Comp. 1) Ilustracl6n (del Comp. 1) Illustration (du Recueil 1) 

Selected Text page numbers Subject term and see also terms 
Nmeros de pigina an los Texto. Vocablo del tema y terminos see also 

Seleccionados (vr tambign) 
Num6ros des pages des Textes Choisis Mot-clh et see also 

Organization name and address mountainous terrain (see also degree of curvature;
 
Nombre y direcci6n da la organizaci6n design speed; maximum gradient; radius of curva-

Nom et adresse de l'organisation ture; shoulder width)! ; 1, 17, 34, 35, 38, 173, 175,
 

217, 234, 238 

National Association of Australian State Road Author-

Overview page numbers and ities(P.O. Box 3141, Bricldield Hill, N.SW. 2000,
 

reference number Australia):.
 
Nbmero de pigina en Ia Vista publications, xxiii, Ref. C, Ref. 9
 

General y ntmeros de referencia 

Numero des pages do I'Expose et no-passing markings and signs: 31, 95, 132
 
numeros des rifirances
 

non-passing sight distance, see stopping sight distance 

Odier, L.: Ref.3
 
Vocablo del tema y tirmino see (var)
 
Subject term and see term 

Oglesby, C.H.: 231,233, 23, 239, 240, 241,242, Ref.14Mot-cl& at see 

Selected Text pap numbers and referenceI number 
L-Ndmroe de pkilna en lee Textee 

Personal names Selecciondaks y n.meo do referenla 
Nombres personaks Numoe des pages des Textes Choisls et 
Noms propres numroe des rk&frence 
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Abaynayaka, S.W.: Ref. 16, Ref. 17, Ref. 19 

ADT, see average daily traffic (ADT) 

allregate road maintenance: 21 

aid from International agencies (see also international 
Bank for Reconstruction and Development (IBRD)): 

xv 

alignment: 138 

anticorrugation maintenance: xx, 41-43, Ref. 3 

asphalt surfaced roads (see also bitumen surfaced 
roads): xx 

average daily traffic (ADT): xvii, 70, 83, 85, 113, 
156-165, 170-173, 187-190 


and regravelling, xxiv, xxvi, 21breakeven, 77, 114, 117 
errors, xxx, 154-158, 161-165, 171 

axle loads: Ref. 23, Ref. 24 
Belgium, classification for highway maintenance in: 

8, 13 

benefit/cost analysis: xxvi, 84, 113, 114, 115-116, 117 
benefits (see also rate of return): xviii, xxiii, 9, 10, 51,

59-63, 65, 68, 82, 84-85, 109, I1, 112, 113, 114,115, 116, 117, Ref. 1, Ref. 4, Ref. 5, Ref. 10 

bitumen surfaced road; (see also resurfacing): xx, 
xxvii, 18, 23, 33, 603,58,60 61, 62, 89, 90, 123-131,
Ref. 3, Ref. 6, Ref. 18, Ref. 20, Ref. 24 

blading frequency, see grading 

BPR roughometer: xxix, 139, 140, 141, 142 

Brazil: xvi, 55, 140, 142, 145, Ref. 7Fossberg, 

Carribbean: xvi, xxvli, 123-131, Ref. 6 

CHART: 8 

Chloe Profllometer: xxix, 139, 142 


climate: xlx, 19, 35, 41, 58, Ref. 24 


Colombia, rural traffic flow in: 166 


computer programs (seealso Highway Design and Maintenance
Standards Model (H-IDM)): xxJ, 56, Ref. 23 

construction costs: xiv, 19, 56, 57, Ref. 9, Ref. 18, 
Ref. 19 

cost-effectiveness: xiv, xxvii, 109, 123-131 

crushed rock surfaced roads: 21, 22, 23
 

Cyprus, rural traffic flow survey in: 166 


data bases (see also maintenance management Information 
systems): xv, xvi, Ref. 21 

deferred maintenance: Ref. 10 

deflectograph: 8 

discount rates: 91, 92, 93, 114 

ditches, clearing (see also drainage dearance xx, 
xxvi, 34, 112 

dragging: xxvl, 23, 60, 63, 65, 72, 80, 112 

drainage clearance (see also ditches, clearing): xxiii,xxvi, 7, 10, 12, 13, 14, 18, 21, 58, 60, 63, 65, 112,
124, Ref. 3, Ref. 6 

earth roads (see also unpaved roads): 26maintenance, xx, xxlv, xxvi, 20, 22, 23, 33, 34-43, 
60, 61, 98, 109-!17, Ref. 3, Ref. 18, Ref. 20

upgrading, Ref. 19 

economic evaluation: xii, xiv, xvl, xvill, xxli-xxvil,
5-14, 50-104, 109-117, Ref. 3, Ref. 4, Ref. 5,
Ref. 14, Ref. 22 

emergency maintenance: 8,28, 65, 72
 

equipment: 19, 33, 35, 36, 37, 38, 40, 41, 42, 43, 44, 
64, Ref. 2, Ref. 12 

packaging, xxi, 19-22, 23, 24, 26, 28, 29 

Ethiopia, rural traffic flow In: 166 
expenditures for maintenance (see also maintenance 

costs): xvlii, xx, 5, 7, 8, 10,12-14,24, 25, 59, 67,
Ref. 1,Ref. 22 

Faiz, Asif: Ref. 5 

Federal Republic of Germany, classification for highway
maintenance in: 8, 12
 

Finland: 9
 

Fischer and Porter recording counters: 153
 

foreign exchange expenditures: 27
 

P.E.: Ref. 
France: Ref.I


classification for highway maintenance, 8, 13, Ref. I 

fuel consumption: 58, 110, Ref. 15,Ref. 17, Ref. 20 

fund allocations: xii, xv, 5, 8 

General Motors profilometer: 142 

General Roughness Index (GRI): xxix, 137-147, Ref. 7 

Ghana: xx, xxii 
rural traffic flow survey, 167 

goods vehicles, see heavy commercial vehicles 

grading (see also blading :,'equency): xxill, xxvi, 58,60, 65, 72, 109, 112, Ref. 4 

frequency, xxiv, xxvi, 65-68, 73-81, 98, 112-113, 117 
grsif cutting: 7, 10, 12, 13, 14ga'ctig ,01,1,1
gravel roads (see also regravelling): xxiv, xxvi, 
 19, 21,

22, 26, 54, 56, 60, 61, 65, 100, 101-102, 109-117, 
Ref. 18, Ref. 19, Rsf. 20 

gravelling (see also regravellIng): 113-114 

GRI, see General Roughness Index (GRI) 

Harral, Clell G.: 25-27, 146, Ref. 4 



HDM, see Highway Design and Maintenance Standards 
Mode71HDM) 

heavy commercial vehicles, 38, 39, 70, 71, 110, 126, 

195, 196 


Hide, H.: Ref. 6, Ref. 17, Ref. 19, Ref. 21 

Highway Design and Maintenance Standards Model 
(HDM): xxii, 54, 55-82, 100-104, Ref. 4, Ref. 22 

Highway Research Board (now Transportation Research 
Board) (see also Transportation Research Board 
(TRB)): xix, Ref. 2, Ref. 13, Ref. 14 

Hodges, 3.W.: Ref. 18, Ref. 19 

Howe, 3.D.G.F.: Ref. 8 

Hudson, W.R.: Ref. 7 

hydraulic shaker table: 142 

Improvements: xviii, xxviii, xxxI, 123-131, 180-185, 
187-190, Ref. 1, Ref. 6, Ref. 9, Ref. 15 

incremental maintenance: xxiii, 79, 80, 82 

xvII, 51,Incremental values of maintenance activities: 
109, 111, 112, 113, 116, Ref. 5 

India: xvi, 55, 145, Ref. 7 

induced traffic: 182-183, 185, 194 

interdisciplinary teams: Ref. 13 

Internal Rate of Return (IRR): xxxi, 180-181, 191, 
193, 194, 196 


International Bank for Reconstruction and Development 
(IBRD) (1818 H Street, N.W., Washington, DC 20433): 

xxii, 17, 27, 51, 54, 98, 99, 109, 145, Ref. 4, Ref. 5, 
Ref. 7, Ref. 15, Ref. 17, Ref. 20, Ref. 21, Ref. 22 

inventorying the road system: Ref. 2 

investments: Ref. I 
model, Ref. 19 

Iran, rural traffic flow survey in: 167 

IRR, see Internal Rate of Return (IRR) 

Jones, T.E.: Ref. 18 

Keith, D.: Ref. 6 

Kenya: xvi, x"il, xxiii, xxvi, 27, 33, 53, 100, 110, 140, 
145, 151-173, 179, 180, 183, Ref. 7, Ref. 17, 
Ref. 18, Ref. 19, Ref. 20, Ref. 21 

labor-intensive operations: xxvi, 27, 99, 123-131, Ref. 6 

Lesotho, rural traffic flow survey in: 167 

level of service: x~lI, 7, 29 

loss of material: 56 
gravel, 100, 102 

maintenance budgeting: Ref. 14 

maintenance costing: 17-29, 55-43, Ref. 2 

maintenance costs (see also expenditures for maintenance;
 
maintenance costrngS x-xil, xiii, xv, xlx, 6, 33-46,
 

72, 74, 76, 34-85, 89, 91, 92, 125, 178-180, Ref. 1,

Ref. 2, Ref. 3, Ref. 4, Ref. 18, Ref. 22 

equations, 21 
estimation, xix, xxi, 17-29, Ref. 12 

maintenance decision making (see rdso maintenance
 
policies): xli, xv, xvii, xxiv, xxx, 7,11-12, 27, 53,
 

54, 98, 184
 

management information system, Ref. I1 

maintenance funding, see fund a.locations 

maintenance levels (see also incremental maintenance):
xviii, xxiv, 9, Ref. I, Ref. 4, Ref. 10, Ref. 13, 
Ref. 14 

economics of, xxii-xxvi, 50-104 

maintenance management information systems: Ref. i I 

maintenance policies (see also maintenance decision

making): xvi, xxiv, 26, 27, 29, 58, 59-82, Ref. 12 

maintenance rating systems: 8 

maintenance standards: 7, 9, 26, 53, 68, 69, 80, ;)0, 
Ref. 11, Ref. 13 

maintenance strategies (see also maintenance policies): 

27, 53, 54, 112-114, Ref. 13, Ref. 22 

Malawi, rural traffic flow survey in: 167 

manual maintenance: xx, 33, 34, 36,43-46, Ref. 3 

Mauritius, rural traffic flow survey In: 168 
Mays, Meter: xxix, 139, 142 

Ministre des Travaux Publics, des Transports et de 
I'Urbanisme (B.P. 7004 Building Sang-Lamizana, 
Ouagadougou): Ref. 3 

models: Ref. 2, Ref. 12, Ref. 14, Ref. 18 

National Road Maintenance Condition Survey: 11 

Niger: 179, 180 

Nigeria: 180
traffic f{low, 170 

non-recording counters, SYX-RRL: 153, 159 

Pan African Conference on Highway Maintenance 
and Rehabilitatiom xx, xxii, Ref. 3, Ref. 4 

patching: xx, 58, 60, 120 

paved roads, see bitumen surfaced roads 

PAVMO: 10 

PCA Roadmeter: xxix, 139 

periodic maintenance: 18, 28, 61, 109, 112, 115, 116 

Permanent International Association of Road Congresses 
(British National Committee Secretariat,
 
St. Christopher House, Southwark Street, London
 
SEI OTE): Ref. I
 

personnel: 33, 36, 37, 39, 40, 42, 43, 112, Ref. 3, Ref. 13 
training, xxvii, 112, Ref. 12 
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Poland, classification for highway maintenance In: 
, 

potholes: xx, xxvi, 7, 12, 21, 34, 60, 112, 124, Ref. 3, 

Ref. 6 

present daily traffic: 11, 185, 191, 193 

profilograph: xxlx, 139, Ref. 7 

rate oi returp. (see also benefits; Internal Rate of 
Return (IRR)r_-,115, 117 

Rating Panel, see Standard Rating Panel 

recording and reporting maintenance activities: Ref. 10, 
Ref. 13, Ref. 14 

references: xxxil-xxxill, 24, 117, 127, 146-147, 160, 
185-186 

regravelling (see also gravel roads): xxIv, xxvi, 18, 51, 
58, 65, 66-67, 68, 72, 73, 75, 76, 77, 78, 79, 86, 
96, 98, 109, 112, 116, 117, Ref. 4 

rehabilitation: xxvii, 61, 123-131, Ref. 6 

repair shops: Ref. 12 

reshaping: xx, xxli, 34, 35-36, 39-41, 61, Ref. 3 

resurfacing: xx, 18, 28, 34-35, '7-39, 58, 112, Ref. 3 
costs, 21-23 

riding comfort index scale: 143 

210 riding quality: xvi, xxvWi, 123, 143, Ref. 6 

road closures, economic loss due to: 59, 64, 75, Ref. 4 

road design: xix, 27, 50, 53, 54, Ref. 4, Ref. 9, Ref. 10, 
Ref. 22, Ref. 24
 

and construction costs, 56 

standards, 26
 

road deterioration (see also road roughness; ruts): 

xxiii, xxvi, 9, 26, 53, 56-58, 65, L6, 100-104, 
109-111, 117, Ref. 4, Ref. 5, Ref. 16, Ref. 18, 
Ref. 19 

road roughness: xvi, xxvi, xxviii, 58, 100, 101, 109, 
125-126, 128, 137-147, Ref. 18 

measuring, xvi, xxix, 123, 139, 140-143, Ref. 7 

road surface condition (see also road roughness): xvl, 
xx, 11l, Ref. 20, Re 

road surface profile: xvl, 138-147 

xxi, 54, 56, 
Road Transport Investment Model (RTIM). 

100, Ref. 17 

road user costs: xiii, xxilli, xxvill, 26, 27, 33, 36, 57, 58, 
59, 109, 137, 140, Ref. 4, Ref. 5, Ref. 15, Ref. 18, 
Ref. 19, Ref. 22 

road width: 75, 87 

roadside maintenance: 11, 21 

Robinson, R. Ref. 19 

rod and level surveys: 137, 142-143, Ref. 7 

Rolt, 3.: Ref. 18, Ref. 19 
routine maintenance: xxvi, 1, 21, 5, 60, 63, 0, 109, 

112, 114, 115%-116, 117, Ref. 3 

costing for, 17-29 

RTIM, see Road Transport Investment Model (RTIM) 

rural areas: Ref. 5, Ref. 20 
traffic flow and counting, 151-173, 177, 183, Ref. 8, 

Ref. 9 

ruts: xxvi, 8, 38, 100, 101, 103, 109, Ref. 18 

Sayer, I.: Ref. 17 

Scrim: 8 

SDP, see surface dynamics profilometer 

sensitivity analysis: 116-117 

sensitivity to traffic estimates: xxxi, 177-196 

serviceability indices: 143 

shoulder maintenance: xxill, 18, 58, 60, 63 

sign cleaning: 7, 10, 12, 13, 14, 21 

solid-waste disposal: Ref. 12 

Staffinl, Edgardo: Ref. 5 

staged construction: 83-84, Ref. 19, Ref. 24 

Standard Rating Panel: 143 

striping: 19 

Sudan: 17-29, Ref. 2 

surface dressing (see also resurfacing): 124-123 

surface dynamics profilometer (SDP): 142, 145 

SYX-RRL non-recording counters: 133, 159 

Tanzania: 180 
rural traffic survey, 168 
traffic flow, 179
 

Texas calibration course: 142
 

Thailand, rural traffic flow survey In: 168
 

topography: xix, 19 

total transport cost: xiv, xv, xvi, xvii, 19, 24, 25 

tracks: 110, Ref. 2 

trade-offs: xvl, xvil, xx, 27, Ref. 12 

traffic control device maintenance: 19
 

traffic counts: xxx, 131-17, Ref. I
 

traffic flow (see also average dally traffic (ADTh
 
rural areas, tr-a,"E counts): 179, Ref. 6, Ref. 9,
 

Ref. 24
 

traffic growths 181, 187-190, 192, Ref. 24
 



traffic volume (see also average daily traffic (ADTh

traffic flow):xv, xv-li, xvili, 58, 86, 94, 95, 97,
Ref. 4, Ref. 9, Ref. 22 
and maintenance, xxiv, 24, 66, 67, 73, Ref. 1, Ref. 3 
and maintenance co-.,s. 23, 91, 93, 96
breakeven, 66, 78, 83, 34, 83, 95, 96, 97, 113 

Transport and Road Research Laboratory (TRRL)

(Old Wokingham Road, Crowthorne, Berkshire,

RGII 6AU, U.K.). xxiii, xxx, 27, 54, 109, 137, 141, 


152, Ret. 3, Ref. 4, Ref. 5, Ref. 7, Ref. 8, Ret. 9,

Ref. 17, Ref. 18, Ref. 19, Ref. 21, Ref. 23, Ref. 24 

Transportation Research Board (TRB) (2101 Constitution 
Avenue, N.W., Washington, DC 20418): xxv, xxvii,

xxix, 140, Ref. 5, Ref. 6, Ret. 7, Ref. 10, Ref. 11, 
Ref. 16 

trucks (see also heavy commercial vehicles): 70, 71 

Turkey, rural traffic flow survey In: 168 

Uganda, rural traffic flow survey in: 168 

undergrowth removal (see also vegetation control): 
xx, 34, Ref. 3 

United Kingdom: 178 
classificAtion for highway maintenance, 8, 14hmaintenance survey, 11 
traffic counts, 137, 158-159, 170 

United States of America, rural traffic counts in: 
159 

unpaved roads (see also earth roads; gravel roads): 
xxiv, 58, 60, 64-104, 140, Ref. 4, Ref. 3, Ref. 18 

upgrading (see also improvements): xiii, xxvili, Ref. 19, 
Ref. 22 

criteria for, F 

Upper Volta: 41, Ref. 3 

vegetation control (see also grass cutting; undergrowth
removal): xxiii, xxvI, 39, 60, 63, 63, 112 

vehicle characteristics: 70, 71, 83, 126, 138 

vehicle depreciation: 5 

vehicle maintenance costs: 58 

vehicle operating costs: xiv, xv, xvi, xvii, xxi, xxiii, 
xxvii, xviii, 18, 50, 53, 56, 57, 59, 64, 66, 67, 85,88, 92, 109, 110-il, 113, 115, 117, 123-131,
 
140, Ref. 2, Ref. 5, Ref. 6, Ref. 15, Ref. 16,

Ref. 17, Ref. 20, Ref. 21, Ref. 22
 

vehicle speed: 26, 53, 57, 58, 64, 65, 110, Ref. 22 
predicting, 36 

Venezuela: 180 
traffic flow, 179 

VOC, see vehicle operating costs 

Watanatada, Thawat: Ref. 4 

weighbridge, portable: Ref. 23 

de Weille, 3.: Ref. 15 

World Bank, see International Bank for Reconstruction
and Development (IBRD) 

Wyatt, R.3.: Ref. 17 
Zambia: 10 

rural survey, 169
traffic flow, 179 
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