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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.

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

Descripción del proyecto

En las regiones rurales de países en desarrollo,
el desarrollo de la agricultura, la distribución de
víveres, la provisión de servicios de sanidad, y
el acceso a información por medio de servicios
educacionales y otras formas de comunicación,
dependen en gran parte de los medios de trans-
porte. Aunque en ciertas áreas los medios de fe-
rrocarril y agua desempeñan un papel impor-
tante, existe una necesidad universal y domi-
nante de crear sistemas viales que provean un
medio asegurado pero relatrvamente poco cos-
toso para el movimiento de gente y mercancías.
La mayor parte de esta necesidad se soluciona-
ría con la construcción de caminos de bajo vo-
lúmen que generalmente moverían únicamente
de 5 a 10 vehículos por día y que pocas veces
moverían tanto como 400 vehículos por día.

El planeamiento, diseño, construcción y man-
tenimiento de caminos de bajo volúmen para
regiones rurales de países en desarrollo pueden
ser mejorados, con respecto al costo, calidad, y
rendimiento, por el uso de la tecnología de ca-
minos de bajo volúmen que se encuentra dispo-
nible en muchas partes del mundo. Mucha de
esta tecnología ha sido producida durante las
épocas de desarrollo de lo que ahora son los
países más desarrollados, y alguna se produce
contínuamente en estos países asícomo en los
países menos desarrollados. Parte de Ia tecno-
logía se ha documentado en disertaciones, artÊ
culos, e informes que han sido escritos por ex-
pertos en el campo. Pero mucha de la tecnolo-
gía no está documentada y existe principal-
mente en la memoria de aquellos que han desa-

Description du projet

Dans les régions rurales des pays en voie de
développement, I'exploitation agricole, la distri-
bution des produits alimentaires, l'accès aux
services médicaux, I'accès aux matériaux et aux
marchandises, à I'information et aux autres ser-
vices, dépendent en grande partie des moyens
de transport. Bien que les transports par voie
ferrée et par voie navigable jouent un rôle impor-
tant dans certaines régions, un besoin dominant
et universel éxiste d'un réseau routier qui puisse

assurer avec certitude et d'une façon relative-
ment bon marché, le déplacement des habi-
tants, et le transport des marchandises. La plus
grande partie de ce besoin peut être satisfaite
par la construction de routes à faible capacité,
capables d'accommoder un traf ic de 5 a 10 vé-
hicules par jour, ou plus rarement, jusqu'à 400
véhicules par jour.

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



undocumented and exists mainly in the minds of
those who have developed and applied the
technology through necessity. ln 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.

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

the plannlng, 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.

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

rrollado y aplicado la tecnología por necesidad.
En cualquier caso, los conocimientos en exis-
tencia sobre la tecnología de camìnos de bajo
volúmen están grandemente esparcidos geográ-
ficamente, varian bastante con respecto al idio-
ma y su forma, y no se encuentran fácilmente
disponibles para su aplicación a las necesìda-
des de los países en desarrollo.

En octubre de 1977 el Transportation Re-
search Board (TRB) comenzó este proyecto es-
pecial de tres años de duración bajo el patroci-
nio de la U.S. Agency for lnternational Develop-
ment (AlD) para mejorar el transporte rural en
los países en desarrollo acrecentando la dispo-

nibilidad de la información en existencia sobre
el planeamiento, diseño, construcción, y man-
tenimiento de caminos de bajo volúmen. Con el
consejo y dirección de un comité de iniciativas
para el proyecto, el TRB define, produce, y
transmite productos informativos a través de una
red de corresponsales en países en desarrollo.
Las metas generales para el impacto final del
trabajo del proyecto son la promoción del uso
efectivo de la información en existencia en el
desarrollo económico de la infraestructura de
transporte y de esta forma mejorar otros aspec-
tos del desarrollo rural a través del mundo.

Además de la recolección y distribución de la

coup de pays, peut faciliter l'étude des projets
de construction, tracé et entretien, de routes à
faible capacité dans les régions rurales des
pays en voie de développement, surtout en ce
qui concerne l'économie, la qualité, et la perfor-
mance de ces routes. La majeure partie de cette
technologie a été produite durant la phase de
développement des pays que l'on appelle main-
tenant développés, et elle continue à être pro-
duite à la fois dans ces pays et dans les pays en
voie de développement. Certains aspects de
cette technologie ont été documentés dans des
articles ou rapports écrits par des experts. Mais
une grande partie des connaissances n'existe
que dans I'esprit de ceux qui ont eu besoin de
développer et appliquer cette technologie. De
plus, dans ces deux cas, les écrits et connais-
sances sur la technologie des routes à faible
capacité, sont dispersés géographiquement,
sont écrits dans des langues différentes, et ne
sont pas assez aisément accessibles pour être

appliqués aux besoins des pays en voie de dé-
veloppement.

En octobre 1977,|e Transportation Research
Board (TRB) initia ce projet, d'une duré de 3 ans,
sous le patronage de l'U.S. Agency for lnterna-
tional Development (AlD), pour améliorer le tran-
sport rural dans les pays en voie de dévelop-
pement, en rendant plus accessible la docu-
mentation existante sur la conception, le tracé,
la construction, et I'entretien des routes à faible
capacité. Avec le conseil, et sous la conduite
d'un comité de direction, TRB définit, produit, et
transmet cette documentation à l'aide d'un ré-
seau de correspondants dans les pays en voie
de développement, Nous espérons que le résul-
tat final de ce projet sera de favoriser I'utilisation
de cette documentation, pour aider au dévelop-
pement économique de I'infrastructure des tran-
sports, et de cette façon mettre en valeur d'au-
tres aspects d'exploitation rurale à travers 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-
formati'onal and human resources for develop-
ment of the information products. Through its

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

The project staff has responsibility for the pre-
paration and transmittal of information products,
the development of a correspondence network
throughout the user community, and interactions
with users.

lnformation 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

información técnica, se provee acciones recí-
procas personales con los usuarios por medio
de visitas de campo, conferencias en los Esta-
dos Unidos de Norte América y en el extranjero,
y otras formas de comunicación.

Comité de iniciativas
El comité de iniciativas se compone de exper-
tos que tienen conocimiento de las característi-
cas físicas y sociales de los países en desarro-
llo, conocimiento de las necesidades de trans-
porte de los países en desarrollo, conocimiento
de la tecnología de transporte en existencia, y
experiencia en su uso.

Las funciones importantes del comité de ini-
ciativas son las de ayudar en la definición de
usuarios y sus necesidades, de productos in-
formativos que se asemejan a las necesidades
del usuario, y la identificación de recursos de

conocimientos y humanos para el desarrollo de
los productos informativos. A través de sus
miembros el comité provee vínculos con activi-
dades relacionadas con el proyecto y también
una guía para la interacción con los usuarios. En
general el comité de iniciativas proporciona
consejos y dirección general para todos los as-
pectos del trabajo de proyecto.

El personal de proyecto es responsable de la
preparación y transmisión de los productos in-
formativos, el desarrollo de una red de corres-
ponsales a través de la comunidad de usuarios,
y la interacción con los usuarios.

Productos ¡ nformativos
Se preparan tres tipos de productos informati-
vos: los compendios de la información docu-
mentada sobre temas relativamente limitados, la
síntesis del conocimiento y práctica sobre temas

vil

En plus de la dissémination de cette docu-
mentation technique, des visites, des conféren-
ces aux Etats Unis et à l'étranger, et d'autres
formes de communication permettront une inte-
raction constante avec les usagers.

Gomité de direction
Le comité de direction est composé d'experts
qui ont à la fois des connaissances sur les ca-
ractéristiques physiques et sociales des pays en
voie de développement, sur leurs besoins au
point de vue transports, sur la technologie ac-
tuelle des transports, et ont aussi de I'expé-
rience quant à I'utilisation pratique de cette
technologie.

Les fonctions majeures de ce comité sont
d'abord d'aider à définir les usagers et leurs be-
soins, puis de définir leurs besoins en matière

de documentation, et d'identifier les ressources
documentaires et humaines nécessaires pour Ie
développement de cette documentation. Par I'in-
termédiaire des ses membres, le comité pourvoit
à la liaison entre les différentes fonctions relati-
ves au projet, et dirige I'interaction avec les
usagers. En général, le comité de direction
conseille et dirige toutes les phases du projet.

Notre personnel est responsable de la prépa-
ration et de la dissémination des documents, du
développement d'un réseau de correspondants
pris dans la communauté d'usagers, et de I'inte-
raction avec les usagers.

La documentat¡on
Trois genres de documents sont preparés: des
recueils dont le sujet est relativement limité, des



subjects, and proceedings of low-volume road
conferences that are totally or partially sup-
ported by the project. Compendiums are pre-
pared,by project staff at the rate of about 6 per
year; consultants are employed to prepare
syntheses at the rate of 2 per year. At least one
conference proceedings will be published dur-
ing the 3-year period, ln summary, this project
aims to produce and distribute between 20 and
30 publications that cover much of what is
known about low-volume road technology.

lnteractions W¡th Users
A number of mechanisms are used to provide in-
teractions between the project and the user

community. Project news is published in each
issue of Transportation Research News. Feed-
back forms are transmitted with the information
products so that recipients have an opportunity
to say how the products are beneficial and how
they may be improved. Through semiannual vis-
its to developing countries, the project staff ac-
quires first-hand suggestions for the project
work and can assist directly in specific technical
problems. Additional opportunities for interaction
with users arise through international and in-
country conferences in which there is project
participation, Finally, annual colloquiums are
held for students from developing countries who
are enrolled at U.S. universities.

vllt

un poco más amplios, y los expedientes de
conferencias de caminos de bajo volúmen que
están totalmente o parcialmente amparados por
el proyecto. El personal de proyecto prepara los
compendios a razón de unos 6 por año; se utili-
zan consultores para preparar las síntesis a
razón de 2 por año. Se publicará por lo menos
un expediente de conferencia durante el pe-
ríodo de tres años. En breve, este proyecto pre-
tende producir y distribuir entre 20 y 30 publica-
ciones que cubren mucho de lo que se conoce
de la tecnología de caminos de bajo volúmen.

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

yecto en cada edición delaTransportation Re-
search News. Se transmiten, con los productos
informativos, formularios de retroacción para
que los recipientes tengan oportunidad de decir
cómo benefician los productos y cómo pueden
ser mejorados. A través de visitas semianuales a
los países en desarrollo, el personal del pro-
yecto adquiere directamente de fuentes origina-
les sugerencias para el trabajo del proyecto y
puede asistir directamente en problemas técni-
cos específicos, Surgen oportunidades'adicio-
nales para la interacción con los usuarios a tra-
vés de conferencias internacionales y naciona-
les en donde participa el proyecto. Finalmente,
se organizan diálogos con estudiantes de paí-
ses en desarrollo que están inscriptos en uni-
versidades norteamericanas.

synthèses de connaissances et de pratique sur
des sujets beaucoup plus généraux, et finale-
ment des comptes-rendus de conférences sur
les routes à faible capacité, qui seront organi-
sées complètement ou en partie par notre projet.
Environ 6 recueils par an sont preparés par no-
tre personnel. Deux synthèses par an sont écri-
tes par des experts pris à I'extérieur. Les
comptes-rendus d'au moins une conférence se-
ront écrits dans une période de 3 ans. En ré-
sumé, l'objet de ce projet est de produire et dis-
séminer entre 20 et 30 documents qui couvriront
I'essentiel des connaissances sur la technologie
des routes à faible capacité.

lnteraction avec les usagers
Un certain nombre de mécanismes sont utilisés
pour assurer l'interaction entre le personnel du

projet et la communauté d'usagers. Un bulletin
d'information est publié dans chaque numéro de
Transportation Research News. Des formularres
sont joints aux documents, afin que les usagers
aient I'opportunité de juger de la valeur de ces
documents et de donner leur avis sur les
moyens de les améliorer. Au cours de visites
semi-annuelles dans les pays en voie de déve-
loppement notre personnel obtient de première
main des suggestions sur le bon fonctionnement
du projet et peut aider à résoudre sur place cer-
tains problèmes techniques spécifiques. En ou-
tre, des conférences tenues soit aux Etats Unis,
soit à l'étranger, sont l'occasion d'un échange
d'idées entre notre personnel et les usagers.
Finalement, des colloques annuels sont or-
ganisés pour les étudiants des pays en voie de
développement qui étudient dans les universités
américaines.
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Overview
Background

Highway maintenance is generally defined as
the preservation of roads. lt 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
or 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

often prompts some developing 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-

Vista General

Antecedentes y alcance

La conservación vial generalmente se define
como la preservación de caminos, y representa
un contínuo gasto que aumenta a medida que
aumenta la red vial. El costo anual de conserva-
ción es aproximadamente 1-3% de los costos de
construcción de reemplazo de la red vial; pero
representa un desembolso considerable de los
fondos de la agencia, muchas veces un 50% o
más del presupuesto vialtotal. Estos'fondos de-
berán utilizarse cuidadosamente y con buen cri-
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terio para proteger la inversión original. Los gas-
tos de conservación no se presentan en forma
dramática ni obvia a los ojos de la persona
media que no dispone del criterio necesario
para evaluar los distintos niveles de conserva-
ción; y por esta razon algunos países en desa-
rrollo apoyan la construcción de nuevos cami-
nos, a costa de una correcta conservación.

Históricamente ha sucedido que los países en
desarrollo y ya desarrollados se dedicaron a la

Exposé
Historique et description

On entend généralement par entretien routier le
maintien des routes. L'entretien routier repré-
sente une dépense constante dont le montant
augmente en même temps que le réseau routier
s'aggrandit. Les dépenses annuelles d'entretien
représentent une petite fraction du coût de la
reconstruction du réseau routier (approximati-
vement 1 à 3 pour cent). Toutefois, le coût an-
nuel total de l'entretien représente une mise de
fonds important'e de la part de I'organisme rou-
tier, souvent 50 pour cent ou plus du budget
routier total. Ces fonds doivent donc être dé-

pensés de façon judicieuse et rétlechie afin de
sauvegarder I'investissement premier. Les dé-
penses d'entretien ne donnent pas nécessaire-
ment un résultat dramatique ou même simple-
ment visible pour I'usager moyen, qui normale-
ment n'a aucuns critères par lesquels il puisse
juger des différents niveaux d'entretien. C'est ici
la raison qui incite certains pays en voie de dé-
veloppement à investir leur capitaux dans la
construction de routes nouvelles aux dépends
d'un entretien adéquat.

Historiquement, les pays en voie de dévelop-



tíon was viewed as relatively rnsensitive 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.
The first allocation procedures distributed histor-
ically derived funds in direct proportion to the
length of roadway involved. This criterion did not

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

The next step was to substitute a subjective
evaluation of empirical resufts 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
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mejora de la compleja metodología de decisio-
nes utilizada en el planeamiento y construcción
de nuevos caminos. Los programas de conser-
vación se consideraban a veces como una ne-
cesidad inevitable pero no dignos de cuidadoso
estudio. De esta forma se desarrollaron dos mé-
todos en el proceso de hacer decisiones con
respecto a la conservación. Los dos emplea-
ban medidas extremas en vez de evaluaciones
razonables. El primero fué mantener el camino
"como nuevo", que rápidamente demostró que
no hay una economía lo suficientemente fuerte
para soportar todos los caminos de esta forma.
El segundo propuso el concepto de que la pre-
servación del camino es relativamente insensi-
tiva al esfuerzo de conservación expendido, y
por lo tanto se pueden utilizar los fondos de
conservación para reparar deficiencias en los
fondos de construcción durante épocas de
restricciones fiscales. Pero los caminos han de

deteriorar sin alguna conservación, aún cuando
no son utilizados.

Una vez establecida la necesidad de conser-
vación surgió el problema de la distribución de
fondos. Primeramente se distribuyeron los fon-
dos históricamente asignados a la conservación
en forma directamente proporcional a la exten-
sión del camino involucrado. Este criterio no to-
maba en cuenta que el medio ambiente, restric-
ciones en el material, y el tránsito todos pueden
afectar el costo de conservación de distintos
caminos en distintos grados; nitampoco evaluó
la suficiencia de los fondos ya consignados a la
conservación.

El próximo paso fué el de utif izar una evalua-
ción subjetiva de resultados empíricos para lle-
gar a una decisión. Los costos históricos se di-
vidieron en dos factores; el primero siendo un
constante que representaba el costo base de

pement et les pays industrialisés sont toujours
en train de fournir un effort majeur pour amélio-
rer la complexe méthodologie de décision utili-
sée pour la planification et la construction de
routes nouvelles. D'un autre coté, les program-
mes d'entretien sont quelquefois considérés
comme une nuisance, nécessaire certes, mais
pas digne d'études sérieuses. Deux approches
pour la prise de décision en matière d'entretien
se sont donc formées. Ces deux approches ont
remplacé l'évaluation rationnelle par l'extré-
misme. Tout d'abord, on a pensé qu'un entretien
adéquat consistait en la tenue à neuf constante
de la route. L'expérience a vite démontré qu'il
n'existait aucune économie assez forte pour
supporter d'entretenir les routes de cette façon.
Ensuite, la théorie a été que la conservation rou-
tière était relativement insensible à l'effort d'en-
tretien dépensé. Ce concepte peut conduire à
l'utilisation du budget alloué à l'entretien pour ré-
tablir le manque du budget de construction en

temps de restriction fiscale. De toutes manières,
les routes se détérioreront éventuellement en
I'absence de quelque sorte d'entretien, et de-
viendront inutilisables même en I'absence de
circulation.

Une fois que la nécessité d'entretenir les route
fût établie, il se produisit le problème d'alloca-
tion des fonds. Les premières méthodes d'allo-
cation distribuaient des fonds dérivés histori-
quement en proportion directe à la longueur de
la route en question. Ce critère ne reconnaissait
pas le fait que I'environnement, les exigences de
matériaux et de circulation, peuvent affecter les
coûts d'entretien de routes différentes à des de-
grées différents. ll ne prenait pas non plus en
compte si les fonds alloués anteriéurement
étaient suffisants ou non.

On prit ensuite comme instrument de déci-
sion, et comme substitution à ces méthodes,
l'évaluation subjective de résultats empiriques.
Les coûts historiques furent divisés 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

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-
fhesis 1, Maintenance of Unpaved Æoads (see
back cover).

Rationale for This Compendium

The economic evaluation of maintenance and

conservación necesario para proteger el camino
del deterioro por acción del medio ambiente; y
el segundo, el volumen del tráfico diario multi-
plicado por un segundo constante que repre-
sentaba los costos viales adicionales causados
por el tránsito. Este método tampoco evaluó la
suficiencia de los fondos previamente alocados
a la conservación.

Finalmente se llegó a incluir el concepto de
nivel de servicio y el impacto sobre los costos
para el usuario del camino en la determinación
de fondos a fin de evaluar la suficiencia de
aquellos fondos. Ultimamente se está utilizando
la evaluación económica de cuánta conserva-
ción es necesaria, como base para una decisión
racional en lo que respecta a las actividades de
conservación y mejora.

El Compendio 11 se ocupa de las técnicas
que se utilizan para determinar cuánto esfuerzo

de conservación es más provechoso para la
economía total de una nación. El uso de esta
evaluación económica no sólo ayuda a determi-
nar el nivel efectivo de conservación en lo que
respecta al costo, para cada camino, sino tam-
bién indica el momento correcto para cada acti-
vidad de mejora (colocación de grava o trata-
miento de superficie). La administración de los
programas de conservación de caminos de bajo
volumen y la mejora de lds operaciones de di-
chos programas, se examinan en otra publica-
ción del proyecto- Sinfesrs 1, Conservación de
caminos sin pavimentar (véase el interior de la
cubierta posterior).

Exposición razonada para este
compend¡o

La evaluación económica de las actividades de
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éléments. Le premier était une constante repré-
sentant le coût de base de l'entretien nécessaire
pour que la route ne succombe aux dégrada-
tions dûes à I'environnement. Le deuxième élé-
ment ètait le traffic journalier multiplié par une
seconde constante représentant le coût addi-
tionnel causé par le trafic. Cette méthode négli-
geait elle aussi l'évaluation de la suffisance des
fonds alloués antérieurement pour l'entretien.

Finalement, les conceptes du niveau de ser-
vice et de l'impact sur les coûts de la circulation,
furent introduits dans le calcul budgétaire de
l'entretien, de façon à essayer d'évaluer si ce-
lui-ci était suffisant. L'évaluation économique du
niveau suffisant d'entretien forme la fondation
d'une prise de décision rationnelle sur I'entretien
et l'amélioration des routes.

Le recueil no. '11 a pour sujet les techniques
utilisées pour déterminer le seuil d'entretien qui
sera le plus avantageux à I'ensemble de l'éco-

nomie d'une nation. L'évaluation économique
des opératrons d'entretien non seulement dé-
termine Ie niveau d'entretien le plus rentable
pour chaque route, mais aussi elle indique le
seuil d'amélioration le plus favorable (graviers
ou bitumage). L'administration des programmes
d'entretien routier et le perfectionnement des
opérations d'entretien des routes économiques
sont discutés dans une des autres publications
de notre projet-Synfhèse No.1: L'entretien
des roufes non revêtues (voir la dernière page du
recueil).

Objectif de ce recue¡l

L'évaluation économique des travaux d'entretien
et d'amélioration, est basée sur le principe que
le rôle de I'entretien n'est pas purement de
conserver la route. C'est plutôt de maintenir la
condition de la surface routière de telle façon



upgrading activitles 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-
ing costs.

The economic evaluation of total transport
cost is somewhat less complicated 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

area, the region, and the nation. The hardlo-
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
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conservación y mejora se basa en la premisa de
que la conservación no es solamente para pre-
servar el camino, sino que es para mantener la
superficie del camino en tal condición que per-
mita la operación de vehículos a un nivel de
costo en donde el costo total de transporte es el
más bajo. El costo total de transporte es la suma
de los costos de construcción, conservación y
operación de vehículo.

La evaluación económica del costo total de
transporte es un poco menos complicada que el
análisis económico que se utiliza en los estudios
de posibilidades viales. Es así porque el costo
total de transporte evalúa los costos de opera-
ción de vehículo y no el impacto del camino
sobre el ambiente económico social y general
del área afectada, de la región, y de la nación.
Muchas veces se utilizan los costos y beneficios
difíciles de medir de los programas de desarro-

llo regionales como justificación económica para
la construcción de caminos de bajo volumen
asociada a tales programas; pero estos costos y
beneficios únicamente afectan al costo total de
transporte en que determinan el volumen y tipo
de tránsito sobre el camino o sìstema que se
está evaluando.

Hay tres factores que han demorado el uso en
gran escala de la evaluación económica de las
actividades de conservación y mejora en los
países en desarrollo:

'1. La posición que muchos funcionarios
toman con respecto a la naturaleza abstracta de
las evaluaciones económicas, y el hecho de que
los gastos periódicos de conservacìón general-
mente han sido excluídos de apoyo económrco
por préstamos con bajo interés o subvención di-
recta da agencias internacionales de ayuda. Ha
estado faltando, entonces, una persuasión para

qu'elle permette aux véhicules d'opérer au prix
auquel les dépenses totales de transport sont les
plus basses. Les dépenses totales de transport
sont la somme des coûts de construction, d'en-
tretien, et d'exploitation des véhicules.

L'évaluation économique des dépenses tota-
les de transport est un peu moins compliquée
que I'analyse économique utilisée pour les étu-
des de factibilité routière. Cela s'explique car le
calcul des dépenses totales de transport consi-
dére le coût d'exploitation des véhicules plutôt
que I'impact de la route sur l'économie sociale
et générale du secteur proche, la région et la na-
tion. Les coûts et avantages, difficiles à chiffrer,
associés avec les programmes de développe-
ment régionaux, qui souvent servent de justifica-
tion économique de la construction de routes à
faible circulation, affectent la dépense totale de
transport seulement en ce qu'lls déterminent les
volumes et types de trafic sur la route ou le ré-

seau que l'on est en train d'évãluer.
Trois facteurs ont retardé I'adoption générali-

sée de la méthode d'évaluation économique de
l'entretien ou I'amélioration routiers dans les
pays en voie de développement.

1. L'attitude de beaucoups d'administrateurs
envers la nature abstraite de l'analyse économi-
que et le fait que les dépenses périodiques
d'entretien ont généralement été exclues du fi-
nancement à bas interêt ou subventions directes
par les organismes internationaux d'assistance.
L'encouragement à investir dans des études
économiques, comme critère de prise de déci-
sion en matière d'entretien routier, à donc été
absent.

2. Le manque de volonté d'accepter le coût
d'exploitation des véhicules (CEV) comme étant
I'affaire du governement, ce qui empêche
I'adoption du concepte de la dépense 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 inducement
to invest in economic studies as criteria for main-
tenance decision making has therefore been
lacking.

2. The unwillingness to accept vehicle operat-
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
nongovernmental benefits to determine the
feasibility of the original construction of the road.

3. The lack 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-

invertir en estudios económicos como criterios
en las decisiones sobre conservación.

2. Una desinclinación para aceptar el costo
de operación de vehículo (vehicle operating
cost: VOC) como asunto gubernamental, lo cual
no permite la utilización del concepto del costo
total de transporte. Aunque se acepta que los
costos de construcción y conservación son la
responsabilidad del gobierno, algunos funciona-
rios formulan que las reducciones de VOC bene-
fician las empresas privadas y no deberán for-
mar parte de criterios de inversión de los fondos
públicos. Esta actitud contradice el uso de
beneficios no gubernamentales para determinar
la posibilidad de la construcción original del
camino.

3. La falta de una base fiime de datos para

calcular las necesidades de conservacíón, cos-
tos, y el impacto sobre usuarios del camino asi
como el deterioro futuro del camino. La conser-
vación está formada por una variedad de com-
ponentes, a veces imprevisibles. Continúan en
forma indefinida y son extremadamente difíciles
de manejar eficientemente. Engendran mucho
trabajo y dependen de la productividad de la
mano de obra local. Por eso, los costos de con-
servación son más difíciles de pronosticar que
los costos de construcción. El mélodo común de
utilizar previos costos totales de conservación
nacionales, ajustados para la expansión de la
extensión total del sistema y para la inflación, es
insatisfactorio porque (a) no toma en cuenta las
variaciones de costo de camino a camino de-
bido altránsito, materiales, y diferencias en el

naisse responsable des coûts de construction et
d'entretien, certains officiels soutiènnent que l:es
réductions du CEV sont un avantage pour les
entreprises privées et ne devrait pas constituer
un critère d'investissement dçs fonds publics.
Cette attitude dément I'utilisation d'avantages
non-gouvernementaux pour déterminer la factibi-
lité première de la construction de la route.

3. Le manque d'une banque de données so-
lide pour estimer les besoins, les coûts et I'im-
pact sur les usagers ainsi que les dégradations
futures de la route. L'entretien routier se
compose de beaucoup de petites opérations qui
sont variées et quelquefois imprévisibles. Ces
opérations continuent indéfiniment et sont ex-
trèmement diffieiles à gérer efficacement. Elles
demandent l'emploi intensif de main-d'oeuvre et
sont dépendantes de la productivité de la
main-d'oeuvre locale. Ce qui explique que le
coût de l'entretien est plus difficile à prévoir que

celui de la construction. La méthode ordinaire
quiest de se servir du total des dépenses natio-
nales d'entretien des années précédentes, en
tenant compte de l'accroissement du kilomé-
trage et de l'indexation due à I'inflation, n'est pas
satisfaisante car (a) efle ne tient pas compte des
variations de coût d'une route à I'autre, causées
par le trafic, les matériaux et les différences de
l'environnement, et (b) elle ne fournit aucune as-
surance que les opérations d'entretien antérieu-
res ètaient suffisantes ou appropriées.

Les effets de différents niveaux budgétaires
de I'entretien sur la condition (et ensuite la dé-
gradation) d'une route et par conséquent sur le
coût aux usagers, n'ont été mesurés scientifi-
quement que récemment. lls ne sont pas encore
bien établis pour I'ensemble des opérations
d'entretien, le trafic et les conditions d'environ-
nement. Certains dex textes choisis (no, 4 et no.
6) de ce recueil décrivent 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-
tivities, 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 lndia and the
Caribbean are designed to provide a primary
data base for estimating cost trade-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.

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 qualitative 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

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

Es únicamente recientemente que se han me-
dido científicamente los impactos de distintos
niveles de gastos de conservación sobre la
condición 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 variación completa de acti-
vidades de conservación, tránsito, y condicio-
nes del medio ambiente encontradas en distin-
tos países. Algunos de los textos seleccionados
(Núms. 4 V 6) del Compendio 11 describen un
esfuerzo importante por parte de varias organi-
zaciones para desarrollar una base de datos a
utilizarse en países en desarrollo. Los estudios

en Kenya y Brasil, y más recientemente en la
lndia y el Caribe, han sido diseñados para
proveer una base primaria de datos para el
estimado de trueques de costos para distintas
normas de diseño y conservación para una gran
variedad de condiciones. También se están
desarrollando los ajustes y técnrcas necesarios
para transferir estas relaciones a otros países.

Estas investigaciones claramente establecen
que aún los cambios más pequeños en los cos-
tos de operación de vehículos tendrán gran im-
portancia en la determinación de la política de
conservación óptima. En el concepto de costo
total de transporte, los costos de conservación y
operación de vehículo se relacionan a través de
dos variables vitales: (a) la condición de la su-
perficie de camino, en particular la rugosidad, y

entrepris par plusieurs organismes pour déve-
lopper une banque de données utilisable dans
les pays en voie de développement. Des études
faites au Kenya, au Brésil, et plus récemment
aux lndes et dans les Carai'bes, sont conçues
principalement pour fournir une banque de don-
nées capable d'estimer les accommodements
budgétaires pour une gamme de normes de di-
mensionnement et d'entretien sous toutes sortes
de conditions. Les adaptations et la technique
nécessaires pour leur transfert aux autres pays
sont en train d'être développées.

Cette recherche a établit clairement que
même des petites différences dans le coût d'ex-
ploitation des véhicules joueront un rôle majeur
dans la détermination des politiques d'entretien

optimum. L'entretien routier et le coût d'exploita-
tion des véhicules sont apparentés, dans le coût
total du transport, par deux variables maitres-
ses: (a) la condition de la surface de roulement,
particulièrement I'uni, et (b) le volume et le
genre de circulation qui utilisent la route durant
sa vie économique.

L'uni de la surface de roulement peut
se définir comme étant la somme des déplace-
ments verticaux (oscillations) d'un véhicule par
rapport à son chassis en réponse aux variations
du profil de la surface de roulement quand ce
véhicule est conduit à un vitesse spécifique pour
une distance spécifique. Les systèmes de me-
sure de l'uni sont très variès et vont de
l'évaluation qualitative par l'ingénieur, à l'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 iriteria 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 volumes,

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

Decision methodology for highway mainte-
nance and upgrading should generally 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 

-maintenance 
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 wìll lead to better decision
methodology. Even order-of-magnitude evalua-

(b) el volumen y características del tránsito que
lo utiliza a través de su vida económica.

La rugosidad del camino podría definirse
como la suma de los desplazamientos verticales
(oscilación) de la carrocería de un vehículo, con
relación a su chasis, como reacción a variacio-
nes en el perfil de la superficie de camino al ser
manejado a una velocidad especifica sobre una
distancia específica. 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-
lúan 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 mediciÓn
para la evaluación del rendimiento del camino
y las necesidades de conservación ha es-
timulado últimamente mucha investigación para
desarrollar sistemas simplificados mejorados
para utilizarse en los países en desarrollo. El

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

Los valores incrementales de varias activida-
des de conservación y los criterios para la me-
jora de valor óptimo o valor "sin ganar ni per-
der", se basan sobre volúmenes de tránsito
pronosticados o corrientes. Los dos últimos tex-
tos seleccionados indican que aunque los eco-
nomistas pueden razonablemente determinar
estas relaciones entre costos si los costos son
correctos, los volúmenes de tránsito, corrientes
o pronosticados, son rì:ìuy difíciles de determinar
con exactitud.

Se deberá generalmente basar la metodología
de decisiones para conservación y mejora viales
sobre trueques económicos, para asíobtener el
costo total de transporte más bajo. Son muy di-
fíciles de determinar los tres elementos más im-
portantes de la evaluación económica (costos
de unidades de conservación, operación de

tion de la qualité de roulement par une équipe
d'experts, ou à des bump integrators montés sur
l'essieu et bon marché, jusqu'aux analyseurs de
profil en long, très compliqués et très chers.
L'importance de ces mesures pour contrôler le
comportement de la route et pour jauger les be-
soins d'entretien a stimulé beaucoup de recher-
ches récemment pour développer des systèmes
améliorés, simplifiés, et appropriés aux besoins
des pays en voie de développement. Le texte
choisi no. 7 fait une analyse sommaire des
conceptes fondamentaux de la question et de la
recherche en cours. Les valeurs différentielles
des différentes activités d'entretien et les
critères de valeur à I'optimum et au seuil de ren-
tabilité pour I'amélioration, sont basés sur les vo-
lumes de trafic actuels ou prévus. Bien que
l'économiste puisse déterminer de façon raison-
nable ces rapports entre les coûts si les coÛts

utilisés sont justes, les deux derniers textes
choisis indiquent que les volumes de trafic, ac-
tuels ou prévus, sont très difficiles à évaluer
avec précision.

Une méthodologie de décision pour I'entretien
ou I'amélioration des routes devrait générale-
ment être basée sur des compromis économi-
ques pour assurer le plus bas prix total de
transport. Les trois éléments principaux de l'éva-
luation économique, après que la construction
soit finie-coûts unitaires de I'entretien, coÛt
d'exploitation des véhicules, et traffic moyen
journalier-sont difficiles à estimer avec préci-
sion. Cependant, chaque effort fourni pour amé-
liorer la banque de données et les techniques
d'évaluation economiques, conduiront à une
meilleure méthodologie de prise de décision.
Même les évaluations à l'ordre de grandeur
conduisent à 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 a
decision-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 TexI, The Economic /ssues of Highway
Maintenance, is excerpted from The Economic
and Finance Committee Report, XVlth World
Road Congress, Vienna (Permanent lnterna-
tional Association of Road Congresses, 1g7g). lt

presents an economic perspective of highway
maintence. lt links the level of maintenance to
traffic volume by economically balancing the
extra costs associated with an improvement in
service 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 for
maintenance, (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 economic
evaluation of maintenance into actual practice,
and (c) some of the current directions of de-
velopment in applying a full economic discipline
to highway maintenance. lt 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-

vehículo, y tránsito diario medio), que vienen
después de la construcción. Sin embargo, cual-
quier esfuerzo para mejorar la base de datos y
técnicas de evaluación económica mejorará la
metodología de decisiones; y aún las evaluaciones

xviii de órden de magnitud llevan a un mejor asesora-
miento de las prioridades de conservación, que
lo que daría una pura suposición. Es cierto que
muchos países en desarrollo no poseen el personal
entrenado ni los recursos financieros necesarios
para inmediatamente implementar la evaluación
económica de conservación como herramienta
en la toma de decisiones; pero un entendimiento
comprensivo de los componentes de esta me-
todología de decisiones puede llevar a un reali-
neamiento de los recursos para conservación y

planeamiento, hacia las actividades que even-
tualmente permitirían el desarrollo de programas
más efectivos en lo que respecta al costo.

Presentación de los textos seleccionados

El primer texto, The Economic /ssues of High-
way Maintenance (Los problemas económicos
de la conservación vial), fué extraído del Eco-
nomic and Finance Committee Report, XVtth
World Road Congress, Vienna (Permanent lnter-
national Association of Road Congresses, 1g79).
Presenta una perspectiva económica en la con-
servación vial. Balancea los costos extras aso-
ciados con una mejora en el servicio con el au-
mento en beneficios; y asírelaciona el nivel de

tés d'entretien, que les simples conjectures.
Beaucoup de pays en voie de développement
n'ont ni l'effectif spécialisé, ni les ressources fi-
nancières pour instituer immédiatement I'analyse
économique comme instrument de prise de dé-
cision. Toutefois, s'il on comprend, en général,
les différentes composantes de la méthodologie
de prise de décision, on pourra être conduit à
redistribuer le budget prévu pour I'entretien vers
les opérations qui permettront le développement
de programmes plus efficaces par rapport au
coût.

Discussion des textes choisis

Le premier texte, The Economic /ssues of
Highway Maintenance (Economie de l'entretien

des routes), est extrait du Economic and Fi-
nance Committee Report, XVlth World Road
Congress, Vienna (Permanent lnternational As-
sociation of Road Congresses, 1979). On y pré-
sente une perspective économique de l'entretien
routier. On réunit le niveau d'entretien au volume
de trafic en compensant le coût économique
supplémentaire associé à une amélioration du
service par les avantages supplémentaire qui en
découlent. Cette approche d'analyse économi-
que, que nous reprendrons en détail dans d'au-
tres textes, permet de déterminer (a) le niveau
correct de dépenses d'entretien, (b) les normes
auxquelles on doit aspirer, et (c) une méthode
d'évaluation adéquate.

On discute dans ce texte (a) les erreurs de
conception en matière d'entretien, (b) les pro-



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

The second text, Maintenance Costing
Method for Low-Volume Roads, appeared in
Highway Research Record 457 (Highway Re-
search Board, 1973). lt presents a method of de-
termining maintenance costs where there is no
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.

This text acknowledges that maintenance
costs are a function of traffic volume. lt 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-

conservación con el volumen de tránsito. Este
análisis económico, que luego será estudiado
más ampliamente en subsiguientes textos, satis-
face la necesidad de determinar (a) el nivel co-
rrecto de gastos en la conservación, (b) las
normas a las cuales se quiere llegar, y (c) un
método apropiado de asesoramiento.

El texto habla sobre (a) conceptos económi-
cos erróneos sobre la conservación, (b) algunos
de los problemas técnicos que hoy en día ocu-
rren en la conversión de la evaluación econó-
mica de conservación, a la práctica, y (c) algu-
nos de los corrientes desenvolvimientos al apli-
car una disciplina económica total a la conser-
vación vial. Al evaluar los porcentajes de presu-
puestos de conservación asignados a las super-
ficies de camino en este texto, se deberá notar
que los caminos a los cuales aquíse refiere son
básicamente pavimentados. Pero en casi todos
los textos subsiguientes se habla de caminos
sin pavimentar o con tratamiento de superficie.

El segundo texto, Maintenance Costing Meth-
ods for Low-Volume Âoads (Método de calcu-
lar el costo de conservación en caminos de bajo
volumen), apareció en Highway Research Rec-
ord 451 (Highway Research Board, 1973). Pre-
senta un método para determinar los costos de
conservación donde no existen antecedentes
de conservación sobre los cuales basarse.
Cualquier evaluación económica del nivel de
conservación deberá basarse en costos; pero el
uso de costos pasados paralrazar costos futu-
ros no asegura ni la suficiencia ni la distribución
correcta de los fondos de conservación. xix

El texto reconoce que los costos de conser-
vación son una función del volumen de tránsito,
y además nota que también son afectados por
la disponibilidad y calidad de los materiales de
construcción, las condiciones climáticas, la to-
pografía, y el diseño del camino. Por lo tanto,
dos caminos en distintas ubicaciones incurrirán
distintos costos de conservación pero proveerán

blèmes techniques actuels qui découlent de
l'application des méthodes économiques dans
la pratique et (c) quelques tendances actuelles
à l'application générale de méthodes économi-
ques à I'entretien routier. On devra remarquer
que dans ce texte, lorsque I'on évalue les pour-
centages budgetaires alloués à l'entretien des
chaussées, on parle généralement de chaus-
sées pavées. La plupart des autres textes que
nous allons citer, discutent de routes
non'pavées ou de routes revêtues.

Le deuxième texte s'intitule Maintenance Cos-
ting Method for Low-Volume Roads (Méthode
de détermination des frais d'entretien pour les
routes à faible capacité, Highway Research
Board, 1973). On y présente une méthode pour
calculer les dépendes d'entretien dans le cas où
on ne peut s'appuyer sur les dépenses des an-
nées précédentes. Une évaluation économique

des niveaux d'entretien doit être basée sur les
coûts. Toutefois I'utilisation des coûts des an-
nées précédentes pour la projection des coûts
futurs ne garantit ni I'exactitude ni la répartition
correcte des dotations d'entretien.

Ce texte reconnait que les corits d'entretien
sont fonction du volume de trafic. On y remar-
que aussi que la disponibilité et la qualité des
matériaux de construction, les conditions clima-
tiques, la topographie et le dimensionnement de
la route influencent aussi les coûts d'entretien.
Donc, deux routes situées en des endroits diffé-
rents, auront des frais d'entretien différents, mais
fourniront le même niveau de service au même
volume de trafic. Un procédé est recommandé
pour estimer les coûts d'entretien. Cette mé-
thode est similaire à celle qui est souvent utilisée
pour estimer les prix unitaires de construction
dans les pays en voie de développement qui



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 this 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.

The third |ext, 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).lt 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

el mismo nivel de servicio al mismo volumen de
tránsito. Se recomienda un proceso para estimar
los costos de conservación, el cual es similar al
que seguidas veces se utiliza para calcular los
precios unitarios de construcción en países en
desarrollo sin gran experiencia en construcción
(es decir, la selección de un conjunto de equipo
de construcción y la determinación de la
producción versus el costo por unidad de
tiempo de este conjunto). Por lo tanto, para
tomar en cuenta los factores mencionados
arriba, los costos de conservación pueden
variarse alterando la producción por unidad de
tiempo.

, Este texto asume un nivel de conservación
que conservaría los caminos "como nuevos".
Esta situación no toma en cuenta los trueques
necesarios para satisfacer el nivel económico
correcto de gastos para conservación, como se
describió en el primer texto. La exposición que
srgue al texto indica este problema y también
que no se incluyen en la presentación álgunos
de los detalles de evaluación, Se presenta el
texto en este compendio por su valor concep-
tual. Se ha incluído en el siguiente texto una
presentación más detallada-un análisis del
equipo, la mano de obra, los costos de apoyo, y
la producción total de los trabajos de conserva-
ción.

n'ont pas beaucoup d'expérience de construc-
tion (c'est à dire la sélection d'un "assemblage"
de matériel de construction adéquat et la déter-
mination de la production de cet assemblage
par rapport au corlt par unité de temps). Les
coûts d'entretien peuvent donc varier pour
prendre en compte les facteurs dont nous avons
parlé precédemment en modifiant la production
par unité de temps.

On présume un niveau d'entretien qui gardera
les routes en parfait état. Cette présomption né-
glige les compromis ou échanges monétaires
qui sont nécessaires pour satisfaire le budget
d'entretien économiquement correct qui est dé-
crit dans le premier texte. La discussion qui suit
le texte en fait la remarque et indique aussi que
certains détails de l'évaluation ne sont pas in-
clus dans la communication. Ce texte est inclus
dans notre recueil pour sa valeur conceptuelle.
Un exemplaire plus détaillé qui comprend de
matériel, la main-d'oeuvre, les matériaux, les

frais généraux, et le résultat achevé, est donné
dans le texte suivant.

Le troisième texte, Main Road Maintenance
Cosf (Coûts de I'entretien des routes principa-
les), est une communication présentée au
Ghana, lors de la Pan African Conference on
Highway Maintenance and Rehabilitation (United
Nations Economic Commission for Africa, 1977).
On y décrit les prócédés adoptés en Hau-
te-Volta pour I'entretien des routes en terre (avec
addition de certains matériaux) et des routes
avec revêtement asphaltique. L'entretien des
routes en graviers et des routes en terre
comprend le détail des coûts: (a) de I'entretien
manuel y compris le reflachage, le traitement
des nids de poule, le curage des fossés et le
débroussaillement de I'emprise; (b) du rechar-
gement; (c) du reprofilage important; (d) du petit
reprofilage; et (e) des mesures spéciales d'en-
tretien contre la tôle ondulée. L'entretien des
routes revêtues comprend l'entretien manuel



cons¡sts 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, lt 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, lt does

provide the basic costs of the maintenance ac-
tivities described. lf 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

El tercer texto, Main Road Maintenance Cosfs
(Costos de conservación de caminos princi-
pales), es una comunicación presentada en la
PãnlAfrican 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 conservación de caminos de
tierra (con una capa superficial de material se-
leccionado) y caminos con superficie de asfalto.
La conservación de caminos de tierra y de
grava incluye costos detallados para (a) conser-
vación manual, incluyendo el relleno de depre-
siones y baches en la superficie del camino,
limpieza de zanjas y eliminación de maleza de
la calzada', (b) renovación de la superficie; (c)
grandes reformaciones; (d) pequeñas reforma-
ciones; y (e) conservación especial anticorruga-
tiva. La conservación de los caminos pavimen-
tados consiste en lo manual presentado arriba.
La excepción es que el bacheo del camino con-
siste en la aplicación de asfalto rebajado con un
distribuidor de aglutinante y la colocación y arro-
llado de gravilla de superficie.

Este texto presenta un ejemplo específico del
concepto del "conjunto" de equipo de cons-
trucción como se describió en eltexto anterior;
pero no detalla los costos para distintas condi-
ciones geográficas ni indica la frecuencia de
cada operación como función del volumen de
tránsito. Por esta razón no es posible determinar
el nivel de servicio que se provee. Pero sí pre-
senta los costos básicos de las actividades de
conservación que se describen. Si se conocie-
ran los volúmenes de tránsito, los principios
descritos en los siguientes dos textos se podrÍan
aplicar a estos costos, para determinar un pro-
grama económicamente eficiente para las ope-
raciones de conservación. Este texto, entonces,
representa el primer paso a tomarse en el pro-
ceso de la evaluación económica de los proce-
dimientos de conservación.

Es muy difícil comparar estos costos con los
costos de operaciones similares dados en dóla-
res en el próximo texto porque los costos en dó-
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

xxt

que nous venons de décrire, exception faite du
reflachage qui se fait en applicant du bitume
fluidifié avec une pompe de liant, et du répan-
dage et roulage des gravillons. Ce texte fournit
un exemple spécifique du concept de "l'assem-
blage" du matériel de construction que nous
avons décrit auparavant. Mais il ne donne pas
en détail les coûts suivant la géographie et n'in-
dique pas la fréquence de chaque opération
comme fonction du volume de traffic. ll n'y a
donc pas moyen de détermíner le niveau de
service donné. Mais il donne quand même les
coûts de base des différentes activités d'entre-
tien qui sont décrites. Si les volumes de trafic
étaient connus, les principes delinéés dans les
deux prochains textes pourraient être appliqués
à ces coûts pour déterminer une stratégie d'en-
tretien qui serait de bon rendement au point de
vue économique. Ce texte représente donc le
premier pas du processus total de l'évaluation
économiques des opérations d'entretien.

ll sera très dillrcrle de comparer ces prix à
ceux donnés en dollars dans le texte prochain,
pour la bonne raison que I'on ne donne pas la
date à 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 métropole : 0.23'r dollar
U.S. Cette conversion permettra des comparai-
sons d'ordre de grandeur entre certains coûts
en Haute-Volta et les chiffres de la Banque
Mondiale, basés sur le Kenya.

Le quatrième texte est extrait de Evaluating
the Economic Priority of Highway Maintenance
(Evaluation de la priorité économique de l'entre-
tien routier) et est une autre communication pré-
sentée au Ghana à la Pan African Conference
on Highway Maintenance and Rehabilitation
(United Nations Economic Commission for
Africa, 1977). On présente une méthodologie
pour déterminer I'impact économique de diffé-
rents niveaux d'entretien. Les coûts 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 : 1 French franc : US$0.23-r. 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). lt presents the

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

xxll

de francos C.F.A. 1976 a dólares como sigue:
50 francos C.F.A : 1 franco francés : US$0,23t
Este cambio permitiría comparaciones de órden
de magnitud entre algunos de los costos en Alto
Volta y las cifras del Banco Mundial en Kenya.

El cuarto texto fué extraído de Evaluating the
Economic Priority of Highway Maintenance (Eva-
luación de la prioridad económica de la conser-
vación vial), otra comunicación presentada en la
Pan African Conference on Highway Mainte-
nance and Rehabilitation celebrada en Ghana
(United Nations Economic Commission for
Africa, 1977). Presenta la metodología para de-
terminar el impacto económico de distintos nive-
les de esfuerzo de conservación. Los costos de
conservación por unidad que se utilizan en este
tipo de evaluación pueden determinarse utili-
zando los métodos descritos en los textos pre-
vios. Los costos para el usuario de vehículo en
este texto se desarrollaron inicialmente en Ke-
nya. Los verdaderos cálculos sobre los cuales

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 diseño
y conservación viales) del Banco Mundial. Se
pueden obtener copias del Programa de Com-
putadora HDM y de la documentación pertene-
ciente a ella del Banco Mundial (véase Referen-
cia Adicional N'22). Otro modelo, el Road
Transport lnvestment Model- RTIM, desarro-
llado por el Transport and Road Research Labo-
ratory, se describe en la Referencia Adiclonal N'
.19.

La metodoìogía se basa en la teoría de que
los beneficios económicos de los gastos de
conservación vial se componen de tres cosas
básicas: (a) disminuciones en los costos del
usuario (principalmente los costos de operación
del vehiculo en países en desarrollo); (b) dismi-
nuciones en los costos futuros de conservaciÓn
y rehabilitación necesarios para proveer el

d'entretien utilisés dans ce genre d'évaluation
peuvent être déterminés en utilisant les métho-
des décrites dans les textes précédents. Les
coûts d'exploitation des véhicules, dans ce
texte, ont été développés initialement au Kenya.
Les calculs eux mêmes, sur lesquels les conclu-
sions de ce texte reposent, fûrent développés
en se servant d'un ordinateur et du logiciel HDM
de la Banque Mondiale "Highway Design and
Maintenance Standards Model (HDM)" (Modèle
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 à la Banque Mondiale (voir réfe-
rence no.22). Un autre, le Road Transport lnvest-
ment Model (RTIM) développé par le Transport
and Road Research Laboratory est décrit dans
la réference no. 19.

La méthodologie est basée sur la théorie que
les avantages économiques des dépenses d'en-
tretien routier comprennent trois élément de
base: (a) réduction des coûts aux usagers (prin-
cipalement des coûts d'exploitation des véhicu-
les dans les pays en voie de développement),
(b) réduction des futurs coûts d'entretien et de
réfection nécessaires pour fournir le même ni-
veau de service, si I'entretien préventif est fait à
temps, et (c) réduction ou prévention des pertes
économiques dûes à la fermeture de la route.
Les évaluations sont faites en utilisant les mé-
thodes différentielles d'entretien pour déterminer
les avantages différentiels qui fourniront les taux
de rentabilité optimaux. L'effet des caractéristi-
ques initiales de la route, des genres de maté-
riaux, du volume et de la charge par essieu du
trafic, et du climat, est evalué par rapport aux



Transport lnvestment 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-

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-
IiTled Maintenance Policy Analysis for Unpaved

mismo nivel de servicio, si se realiza conser-
vación preventiva oportunamente; y (c) disminu-
ción o prevención de la pérdida económica de-
bida a clausuras de caminos. Las evaluaciones
se realizan utilizando niveles de conservación
incrementales para determinar el beneficio in-
cremental que provee el nivel óptimo de ingre-
sos. El efecto del diseño original de superficie,
los tipos de material, el volumen y configuración
del peso de eje deltránsito, y el clima se eva-
lúan en comparación con los niveles incrementa-
les de conservación a través de un asesora-
miento del deterioro del camino.

Ya que este agente de evaluación todavía se
está desarrollando, la base de datos empírica

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 válidas para el clima y los
tipos de superficies de camino que se encuen-
tran en Kenya. El próximo texto seleccionado
presenta el mismo tipo de evaluación para
Africa Occidental (Chad). El programa que se
describe en este texto y en el Texto Seleccio-
nado No 5 también asume que la conservación
rutinaria (es decir, limpieza de desagües, con-
servación de los bordes, y control de la vegeta-
ción) es normal y que la nivelación y reforma-
ción extremas no proporcionarían beneficio
adicional en comparación con la nivelación
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méthodes d'entretien différentielles par l'inter-
médiaire de l'évaluation de la déterioration de la
route.

Comme cet instrument d'évaluation est encore
en cours de développement, la banque empiri-
que de données est quelque peu limitée. Les
résultats qui sont donnés dans ce texte sont
pour des conditions existantes au Kenya. Les
évaluations de détérioration routière sont vala-
bles pour le climat et les types de surface rou-
tière communs au Kenya. Le texte choisi qui va
suivre présente le même genre d'évaluation
pour l'Afrique Occidentale (Tchad). Le pro-
gramme qui est décrit dans ce texte et dans le
texte no. 5 assume de plus que I'entretien cou-
rant (c'est à dire assainissement, entretien des
accotements, contrôle de la végetation) est
normal et que les grosses opérations de nivel-
lement et de reprofilage ne présentent pas

d'avantages additionnels, comparées au nivel-
lement ordinaire.

Les portions du texte que nous avons réim-
primées dans ce recueil comprennent deux
études de cas. La première est intitulée Mainte-
nance Policy Analysis for Unpaved Roads (Ana-
lyse de la stratégie d'entretien de routes
non-revêtues); la deuxième s'appelle Economic
Analysis to Determine When to Pave an Unpa-
ved Road (Analyse économique pour déterminer
le seuil de bitumage). Bien que ces études doi-
vent être interprétées avec beaucoup de circon-
spection, à cause de la banque de données qui
est limitée, elles représentent néanmoins la base
fondamentale de la prise de décision quantita-
tive sur le niveau optimal, la composition et la
fréquence de I'entretien routier. La première
étude affirme aussi que des niveaux peu élevés
d'entretien des routes à faible capacité 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, com-
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. lt 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

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
benefits, which by themselves are sufficient to
economically 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
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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 (Análisis de la política de con-
servación en caminos sin pavimentar); el se-
gundo es Economic Analysis to Determine
When to Pave an Unpaved Road (Análisis eco-
nómico para determinar cuándo pavimentar un
camino sin pavimentar). Aunque estos estudios
deberán interpretarse cautelosamente por la
base limitada de datos que se utilizó, presentan
los fundamentos básicos de la toma de decisio-
nes en la administración cuantitativa sobre el ni-
vel, composición, y programación óptimos de
los trabajos de conservación vial. El primer es-
tudio también afirma que niveles mínimos de
conservación de caminos de bajo volumen rin-
den ingresos económicos extremadamente altos.
Además, infiere que la recolocación de grava en

caminos con niveles bajos de tránsito diario
medio (ADT) podría tener un nivel más bajo de
ingresos que el proveer nivelaciones más fre-
cuentes en los caminos de tierra con volúmenes
de tránsito comparables, en las áreas donde no
se encuentra disponible la grava. Por eso hay
que examinar cuidadosamente los componentes
individuales del programa total de conservación.
Los grandes beneficios económicos, que por sí
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 tratamiento
bituminoso de superficie doble. El primer crite-
rio es el volumen de tránsito de "sin ganar ni
perder", definido como el ADT del año base en
donde el valor actual neto de pavimentación
iguala el dejar el camino con superficie de

sent de très importants profits économiques. De
plus on infère que le rechargement des routes
qui ont un bas trafic journalier moyen (TJM) peut
avoir un taux de rentabilité inférieur à celui qu'on
obtiendrait en ayant une fréquence de reprofi-
lage plus élevée pour les routes en terre qui ont
le même volume de trafic, dans les endroits où
le gravier ne se trouve pas facilement. Donc, il
faut examiner soigneusement chaque compo-
sante de tout le programme d'entretien. Des
avantages économiques élevés, qui par
eux-mêmes seraient suffisants pour justifier un
niveau de service élevé, peuvent cacher des dé-
ficiences dans les composantes individuelles.

Le deuxième cas d'étude présente deux crité-
res économiques pour déterminer si une route
en terre devrait continuer à être entretenue, ou si
elle devrait être revêtue (avec un enduit superfi-

ciel bicouche). Le premier critère est le volume
du trafic au seuil de rentabilité, défini comme le
TJM de l'année de base auquel le bénéfice (ac-
tualisé) de revêtir la route égale celui de la lais-
ser en terre. Le deuxième critère est celui du vo-
lume optimal de trafic, défini comme étant celui
au dessus duquel le bénéfice (actualisé) de re-
vêtir la route ne peut pas être augmenté en
ajournant la construction. En autres termes éco-
nomiques, ceci serait le point où le "bénéfice net
annuel uniforme équivalent" (calculé en additio-
nant au coût annuel uniforme équivalent, un fac-
teur de revenu ou d'avantage) ne peut être
augmenté par l'ajournement, ou le point où, soit
le "coût annuel uniforme équivalent" (qui
combine les coûts d'investissements et toutes
les dépenses annuelles en une seule somme
annuelle qui est équivalente à toutes les dépen-



traffic volume, 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. ln 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 be
decreased by deferment.

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 IexT, Engineering Ecanomics of the
Maintenance of Earth and Gravel Roads, was
published in Transportation Research Record
702 (Transportation Research Board, 1979). lt
describes a practical application of the method-
ology for the economic evaluation of maintenance

grava. El segundo criterio es el volumen de
tránsito "óptimo", definido como el volumen de
tránsito por sobre el cual el valor actual neto de
pavimentación no puede ser aumentado por la
postergación de la construcción del pavimento
hasta otro año. En otra terminología económica,
éste sería el punto donde el ingreso neto anual
uniforme equivalente no puede ser aumentado
con una postergación, o el punto donde el coste
anual uniforme equivalente o el valor actual de
costos no puede ser disminuído por posterga-
ción.

Este texto recomienda el uso del segundo cri-
terio. Los volúmenes de tránsito de "sin ganar ni
perder" y óptimo son muy sensitivos en lo que
respecta a tantos de descuento normales y cos-
tos de construcción de pavimento. Por eso los
valores dados en el texto no son transferibles de
una economía a otra. Los principios de análisis
son válidas si se les aplica los datos correctos.

El quinto texto, Engineering Economics of the
Maintenance of Earth and Gravel Roads (Eco-

nomía política ingenieril de la conservación de
caminos de tierra y de grava), fué publicado en
Trans p o rtatio n Rese arc h Re cord 7 02 (T r anspor -
tation Research Board, 1979). Describe una
aplicación práctica de la metodología para la
evaluación económica de programas de con-
servación para caminos sin pavimentar con
bajos volúmenes de tránsito, como se presentó
en el primer estudio del texto previo. Afirma la
teoría de que, con tal que los parámetros de
geometría vial y del medio ambiente permanez-
can fijos, los parámetros de deterioro de la su-
perficie del camino (rugosidad media, profundi-
dad de huella, y espesor de capa del material
suelto) y el costo del usuario del vehículo pue-
den reducirse a un denominador común, el vo-
lumen de tránsito acumulativo (T). También
afirma que las frecuencias óptimas de nivela-
ción deberán modificarse para desarrollar un
balanceo técnico apropiado entre la frecuencia
de nivelación y otras operaciones de conserva-
ción rutinarias pero esenciales, especialmente

ses durant la période analysée quand celles-ci
sont étalées uniformément sur cette période),
soit la valeur actuelle du coût ne peuvent pas
être diminués par I'ajournement.

Dans ce texte, on recommande I'utilisation du
second critère. Le volume de trafic au seuil de
rentabilité et le volume optimal de trafic sont très
sensibles au taux d'actualisation normal et aux
coûts de construction du revêtement. Donc les
valeurs données dans le texte ne sont pas tran-
sposables d'une économie à une autre. Les
principes de I'analyse sont valables si l'on utilise
les données correctes.

Le cinquième texte, Engineering Economics of
the Maintenance of Earth and Gravel Roads
(Economie de l'entretien des routes en terre et
en graviers), a été publié dans le Transportation
Research Record 702 (Transportation Research
Board, 1979). On y décrit une application prati-

que de la méthodologie pour l'évaluation éco-
nomiques de programmes d'entretien des routes
non-revêtues à faible circulation, telles celles qui
ont été présentées dans le cas d'étude no. 1 du
texte précédent, On émet la théorie que les pa-
ramètres de dégradations de la surface de la
route (rugosité moyenne, profondeur des orniè-
res, et profondeur de matériau désagrégé) et le
coût d'exploitation des véhicules peuvent être
réduits à un dénominateur commun-le volume
de trafic composé (T)-à condition que les pa-
ramètres routiers de géométrie et d'environment
restent fixes. On reconnait aussi que les fré-
quences optimales de reprofilage devraient être
modifiées pour développer un équilibre techni-
que adéquat entre les fréquences de reprofilage
et les autres opérations d'entretien périodique
essentielles, particulièrement quand il s'agit de
routes en terre. Une étude de rentabilité est utili-



programs for unpaved roads with low traffic
volumes as presented in Case 1 of the previ-
ous text. lt advances the theory 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. lt also acknowledges
that the optimal grading frequencies should be
modified to develop an appropriate technical ba-
lance between grading 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

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-
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para los caminos de tierra. Se utiliza un análisis
de beneficio/costo para evaluar varias alternati-
vas de colocación de grava para distintos valo-
res de tránsito diario medio. El criterio utilizado
es el volumen de tránsito "sin ganar ni perder"
El agregado y alisado de los datos provenientes
de Kenya limitan este análisis a la búsqueda de
las tendencias principales. Estas tendencias, sin
embargo, pueden servir de reglas empíricas en
otros sitios. Las únicas decisiones variables que
se consideran son la nivelación, espesor de la
grava (en el momento de recolocación de
grava), y si es o no necesario colocar grava en
un camino de tierra.

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

rillas, control de la vegetación, y recolocación
de grava en áreas pequeñas con herramientas
manuales. Las operaciones rutinarias de con-
servación tales como nivelación, compactación,
y arrastre de neumáticos con tractor son reali-
zadas mecánicamente. Los requerimientos físi-
cos para el programa incluyen equipo, repues-
tos, talleres, y oficinas. Además, se han incluído
(como inversión de fondos) los costos prorra-
teados de una actividad de entrenamiento que
se consideró necesariapara implementar la
nueva estrategia total de conservación.

El sexto Iexïo, Effect of Simpte Road Improve_
ment Measures on Vehicle Operating Cosis rn
the Eastern Caribbean (El efecto de-medidas
sencillas de mejora de caminos sobre los gastos
oe exptotación de vehículos en el Caribe Orien_
tal), fué también publicado en Transportation

sée pour évaluer différentes alternatives de ma-
tériaux graveleux pour différents TJM. Le critère
utilisé est le seuif de rentabilité (volume de tra-
fic). L'agrégation et l'égalisation des données
provenant du Kenya limitent cette analyse à la
recherche des tendances principales. Ces ten-
dances toutefois peuvent être utiles empirique-
ment ailleurs. Les seules variantes de prise de
décision qui sont considerées sont le reprofi-
lage, la profondeur du gravier (au moment du
rechargement) et si on doit ou non revêtir de
gravier une route en terre.

La stratégie d'entretien évaluée est similaire
sous beaucoup d'aspects à celle décrite dans le
troisième texte. Des équipes d'ouvriers remplis-
sent les nids de poule, curent les fossés et les
ponceaux, contrôlent la végétation, font la répa-
ration des flaches par point à temps. On utilise
I'emploi intensif de la main-d'oeuvre pour ces

opérations. Les autres opérations d'entretien
courant (reprofilage, compactage et passages
au tracteur tirant un traineau de pneus) sont en-
tièrement mécanisés. Les besoins matériels du
programme d'entretien comprennent les engins,
les pièces détachées, 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 néces-
saire pour I'implémentation de cette nouvelle
stratégie d'entretien.

Le sixième texte, Effect of Simple Road lm-
provement Measures on Vehicle Operating
Cosfs in the Eastern Caribbean (Effet de simple
mesures d'amélioration routière sur le coût d'ex-
ploitation des véhicules en Caraïbe de l'Est), est
tiré aussi duTransportation Research Record
702 (Transportation Research Board, 1979). On
décrit l'évaluation économique utilisée pour dé-



ment, spare parts, shops, and offices. ln 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 IexI, Effect of Simple Road lm-
provement Measures on Vehicle Operating
Cosfs in the Eastern Caribbean, was also pub-
lished in Transportation Research Record 702
(Transportation Research Board, 1979). lt de-
scribes the economic evaluation used to deter-
mine the cost-effectiveness of a simple labor-

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. lt 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 evaluation techniques used to de-
termine the economic viability of that program.
The rehabilitation evaluation is representative of
the current state of analyses for rehabilitation
and maintenance programs.

Research Record 702 (Iransportation Research
Board, 1979). Describe la evaluación económica
utilizada para determinar elfactor de eficacia,
en lo que respecta al costo, de un método senci-
llo (realizado por mano de obra) de rehabilita-
ción y conservación de superficies bituminosas
muy deterioradas en la isla de San Vicente del
Caribe Oriental. Este texto presenta los resulta-
dos de una conservación atrasada en caminos
pavimentados de bajo volumen. Describe (a) un
esfuerzo que resultó en buen éxito para desarro-
llar un programa de rehabilitación dentro de los
severos límites financieros del presupuesto con-
finado de un país en desarrollo, y (b) las técni-
cas de evaluación que se utilizaron para deter-
minar la viabilidad económica de ese programa.
La evaluación de la rehabilitación es representa-
tiva del estado actual de los análisis para pro-
gramas de rehabilitación y conservación.

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

grama de conservación o mejora; y evalúa la
magnitud de costos periódicos de drenaje en un
programa de conservación de caminos pavi-
mentados. Después de este proyecto de rehabi-
litación los fondos de conservación designados
al drenaje son tres veces más que los designa-
dos al bacheo de superficie.

También demuestra el uso de la rugosidad de
la superficie para medir el rendimiento del ca-
mino. Ahorros en los costos de operación de
vehículo se relacionan directamente con la re-
ducción de la rugosidad. La evaluación econó-
mica del proyecto se basa en reducciones me- xxvii
dibles de la rugosidad de la superficie por
medio de su rehabilitación, y reducciones en el
costo de operación de vehículo debido a la me-
jora en la calidad de rodadura del camino.

Las cifras monetarias en este texto se dan en
dólares del Caribe Oriental del año 1978, Los
costos deltexto deberán dividirse por 2,7 para
llegar al valor en dólares Norteamericanos de

terminer la rentabilité d'une méthode simple, à
l'aide de I'emploi intensif de main-d'oeuvre, pour
réhabiliter et entretenir des routes bitumées sé-
rieusement détériorées dans I'ile de Saint Vin-
cent. Ce texte expose le résultat d'une politique
d'entretien différé sur des routes revêtues à fai-
ble circulation. On y décrit (a) une tentative, cou-
ronnée de succès, de réhabilitation routière
dans le cadre des sévères contraintes monétai-
res du budget limité d'un pays en voie de déve-
loppement, et (b) les techniques d'évaluation u-
tilisées pour déterminer la viabilité économique
de ce programme. L'évaluation de la reconstruc-
tion est représentative de l'état actuel des analy-
ses de programmes de réhabilitation et d'entre-
tien routiers.

On met I'emphase sur la nécessité première
de fournir un drainage adéquat, dans un pro-

gramme d'amélioration ou d'entretien. On évalue
aussi I'ordre de grandeur du coût périodique du
drainage dans un programme d'entretien de rou-
tes revêtues. Les dotations pour I'entretien,
après ce programme de rèhabilitation prévoient
presque trois fois plus d'argent pour I'entretien
du système de drainage que pour le reflachage.
On démontre aussi I'utilisation de la mesure de
I'uni pour vérifier la performance de la route. Les
économies de coût d'exploitation des véhicules
sont rattachées directement à la réduction de la
rugosité de la chaussée. L'évaluation économi-
que du projet est basée sur la réduction mesu-
rée de la rugosité, accomplie en réhabilitant la
surface, et sur la réduction du coût d'exploitation
des véhicules, dûe à l'amélioration de la qualité
de roulement de la route.

On utilise le dollar local (Caraibe de l'Est) pour



The text emphasizes the necessity of provid-
ing proper drainage as the first step in any main-
tenance or upgrading program. lt 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

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,

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

El séptimo texto, Outline of a Generalized
Road Æoughness lndex for Worldwide Use (Es-
quema de un índice generalizado de rugosidad
de camino para uso mundial), fué también pu-
blicado en Transportation Research Record 702
(Transportation Research Board, 1979). El texto
previo indica que los costos de operación de
vehículo son una función de la rugosidad del
camino. Los costos del usuario se relacionan
especialmente a la rugosidad en caminos muy

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

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

gosidad, es decir la integración mecánica y la
matemática. La integración mecánica, que es el
método más común, consiste en el uso de un
instrumento mecánico para automáticamente fil-
trar y resumir los datos de rugosidad de camino.
Los instrumentos más utilizados corrientemente
incluyen el perfilógrafo (Profilograph), el medi-
dor PCA (PCA Roadmeter), el medidor Mays
(Mays Meter), el rugosímetro Chloe (Chloe Profi-
lometer), y el medidor BPR (BPR Roughometer),
inclusive una versión que ha sido modificada
por el TRRL del Reino Unido. La integración ma-
temática, el segundo método, involucra el análi-
sis matemático de una serie de distintos puntos
hallados por un deslinde con vara y nivel topo-
gráf icos,

Estos distintos análisis de rugosidad no son
compatibles actualmente porque se han utili-
zado distintos tipos de dispositivo y ha habido

les calculs. Les coûts mentionnés dans ce texte,
doivent être divisés par 2,7 pour l'échange en
dollars U.S. (1978), ou par 5,2 pour l'échange en
livres sterling.

Le septième texte, Outline of a Generalized
Road Roughness lndex for Worldwide Use
(Schéma d'un indice généralisé de l'uni d'une
chausées, d'emploi universel), est aussi publié
dans le Transportation Research Record 702
(Transportation Research Board, 1979). Le texte
précédent nous a indiqué que le coût d'exploita-
tion des véhicules est fonction de l'uni de la sur-
face. Les coûts aux usagers y sont particulière-
ment rattachés lorsque les routes sont très
mauvaises. Acutellement, il y a plusieurs
méthodes pour mesurer l'uni, mais il n'en
n'existe pas d'échelle de calibration commune
au monde entier.

Le texte donne une définition de la qualité de
I'uni d'une chaussée et de ses composantes. On
décrit les deux procédés utilisés généralement

pour analyser les composantes, c'est à dire
I'intégration mécanique et l'intégration
mathématique. L'intégration mécanique, qui est
la méthode la plus courante, utilise un
appareillage mécanique pour filtrer et résumer
automatiquement les données. Les instruments
les plus utilisés actuellement, pour les mesures
mécaniques et les résumés, comprennent le
profilographe, le PCA Roadmeter, le Mays
meter, le profilomètre Chloe, et le rugomètre
BPR (est incluse aussi une version qui a été
modifiée par le Laboratorie de recherches sur
les transports et la route, Grand Bretagne). La
seconde méthode, I'intégration mathématique
consiste à analyser mathématiquement une
série de points discrets obtenus avec la mire de
nivellement.

Ces méthodes d'analyse ne sont pas
actuellement compatibles. C'est à dire que les
résultats 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 are particularly related to road
roughness on very rough roads. At this time
there are several methods of measuring surface
roughness, but there is no common roughness
scale for worldwide use.

The text defines roughness and its compo-
nents. lt describes the two techniques com-
monly used to analyze the components of
roughness, namely mechanical integration and
mathematical integration. Mechanical integra-
tion, 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

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 or
meaning to those of another country. Different
types of devices used and calibration problems
between units of the same type are the reasons
for this. This text proposes the development of a
General Roughness lndex to serve as a basis for
comparison between individual mechanical de-
vices and different types of mechanical devices.
Such an index would enhance the use of surface
profiles or roughness measurements throughout
the world for (a) construction qualìty 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 A Review of Rural Traffic-
Counting Methods in Developing Countries

problemas de calibración entre unidades del
mismo tipo, Por eso los resultados de un país no
tienen relación cuantitativa o significado para
otro país. Este texto propone el desarrollo de un
lndice General de Rugosidad que sirva como
base de comparación entre los dispositivos me-
cánicos individuales y entre distintos tipos de
dispositivo. Tal índice aumentaría el valor en uti-
lizar perfiles de superficie o medidas de rugosi-
dad en todo el mundo para (a) el control de ca-
lidad en la construcción; (b) la localización de
cambios anormales en el camino debido a, por

ejemplo, problemas de drenaje o subálveas; (c)
distribución de recursos para la conservación
del pavimento a través del sistema; y (d) identi-
ficación de antecendentes de la utilidad y ren- xxix
dimrento del pavimento.

El octavo texto es A Review of Rural Traffic-
Counting Methods in Developing Countries (Un
repaso de los métodos de conteo de tránsito
rural en los países en desarrollo, Transport and
Road Research Laboratory, U.K., '1972). Se ha
incluído porque la tercera entrada principal de in-
formación en la evaluación económica de las es-

pays. Ceci à cause de I'utilisation de différents
appareils et de problèmes de calibration entre
certains du même type. Ce texte propose le
développement d'un "indice de I'uni universel"
qui puisse servir de référence pour comparer
chaque appareil mécanique individuellement, et
les différentes sortes d'appareils mécaniques.
Un tel indice intensifierait I'emploi des mesures
des profils de la surface et de I'uni à travers le
monde pour (a) le contrôle de qualité en
construction; (b) la localisation de changements
anormaux de la surface routière dûs par
exemple à des problèmes de drainage ou de
sous-sol, (c) les dotations pour l'entretien des
chaussées de tout le réseau routier, et (d)
l'identification des antécédents de viabilité et de
rendement des chaussées.

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

(Revue des méthodes de comptage de trafic
dans les pays en voie de développement, Tran-
sport and Road Research Laboratory, U.K.,
1972). Nous I'avons inclus, car la troisième
composante principale de l'évaluation économi-
que des stratégies d'entretien, est le nombre et
le genre de véhicules utilisant la route à entrete-
nir. (Les deux autres composantes étant le coût
de l'entretien et le coût d'exploitation des véhicu-
les.) En dépit des avertissements donnés dans
le texte choisi no.2, que la détermination du
coût d'entretien varie d'un endroit à I'autre, et
pour différents niveaux de service, et ceux du
texte choisi no. 4 que la base de données empi-
riques concernant le coút d'exploitation est
quelque peu limitée, aucun des textes précé-
dents n'envisage la possibilité que la détermina-
tion du volume de trafic de base puisse être ine-
xacte.

I



(Transport and Road Research Laboratory, U.K.,
1972).lt is included because the third major
input 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.) ln spite of the warnings given in
Selected Text No. 2 that the determination of
maintenance costs variès 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-

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. fhe 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 tromThe Sensitivity
to Traffic Estimafes of Road Planning in Develop-
ing Countries (Transport and Road Research
Laboratory, U.K., 1973). lt evaluates the impact
on the decision-making process in planning
road maintenance and improvement of the
counting errors discussed in the previous text.
This text assumes that the total maintenance

trategias de conservación es la cantidad y tipo
de vehículos que utilizan los caminos a conser-
varse, (Las otras entradas son los costos de
conservación y los de operación de vehículo.)
Aún cuando el Texto Seleccionado N'2
menciona que la determinación de costos de
conservacion varía de lugar en lugar y para los
distintos niveles de servicio, y el Texto
Seleccionado N'4 nota que la base empírica de
datos respecto a los costos de operación de
vehículo es algo limitada, ningún texto previo
menciona que la determinación del volumen de

tránsito base posiblemente sea errónea.
Este texto repasa los métodos de conteo de

tránsito rural en los países en desarrollo en .1970

y examina la precisión de los estimados de flujo
resultantes. Aunque la duración, frecuencia, y
programación de los conteos de tránsito varían
en los distintos países estudiados, todas las
técnicas de conteo producen muestras al azar
de volúmenes de tránsito en lugar de un verda-
dero ADT. Los errores de estimados de ADT
calculados a base de conteos al azar son una
función de lo siguiente:

On passe en revue les méthodes de
comptage du trafic rural utilisées dans les pays
en voie de développement, et on examine
I'exactitude des calculs de flux de trafic. Bien
que la durée, la fréquence et la période de l'an-
née des comptages de trafic varient pour les dif-
férents pays étudiés, toutes les techniques de
comptage produisent des comptages de traffic
faits au hasard plutôt qu'un véritable trafic jour-
nalier moyen (TJM). Les erreurs dans le calcul
du TJM fait au hasard sont fonction de:

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

2. La durée du comptage (l'exactitude des
calculs du TJM augmente plus ou moins en pro-
portion à la racine carrée de la durée).

3. La répétition du comptage (les erreurs pro-
venant de comptages répétés sont à peu près
en proportion avec I'inverse de la racine carrée
de la durée totale du comptage).

4. La période de I'année du comptage (les
échantillons de mois différents ou de saisons dif-
férentes varient, à différents degrés, du TJM
exact).

Le neuvième texte est extrait de The Sensitivity
to Traffic Estimates of Road Planning in Develop-
ing Countries (La sensibilité de la planification
routière aux calculs de trafic dans les pays en-
voie de développement, Transport and Road
Research Laboratory, U.K., 1973). On évalue
I'impact, sur le procédé de prise de décision en
planification de I'entretien et de I'amélioration
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.

The sensitivity of criteria used for the eco-
nomic justification for road improvements, as
represented by the sensitivity of the lnternal Rate
of Return (lRR) 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 and is somewhat less sensitive to errors in
traffic growth. This is due, perhaps, because the

.1. el nivel de flujo del tránsito (hay mayor error
en los volúmenes bajos de tránsito que en los
volúmenes altos),

2. la duración del conteo (la exactitud de los
estimados resultantes de ADT aumenta más o
menos en proporción a la raíz cuadrada de la
duración),

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

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

El noveno texto fué extraído de The Sensitivity
to Traffic Esfimafes of Road Planning in Develo-
ping Counfrles (La sensitividad de planeamjento
vial en países en desarrollo a los estimados de
tránsito, Transport and Road Research Labora-
tory, U.K., 1973). Evalúa el impacto del proceso
de toma de decisiones en el planeamiento de

conservación vial, y la diminución de errores de
conteo examinados en eltexto anterior. Este
texto asume que el costo total de conservación
por año por largo de unidad es igual a una cifra
fija más ADT multiplicado por un constante. Se
ha demostrado en los textos anteriores que esta
suposición del estimado del costo de conserva-
ción como función lineal del tránsito es anti-
cuado. Sin embargo nos permite desarrollar una
relación simplificada entre volúmenes de trán-
sito y costos de conservación. La relación del
cambio de porcentaje en el costo de conserva-
ción al cambio de porcentaje en el nivel de flujo
de tránsito se define como la relación de sensiti-
vidad.

La sensitividad de criterios utilizados para la
justificación económica para mejoras viales,
como es representada por la sensitividad del
Coeficiente de lngresos lnternos (lnternal Rate
of Return-lRR) a cambios en los estimados ac-
tuales del tránsito diario y el aumento de trán-
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avons discutées dans le texte précédent. Ce texte
assume que le coût total annuel unitaire de l'en-
tretien est égal à une somme fixe, plus le TJM,
multipliés par une constante. Le fait d'assumer
le coût d'entretien comme fonction linéaire du
trafic est maintenant démodé, comme nous
I'avons vu dans les textes précédents. Cepen-
dant, cela permet le développement d'un rap-
port simplifié entre le volume de trafic et le coût
d'entretien. Le rapport du changement en pour-
centage du coût d'entretien, au changement en
pourcentage du niveau de flux du trafic, s'ap-
pelle le rapport de sensibilité.

La sensibilité des critères utilisés pour la justi-
fication économique des améliorations routières,
représentée comme la sensibilité du taux de ren-
tabilité interne (lRR) aux changements du trafic
journalier actuel et futur, est mise à l'épreuve sur
10 projets routiers de pays en voie de dévelop-
pement. L'analyse montre que l'lRR est en géné-

ral très 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 dû, peut-être, à ce que
I'actualisation des avantages des améliorations
routières, réduit l'effet de incertitudes à long
terme.

On évalue aussi la sensibilité du IRR: (a) à la
composition du trafic actuel (la sensibilité
augmente avec le pourcentages des véhicules
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 dernière projections de trafic est
incluse.

Bibliographie

Les textes choisis sont suivis d'une brève biblio-
graphie contenant les données de référence et



discounting with time of the benefits from road
improvement reduces the effect of long-term un-
certainties.

The text also evaluates the sensitivity of the
IRR to (a) the present traffic composition (the
sensitivity increases as the percentage of heavy
vehicles increases), (b) indûced traffic, and (c)
changes in traffic composition with time. lt in-
cludes a discussion about common errors in the
determination of the latter two traffic projections.

Bibliography

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

abstracts for 24 publications. The first g de-
scribe the selected texts. The other 15 describe
publications related to the selected texts. Al-
though there are many articles, reports, and
books that could be listed, it is not the purpose
of this bibliography to contain all possible refer-
ences related to the subject of this compendium.
The bibliography contains only those publica-
tions from which a text has been selected or
basic publications that would have been
selected had there been no page limit for this
compendium.
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sito, se ensaya en 10 proyectos viales en países
en desarrollo. El análisis indica que general-
mente el IRR es muy sensitivo a errores en los
estimados de tránsito diario actual, y algo
menos sensitivo a errores en el aumento de
tránsito. Esto es debido, quizás, a que con el
paso del tiempo la disminución de los beneficios
de mejoras viales, reduce el efecto de lo incierto
a largo plazo.

Eltexto también evalúa la sensitividad del IRR
a (a) la composición actual de tránsito (la sensi-
tividad aumenta a medida que aumenta el por-
centaje de vehículos pesados), (b) tránsito in-
ducido, y (c) cambios en la composición del
tránsito al pasar el tiempo. lncluye una sección
que habla sobre errores comunes en la determi-
nación de las dos últimas proyecciones de trán-
sito.

Bibliografía

Al final de los textos seleccionados el lector en-
contrará una breve bibliografía que contiene los
datos y abstractos de referencia para 24 publi-
caciones. Las primeras nueve referencias des-
criben los textos seleccionados. Las otras 15
describen publicaciones relacionadas con los
textos seleccionados. Aunque existen muchos
artículos, informes, y libros que podrían nom-
brarse, no es el propósito de esta bibliografía
mencionar todas las posibles referencias que se
relacionen con el tema de este compendio. Con-
tiene únicamente aquellas publicaciones de las
cuales se seleccionó texto y publicaciones bá-
sicas que se habrían seleccionado si no hubiera
un límite al número de páginas en este com-
pendio.

les analyses de 24 publications. Les g premières
s'en réfèrent aux textes choisis, Les 15 autres
décrivent des publications apparentées au
thème des textes choisis. Bien qu'il y ait beau-
coup d'articles, rapports et livres qui pourraient
être inclus, l'objectif de cette bibliographie n'est
pas d'énumérer toutes les références possibles

ayant rapport au sujet de ce recueil. Cette bi-
bliographie se rapporte seulement aux publica-
tions dont nous avons choisi des extraits, ou à
des textes de base que nous aurions choisis
aussi s'il n'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 ln the selected text have
been reproduced in the compendium itself.

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

compendium are outside the frames and appear
ìn 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 material 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

Textos selecc¡onados
Esta sección del compendio contiene páginas
seleccionadas de los textos catalogados en la
tabla de materias. Se utilizan recuadros rectan-
gulares para encerrar las páginas que han sido
reproducidas de la publicación original, Algunas
de las páginas originales han sido reducidas
para entrar en los recuadros. No se han hecho
ningunos otros cambios en el materìal 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 números de página del texto original apa-

recen dentro de los recuadros. Los números de
página para el compendio están fuera de los re-
cuadros y aparecen en el centro del márg en iz-
quierdo o derecho de cada página. Los núme-
ros de página que se dan en el índice del com-
pendio se refieren a los del compendio.

Cada texto comienza con una o más páginas
de material de introducción que contenía la pu-
blicación original. Este material generalmente
incluye una página título, un índice, o ambos.
Los asteriscos que han sido agregados al índice
original significan lo siguiente:

*Algunas páginas (o partes de página) en
esta parte del documento original aparecen

Textes choisis
Cette partie du recueil contient les sections ex-
traites des publications indiquées à la table des
matières. Les pages du texte original qui sont
reproduites, sont entourées d'un encadrement
rectangulaire. Certaines pages ont dÛ être rédui-
tes pour pouvoir être placées dans l'encadre-
ment. Le texte original n'a pas été changé
sauf pour quelques explications qui ont été
insérées. Donc, si le texte original contient des
erreurs, elles sont reproduites dans le recueil.

La pagination originale apparaît à I'intérieur de
I'encadrement. La pagination du recueil est à

I'extérieur de l'encadrement, soit à droite, soit à
gauche de la marge extérieure des pages, et est
celle qui est citée dans la table des matières et
dans I'index du recueil.

Chaque texte commence par une ou plusieurs
pages d'introduction qui étaient incluses dans le
texte original. Ces pages sont généralement le
titre, ou la table des matières, ou les deux. Des
astériques ont été ajoutés à la table des matiè-
res d'origine, pour les raisons suivantes:

*Certaines pages, ou portions des pages,
dans cet extrait du document original sont



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

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. ln 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.

en el texto seleccionado, pero otras páginas
(o partes de página) en esta parte de la pu-
blicación original han sido omitidas.

**Todas las páginas en esta parte del docu-
mento original también aparecen en el texto
seleccionado.

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

cos en el índice de las publicaciones respecti-
VAS.

Líneas de guiones cruzando cualquier página
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 están insertadas en
recuadros de guiones y comienzan con la pala-
bra NOTE.

incluses dans les textes choisis, mais d'au-
tres pages (ou portion de pages) de l'édi-
tion originale ont été omises.

**Toutes les pages dans 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

précédés d'un astérique dans les tables des
matières des publications respectives.

Les lignes brisées sur les pages des textes
choisis indiquent les endroits où le texte original
a été omis. A certains endroits, les textes choisis
contiennent des explications qui ont été
insérées par notre personnel. Ces explications
sont entourées d'un encadrement en pointillé, et
commencent toujours par le mot NOTE.
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B. THE ECONOMIC TSSUES OF HIGH}I'AY MAINTENANCE

Introductlon

l. For major new highway investment, most countries employ some sort of
overall planning procedure: in some cases, such new investment. has to
pass a 

-test of adequate economic return. In comparison, highway
maintenance is something of a Cinderella: commonly there is as yet no
unification and standardisation of assessment method within invididual
countries. 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 expendirure; in Great Britain
for instance, éxpendirure on maintenance is running at about f,500m per
annum, approaching a half of all highway expenditure. To consider the
subject as being a problem is therefore appropriate.

2. "Híghway Maintenance" is not easy to defìne precisely. In fact, it is in
praciice very difiìcult to separate completely highwqy maintenance from
minor road improvements, because the latter will often be carried out as

part of the same operation. What we understand by "maintenance" is,

itrictly, road worli carried out without altering the boundaries of an
existing carriageway. But also, extra costs incurred during construction
in order to save later maintenance (eg adopting an increased pavement
thickness) 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 a
highly decentralised activity. Central Government only has direct
respohsibility for maintaining trunk roads and motorways, albeit that
theie are ths most heavily trafficked part of the network and incur about
l59o of total expendirure. 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 panicular maintenance standards to be aimed at. Local authority
roads reþresent over 950/o of the total network. But a large part of local
authority maintenance work is funded by Central Government grant, the
distribuiion of which is determined in discussion with the authorities'
associations. It is in this context, and panicularly to help local authorities
in deciding their own priorities for maintenance' that there is en 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 Pcrspective and Issues

4. We adopt in this sub-report an economic perspective on highway
maintenance. Economics is concerned with the allocation of available
resources berween alternative uses. In this context, we are concerned
panicularly with the efJiciènt allocation of resources, questions
concerning the distributional effect ofallocations between various sectors
of the community being here of lesser concern.
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5. Given this perspoctive, a number of issues can bc immediately identifiea.

Some of these relate to misconceptions concerning the application of
economic principlæ to highway maintenance; others to general
diffrculties of puaing into practice a ñrlly economic approach, at least at
the present time. We dcal with these in order.

ó. Issues involving misconceptions from an economic point of view are as
follows:
i. There is a fairly widespread belief, among both engineers and

members of the public, tbat highways should be perfectly
maintained. For instance, it is believed that access should always be
maintained, implicitly under even the worst winter conditions (and
by "worst" here we ought perhaps to interpret the desire
statisticelly, as sey the worst winter in 50 years). It is also believed
that pot holes, trips in footways, and so on represent some
dereliction of professional duty: and often these beliefs are given
legal sanction. Such views are in sharp contrast with a rational,
economic perspective. The latter recognÞes the extremely high cost
of seeking perfection in such manèrs (for instance, the cost of all the
extra equipment needed for the worst winter). It seeks instead simply
to balance the extra costs associated with an improvement in service
against the extra benefits yielded.

ii. Closely related to this is a belief, held particularly by engineers, that
a road is a national esset, the maintenance of which is therefore
iustifìed in its own right. This is erroneous because if a road is not
used it is of no value; its value derives solely from its present and

. future use and is thus directly related to the traflic level. Road
maintenance cannot be assumed so self-evidently necessary that no
questioning of the scale and balance of resources involved is
warranted.

iii. Correspondingly, eny preconception, such as is sometimes held by
finance ministries, that maintenence costs should be minimised, is
also erroneous. It is wrong to imagine that in matters of maintenance
the ideal is to get through a year having spent the least possible. Less
maintenance meâns a lower quality of service given in the course of
the year.

iv. We wrote above of the trafïìc level as being the main determinant of
value and thus maintenance expendirure. But we recognise
additionally that road maintenance has a general benefìcial effect on
the environment or "qualiry of life". For ins¡ance, decisions are
positively taken to maintain bener embankments, because this makes
them 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 of
the order oî lVo of the cost of constructing it. From the above
however, any argument for more maintenance based on the

Text 1
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smallness of this percennge is irrelevant - although of course the
absolurc 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 benefìts 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 expendirure now are such that a common level of service
èannot be aflorded for everyone on an equitable basis. This can
readily be agreed for another extreme example: â man who takes
himseif offto live on Mont Blanc and demands, on equity grounds,
that he is given the level ofservice in terms ofroad access that is a
proper expectation in a modern society. This example raises_ some
diflicutt 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 fi¡nds is that
their ihortage will lead to the need for increased expenditure later,
because roaãs will then be in worse condition. This argument is
valid in principle; but its correctness depends on the increase in
expendirure involved in- delay and the discount rate applicable in
comparing present and future expendirures.

A strong warning is thus necessary against a number ofconceptual errors that
are commonly made on the subiect of highway maintenance'

7. We now turn to general issues in puning into practice a fully economic
discipline for highway maintenance activities. These arise both from the
highly disaggregated and from the amorPhous naqrre of highw4y
mainienance: 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 ofa "cyclical" character such as sign
cleaning, gully emptying and grass cutting, are amorphous in narure'
This has meant that it is very diflìcult for a government authority to
know what is going on in highway maintenance as a general picrure; it is
funhermore diflicult to establish standards for maintenance - both
standards to aim at in repair and also intervention standards - that have
any uniformity of application in all the variability of local circumstances,
inðluding paiticular local resource constraints. There is in fact a

considerãblè 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 panicular
bênefits that are expected from the individual maintenance activity, the
particular cost of the work involved, all subiect to both national and local
resources constraints in terms of expendirure and manpower.
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Funhermore the laner will and should vary considerably over time,
whereas the whole concept of standards is as something fixed and
absolute.

8. This problem also appears in a diflerent guise in the relationship between
the overall expenditure budget available for highway maintenance, either
national or for the panicular aree, and the myriad of individual
maintenance activities on which this expendirure is incurred- Properly,
the overall budget should reflect the myriad of perceived needs, each
objectively assessed, for the future period in question; but the problems
of the foresight, individual assessment, and aggregation needed to
produce plans which vary with the overall resources available are such
that all this is beyond current capabilities. Resource budgets, both
national and local, narurally 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 expendirure or employment. Both these factors may
obviously be contrary to a truly eflicient allocation of resources.

Some Currcnt Tech¡ical Problems
9. At the present time, we cannot therefore say that the approach we

advocate has been successfirlly translated into practice. There are also the
following q¡rrent problems of a technical narure that have to be overcome
or resolved before we can be assured that highway maintenance
operations have an efïìcient 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
eflected. An imponant initial division is between cyclical and non'
cyclical (ie strucrural) maintenance . Examples of existing
categorisations are shown in the attached 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
classifìcation for highway maintenance in England is now agreed by
all concerned;

b. Standard meåsures 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 coeflìcient of friction, may be desirable. This
problem has narurally led to the adoption qf 

. gomprehensive
maintenance 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 strucn¡ral
characteristics ofexisting roads, because the appropriate solution to
an obvious deficienry is often dependent-on -"what lies beneath the

surface", and, partióularly in thè case of olderr-more minor roads,

this latér is-fiequently unknown. The establishment of a road

inventory for road maiátenance purposes is a frequently expressed

objective.

In the case of a pavement, it is presumably economic to re-surface

rather than to awiit the need for a complete reconstruction. But the

correct timing of resurfacing operationi can b-e critically.dependent
on the rate atïhictr a paverneni deteriorates after the initial warning
signals. There is stillìoo little kno¡rledge about ra-tes of-pavement

de-terioration, especially for the older, "undesigned" roads;

In Great Britain, at least, there is as yet insuflicient available in the

wav of unit cost information for maintenance operations eg a

"ständard" cost for pot'hole patching. Obviousþ we cannot analyse

a maintenance siruation to determine the most eflicient strategy ú we

áo not know the costs of carrying out one type of operation compared

with an alternative;

We know relatively little about the benefits of maintenance, .for
instance: reductioni in speed with road conditions; _rates of vehicle
ãäãriotation; accident rátes' In this ignorance, the full cost benefit
analysis appioach cannot,be applied' But we do know, if we accept '

that'the piime purpose of roads is to carry traffic, thl!maintenance
ãioenditi¡re shiulã be directlv related-to the traflìc flow, and

thärefore nor necessarily simply to the class of road. This does lead

io thi possibly useful concepi of a maximum maintenance value for a

panicular ro"ä, cott.sponding 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 operatlons.

But such st"tid.rd-'s must-be related to economic considerations;

exoerience has shown that otherwise they will be impracticably
i ti',rrious. Standards must defìne both an intervention and a

restoration level. Some countries already carry out their maintenance

opirations fairly consistently accordingto a national set ofstandards
eg Finland;

Accepting its proper imponance in determining. maintenance

decisionslthe counting of trlflic flow for the pu-rpose-is by no.means

straightfórward. Trafñc flow sensibly varies from link to link: it
,no"Ï¿ therefore be identified for each link, which is å maior task.

Mor.ou.t in terms of damage, as opposed to benefìts, it is heavy

traflìc, specifically heavy axles, whiòh is responsible for pavement

àr-tÉ.,^there ií currentlv nô satisfactory, standardised way of
;;ti"é out heavy axle counts simply and comprehensively over the

complete network;

e.

E,

h.
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i. The focus of the above remarks has been pevement maintenance,
which typically constiues a subsrantial haction of the whole.
However, there__are-ma-ny other types of maintenance operation,
typically of--a "cyclical" character, such as grass cuttiirg, sigi
cleaning, gulley emptying. Any objective, economic analysis õithõe
in the above rerms is obviously more diflicult still.

Some Currcnt Directiont of Devclopmcnt
10. The difficulties of applying a _full eco-nomic discipline to highway

maintenance are thus very considerable, far gr€ater thàn in the hilhway
construcdon field. In the state of affairs identified above, it is at least not
clear that resources are being used efliciently on highway maintenance -
with the problems exposed, and in the absehce of 6enei knowledge, it is
only sensible to assume that much needs to be done before we hãvê the
essurance that the overall expendirure inct¡rred on highway maintenence
is too high; but also possible-that it is too low. The totãl ambunt of public
expe¡pinyg involved, and the resources it represents, justihes a
considerable concern.

I l. such a concern has existed in England for more than a decade now. And
in recent.years, encouraging progress has been made in tackling some of
the fundamental problems, by both central government ind local
government working in.consorr. The principle gènerally accepted is the
economic one outlined in this peper, as far-as ii can bé given suflicient
realisation. It is thus seen that maintenance expenditùres should be
related to the resulting benefits over time, taking into account the
appropriate discount rate. This has been given expiession in a formal
economic model called PAVMO, which is fbcused on optimising
expenditure decisio¡rs on panimlar stretches of road, by compåring cost
streams with benefit streams. In some, but not all, siruations, it ãould
well be that decisions are appr^opriately taken on thé basis of minimising
the total discounted stream of ðosts and ignoring user benefìts such ai
time savings and comfort. But fr¡nher workìeedsio be done to make this
p$el ope¡ational, panicufqrly o,n the engineering inputs, as already
indicated. one plan to provide'such informaiion is tõ cariy oút a series of
site experiments in order to assess the user and maintenance costs
associated with alternative maintenance strategies and treatments; but the
very nan¡re of the subject means that this would take several years to
complete because of the need to obtain data over complete maintenance
cycles.

12' one of the diffrculties in the fìeld of highway mainrenance is that of
obtaining.pilrures at a national level of whaf is going on, as already
mentioned. But at the national level a relatively stiaighlforward way of
endeav-ouring qo iudge the size of the nationãt trighway maintenance
expendirure is from a knowledge of the trend of natiõnal road conditions
over time. A time series of conditions on an adequate national sample of
sites should at least indicate whether things are-gening better or worse
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(although it will be recognised that this is not the fully economic

àpp.o.ðt propounded above.) Such a- lu.rvey has been established in
ETgtana, ia[äd the Nationai Road Maintenance Condition Survey,

t*tíctr ii now in its third year, in which specifìc road defects are

identified and measured on ä hrge number of sample sites. Here the

problem currently being faccd is how to combine all these. separete

measurements to give ã simple, overall indication of condition, the
problem of Paragrãph 9b' Aßo, es a separate- piece of work, a re-gular

änalysis is carrieõoút by central governmènt of maintenance expendirure
by iub-head for all locál authoriiy a*as., using. regression analysis with
iridependent paramerers such as iraflìc levels, kilometres of road in the

area-by class, etc, in order to see whether €ny clear pattern €merg€s

bemein different'authorities' spending on this relatively simple basis.

ihir t.gt.rtion analysis is fairiy sophisticated, although the need for
firrther ãevelopment is recogniseä, añd it is not yet fully accepted by all
concerned.

Fi¡al Remarts
13. Our whole address is directed towards an eventual, rational answer to the

maintenance engineer's question: "what should I dof" Expenditure on

ttigtr*ry maintðnaqce if such that it is economically imponant, and

r.í.t. hnrn.ial restraints are lü<ely to continue on it: thus the maior

determining factor is already econõmic, and we believe that it is only
rational thä't 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 identihed in this sub'report, all
of which in the end ielate'to the level of maintenance. The general

answers to these issues - such as the concept ofperfect maintenance -
ari ctear enough, even if they as yet need to be given more detailed

ixpression. A ãumUer of issuês haé also been identihed in the general

apþlication of rational, economic methods, relating to the problem of the

á'iJ"gg..g.t. and amôrphous narure of highway maintenance work.

1.tt.iã píoUt.ms includeã those of specifying an appropriate information
and control system, in identifying mainienánce standards, and ensuring
that the lattei are 

-economicaily 
sensible. There is a number of more

detailed technical problems stili to be overcome in the field before there

is satisfactory ptogt.rs' these include the difficult question of physical

measuremeni ibr*highway maintenance, the provision of adequate

information in the form of ã road inventory if it is considered desirable to
go in this direction, a better unde¡standing of the structural performance

õf p"u.*.nts ovei time, and relating mãintenance work in a rational

malner with actual traflìc flows'

15. In fìnal summary, perhaps the compl,'cation of the whole subject of
mainrenance raisêi iäirlV'acutely the issue of the simple hierarchical
concept of management änd decision-making. For instance, what degree

11

f
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of freedom of action should be given to the foreman of a maintenance
gang equipped to repairpot-holei? Is the foreman to be given cliscretion
over.which pot_-holes he fills in, discretion which is justifìãd uicause tre is
the "man on the spot", and because it is his respo"tiui ty õ t.ep the
resources in his charge utilised? But such freedom of aétion máy be
conrrary to a more efficient rreatment of the deficiency indicated by the
pot'hole - for inst_ance, an overlay might be a more ¿åirr¡1. ii..rment.
similarly, the tult feasibility of thé hierãrchicar .on".liüq"lrüüable at
the level of decision on thê overan maintenance buåget fü, trrã ão"ri"g
year. In text book terms this should be resolved alainst information
representing-the aggregation of all the separare, õtes.en o.iar. n
practice, such aggregation is well nigh impbssible: rot i"si"nc., wn"t
meåsures does one use at the different levels in the aggregation lioi.., to
keep a..proper indication of the relative severity? ñõ.¿;-í"ã *or.
ge.nerally, is such a perfect hierarchical process adriinistrativálv fèasible?
These are important quesrions, determining the narure ðiinJ t..¡"i."r
information required for decision rqkiog, a"s well ., tI.irl"oiãiio" or
maintenance and responsibilities within Ii.

FEDERAL REPUBLIC OF GERMANY
Accounts Furnishei by a Road Maintenancc Cewre

The accounts furnished by a road maintenance centre may be analysed in thefollowing mânner:

(on average)

14.9Vo

2.5Vo

ll.2s/o
t8.3Vo

8.6Vo

3.ÙVo

16.8Vo

5.2Vo

t3.Ùvo

6.6Vo

-1q3

l. Maintenance of Carriageway
2. Maintenance of Strucrural \ü7orks

3. Maintenance of Installations of Drainage, Verges, Banks,
etc.

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

including Road Markings -

6. Cleaning_of-Carriageways, pavements, Cycle tracks,
Verges, Banks, Ditches, Parking areaj

7. Winter Maintenance, including Meteorological Hazard
Signs

8. Traflìc Satty.Measures.by Inspections of Road Secrions,
Accident Works, Diversions

9. Maintenance and Reparation of Equipment and Vehicles
10. TrafIìc Surveys, Land Surveys, Inspection of construction

works

lllt^:"ll_:,",lcerns. productive cosrs of mainrenance activiries, i.e. time lost by
lllness, holldays, etc., have not been taken into account.
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BELGruM

f,6¡{ i}t¡intenance Expcnditure 1976

FRANCE
Maintenance Prograrntne 1978

Main Stations

State Highway Netwo¡k

Expenses

Million F.)
4o of total

exþenditure

Major Carriageway Works
(Reconstruction, Haunching & Resurfacing)
Surface Dressing and Special
Skid Treatments
Patching and Minor Repairs
Drainage and Gulley Emptying
Structural Works @ridges and
Remedial Earthworks)
Grass Cutting and Hedge Trimming
Sweeping and Cleansing
Traflic Signs and Pedestrian Crossings
Road Markings
Other Highway Works
(Footways, Cycle Tracks, Kerbs,
Fences and Barriers)
Winter Maintenance
Street Lighting

847.836

l .559.915

73.421
t95.224
80.227
44.270

t74.914

95.711
37 t.058
465.034

2t.70

39.92

1.87
5.00
2.05
l.l3
4.48

2.45
9.50

I 1.90

Total 3.907.210 100.00

Caniapeways and Side Roads MF Vo

Coordinated overlays
Ordinary Motorways
Preventive Maintenance of National

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

agreed budget 134
major repairs 40

Structural Worhs

Maintenance of Equipment
Car parks and Service areas

Winter Maintenance
Various
Total Maintenance

Marking (exploitation)

498
ttt

394

174
59

63
39

74
5t

l5l5
70

3l
ll
25

ll
4

4
2.5
4.5

5

13
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Total lteintemncc Expcnditure for all ro¡d¡ ln Englaad

1976177 (Nov. 1976 Prices)

Operations

Local Authority
Roads

Motorways & Trunk
Roads

Expendi
ture Gm)

Vo of
Total Exp.

Expendi-
ture lfm)

Vo of
Total Exo

Major Carriageway S(/orks
(Reconstruction, Haunching
& Resurfacing)
Surface Dressing & Special
Skid Tre¡tments
Patching & Minor Repairs
Drainage & Gulley
Emptying
Strucn¡ral Works (Bridges &
Remedial Eanhworks)
Grass Cutting & Hedge
Trimming
Sweeping & Cleansing
TrafIìc Signs & Pedestrian
Crossings
Road Markings
Other Highway \ü7orks

(Footways, Cycle Tracks,
Kerbs, Fences & Barriers)
Winter Maintenance
Street Liehtine

83.1

23.5
M.5

18.5

8.5

19.3
26.7

t6.2
6.0

42.3
19.0
63.4

22.4

6.3
12.0

5.0

2.3

5.2
7.2

4.4
1.6

tl.4
5.1
t7.t

13.60

l.0l
2.95

2.26

3.65

t.34
2.35

3.54
l.l9

3.08
4.18
5.10

7.0
9.4
I1.5

30.7

2.3
6.7

5.1

8.3

3.0
5.3

8.0
2.7

otal 37t.00 100.00 44.25 100.00

POLAND

T

Maintenance expenditures for public roads from
State Government Budget

Major carriageway works
reconstruction, haunching and resurfacing

Surface Dressing and minor maintenance works and repairs
Drainage and Gulley Emptying
Bridges repairs and maintenance works
Grass, trees and hedges maintenance works
Traffic signs and road markings
Sweeping and cleansing
Winter maintenance of roads
Other works

Estimation
o/o

41,5
16,0
4'9
2'8
2'6
217
0r5

26,6
2'4

100,0



Compendlum 11 Text 2

[¿g¡Tnil RECORD
N um ber

451

H ighway and Bridge Maintenance:

Operations, Costs, and Modeling

6 reports
prepared for the
52nd Annual Meeting

Subject Areas

15 Transportation Economics

27 Bridç Design

40 Maintenance, General

41 Construction and Maintenance Equipment

HIGHWAY RESEARCH BOARD
DIVISION OF ENGINEERING NATIONAL RESEARCH COUNCIL
NATIONAL ACADEMY OF SCIENCES_NATIONAL ACADEMY OF ENGINEERING

Washington, D.C. 1973

15



Compendium 11 Text 2

16

CO NTE NTS

FOREWORD

SUDAN ROAD SURVEY: THE FIELD IWENTORY AND ITs
SUC.GESTED MAINTENANCE OF IOW-VOLUME TT,ACI$

Kennetl M. Hall

tçtc MAINTENANCE C0STING METHOD
FOR I.OW-VOLUME ROADS

Richard D. Bauma¡ and Mathew J. Betz
Discussion

10

t7Bertell C. Butler, Jr,
Clell G. Harral 18

20
22

Samuel F. Lunford
Authors' Closure

SIMULATION MODELING OF HIGHWAY MAINTENANCE
OPERATIONS APPLIED TO ROADSIDE MOWING

Robert J. Stone 23

EVALUATION OF EQUIPMENT UTILIZATION AND MANAGEMENT
WITHIN THE VIRGINIA DEPARTMENT OF HIGHWAYS

Ira F. Doom 36

AN INSTR,UMENT FOR DETECTING DELAMINATION
IN CONCRETE BRIDGE DECKS

William M. Moore, Gilbert Swift, anrl Lionel J. Milberger. .

DETECTION OF BRIDGE DECK DETERIORATION
William M. Moore

44

SPONSORSHIP OF THIS RECORD

53

62



Compendium 11 Text 2

MAINTENANCE COSTING METHOD

FOR LOW-VOLUME ROADS

Richard D. Bauman, University of Hawaii; ald
Mathew J. Betz, Arizona State University

This paper summarizes the importance of maintenance as it applies to de-
cisions rega.rding 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. Exa-mples are presented
of the types of cost relations established and the philosophy of developing
these costs from basic considerations of equipment need a¡d 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 road.s 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 Suda¡'

¡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¡ "f development
a¡d 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 Development and for one-fifth of America¡ aid for devel-
opment projects. Yet the tending 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 maintena¡ce 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 tota-l highway ex-
penditures. But as the highway system of a region expands, the maintenance costs ca¡t

increase to the point that they exceed the total expenditures previously spent for high-
ways. For example, after tlre 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 Nghway construction.

Because the cost of maintaining roads is great but the role of maintenance is not as
politically glamorous or seemingly productive as is new road construction, there is a
lendency to try to ignore highway maintenanee 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 expendifures, we need a systematic costing method that takes into consideration

Publication of this paper sponsored by Committee on Maintenance and Operations Costs.
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factors that cause maintenance costs to vary from highway section to section. Such a
costing method is difficult to obtain because maintenance costs are usually not kept in
a manner that allows one to correlate costs with highway design, environmental factors,
and traffic loads, and iittle or nothing is available for nèw roids of new design.

This paper describes a procedure developed to predict maintenalce costs"of a pro-
posed road system in Sudan. The procedural concepts may have utility for estimàting
highway maintena¡ce 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 main-
tena¡ce results in decreased quality of service and deterioration of the initial invest-
ment. Once a highway facitity has been constructed, any change in maintenance pro-
cedure will affect vehicle operating costs. Moreover, the amortization period of the
construction costs ca¡r be affected by the maintenance provided aJter construction. This
is further complicated by the fact that the quantification of this i¡terrelation has not as
yet been established.

As road facilities are extended and improved, maintenarce commitments accumulate.
The magnitude of this is often not realized. In the feasibility study of any one facility,
the a¡nual maintenance charge, in absolute terms, will most tikely be smaller than the
annual construction costs or user costs. However, foç nationwide systems, mainte-
nance costs can amount to substantial sums, especially from the viewpoint of govern-
mental road expenditures. This is due to the fact that maintenance coìts are á con-
tinuing cost that accumulates as the system is improved and expanded.

In the planning for any system of low-volume roads, especially in developing coun-
tries, the importance of proper maintenance must be emphasized and its prólaile costs
indicated. Too often, maintenance is done as needed or as funds are available. The
fact that maintenance needs to be initiated upon termination of construction is seldom
noted. Deferring of such maintenance can mean the deterioration of the level of ser-
vice, necessity for higher future expenditures, and possibte loss of invesbnent. 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 necessarity realize that it is im-
portant to construct a system to a level within the countries' abitity to properly main-
tain it' The availability of skilled and semiskilled personnel and finanóial-conåide"a-
tions must be considered. Roads that are inadequately maintained can result in a
poorer overall system then would be obtained by a well-maintained system of roads
with an initially lower type of surface. Thus, it is realized that ttle decision to pave
or not to pave is of primary importance in system planning.

ROAD MAINTENANCE OPERATIONS
For costing purposes, maintenance operations can be subdivided into three general

categories: routine maintenance, emergency maintenance, and periodic resurfacing
of the roadways. It is virtually impossible to predict or schedulè emergency mainte-
nance factors. These are due to unusual occurrences caused by floodin[, eárthquakes,
military action, and so forth. Because of the relatively rare occurrencè of thesã needs
and tìe conditions under which the work is performed, there is litile information con-
cerning their costs. Therefore, this type of maintenance is not consideredin Ûris
paper.

The periodic resurfacing of roads includes the addition of gravel or the addition of
a bituminous surface treatment, which is required on a relatilely regular basis be*
cause 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 initiat conshuètion pro-
cedure and can be costed in a similar manner,

The costing method discussed in this paper is concerned with routine road mainte-
nance, i.e., that which has to be conductèd on a continuing basis. This ca¡ be subdi-
vided into the following operations: surface and shouldeimaintenance, maintenance
of drainage facilities, maintena¡rce of the roadside, maintenance of traffic control
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devices, and maintena¡ce of bridges a¡d other maior structures. Discussions of each
of these as related to gravel versits paved surfaces can be found in the literature (1).

In summary, inpor-tant consequenees of a decieion to use a bituminous-treated sur-
face affect the necessary maintenance, tìe equipment to be used, the skill level of the
maintenance personnel, the overall costs, and the foreign exchanç 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 bih¡minous surface, witlt respect to eitt¡er 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 witlin the United States increases as one moves
from a gfavel to a bituminous surface roadway. The relative expendihrre for surface
maintenánce decreases. One of the observedproblems in a number of developing coun-
tries has been a tendency to concentrate almost solely on surface maintenance. Rec-
ommendations by the International Road Federation as applied to Latin America indi-
cated the need fõr gTeater emphasis on nonsurface maintenance (¿).

The decision to þave or not to pave has little impact on m¿ìny nonsurface mai¡te-
nance procedures but may affect the level of effort. fui example is the necessity for
more ioadside mai¡tenance for paved roads because of the higher expectancy levels of

the public a¡d because of the fact that the paved travel way Ís generally narrower than

the ãvailable travel way on a gravel road (r¡rhich often includes shoulder areas).
The maintenance of traJfic control devices is another example of increased cost re-

qqired for paved surfaces. In most of the developing countries, when roadways are
paved theyãre relatively narrow two-lane roads. It is therefore important from a

èafety 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 States indicate tl¡at tìe cost of ma-
terials amounts to almost 80 percent of the total cost of highway marking q). I" "d-dition, the equipment in tlris óperation is specialized and has to be imported. Trained
operalors arê necessary. Tráined personnel to properly maintain the equipment itself
is a-lso important.

MAINTENANCE COSTING METHODOLOGY

What follows is a description of a mai¡tenance cost-estimating methodology developed
for a major portion of Sudan. These costs along with construction and vehicle operating
costs weie prepared for inclusion in a total transportation analysis that led to tl¡e de-
velopment of a muttimode transportation plan for the country. The project was con-
OuctãO by personnel at Arizona State University under subcontract to Lockheed Aircraft
Internatioñal, Inc. The basic engineering information was obtained in the field during
a 16-month period in 1966 and 196?. The following presents an example of the type of

maintenance equipment requirements a¡d costs relations developed. As a part of the
project, separáte sets of these relations were presented for the various types of sur-
iacè to" eaõh of the homogeneous areas identified (1)'

Total road maintena¡cõ needs are a function of the road design, soil and environ-
mental condi[ons, and traffic characteristics. The interrelation among these, as re-
lated to maintenance, is most complex and unquantified even for the most developed
systems. I¡r most cases, road maintenance is considered to be a function of traffic
vôlume only, assuming both a fixed-cost a¡d a variable-cost component. For example,
Bonney (Ð las derived an expression to indicate the maintenance costs of gravel roads:
Total annual cost per mile = 496 + 13Q, where Q = daity traffic flow in vehicles per day'
Actually, for any specific surface type, both the fixed cost and the variable costs wiII
differ d'epending on the availability and quality of construction materials, the climatic
conditions, and the topography of the area.
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Sigrifica¡ce of Homogeneous Cost Areas

Because tJ¡e various items that make up the maintenance cost change depending on
tl¡e location of the road as well as the road design, the total maintenañce cõst wiü t.ty
from area to area wíthin a country even if t¡affic volumes are equal in each area.
Therefore, tle first step in the maintenance costing proceùrre is to divi¿e a region
into areas of similar pavement desigrr with equal cost of maintenance materials and
maintenance equipment.

For Sudan, the equal cost areas were defined based on i¡formation gathered by the
field team and on laboratory tests concerning soil characteristics, conÁtrucgon ma-
terial ¿vailability, and water availability. The northern section of Sudan was divided
into 13 areas as shown in Figrre 1. Each area, A through M, displays homogeneous
characteristics that tend to cause all construction and mãintenance activities and costsin the area to be similar. Thus, within each area it rilas ¿ìssumed that the dista¡ce be-
tween wells is constant, ttre dista¡ce between gravel sources is constant, and the phys-
ical design of the pavement structure is constant. Because each ¿rea is distinct, ìt
follows that the construction a¡d maintenance requirements in each area are different
from those in other areas.

Knowing the areas of similar cost, our next step $'as to actually determi¡e the costs
associated with each area.. The subject of road maintenance costing is only rarely dis-
cussed in the literature. Apparently nothiag factual has been written concèrning ãe-
velopment of procedures for forecasting construction and maintenance costs for"a road
system. In many areas, future costs of road construction and maintenance can be de-
termined by studying existing costs. This was impractical in Sudan because few roads
have been constructed or maintained.

In the past, when individuals have forecast maintenanee costs, most studies have
used a fixed cost per mile for all maintenance on roads of a certain desiqn. At the
same time, planners have used relatively accurate costs for vehicle opeiation on theroad. Actually, the analysis problem is as sensitive to changes in construction and
maintenance costs as it is to changes in vehicle operating cos1s. Fixed cost-per-mile
estimates lead to serious errors in the analysis because there is considerablô 

"cono*yof scale. For example, the cost of maintaining l mile of gravel road might be $2,500,
whereas the cost of maintaining 40 miles of the same road miqht be $1,1ó0 pur -í1".within certain limits., which vary from project to project, the larger the prõject is
the lower the unit price is. This economy of scale is most noticeãble at ttre iow pro-
duction rates prevalent in most underdeveloped countries that can only afford to build
and maintain a few miles of road each year. kr light of this, it was concluded that
maintena¡ce cost formulation that considered the èconomy of scale of a project would
best solve the analysis problem.

The issue was how to compute costs that would reflect economy of scale for an area
with no history of costs on similar projects available. The problem was resolvedby
using the normal bidding procedures utilized by contractors Ìor road maintenance pro¡-ects. The procedure entailed determining the pavement design prevalent in the aiea,
selecting a package of construction equipment required to hanãIe 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 packáge-of cõnstruction equip-
ment necessary to complete the maintenance activities waó selected. This was aone Uy
selecting appropriate equipment units and then combinirng the units into groups termed
equipment packages. For example, an equipment packale for mai¡tenatrce ôt a¡ earth
road could consist of_two dump trucks, one iubber-tired-roller, one water truck, one
front-end loader, and one motor grader,

Next, the total hourly cost to own and operate each package was computed. This
procedure involved obtaining hourly ownership and opeiating costs for each unit in the
package and summing the individual costs to õompute the total bourly costs. Severe
depreciation rates recommended either by the Aisociation of Generãl Contractors
ownership and Expense Manual or by equipment manufacturers were utilized.
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In most ca.ses, a single package was not suitable for handling a wide range of pro-
ùrction rates on a project. Large-sized units of equipment ca¡ be used to maintain a
small project, but they carurot be used economically. Therefore, each package was
customized to fit a speclfic range of project sizes, with the size and type of units in
each package varying with the size of the projects.

The customizing procedure involved grouping specific sizes and types of construc-
tion unÍts into packages and then determining the productivity-cost relations for each
package. Thus, for an activity involving the maintenance of a gravel road, one pack-
age was selected for maintenance rates up to 230 miles per year at traffic volumes be-
Iow 25 ADT, and the size of the package was increased as the traffic volume on tlre
road increased. Typica-l packages suitable for maintaining unsurfaced roads in Sudan
are given in Tabìe 1.

Formulation of Maintenance Cost Equations

It is a much simpler procedure to estimate costs of a mai¡tenance project for a
highway that has a definite length and location than it is to estimate costs where the
road length and completion time are variables. But, for planning purposes, the lat-
ter is the case. Use of the equipment package concept simplifies the costing process
but also points up the economic consequences of inefficient use of construction equip-
ment packages. As is shown in Figure 2, for a specific construction package the còst
per mile decreases as the production rate increases until the operational efficiency of
the package is exceeded, then the cost per mile begins to increase. The challenge is
to develop equipment packages suited for the anticipated range of productivity.

For the Sudan project, maintenance costs were split into two categories: expected
routine maintenance and resurfacing. Maintenance cost experience in Ghana and Nigeria
found that resurfacing costs range from 30 to more than 50 percent of the total annual
maintenance expendifure. The equipment package requirements for routine mainte-
nance are different than the requirements for resurfacing.

Routine Maintena¡ce Costs in Suda¡r

As previously indicated, the routine maintenance on aggregate roads is basically
the maintenance of the riding surface and the elimination of road roughness. For bi-
tuminous surfaces, it involves the patching of potholes, the maintenance of signs and
markings, and the general "housekeeping" of roadsides and drainage facilities. Figure
3 shows the expected typical relations between normal mai¡tenance costs in Sudan a¡rd
traffic volume for a¡r earth, rock road. The routine maintenance costs of bituminous-
surfaced roads operating at low-traffic volumes are relatively independent of traffic
volume. This cost was estimatedat $1,200 per mile for a surface treatment, $1,340
per mile for a road mix, and $ t, tgO 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 bitumin-
ous surfaces are essentially the same in equipment, material, and personnel as those
required for initial construction. The costs prepared assume the optimum use of the
smallest particular construction package based on a 4O-hour week. The costs were con-
verted to annual costs by simple division of the resurfacing cost by the expected period
of resurfacing. No interest calculations were included because the period of resür-
facing is relatively short.

In the case of roads surfaced with crushed rock, it was assumed that the surface
would be rebuilt every 6 years, and at that time 4 in. of new crushed rock would be
added. In the case of roads surfaced with gravel, it was assumed that the surface
would be rebuilt every 6 years, and at that time 6 in. of new gravel would be added.
The resurfacing cost was determined by prorating the initial construction cost. G€neral
experience with gravel roads throughout Africa indicates that with moderate traffic vol-
umes, gravel roads tend to lose about 1 in. of gravel per year. This rate of gravel
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Figure 1. Areas of
homogeneous
oonstruction and
maintenance costs in
&¡dan.
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Table 1. Minímum
equipment packages

required for routine
maintenance of
unsurfaced roads.

Trelfic
Volume
(ADT)

Road Surface

Earth Gravel Crushed Rock

0 to 24 One s-yd truck
One 2,000-gat water truck
One %-yd front-end loader
One motor grâder

25 to 49 Two 5-yd trucks
One roller
One 2,000-gal water truck
One %-yd front-end loâder
One motor grader

50 to 99 One s-yd truck
One 12-ton truck
One 2,000-eaì water truck
One roller
One I -yd front-end loader
One motor grader

100 to 399 One 5-yd truck
Three 12-ton trucks
Two 2,000-gal wâter trucks
Two l-yd front-end loaders
Two rollers
Two motor graders

One 5-yd truck
One 2,000-gal water truck
One t/z-yd front-end loader
One motor grader

. One 5-yd truck
One roller
One 12-ton truck
One 2,000-gal wate¡ truck
One l-yd front-end loâder
One motor grader
Two 5-yd trucks
Two 12-ton trucks
Two ¡olIen
Two 2,000-gal water trucks
Two 1-yd front-end loaders
One motor grader

Two 5-yd trucks
Three rollers
Six 12-ton trucks
Three 2,000-gaÌ wâler trucks
Two 1-yd front-end loaders
Two motor graders

One 5-yd truck
One 2,000-gal water truck
One t/"-yd front -end loeder
One motor grader

Two 5-yd trucks
One 2,000-gal water truck
One %-yd front-end loader
One roller
One motor grade¡

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

One 5-yd truck
Four 12-ton trucks
Two 2,000-gal weter trucks
One 1-yd front-end loader
Tqo roll€rs
Two motor graders

Figure 2. Equipment
package cost- prod uctiv¡ty
relation.
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Figure 3. Rout¡ne maintenance cqt¡ and traffic volume of ærtha¡rfaced road.
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loss is relatively const¿¡t for a moderate range of traffic volumes because ttre drag-
ging operation tends to have a greater effect on aggregate loss tha¡ does traffic per se.
The assumpti.on that the s\rdanese crushed-rock roads will lose orùy t/z 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 tlerefore expected
that there will be a much higher degree of mechanical i¡terlock between particles a- 1,
therefore, a decreased rate of loss. The different annual costs for certain areas for
resurfacing reflect the influence of the öfferential 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 m¿intenance costs with basic variables is
currently ill-defined although they represents a sigrrificant public expenditure. That
these costs can be evaluated over time when maintenance needs are met under specific
known conditions is admitted. However, Sudan at this time does not have signifiiant
experience in the road maintenance procedures within its own area to quantify any eost
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 metl¡-
odology ouilined in this paper presents a technique that allows estimation of mainte-
nance costs in areas where no maintenance cost experience is available and allows
consideration of economy of scale.
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DISCUSSION

Bertell c. Builer, Jr., Byrd, Tallamy, MacDonald and Lewis, Falls church, virginia
Bauman a¡d Betz's paper presents a maintenance costing methodology that should be

valuable in developing maintenance cost for new highway systems. In pãrticular, it
should be very useful to planners as ttrey develop transportation programs in develop-
ing countries.

The authors'paper has properly stressed tlte importance of maintena¡ce for low-
cost roads, particularly as a factor in tìe ptanning and decision process. They
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 in
the United States during the past 15 years reveals that an average of 63 percent of total
hiqhway expenditures was spent for maintenance (g). The type of roadsystem they
discuss seems closer to the county-township typeõf system than the state system
where the maintenance percentage for the same period was 18 percent.

As the highway system of a region expands, the maintenance expenditures continue
to increase. There also is considerable evidence in the literature to suggest that these
maintenance costs further increase as traffic volumes grow. However, as a percentage
of total expenditures, the picture is not so clear. Figure 4 shows the percentage of to-
tal highway extrlenditures for state highway maintenance in the United States. Dsregard-
inq 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 a
sampling of high- and low-volume state highway expenditures. The high-volume states
averaged $24,000 per mile on maintenance, which reflected 25 percent of total road
construction expenditures. This can be compared with $1,250 per mile a¡d 13 percent
for the low-volume states (6) .

The authors were faced wittr ttre need to develop maintenance cost estimates for a
total highway program budget. Realistic costing is needed to allow for variations in
the 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 expected
in the mileage of a given pavement design from area to area. The estimating procedure
developed responds to the need for having more than a single fixed maintenancè cost
that can be applied to roads in the planning process.

The authors divided Sudan into areas of similar pavement design and equal material
and equipment cost. They then selected the equipment units that would be needed to
maintain 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 the
authors termed an equipment package, a¡d the total hourly cost to own and operate the
package was computed. The authors are not clear on how the entire maintenance cost
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of total staæ highway cæts,

was includedin their cost equation, i.e., as part of the equipment package or in support
of the equipment package. In developÍng resurfacing costs, the authors noie 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 tìe assumed
range of use would be hetpful. Also, an indication of some of the other assumptions
that must have been made related to frequency of equipment assignrnent to each mile
of road, treab¡rent of supervisory cost, labor and material requirements, and housing
and administrative costs would be useful additional information. However, it is as-
sumed that the equipment package generated a total cost that could be converted to a
per-milemaintenance cost by assuming a mileage in each homogeneous cost area. The
model shown Ín Figure 3 was apparently the result of plottingper-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 maintena¡ce of roads in developing areas.

Cletl 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 maintena¡ce
costs particularly important in these countries. I¡ the United States and Western
Europe, high traffic volumes, high values attached to motorists' tùne, and relatively
Iow 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, I¡ de-
veloping countries, however, traffic volumes and values attached to motorists' tÍme
are often much lower, and capital is much costlier, so that staged construction, with
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lower Ínitial design sta¡dards and higher road-user and maintenance costs, may be the
optimum strategy. In some of these countries, relative labor abundance makeslabor-
intensive methods of construction and maintenance more feasible, which has important
but relatÍvely unexplored implications for road design and maintenance.

Thus, Bauman and Betz are quite correct in seeking to gain greater understanding
of road maintenance costs in developing countries and to develop methods for quantif-y-
ing ald predicting them. certainly, the approach they developed in sudan, which is
similar 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 out-
lay per mile of network. Formulation of maintenance costs i¡ the form Y = a + b(ADT)
does take into account the fact that there may be certain expenditures, such as the costs
of 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 maintena¡rce outlays in this manner impliciily as-
sumes a given maintenance policy, when in fact we want to investigate what mainte-
nance policy shouldbe. If one is to exa-mine alternative maintenance strategies, it is
necessary to distinguish the physical deterioration of the road from the response to
that deterioration. The effect of different maintenance sta¡dards on the physical con-
dition of the road and the effect in turn of various road conditions on road-user costs
must be established, as well as the costs of the different maintena¡ce routines. If, in
addition, one is to determine the best technology to effect a given maintenance standard,
it wiII be necessary to generate the whole set of alternative technologies specified in
terms of ouþuts achieved by a given set of inputs (equipment packages) anã 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 longer term
experimentation, which presumably was outside t}re authors'terms of reference. Least
is known concerning the deterioration of earth and gravel roads (of various geological
compositions), but fortunately this can be measured relatively easily becauJe detãrio-
ration occurs rather rapidly if regular maintena¡ce 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 olowly. The only alternative to lonq-term experiments
would be cross-section analysis of pavements of various ages in various degrees of
deterioration. However, because of the problems in defining the original construction
standards of those pavements, as well as the use and the maintenance they have re-
ceived over the years previous to the study, we would not be optimistic about this ap-
proach. 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 t}re effect of different maintenance
standards on road-user costs. A direct experimental approach, involving operation
of a fleet of instrumented test vehicles gver experimental road sections where the con-
i)tiion of the road surface is measured, hây provide accurate information on the effect
of different maintenance standards on vehicle speed a¡rd fuel consumption. A sample
survey of road users, including establishment of a well-controlled set of cost accounts
for a representative sample of types of vehicles operating over roads in various states
of maintena¡ce, will yield additional information on v'ehicle depreciation and mainte-
na¡ce costs,

If one wishes to relax the assumption of a fixed maintenance technology and deter-
mine the optimum technology, it is necessary to sca¡ the whole set of feasible alterna-
tÍve technologies. The authors' specification of equipment packages, or input-ouþut
vectors, is thus a step in the right direction, but it is not clear tñat they háve sysiem-
atically generated the whole set of alternative technotogies (or a reasonable appioxima-
tion thereto). what do lhey mean when they say that thé equipmentpackage *äi ""rr"-
tomized to project size?" what exactly does "project sizeì'mea¡?-Also"one would
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Iike them to specify the sources of the economies of scale they envisage. Is it simply
fixities in administrative costs when eitl¡er the mileage of the system or tìe traffic
densities increase ? Or do greater traffic densities or greater network mileage make
different technologies wittr lower variable costs more economical ? It is not easy to
see tìis intuitively, but ultimately the question is a¡ 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 tlereon. Since 1969, we have been working in conjunc-
tion with other institutions to develop the methodology and empirical dat¿ necessary to
determine optimum highway design and maintenance strategies for low-volume rural
roads, assuming initially a fixed technology for construction 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 19?1 on
road-user costs and road deterioration relations for alternative design standards and
alternative mai¡tenance policies. We hope to have completed the initial fietd studies
of these relations by July 19?3, but the study will have to be continued in order to gain
longer time-series observations on paved road deterioration. At the sanre time, we
are hopeful tlrat similar studies may be undertaken in India and Brazil to capture a
wider range of physical a¡d economic environments. The Wortd Bank also has u¡der
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 technicalty feasible to use labor-
intensive methods of construction for most activities involved in constructing highways,
including higher sta¡dard highways, and that these techniques may be economical.ly
feasible under certain circumstances in labor-abundant economies. The next phase
of the study will concentrate on the adaptation of road design to Iabor-intensive a¡d
intermediate technologies and its implications for road design a¡d maÍntenance strat-
egies and the problems of implementing changes in technologies, design, and mai¡te-
nance strategies.

Samuel F. Lunford, Arizona Highway Departmer+

The authors discuss the irnportance of maintenance costs in the planning of highway
systems, especially with regard to its effect on the overall economic well-being of aa
emerging nation. A most interesting consideration not normally imposed on the main-
tenance engineer-economist in this country is the major effect that foreign exchange
expenditures have on the decision-making process when the physicat designs to be
utilized in the system are evaluated.

In the citation on the lack of formal 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, surnmarized, 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 pastper-mile 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 weII made as a major element in
system planning and design. The magnitude of accumulating maintenance requirements
is rapidly forcing highway adrninistrators in tNs country and on the international scene
to focus more attention on scientific research a¡d economic evaluations of maintenance
practices. In recent years this has resulted in the so-callednew maintenance manage-
ment systems in many states.

These new maintenance management systems a¡d 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.
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In approaching the costing of maintenance operatÍons in an environnent without a
past history to relate to, the authors categorize maintenance into routine, emergency,
and periodic resurfacing. Emergency maintenance factors are immediately dismissed
as imposstble to pred.ct or schedule. Resurfaclng malntenance is analyzed as essen-
tially the satne as initial construction procedures and tlerefore costed in the s¡me
ma¡rner. It appears, then, that the important contribution tìis paper offers is a new
approach to forecasting the probable costs for routine recurring maintenance under the
unique conditions and limitations of an emerging underdeveloped nation and the effect
of this cost on the long-range financial requirements to protect the original invest¡rent.

Although emergency maintenance might logicalty be a minor cost factor, it should
be considered, especially with repld to the effects of natural occurrences on under-
desigted highway systems. Weather history and severe seasonal weather conditions
are generally well known, and the problems of maintenance operations involving de-
sign deficiencies for all weather conditions can be ordinarily recogrized and can be
adequately provided for by anticipating certain average activity requirements to pro-
vide capability to restore damaged or interrupted transportation services.

The costing of routine road maintenance planning values is most difficult with lsrown
existing systems. The complexities of analysis presented in this described project, to
predict with confidence the cost of maintenance values for various design considerations
on a nonexisting highway system, is approached in a new and unique ma¡ìner. Such an
approach offers a new opportunity to make further research and extend present con-
cepts of tlte state of the art.

Without a history base to quantify the maly variables of maintenance activities, tìe
authors devised what might be cal.Ied a system of common denomi¡ators. By grouping
similar environmental characteristics, a system of homogeneous cost areas was de-
veloped in which it ca¡r rationally be assumed that aII construction, maintenance, and
cost factors will be similar. This same rationalization is usedby several st¿tes in
establishin g re gional pe rf ormanc e s ta¡ dar d.s f or maintenance activities .

The second common denominator presented for evaluati¡g costs was tle construc-
tion equipment package. This approach is unique in concept, but it is not clearly de-
fined in the paper, especial.Iy with regard to what activities or level of service is con-
sidered in creating the equipment packages for comparative evaluation. It would seem
that a quality standard or a level of service must also be determined to establish an
equipmentpackage. The tolera¡rce of wear or deterioration with a frequency of service
requirements must certainly be involved in determining either the equipment package
or the area that a given equipmentpackage might cover. The paper intimates that such
analysis was considered within the project development, but it does not dwell on how
the service-level variables were constructed to determine the equipment package.
Some additional development of these factors would clarify the concept of relating
maintenance cost predictions on the assignment of cost factors to the hourly opera-
tion of a given equipment staffing required to perform the level of maintena¡rce neces-
sary to support and protect the transportation investrnent.

The authors have injected an analysis consideration, which provÍdes a realistic ap-
proach to adjusting cost data, not heretofore observed by the reviewer in other main-
tenance cost projection exercises. The "economy-of-scale" adjushnent to operational
data emphasized in this paper has been observed a¡d considered in maly construction
program cost estimates, but its appiication to maintenance cost projections may be one
of the important contributions presented here and also might possibly be a subject for
further research in relation to maintenance cost factors.

In summary, the project described certainly appears to have been challenging, ald
the approach to analysis was innovative a¡d urique. The importaace of maintenance
costs to the total design considerations and financial planning of transportation systems
is well presented. The homogeneous cost areas, the equipment package, and the
economy-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 long-
range 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 arourd issues concerned with assump-
tions used in the derivation of the equations and with approprlate policies for malnte-
nance of a road system when funds are limited. Br¡tler dlscusses the cost assump-
tions and raises slgniftca.d queotlone concerning the methodology used in the derivation
of the cost equations. Harral dlscusees important policy issues. La¡ford'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 area of concerî seems to relate to the cost formulation process.
The process of deriving the cost formula for an equlpment 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 ln Sudan, estimate the maxlmum productlvity 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 consta¡t 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 unlts 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-
datÍons 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.

The 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 ¿rs to maintain
all roads Ín 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. AII assumptions are discussed in detail in the origlnal
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 a¡d with
limited funds. However, the policy for maintenance cannot be considered in a¡ isolated
context. Instead, the policy for maintenance must be considered together with the pol-
icies concerned with desigrr a¡d construction. If stage desiga techniques are properly
used and a road is never overdesigned, a high level of service for maintenance appears
to be the appropriate policY.

Sudy 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 the World Bank projects described by Harral, when com-
pleted, should produce some very useful data.
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^¡Ntfnlc!

Ttre proeedurea rdogteil fo¡ the ¡rfnten¡nce of c¡rth ro¡dr r¡û ¡¡¡f¡ccil ¡¡d¡ 1¡
ôo¡crlbed. rnfo:nrtion la glven on tbc rtúf rqnlrcil pcr rntt of rotr tqrrlihrr
tith ôetÀilc of the equipoent a€ede¿ fo¡ both n¡u¡l rnô ¡scbe¡l¡cô lrlatraraor,
rnil thc Daterlel! b be used tn thc ot¡c¡¡tioa.

Costs are givcn ln each c¡¡c for ataff, rqutpent ¡nd latcrlrlr, lcrdlng to
the c¡lculetion of unit cogtg uril total coets for crch typc of rot. hdg€t
ilct¡il¡ ere glven for eech typc of ¡¡intena¡ce ro¡l et 1976 pr.l.cc¡ rnû rrgcr,
lncreesed by quotcrl percentagca lo 1977 y8luc!.

!!be eurrencey quoteil 1s the Franc CFÀ (france CFA æ. I l¡cacù frr¡rc)
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1. tú^ImENr¡rcE 0F EtRrH RoADS¡

1. I fntroiluction

Thc ror* on ea¡th road¡ involves both ¡a¡ruel end qecher¡lseil r¡alntcnaaco.

l[a¡rusl tra,i.ntenance is a roette¡ of fill.ing ln ¡oad su¡face d.epresei,one,
pot holes etc.' clearirg of ilitches ar¡d reEoval of undergrorth fro¡¡ the rlght oltqJ,. lhe rork is ca¡rled otrt by tea¡s of road¡en untler the eupe::rision of tlistrlct
suryeyors rt¡o ¿re each responetble fo¡ e nunber of road ssctlons.

llecha¡rlsed naintena¡¡oe consi¡ts of resurfacl,ng, i.e. the addltlon of
scl'ecteil ¡ate¡iar to the ¡oad base rhich also serves as a rearing coulne, anil of
reehaplng operati.ons. Thc reehrplng ca¡r consist of naJor ro¡k on the ca.rdagera¡r
a¡rd ¡ recondltioning of the ilitchea or lt ca¡r ba a ninor, operation invol,vlru tbc
levelltng of local su¡fece ilefo¡r¡¿tlon¡ (d.epressione, cornrgetione) ro aa tó
proviila ¿ better riding Bulfe€e.

1.2 B¡glc aLÀta for calculetina aainter¡ance costs

1,2.1 lla¡ru¿l @ It la as¡u¡e<l thet oac
u¡tnten of ¡oed. The nr¡¡ber of nen
ln a nalnten¿¡rce tea¡ la l!¡lteat by the possibilities concerning thelr
dleplaceuent or loc¿l uoveneat. I tipper lorry is ellocateil to each teal
s¡¡il the capecity of thlr vehlcle dete¡ulneg the ¡a¡inr¡l nu¡ber of so,
eveileble for rork on ¿ road sectlon. 0n average these vehicleg ca¡¡ each
crrr¡r three ¡oen 1n the cab, lacluding the ôrlver, end, eight ncn plur thcll
eq-lpoent ln thc ¡s¡r. lhu¡ ¡ tca¡ conelsts of¡

I ge¡gc
I d¡1,væ

lO hbou¡c¡r

Totd¡ 12 ¡oa por tct

-

ltlr tcr¡ ca¡r ¡eintaln I totd of 12O lo of roed for lr8f0 hqr¡n of rot
pcr yesr (t?O ¡ou¡¡ pcr noath for 11 ¡¡oath¡ ¡r¡ô I roath p¡fô lcvr).

1.2.2@

7.2.2.7 Roourf¡clnr llo rquipent u¡cô for resu¡f¡cing, glvru tbr
average tra¡¡¡õffi¡te¡cc¡ 1¡rolrrô (r¡¡cfy craeeding 6 b) cmrlrtr
typlcdly of thc lollorta¡r
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t Þullùoaer, iBO b.p.
I grrder, 120 h.p.
I lorÄcr' 80 h.p.
2 trnl¡er lorrlce, 220 h.p.r l0rOæ lltrc¡ oprclty
1 ¡otorlseil pnatetlc roller, 220 h.p., 15 t rofgnt
I tor¡ùle pnanrutlc roller, 6t ¡r,¡1¡¡¡ lod
I ¡trisuftunf tractor, 60 b.p.
{ ttpper lorrlee, lOt cepoctty
I ttpper lorza, 6t caprcity

ra prtucl'plc tro gets of tbc ebove cqulpeat 1111 br rllocet¡ô to rrcrurfecfng ¡lte r¡rrt lnadÅttfoa the follorlng rllr bc rvrilrþlc¡

I rupervlaory rtl
I ror.kahop tr¡tlæ

, ^ Î'lre rvGrage p¡¡og¡ess of r ¡csurfrclryllto ie c¡tt¡¡tcô r¡ 6OO 13 ofrddltlona'l coopacted naterl¡l rriil on thê ¡oad pcr I bo¡r rorü.ag de¡r.

Âuo'rlng for bad reather lt 1¡ e¡ti¡¡tcô tbat the roÐ¡¡fr,cl¡t trr¡¡ror* for r total of 160 ri¡y¡ pc¡ orlcudcr ycu.

1.2.2.2 rejo¡ :¡eshaplr¡Í F4ulpoent for thia operetioa con¡1¡ts typlcrlly ofr

2 to 3 grrr,Àere, 120 h.p.
I toteil pnannatlc ¡ol1e¡
I asticuftuÀf trector, 60 b.p.
1 rupportlng lorra, 3.5t crpaclty

- The ¡verage prog¡rss for naJor reshaping ts ¡stt!.tcô a! j ¡¡ ofroad per ror*ing day.

rf re conside¡: the atnospheric conclition¡ thct ¡r¡¡t epply for thle
resheplng operatton (tbe oârth Dust b€ hì¡Eiil - not soakeil ot'ãti) an¿-¡"oo"
the neecl to ro¡:k at the beglnning or the end of the ratay gaasoà'enrl in any
9lsê !s alloreil by the frequency of the lÈlnferl theu Lt ta estt¡¡tcô tb¡tthc naJor reeurfaclng tca¡s rork for a total of 60 days pcr cclenôcr y!e!.

1.2.2.1 lllnor reshanipg lhc equlpncnt for thlo operetio¡ coa¡l¡tr typtcrllyof:

2 to 3 g¡tde¡s, 120 h.p. (the uu.uber ilepeniliru oa thcridth of the caniageray being tæeted)
I aupporùlng lorr"y, 3.5t capacity
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The average progress for olnor reshaping ls estÍE¿ted as 20 b of road
per rorAlag dÂ¡/ rith a total of 140 rorking ilays per celendcr ycar.

1.3 Cgsts of esch 1te8

1.3.1 lÁs¡¡uÀl p.aintena¡¡ce (bv roaat sectlo¡¡ì

1.3.1.1 Staff

Ganger
Driver
10 Labou¡e¡r

Francs/hou!

r36
123
851

1r110
92.5Dalô re¡ve (t/tzl

Soclal chergee, euploycr't
contrth¡tl.on¡ ( le.:f )

1r2O2.'
222

7r4ê1

St¿ff costr ¡rcr yesrs 1'424 x 1r87O

Slte allora¡cat (4f,

lote,l st¡ff coeta pcr ycelr

1.t.1.2 llno¡ cquln¡¡t

,t o1 2t662rÐ

1.3.1.3 U¡e of 3¡5t 8G4 lor:r (4oroæ u/y..r)

F¡a¡ct
zr@æ

1o6r515

2,769,315

133't4¡[

Dcprcctotlo
B.Dd!
n¡.I
I¿brlcr¡tr

h¡¡rcr
8t1tæO

11086r0(þ
,26Åû
13O,qþ

2163316æ

TOTALS

2r633r@

,,136rll,

1.3.1.¿l Cçt ecr l¡ of ¡orÀ

Cct prr br 46,tll
rrt ¡6.0(þ t
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f.3.2 ße¡urfacinr.

1.3.2.1 Strff
lrrncsztq¡r

I bulldozer tlrlYsr
I 6raôer oper¡tor
I loaôEr op€rator
2 te¡ter lorr7 iÞlves (Z x tZ9)
I roller qrerator
I r6rfcuJ,tural tncte d¡iv¡r
4 tipper torrT drtvere (+ x tZg)I rupporting lorry drlvcr
I tally un
I foren¡n
2 l¡boure¡a (z - 7a)

L52
12I
121
258
u6
u6
5L6
t29
1%
¡50
148

2r001

21001 r 2lor ¡ clte bevia6 tro tc¡¡¡:

I ¡lte fq'snr¡
I rupervisorlt van d¡ircr
1 ratch¡a¡

Pairl leave (t/tz)

Socl¿l charges, eoployerr
oontributlon (L8.5 fr)

tÌrnc¡^âour

4roo2

2ro
u6
ro7

4,475tn
¡rEl7

æ6

,J"

?renc¡

10r7rg,41O

t z91576

Staff costs per year. !.87O x 517\1
Site ¿llorancea (4 f,)

lotel staff oocts ¡rer yeer:
11,1681996

æy llrl/0r000

37



Compendium 11 Text 3

38

1,3.2,2 EouiPoent.

Equipnent
Use i¡ lG
or hours
per J¡ear

costs in roJr cF^

Deprec-
i¿tio¡ Rcgrlrr Fuel Lubri-

ca¡tc lotal¡

Bu11ôo¿cr

0r¡iler
Iroeôer

lanker lor*¡r

Iotori¡eil
ro1Ier
Toreil roller
Agricultural
tractor

{ tlp¡erlordee

6t lorry

0960 h

800 h

1120 h

2x
24,000 ¡o

6¡ro ¡
6to t¡

6+o ¡
4r

24,000 b.
,2,000 h,

21925

2r72\

41267

2 r¡+00

n2

89

zLg

4r70t+

l'r¡rl+

l+r08o

21222

\rL))
21462

7L5

Lt6

148

6,tt6

l.r18f

Ir056

705

986

1,550

tc5

t24

51072

7o¡l

J¡lf
,2o

,'lo

2L6

64

2

60

6?I

160

Srloo

5,57L

9,756

6,628

1fl91

227

75L

u+1756

5,592

lot¿l

Total per site - (l)
(2 sets of eoul¡nent)

18r 862

17,74

2Lrt+r6

42,852

8r820

17r640

2,L57

4rtl¿.

5L1255

102r510

Suooortins eouio¡ent

Supervisory
Yt¡r

lortshop
trailer

t+0r000 kr,

160 rlays

468

r68

580

L76

47o ,6

2

L'574

#

lotal - (B)

Copletc totcl - (n + ¡)

656

58,fio

156

4r,588

470

18r110

,8

4rt72

L.92O

l0[,lo]0
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1.3.2.3 lotel e¡m¡l àxpendltr¡c

Ånnu¡I staff cost¡
Àn¡ue1 equlpoeat corts

lot¡l

11.3.2.4 Co¡tr ¡cr t-

Outprt per yeer:

Þanc¡

rl,17oroo0
10¡+14J0,000

u5r600ro0o

6oo ¡J r 160 d.eys = 96,000 r'j

Costs per r': = 11200 F

1.3.3 Reshapl¡r8 lbe gr.adels a¡e u¡ed es follon¡
6O aays por yeer for aajor reshaping, i.e.
l40daysper year for slnor reshaping, I,e.

1.3.3.1 StEff coete - p¿lor regh¿plnd

for 30 per cent of tbe total ti¡¡
for 7O per cent of the tot¡l tt¡c

J 6rader operators (:rfzf¡
1 lorry (6t) ariver
I foren¡n
I tored rcller operator
2 l¡bourcr¡ (2x74)

Paid le¡vc (t[z)

Francs /ho¡r

,6t
Lzg
150
116
rÀ8

9ú
75

981

181

I,162

Sociol chartesr. ernploy.em
contributimc (ts.¡ tr)

St¡ff costr per yeer!

SiLe ¿ll.orance¡ (¡. l)
187o r IrL62 x 5ú =

Francs

651,882

26,O75

lot¿I st¡ff cortr pcr J¡o¡r:

677,957

say 678,000

39
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1.3.3.2 Staff costs - nino¡¡qgheping.

l¡¡¡o¡/hour

J greiìer operatom ,65I lorry driver
I fore¡¡¡¡

Pairl leave (VL2)

LN
150

6¿¿
5'

695
128

82t

Soci¡l charges, caplo¡nrs
co¡tributions (I8.5 É)

tr¡nc¡

St¿ff costs per J¡Ê¡r: 1870 ¡ &5 x. M . LrO77 r5O7

Site ¿Ilorances (¡ f)

Tot¿l staf;f costs pcr yeor

1.3.3.3 ðouipnent.

45rO92

Lrl2Or}gg

ray 1r120rOO0

Squiprneut
Use in b
or hours
Per year

Costc 1¡¡ to5r c¡r

Deprec-
i¡tion Reprirs Fuel, Lubrl-

ce¡rt¡ lot¡l¡

) 6railers
5.5t lorry

,11000 h
,2,000 b

71965
596

8,r\
6o¡)

216¿1
l+21

I'I97
75

&rl)9
L1696

Tot¡l
?ored roller
plus toring
vehicle

800 h

8,56r

t85

Er9rB

555

,r06¡+

t05

L1272

77

2L.8r5

L1222

lot¡l 8,9L6 9,vr, ,1469 L1249 25rorl

40
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total cqulpoat co!t! psr yera:

IaJor rcsbaping
Ifnor reshaping

25,057¡CÆ¡0 ¡ 36
2L,8J5,OOA x 7ú

Èe¡c¡

6,gL7,O@

f5r¿SlrrOOO

1.3.3.4 Cogts oer kE - lpa.lor reshaoina

Anr¡uel staff costc
Annu¡l equipnent cortr

Prêncs

678,000
6r917roo0

7 1595,OOO

Cost per klloetls 7.595.0æ
õõ-õññ¡58 25,5L6

vy 25r5OQ

1.3.3.5 Costs oer h - rdnor ¡eshaplnS

Francs

Annual staff cost¡
Aru¡uaI equipoent costs

1r120,000
15,28L,000

16r4o¡lrooo

Cost pcr ldloet¡r
= 51858

rey 6ro0o

l.¿¡ Soecial antl.+orru¡ation oailtenancc.

This is a previously established technigue thet rr¡ ailopteil and furprorcd
for use i¡ ITPPERVOLTA cønenci¡g t¡ 1972.

The techniquc is only applieô in the d¡y season and oa heavilv traffLcheil
road¡. A ¡atal fla¡e fitted ritb levclling blades is tored behinil a¡
agricultural tractor so a! to reBoye the early fornatj.on of any coFu6etlø1.
lYo such equipoents are required to tleal rith 80 kn of rosd per day over a
cariagerey rldtb of 6n. These equipoents are l.a use, on 

"väragcr-for UO
days per year.

This typc of qai¡tenancc beiag ur¡conventional has not been classl*Lcðrlth the oore uguel procedures considered i¡ sections r.1, 1.2 anal r.J,

16,404,000
J40 days ¡ 20 h
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I .4.1 Costs of anti-corm.l:,tion ¡c¿i.ntenar¡ce

1.4.1.1 Stafl

Francslhour

Tractor d¡iver 116
Paiå le¡vc lO

,16
Sociel charges, enployers Z,contributi.on (L8. 5 /")

U+9

hancr

Staff costs per yeêr 1870 ¡ 149 = 27816)O

Site allorances (4 f) 11,t45

,-,,1

Tota1 ar¡nual staff cost¡ 289rTl5 x 2 = 579$50
(2 tractorc)

1.4.1 .2 Faulonent'-

Cost¡ l¡ toJr crr
Bq'ipronr I 

o"[n:irT"'

T:tï::- I ïËi:,äÊ | il;l.i:." I rot.r.

2tractors I ergoo | 616 I +ra I r,078 | 2,Lr2
2scraperu | zrgoo I lø | 2ú I - I Sle

976 I 6t4 I r,078 12,668

Bquipront llse pcr ycar
(rrours)

Cost¡ l¡ toJr crr

Deprec-
iation

Repaira an{
replaceneot
partr

h¡cl anil
Iubrlcants Tot¡ls

2 tractors
2 scraperu

2r9oO
2¡900

616

56
418

2L6

1r078 2rLW

576

Tot¡l 976 6\ rro78 21668

10
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1.4.1.1 Costs per lco of roed

Aru¡¡al ¡tsff co¡t¡

Fp¡ncs

,79.r50
ln¡¡¡¡I cqulFent coat¡ 216æ1000

3'267'550

Cæt per klloetrc 3,267.5qO
130 dAys ¡ 80 !¡

l¡¡¡tc¡
314

..v ry

2. r¡m¡Â¡ tt^rl{T¡tl¡llcE CtP SUIS' CED RotS

2.1 Int¡oduction

Ît¡ls rod< ig cerrteô out by tea¡s on Bectlons of ro¿il es for the ca¡th roed.g
ercept that the reshaping and filling-in of pot boleg etc is replaceô by nanual
patching of the bitr¡¡"{nor¡s surf¿ce ¡¡¡ô of the road ba¡e rt¡e¡e neceasê¡lto

Thus the tean lnvolved 1111 be as ilefinect for the na¡rual oalntenar¡ce of tbe
earth roads. Aådttional equipnent ri}1 horever be required nanely a blader
ilistributor and a llght-reighi vibrati.ng tancle¡¡ roller (0.?t). Chlppings üô
the binder rill also need. to be provideil on the site. The cogts riII therefore
be as fol,lors¡

2.2 Staff

l¡¡¡uat coet (eee section 1.3)

2,3 !Åinor eouipnent

FrancE

2r769r39,

^nr¡u¡,l 
cost (see section 1.3) 133r00O

11
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2.4 Ad,ðit1ona1 equipoat

Equipnent
Use in b
or hours
Per Jrear

Gogt¡ i¡ tojr cfr

Deprec-
iatiø

Repaln

Suel Lubri-
ca¡ts Totals

RepLaoe-
nent

partr

forl-
tbop .
labour

Ll6bt lorr¡r
Di¡tributæ
Vibratf-ng
roILer

,101000 b¡
700 b

700 h

89r

L6'

5rr

æt
95

t69

28t
56

76

527

r85

206

rJ0
2L

*

2,6)L

502

816

lotals L,587 r,067 595 918 185 5,9'2

. Overseas rlepartoent (Departeaent Outrc ler)

2.5 @.
Biniler (cut bacÌ): 8@ lttres/ðay r I00 days = 801000 litres,/yeer

= 80 t/yc¡r

Chippinge: 8ot x lo,Iltf¡ 2 
= ûo rrþ,g¡t5 ktß

Pr¡not

Co¡t¡: 8Ot ¡ SOrOfÞ! = 6rlærOOO
80ûrr¡14,5001 = 11,6æ;000

lot¡l

2.6 lotal ¡rnm¡¡l e*oenditr¡¡r

lSrooor00o

An¡¡ual cost¡ (F)

2,769,@O
ltrrooo

,,952,06
18r0001000

Strff
Iinor cqul.pocat
Àôilitiongl equipcnt
Rqal builÀin6 utcr{rl

lot¡l ¡¡J 2lr85lr¡0oo

12
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2:l Cost oer b of roail.

AscuDing that the roaô patchi¡g teara procceilr ¡t the ¡¡¡e rstc ¡¡ for tb¡
¡¡rth- ioeðs (feO ¡f,/y""t) tUãn tbe coct per b of ¡r¡rfeceil ro¡&¡ L¡:

2L.8Êr..000
120

llr¡rc¡

2o7ro0o

taY gl9¡g

Froo the preceilia6 c¡lcu]¿tio¡ tbic cost Pcr h can bc broùc¡ ilorn
¡s follots:

le6es
Social char6es

Site ellorances
Ilnor equipnent

IÞpreciatlo
Replaccnent parts
'forkshop labour

Fuel

Lubricants
Road buildi¡g aaterials

æ.E
L8'999

trrLS
9or

Ir11+

11r7I8

9roo9

5rtr9
7,7\9
L155A-

L52,082

@!
9.1
r.7
0.4
o.5

5.6
4,5
L.6

t.7
0.7

n,4

210roo0 100.0

r3
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EV.{IUA?I:iG TIIE ECONO}Í:C PRIORIÎY OF I{IGIIç.\Y }L{I}NE:I.L\CE

SOYE SX?LOÈ{TORY À\ALYSIS

I. Introductloo

l. I llore Èheû ÛSSI0'-000 etllloa 1s speo! êacb ycar oo hlghvay coascruc-
È1oo aad oafoceaance by góveraneoÈs 1¡ the developfai couucrleã 1Á- afrlca,
Asla and Latin .l¡erlca aad the costs for vebicre operatloo borae by road
ugers is undoubredly a ouch larger ¡¡agllÈude. The dara do qot peålc ur todlsclngulsh ho¡¡ uuch of goverooeoc ouclay fs speut oo o¿lnceaaace aad hon
ouch ou uee coûstrt¡cÈlon, but i,t is clear tba! ner¡ construcctoo is ouchlarger lhan uaiotenance ln ¡ost ÀfrlcaB couatrl.es rbicb are scllJ. d,evcloptog
rad upgradfag thelr cetr¡orks, r¡hlle fo gooe counÈrleg 1s Latln Anerlea ¿nd 

-
as1,a, wbere the exlsclng oeÈwork is already very large, le1¡Èetrance expeadl-
Cures are Locreasingly overtakÍug leer coosÊrucÈloû.

L.2 ls lrorrh A¡erlca aud Europe hlgh trafflc votuoes, hfgh vrlues
sttached Èo EoÈorlsr,s travel tlae savlngs aad relaÈively plcociful capttaldlctate hlgh dcslgu sÈandards aud high oafu¡eoaoce sraoàards. lll¡h cäveral
thousand vehlcleg per day, eveû É1ûute savÍugs la çeratlug costs of thevehicle Justlfy very large expendlcures Èo E¿intafo ¿he road in llke-ae¡rcoudlclon. thus, uoc1l receoÈr¡;', very lirrle atreuÈÍo¡ has been given Lo the¡eleotiflc li¡erature to t e probleo of de¡er¡lnLag econooie level¡ of roedña1Ãtenance. But circuoscances la developlng courBries are dlffereûÈ -Èrafflc volu¡es are low, Íacoaes and values attached Èo Èravel c!¡e gav1ogg
tre lor, aud above all there ls a shorÈage of flnancial resources !a geaeial
rad forelgn exchauge fo partlcular.

1.3 the severe coapeciag desands for ll¡iced resources dlcta¡eg Èha¿Àfricaa aod other developiog councr:es pay tûore atteoÈion co the econooÍc
deslgo of hlghways and oain¡eaaûce prograr¡s. But hor¡ are se co estlEâße
Èhe ecoootûlc recurB on nalacenaace outlays? &l¡at ls the beuefi¡ to soclétyof ¡aoÈher doll¡r (or pouod or fraac) spe¡c oa oatoteoaoce cocpared co ¿aoiherdollar gpeat oD ues roads? -- or Eee iovestneuc in sooe otber secÈor? r¡1! uore ecoooolcal Bo spend a b1! aore troney !o construct a sc¡oager pave-
Eeot lB1tlally aod chereby save future outlays on oaiateoaoce or, altãrna-tlvely shoul,d se follo¡¿ a scage conscruccion slrategy, cconoolziog oô che
1¡1t1a1 corstruclioa aod paylog a blr oore ia ctre wãy of oalaceaauce aod
upgradlog cost later on, wtren uncertalûEles about trafilc gror¿th r¡I1l have
beeu resolved? Eow ouch, or hor¡ llttle, should ue spend to eafocafu paved
roeds ¿nd bor¡ ouch Èo oaingaio gravel asd earth roads? Does fB uaÈter nuchlf nalate¡aoce ourlays are posÈpoûed durlag years of fio¿ocial strlugeocy?

1.4 The¡e are questrons rrhfch urgent¡.y oeed aoswerrng. Thegc ¡requetÈloûs to strich ue to the llorrd Baalc ¡od our colleagues l¡ lhe lI.K.lraosport aod Road Research Laboratory, 1o the Kenyaa útusrrT of tforkr,
eud ac the l{assachusetrs rnstlruce of rechoology hàve been seãktng .*rãrrover the past decade. lfore receotly further large sÈudj,es on lhese EgtÈcrt
have been undercaken by the Govs¡¡¡sn¡ oi Bra¿il r¡i¿h asslstance fro¡r Èheunlced satlons Developnenc Prograo and froa che llslversicy oÍ Texas. Al-
though oany of the questlons cannot yet be a'sÈerec in a iully sarLsfacÈory,¡cleoclflc Banner, r aa glad that t,e câa at least repor! sooe slg:riflcant
Progress.

4
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tetorr I enÈcr lsto ¡ detrilrd treb¡lcrl dl¡curlloq' leÈ re rs¡-
¡rrtzc rooc rlgnlflcaas factr. I¡ Ebc llori,d l¡ol, ee ¡rG curreatly fuodlng
ro¡c 20 to 25 blgbnay proJcctr PGr y.tr. Ia chc fircal ycar eadlog Junc
30, L977t 20 proJccts uere ¡ppsovcd iur¡olvlqg 8¡sL lo¡n¡ or IDA credlÈ co-
telllog ¡tSS650 nltlloo, trhtch qB ¡vcrage coûsElcuted abouC 3ó pcrceot of
Èbe eotal cos3g of che proJect ro Èha¡ ghc Cotal cosÈs of Chc proJcce cot-
¡Cttutcd US$tr800 ulllloo. !/ Sub¡ten¿lal blghuey uatntearscc coaPole!Ët
ucre lncluded tn l0 of Èhese Projccts, rhfle Bhe re¡aiolag 10 prolecÈ! $arc
coEsÈlÈuËed prlnar1ly of oe¡¡ coû!rr!¡cÈloo coûpoBeBÈs. An acouølc r¡Èc of
raGuru ras calculared lor 5 of Che oal¡seoauce cotrpoÊeac,! rud for r11 of
3he ¡en Coastn¡ctfou coupose[!!. Tbe raÈe of returu for Èhe a¡lsBeaasCe
cotrponesÈ! avcraged 63 pereeag per esnua ¡rtCb a raoge frou 20 to 118 PcEcGBEt
rlriLe Che retc of reguru for oe¡r cqnstruc¿Íon avcraged 22 gerccoß, ytCh ¡
nugc fræ 14 eo 53 gercet!.

1.6 Such bfgh raÈes of reÈurn should ûot be surprlslog. IÈ ß tfaPlc
cooEoo lense Bhat tb¿ annual beuefl¡ r¡hich r¡oui.d yleld a rGÈurD of 22 per-
ccDt for ae¡r road cosst¡uclloo eosclug, say, $250'000 per lsllouecer etould
crlculace as a oucb blgher reÈuru oû rhe ouch soaller amouut of ¡¡alsÈenancc
oecÊssery to lceep chat road fuoctlonlag reasonably ¡rell osce Bhe lÂvesGÊêng
brs beeo cunk. fhe lnfereace chat one dra¡¡g - tbaÈ o¡lnÈes¿uce actl,vlBl,êt
tc¡d to have a ouch hlgher ecooooic returo chan $erl cor¡strucË1ou - ls
rbsolutely correct so loug as ¡qinÈeoa¡ce outlays are kept as lor¡ ts Èbey

bave been 1n aos! developing couûÈries. The further infererce fs tbat coue
thlftlûg of funds !o road oaiacesance eveE at th€ e:çeû,se of ocs lBvestDeBt
ln roads or oÈheE sectors ls of utEost lEportaÂce 1f r¿e ere Èo obÈala e¿x1-
sr¡¡ beoeflt froo available resources.

t.7 Ooe oeed add only a few sroall r¡ords of cautlon. Elgh overall
or average rates of recuru cau oagk sotre coE¡pooeq¡s nhlch ludtvldually have
¡ ¡ouch lor¡er or eveo negatlve reguru ehen oue coupefes Èhe lacreoeuÈal cogc
¡rfÈh the lncreseoCal beoefl¡. Oue such exanple ls the regravelllog of verT
lon volune roads ¡rbere local coadlllous Eâke Èhls very costly - oe shall
exaofoe chls c¿se fa sooe detail beloc.

l.E A further aod oore laportanÈ caveac ls thas aal'oteoaace sctl'vl¿leg
are dffflcult to adulslster. they are aocorlously Protre ro loefflcieucyt
r¡ltb a high perceoCage of the budget belng úscd Èo suPPort adalolsÊraBfoo
aad the payrolls, aud relaÈ1vely l{tt,le oi tbe budget actually treettug Bhe
dlrect expendliures or the rcad ttself. Is ft any ronder Ëhat Flnance Hio-
lsters are relucËant ro see furCher ooules allocared to hlghway saLntcoaace
1f they see chaÈ 60, 75 perceu! or even oore ts consuued 10 adolalsÈraÈÍve
overheads? Inevicably one is forced to ask the questlou shethcr lÈ 13 Eore
resources shfch are requlred or rf.aply aore cffleleocy ia the utfllzatloo of

l¡ addlcloo, üSSl03, t slllloo of Eank flnaoclog was ¡ade avallable for
tceder roads coscing a tocal of $233.8 ûlllloo through agrlcultural aad
rural developr¿eot loans.

Lt
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tbc e¡lst1og ualnreoaace budgec. Ttrs correct ånsúer, r believe, fa the con-text of the very lf¡iced ¡alnÈen¿nce budgec 1o oosc Africaa coualrles coday,ts that a good treasure of bo¡h 1.s requlred - both aore fuqds for oaiocc¡aäcc
lnd greaÈer efflclency 1o thefr ucj.li¿aÈ1oû. !u the follovfng reoarks t eslll lf¡tt ourselves prfuarl.ly co .rhe lssue of cveluaclrg ¡he ecoqoolc prl-orlty of dlffereut oaLogesaoce actlvtBles, ctrl.le ochers r¡ill address cUä f¡-
Portao! t'ssue o! bov !o inprove che efftclency of sa1¡teoance ogeracloos.
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II. Aoalvt{cal Fraaesork

¡.. The S¡ate of the Art

2.1 the barlc probleo ln decen¡infag ccouoolc derlgn aod ¡¡l.sÈcsaocr
¡taadards for a glveo road proJect ts to predict' h a spec!.!1ed locat,loot
tocal road trausport co3!s - consÈn¡ctloa.plus EalnÈÊoåEce plus road user
coEts -- as a frmctlon of che road deslgu ¡ud ¡elolenance gcandards shlch
nay be adopred. The obJectlve lc to ¡earch out lh¿t cooblnacloo of ¡taodard¡
uhtch resulc la oisi¡¡uo total cosËs to ¡ocfcty, lacludtag Ehe costs Èo road
users e9 r¡ell as che coscs borne by rhe highuay euthor:sy. fo b¡ve ¡ get-
erally appllcable Èool, ooe BusÈ kaoe the cffects of diÍfereoË covtron¡eoBs
(cerraln, clfnate, traf!fc, driver bebavlor) oo chê d1!!erenc cogE cctrpooêBBtr
1o ¡earch nauy alteraatlvc deslga eqd ¡eloteoeucê rÈraleg1es co dcgeraloc
Èhe ¡ûost €couoroic, there Eust be a capablllty for the raptd cal.culatloo of
alternatlve cgg! stre¿rns (vhlch oay cxteod Co Èïeocy tearg or E¡ore).

2.2 tberefore 1¡ 1969 rhe lJorld Eaok' fa coaJuuctloo efth rc3c.rch
lnsÈltutlors ls Èhe Oolted SÈates, lloiced Klugdoo end Fraoce, 1D1È1¡Èed r
oaJor grogra¡ of research !o develop ¡ oe¡¡ declsloa-oairlng, fra¡er¡ork for
evaluatlng alÈer¡a¡1ve deslga and oalaÈenaqc€ 3traEegles Íor lor¡ volut¡c
roads. Pbase I of the scudy, cooducteti by a research group a! lhc !la3t-
achuseÈts Inslltute of Techuology and eonpleced le 197l' developed ó cou-
ceptual lraoer¡ork for loter-relatlog cons¡ruc!1oo, oainceoance a¡d vehl,cle
operatiug cost,s so Bhet ÈoÈal highray cost!¡ Eay be oloJ'oized. !/
2.3 Eorever, i! was coucluded froo Phage I, rhlcb lucluded an exÈ€o-
rl,vc sunrey of Èhe eagineerlog llÈerature, tha! rouad esplrlcal evLdcacc
uas lacking for oaoy of the cost relagloasbips Becessary !o deÈer-¿fse eco-
aoulc deslgo aod oaiuterance scrategles partfcularly ior lou cost paveo€ûÈ
dcslgos, gravel aad ear¡h roads. CousequeoÈly, subsequeot effortg h¡ve
focused largely oa erpfrlcal research lnvolvltrg fiel'd col'lectlou of Prl-
nary lofonaÈ1oû oD the underlylng eogloeerlog relaCfouships, partlcularly
vehicle speed aod roed uger costs, aud road deterloraÈlou related ro deslga
¡ud oalncena¡ce standards. The ftrst such rtudy coooeaced fa East Âfrlc¡
(Keaya) la 1971 aod sas coopleced 1o 1975. that study !/ ras coaductcd by

Ll F. lloaveozadeh, eÈ af . .
tlorld Eank Sraff lJorkl¡g Paper No. 96 (Januarir t97t). See the RePort Serfcs
oo the Raad Transport Plannlng Progran for DeveloplDg Countrles by the
lechnology Adaptatlon Progran et the Ìlassachusetts Instlture of lcchnolo¡y,
Caobrldge, lf¡assachusetts, for the Agency for Inters¡tlonal Developoen3,
U.S. Departoent of State. l{luter 1977.

Zl E. 81de, S. lJ. Abayaoayaka, I. Sayer ¡od B.J. llystt' thc ße¡va Roed

1r¡nsoort Cos! Studv: Research on Vehlcle Oceratlnr Costs. :tPJ. i'cport
13 672, aod J. r,J. Bodges, J. RoIt and i. E. jooesr The i"enva Road lraog-
gort Cos¡ SÈui'r: Rese3rch -'n RosC De:erlorac:.n. U.¡:. De?¡r:3enr of che
Envlronnen! TRRL Repor: L¡, 6;3 (Cror¡chorne, Îraosport and Road Research
LaboratorT, 1975). (tlereinafcer clÈed "Keoya S¡udy'r).
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Èhc ll.ß. lranrporÈ eod Ro¡d Rcscerch LaborrtorT (îRl.L) 1¡- cott¡borirto¡ t¿tb
the Kenya lflniscry of liork eud Èhe ltorld l¡¡L,. the Keaye rtudy ber lrrgcly
¡uccccded fu provldlng ¡ ocs dccisloo-q¿klog fraoerork ¡nd d¡r¡ b¡¡e for
deÈeralnlog deslga aud ¡aloteaaqce straÈegles fcr lo¡r volr¡¡c roadr appll,ceble
Èo Kcuyat Èo oÈber parts of Àfric¿ ¿nd clseshere r¡here cordiGlor¡! ¡re sfnllgr.

2.4 thc traosporr ¡ad Road Research L¿boratory rcdcveloped aod cxtcadcd
tbe orlglnal :{IT/IBRD uodel based oB lÈs research 1o Keaya asd else¡¡herc. l/lbc tr¡o node]s bave salleoc feaÈures 1n cooooo bur dffler fa der¡ll. rrc
orlglaal MIl qodel aud subsequeqt IR.RL (RTDÍ) aodel uere deslgued ¡s Èoolc ro
cvalueÈe Èotal lraasport cosEs on oge rouÈr. the oucpu! fo¡¡a¡s erc rf.uply
1o ger¡s of cos! aod the aodels do noc laclude endogeoour f¡cllltles for eco-
aoolc cooparlsosg betr¡eeu alEer¡aclves. lherefore, a coll¡boratlve cf,fort
sas undertakeu lo L976-77 to develop a tmlfled Eighway Deslgn ¿sd ltrloÈcsrace
SÈ¿adards Model (EDll) to locorporaËe lhe bcsc, features of Èhe MIT rud BIIII
¡odels. Excepc for Èhe Lucegratlon of che consÈrucclou corc suboodel ¡h1s
uork has oo¡¡ bees coopleÈed, ead the EDlf provldes a consisÈeot, oodel tb8È, ir
flcrible aad easy to use. !/ thls aodel fs ¡o¡¡ belng used by governocat
planolag agencles aud ghe !íorld Bank co desigu B¿ÍDceoeuce prograns erd
cvaluace proposed proJects la several couqtrles. Posslbly i,!s DosÈ f,aporteut
uge trlll be ac the stage of the feaslblllty study rhere 1È, cau be used to
cvaluate oany a].ceraaclve des!.g¡s and Èl¡e sÈaglug srrategleg. tÈ can be nrde
¡vallable !o goveruneo! ageocies and consulclug groups. Iu coooon ¡rfÈh
aoy large scaie cocpucer prograo, :,i requires several --a reeks of eifort Èo
leano hos to aake effectlve use of iÈ. fle are flndlng, honever, chat oûce it
hae beeo uasÈered, subsequenc applfcatlons ere very quick, and very ecouoetcal.

2.5 Alchough re ere at the preseuÈ tine uslng the ¡oodel to aoalyze a
nu¡ber of projeccs lu Sou¡h A¡erÍca as r¡ell as boch !íesc aad Eest åJrlcau
couoÈrles, che exleu,c Èo r¡hlch Èhe results froo Keuya are valid 1a oÈher
fegioos ls uot clear. Research ou road decerloracioû rrås li¡lÈed Èo the
cll¡ace aod cypes of road surfaces contror Èo Keaya: preciooloaotly surface
dressfngs on ceoeuc stabill¿ed bases and four cypes of gravel roads (1acer1llc,
quartzltl.c, volcaoÍc and coral). Ver.v llttle leior¡aclos was gaLned on che
behavfor of earch roads sor anything on Èhe cype of saad-clay englneered
surfaces Èhat are used in ocher areas of Àfrica. Lrtreae geooeÈrÍc condf-
Èloss rdere noc studted, alchouth further coopleoenÈary scudies ia Echlopla,
Scotland and Brazll r¡l1l sooo be filling this gap. The research also focussed
oo lor¿ volu¡re roads rr!Èh free lloc¡ing llaffic cTpical of Keoya. the effect
of vehlcle flon lnteracÈlons, lucludiag non-trocorlzed vehlcles, ou cotal co!!s
and che relaciooshfp of rhese Ëo roaC rridch aad geocecrlc scandards ua!¡ aoc

R. RobÍnson, E. llde, J. ll. BcCges and J. RoIt. À Road lransport !n-
ves::en¡ YcCel for Develooir.a Couî¡:ies. U.K. ÐeparrcenE of che En-
vl,rouaenc, ILRI, Reporr LR ó¡-. (Crcuchorne, fransport and Road Research
Laboracory, I975). (!lerelnaiter c1¡ed "RîLY llodel").

thfs work uas perfor":reC by Prcf . F. lfoaveoeadeh aod cctleagues of l{I1,
Lo col.!.¡boraclos erlth Dr. R. Ro'oisson of the Overseas Unlt, IRRL, ¡nd
the Transportacfoû DeparÈaeoc oi the üorld 3ank.

Lt
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researchcd in Èhe Keaya scudy; 10 ¡rie ¡sd ¡¡¡ch of L¡tls .leertca ttre votues
aud cooposlÈloD of traflic ls qulce dlffereuc ¡od ¡ oore 1åPorEanc vlrl¡blc.
Sloce oaay of rhese lssues are rqore i.EPortaet 1o son-Àfrlcan couqÈrie3t
furtber rcsearch ts belag focused Bbêre. A large-scale scuCT si¡tlar to
purpose Èo Ëhe tienya scuãy gas 1¡1,81¿teC ln Brazl.l froo July 1975 !/ rnd e

tUif"" study ls JusÈ ges,Èlng undenray Lu ladla !/ to develop che Eccelltar1l
rela¡ioochlps approprlate to lhose cwlroos¡eot!. Eouever, 1o ¡he loCcrla Of

about lr¡o yearl before further research ls cooplcCed 1o ¡h¿se regloas rlç

cbaLl costlaue Èo apgly the aodel based largely oo the lienyan relaCtoarhlp
suggleoeuted by resulCs of researcb Clsenhere as tbey bccoce avaftgblC.

B. The Eirhltav Deslqa and !{âioceuaace ScandardF :{odel (I{DH)

2.6 the EDM aodel ls used Èo PredlcB thê corÈ! of dlffercnc blghrey
destgu aad oaiu¡enauce optiots, loc]udlag dlfferenC Ctre stagfng !Èraßts
gfesl elther lor a glveo road projecE, oo a specltic aligcaen¡, or for ¡
lroug of lluks or for the dlfferes¡ llnks of ao easlre hi'ghtraT r¡e¡'rork.
ig 

"äo 
qulckly estÍ.BaÈe Che Èocal sosÈs for large aunbers oi al:eroaÈLvc

deslgus-a¡d oalotenaoce pollcy conbloatfoûs oa a year by year baslg for

"" 
rãoy as 30 years or looger as required, and Èhus be used to search for

¡he alteruative sfth ghe lor¡est cotal eost. Io fact the oodel cat evaluate
!a the ser¡e cotrPuter n¡8 up to 20 dlffere¡c road lfaks, each ¡rlCh up Èo l0
següenÈs Í1Èh different desigû staodards. Each llnk can have a dlfferent
trãfft" voluue. Further, uP Bo 5 dlffereut oaÍacenauce 9o11cies cao be

lnpleoented oo each se8,treaÈ of the road. Each llnk or gegtrenc cao be up-
gräa"a ar aûy tl¡e la Èhe lifæc7cle of Èhe proJect (".8.' lrcn earth Èo

lravel or lroo gravel to paved) aad Che paved road cau be realigaed or
sldesed. Àll esti¡¡ates of oaioÈe¡agce asd vehlcle o-Deraclng cosBs arê
firsr ¡oade ln physlcal quauÈ,illesr and Èheo Prlces aad uofÈ cosCs are
applled ¡o deteraloe È,he Èotal oerke! aod ecoocoic coscs. Shados prlcel
ead rateg nay be applled lf deslred.

2.7 lbe oodel also glves the resulÈs of ecoooafc aoalysis (cotal d1¡-

A project floaaced by tbe Goveræeat of 8raz11 esd the Ûntted N¡sÍos¡
Develõpoeoc progran aad bef:rg execuÈed by the Eaprcsa Erasllelr¡ dc

PlaaeJa,aento de Traosportes (GEIPOT) ¡¡flb Èhe ¡sa1¡caoce of chc Ual-
versf-ty of lexas, lttsÈta. lte tiorld Bauls is Èbc c¡ecutlng ageucy for
UNDP.

A proJect ffuaaced by the Govern¡e¡È of Indta aod the Forld Baokr ßo

be executed by che cest,ral Road Researcb loscl¡u¡e of Nes Delhf.

couûted traosport Co5ts, rate of relulur oe! PreseûÈ value asd flrSt yCaf

be¡efi,ts) for cooparison of any coobloatloo of Èuo alreraacives as deglrcd
by Che user. Flnally, the aoriel bas che capablllty Èo analyze sensltlvlt't
ol ecouonlc resuJts for changes !o key varl,ables such as conscritctloÂ cglttt
graffic groïtb raE,es, dlscounr raÈes aud value of passelgers' cl-:e. Tl¡ur
¡he c,odeI ls very llexlble aad offers grea! cooPr¡tatt'o¡al Poser. the uodelt
hosever, does aoE provlde a trafflc forecast, rrhlch aust be speclfted by
Èhe user. Slntlarly, Ehe EodeÌ does so3 calculatc Èhe reglcna! lncoae or

LI
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value ¡dded beaeflcs of feeder roads, aor the uol! value of tl¡e ravl¡gl,qor accldenc coscs, buc 1r does provide lacilicy for tbese lteas co be fed1¡ frou separace estlea¡es 1f deslred.

2.8 rt 1s che !.nterrelatlonshfps a¡oug coosEn¡ctloo cosc!¡, road oats-
teûânce costs ånd road user coscs, utrfch are the prlaclpal focus of the
analysls aad c,hese Luterrel.arlouships nay be deplcced ag sho¡r¡ lu Ffgure l.
2.9 Road Desfe¡ aod constructf.ôn costs. the horlzootal alignneot ls
speclfled lu terEs of the average degree of curvature per klJ.ooeger aad ls
used for predicclng vehlcle speed whlch theo affeccs vehlcle operaÈlag coscs.
The vertfcal. alignoect is used for prediccing vehicle speed aad luel ãousunp-
È1oÁ eDd also loss of uaterlal for g:aver roads; lhe verrlcal allgnneot ls
also a traJor deteräinaor of earthworks cosÈ. rc cao be speclfled iu terEs
of average rlse aud fall per klloaeÈer or fn the RTDÍ oodet as vertlcal curves
aod the fucersectton poÍuts of ¡he tangeu! r1nes. r.f no ver¡lcal allgnneoc
1s avaj.lable, oue ca¡ be desigued by che RTrll oocel uslug a serbod based oa
che TRRL progr¿ur¡ '"Veaus". f,/

2. l0 For paveoeacs up Èo six traterial layers nay be specified. Each lg
ideotlfled by fcs lhlckoess aad uarerial type. The srreogth of the subgrade,
subbase aad base fs specified iu ¡er¡s of California Bearing RåÈlo (CBRi,
excePt for a chenically scabllieed base which is deflaed by che uucosflned
conpressfve stteügth; asphalt surfaces are deflaed by the strength coeffi-
cÍent. tl¡ese are use<i to detenriae a Modffled Scruccural líu¡ber whlch ls
used as aa fadex of paveoeaË strength. For gravel roads, oury oae pave¡euÈ
layer 1s used aod, for earth roads, there are no pave¡eoc layers. shoulders
oay be eartb, gravel or paved and are specttled lo the se¡e uay as for Èhe
¡al,n carrÍagewey.

2. t1 lftrere chere ls eicher Bee, coosÈ¡1¡ct1ou or rec,oûstructloo, coo-
structlou costs oay be speclffed exogenously froo ava1lable engiaeerlag ec-
tlseEes' or alEer¡atlvely, the RTIIÍ oodel has che capablllty tor calculaciog
aa escLnate of construccloo coscs frou glveo topographlcal da¡a aod speci-
flcatloas for horizoncal aud vertlcal geotreEry, geotechnlcal data aad pave-
ueoc desiga gtasdards and uni! costs.

Z.L2 Road DeÈerioraclon apC ìlairtenance Costs. the oaloÈeuaoce sub-trodel
perfons the itrportaot funcËion of lloklng coûslructloo sraadards (aod cogËs)r
road aaisreqauce sta¡dards (and costs), aod road user cosÈs through tbe
road deterloratioo relatlonshios. Älthough oafnEeuauce 1s nonoally a eoall
Portlon of total costs, the oodel conslders road deterloracLon eud EalnÈeuence
polfcies io gooe deta1l because vehlcle operaÈing cosÈs are signlflcantly
affecced by road surface condlÈ1on, aad che Lffe of rhe tnvesnoeat eod futurc
rehabllltatlon costs are heavlli dependeuc on the c1¡ellaess of oafntesance.

Lt R. Roblogou. A Further Cooourer Hethod for Deslsninq rhe Vertlcal
Allsauent of a Road: Proerao venus rI. DeparBtrent of rbe Eovlionoeoc,
TRRL Report I¡, 458. Crosrhoroe, 1972 (U.K. Traosporr asd Road Re-
gearch Laboratory) .
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Road decerloraclos ls a fuactloo of the orlgloal gurface deslgat
o¡tcrtal typen, Èbe voluae aod axle load configurgrlon oÉ cr¿Éflcr cll¡acc
¡ad chc aeioceûauce pollcy specllled. Thc tcpuc daca co the road oaluËeoaacc
cub-codel fucludes tufcfal road roughoess aud, for exi.scfng paved roadst
paveaêoc age aad cr¡¡ulaÈ1ve scaadard axles ¿har che road has carried sioce oen
(in che oosc he¿vlly tra!!lcked laae). Ia addlclon dliÍeresc ¡aisrenaace
pollcles ¡ust be speclfled. Y¿loleoance optloas !or paved rcads toclude
gaccblng, surface dresslag, overlayiag and reconscruccloo and for uopaved
r6adl, grading aud regravelling, La addicloo Co other rouclne a¿lnleoance
(dratoage, shoulders and vegeCarloa conC:ol,). Íor eech year ChaC ¡he road ls
opeû Èo craffic, Èhe aodel chea predicEs lhe deceri,oraclou of che ro¿d surface
es vehlcles Èravel atoug ic. liavlng precilcted che condlclons of che roadr the
¡odcl calculaces che quan¿lÈies ior each of che eainceaaoce cashs requ{red
by tbc spectfied pollcy, aud chen applies uol! coscs co detenoioe cocal
B8lsÈeoeoce coscs for the givea year, and siallarly for each subsequenÈ
yeer.

2.L4 Road tser Costs. Road user cosÈ! are derenlned for eacb year chat
Èhc roed fs opea co craiËic uslag Èhe rela¡tonshi.ps developed 1n che Kanya
rtudy aad suppleoented by subsequeaÈ research. Travel Cf.Ee cosÈs uay also
be ¿dded Co Èhese, li desired, aad cao be found froa ¡he ProducÈ o! the val,ue
Of passeagers' Èloe, lrtrich nay be laput E,o Èbe aodel, aod jouruey Clne uhlch
1¡ fourd froo che road length aqd tbe averagc vehicle speedr.

2. 15 Bocb vebl,cle speed aud fuel consr¡EPÈ1oo are calculated endogenously
for each vehlcle Èypc. Vehfcle sgced 1s a fuuctlon of average rlse aad fallt
hortzosÈal cuErtaÈure, and road uidCh, and, 1o add1C1oo, for unpaved roads
curfacc roughness, aoisCure cooCeû!, aod rut depCh; for sed!.¡s aod heevy
goods vehtclesi tt ls al,so a fuucllos oÉ gorer/reighc Eatio. Fuel coasunp-
Èl,O¡ lt a fuacgl,oo of, speed¡ rlsc aad !all, and ior unpaved road, also rough-
ne¡s ¿nd looseoerr; for aedLr¡¡ aod beavy goods vehicles !c ls also a fusctloo
of the pover/uetght r¿Èlo, aod la eddlË1os of gross vebtcle welght for oedl¡¡'q
goodr vehleler.

2. 16 lbG cort of vebfcle trålnaeaeuce (parts aud labor) ls calculated us-
lug thc ues vehfcle prlce, the dlst¿trcc ¡ravelled by the vehicle slncs oee
and che roughaess of che roads tc hag Èraversed. Iire cosgs are relaced Èo

ÈhG roug,boess of Èh€ road and, lor heavy vebicleg ooly, Èo Èhe tros¡ vebiclc
uelgbC,.

2.t'I For deprcclatfoo, thcrc ¡rc Èlto Ecthods of calcula¿l'oq. Île flrct
oethod rclates depreclatloo to avêrege speed, aonual kllooeÈrage aod vehlcls
llfc, ell of r¡hlch qurr bc specflled cxogcoously. In the secood trethodr dc-
prcclatlon fs a func¡ion of vehlcle age and anoual kllccecrage of r¿h1ch annual
kllooecrage exogenou!¡ly specfffed Èo ch€ aodel and vehlcle a8e fs esclsaBed
endogeoously by che aodcl based oû BhG ortglnally specifled age distrlbuÈloû
of tbc fleeÈ.

2. rE ln addl¡loa, thc aodcl ealculates cree costg' tnceresÈ charges oo
cagitel hvcsged lq vchfcles, and tÈaodtag cosÈr uslng eaoteoously specfttcd
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data os average asor¡al creu hours, Luterest r¡te, vehlclc prlc:sr end rtaod-
lug cosc coef!lclests. The sodel cooslders separacely up to elghc cl¿c¡es
of vehlcLes; passeoger cars, llght co-.ercÍaI vehicles, buses and ug to tLvc
classes oi heavy cos¡nercÍal vehlc,les. Yarkct ¡od ecoooqi,c  rices of vcblelr¡t
È1reg, gasolÍoe, dlesel, lubrtcaat,s, aalgteoa¡ce. labor, cren, vtlue of Èl¡ê
¡od staoding cosrs are lûpuÈ to lhe oodel. For ¡he flve cl¿sser of heavy
vehlcles brake horse ponerr uuladea reight, ¡verate load' aad cquivalcucc
fEctors also are requLred as fnpuc daca. Ioltlal traiftc voluoes and trsffic
growch rales a¡e also laput for each vehlcle cype. the lr¡cure trEfftc forc-
casts caû be speclfied lo a varlety of waTs co ¿ll,o¡¡ aoy Èt?c of tr¡fflc
grontb tunctloa ¡o be sl¡cuLaced.

C. the Ecouooic Beoeftcs of Âlternatlve llalnteaance Polfcl.er

2. 19 the ecosmlc bcoefits of hlghray o¿loÈesauce erpeadiBure¡ are co6-
prlred of chree bacle coopotêûÈt:

(1) reductloos ls user costr: prioclgally vehlcle ogeretlag
cogtsr also passeuger Èþe savfogsr rad accldeoÈ corc
eaviugs ¡

(11) reduct,loss tu the level of futurc Ealateqaocê ¡od rc-
habllltatlon expeoditures tttlch '¡f11 be requtred Bo

oalstalo Bhe saue sewlce scandard if oaluteaa¡ce Lr
oot doBe io a ti,aely EaBser;

(111) reductloo or preve¡tl.oo of the ccosoÊfc loss due to
road clocures.

2.20 Reductloag 1a vehicle operaclng costs are aormall¡ by far che larg-
êst GoopolêaÈr Ouly uoder exÈreoe condltlo¡s do ocher beseflrs approach the
ga¡e order of oagultude¡ êrg. rt¡ere t¡afÍic volr¡¡es are oi che order of l0
vehlcLes per day or less. Avotdable lucure ualsÊeaaace aod rehablllcaÈloo e¡-
peodlÈures r¡hlch rill be lacur:ed lf prevearlve oainÈeuauce ls oot dooe rhcs
needed Can becooe verT large, honevcf, ts relatloO Co aort¿l oetnc¿oaoce - I
potgaaut cxanple of che old adage that "a s¿ltcb 1n ci¡e saves uloe.'r Bcdus-
ttoq or prevenÈ1oa of road closures ls priaarlly of coocera rlrh respecÈ tO
€arth eDd lon vo!¡¡e gravel roads rhere chere 1s soEe questfoB a'c co Ehc
ccouoolc feaslblllty of (re) gravelllag Èo all<eacher staod¿rdg. Evaluat-
1og the ecosor¡lc loas due !o road closure glves rlse co sotre tacerescfag ßbeo-
retfcsl speculaÈloos, rtrlch stroogly suggesl BhaE the lossec are aoG of r
large order of oagnlcude froo eB ecoaoolc PcrsPect,lve, stoce roed u¡er¡
ctockplle goods to be treasporÈed aod othen isc ¿daPÈ thelr bch¿vlor. lut
rc have ao really setlsfactory eagtrlcel Eresaurcs of eltber Èhe ccoûcnlc or
¡ocl,al costs of road clo3urat.

2.21 llgure 2 deplets the bc¡effc¡ r¡hlch rrltc fr@ thc dlffcrcut o¡1æ
tcaaaca 3ctr.vltles, ftrgt froa ea a pr1or1 coocepÈuall¿¿cloq ¡sd ¡ccood fro¡
Èhc Bt?e of ¡elaÈlossh1ps rhlcb h¡ve bcea dcrlvcd or laJerred froo flcld rc-
re¡rch rud locorporaC,ed l¡to the Ðl{ oodel. lC 1¡ Co be noCed the¡ uc cUr-
reÊBly have oo deffnlÈe, quaetffled rcl¡Cto¡¡hf?s oo the beoeflCs of four
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llolntcn¡nco ¡lctfvl¡y

A. loucln3 lú¡lntenanca

t. Drrlorgc Clc¡r¡¡c¡

S¡¡rf¡cc Trrne

Eevld. llnpevcd

fan¡ct¡ fdcollzed

leducae rlater ponetratton of
ro¡¡l structure. decrea!Íng
daterlor¿tlon of acructur¡l
strengtl¡ ond surfacc condlclon.

Rcduces ghoulder eroglon and
rouglrncos, tlecreoslrrg ¡ruve-
rrent ravellln vel¡lclc opera-
tlng co8r8 (VOC) and acctdenca.

fnprovcs lateral vf elo¡r a¡td
lncra¡aec vehtcle apcede.

Ie¡lucea rouglrneea lncrease¡
vehlcle apcedo, redr¡ces
vel¡lcle operü!lng coats.

fruprovee ourfacc condltlon
(rouglrneeo, rut depÈl¡)r ln-
cre¡aes vel¡lcle speeda.
rc¡lrrccs vel¡tcle oporatlng
coata.

(a) Re.luces wôtcr pe¡tecrsGlon
of road sCructur€ thereby
decreaalng detcrloraclon
of gcr¡¡cÈural. etrerrgtlr,
r¡te of growÈh of roart
rouglrnea8 and l¡e¡rce vel¡l-
cle oparotlog cost9.

(li) D¿tcl¡lng lncrcasee lmn¡cdlato
curface rorrglrnesa for sn¡ll
cracka, buÊ ¡lecreases
f¡¡rnedfate roughncse for
oev€rü cracLlng end potholer.

fmpact: Currenß Xodcl

Nono¡ aesunot "norralt'
ralntcnancG.

-do-2. thouldor llrlntGntnc. -do-

t. Ucactrclon Control

l. Drag¡ln¡

5. lforn¡l Gradlng
(no vetttng or
coopactlon)

6. Eatchlng of Cr¡cl,¡
¡nd Pothole¡

-do-

lrtcrl.tlc
Grovclr

GravolrEarCh

-do-

None, buC could bo arblcrorlly
apeclfled ¡c aonc fractlon of
tl¡e effect of gradtng oporarton.

lþlly tncorporaterl oe
nreasured by Kenya atudy.

I
F.
l¡

I

P¿vcd l'ully tncorporatert û¡ ¡¡casr¡rert
by Kenya otudy and exGra¡rolaGed
for exÈre¡s co¡¡dlttonc.

No effec¡ on ln¡edlrßc
lcvel of roughnesa.
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ü¡totcn¡ncc ôctlvttl

l. Perlodfc Hal.ntenanc¡
¡od Reh¡bllltatlon

l. llcavy Gradlng t
Rechaplng (vcttln¡
end courpactlng)

2. Gravellfng

Gorf¡cc lnoc fno¡ct ¡ fdcall¿ed fñD.ctl CúrrG$C Ìlodcl

Gravcl, larth Rerlores ahaper tnProvce
dralnago reduclng r¡ta ot
deterloratlon, lncreaaea
vehlcle epeeds, reduceo
vehlcle operatlng coata.

(a) Creatcs hlglrer srrengtht
rcrluclng rate of surfacg
rlererloratlon, Lncreaefng
vehfcle epeeda an¡l re-
drrctng vel¡lcle oporatlng
coc tg.

(b) ltay lncreaee or decretao
fmmedlnce rougltnese de-
pendlrrg on pre-exletlng
co¡rdlrlon and qualltY of
gravel.

(c) Preserves all ueather
charac terls tlca .

(a) Reduccs nater Penetratton
etc. (cee Iatcl¡lng)

(b) May decreose eltghtlY
fuuuedlate rorrgltneea of
lradly par:lred errrface.
but nay lncrease eltglttlY
roughnesa of smooclrlY
pollehed surfacea.

No ¡ddltlonrl bcneftt cor-
prrcd to nor¡al grodlnS.

Gravel, Barth Fully tncorporatad oa neû!ürGd
by tlre Kcnya study for gravcl
roada¡ e¡rtl¡ ro¡d5 arblrrarllY
a6eumcd to havo r¡te of
detertorntlon (rorr¡drnese)
l5X fas¡cr çhan gravcl ro¡d¡ ln
tlre abeencg of any evl.lencc.

Aasunea ¡ane lnnedl¡tc I
roughneae after gradlrrg tor bothI
earth and gravcl roarls I
(-3250 ¡rm/km).

Does rtot c¡lcul¡tc cg¡lü¡ta
of cconoolc los¡ due co road
closurea buc cxoSenoua e6clDrßc"
may be epeclfled.

Fully tncor¡roratcd.

No cffect¡ thoúglrt Ìo b.
negltglblo tn effccc on
vehlclo opeeda and opereCln¡
cos to .

3. lcer¡l1n¡ (¡lnglc
or doublc bitu¡.
.r¡rfûcc drcrsfnB)

P¡vod

gt
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4. tcplrett ùrrrlryr

Surface lvne

Pousd

fnpac t: fdea ltzed

(a) Beducee Lroter penetrotfon
otc. (see t'¡tchtôg).

(b) Reetores/lncrea¡ee atruc-
tural arrengclr, reduclng
rate of dcterlor¿lÈton to
neu condltlon.

(c) Re¿luces lnune¡tlate rough-
ne6a to neu as¡rlralc con-
crete level.

Slnrflar effecÈe to overloy
except reconôtructlon slth
lfglrt bltunf¡¡or¡¡ aurface
Itkety ro l¡¡ve ¡ltfferent de-
teriorûÈlon lnclrllfng
grèatcr susceptll¡lllCy to
cracklrrg arrd uater pene-
cr¿rtlon than lreavy auplrolt
co¡ìcrete overlay.

lnrpacti Curreoc llô.lcl

5. lGconatrucÈl.oD P¡vcd

Dully lncorporated.

Fully tncorporaced fron
AASIIO Illtr¡ots Tcrr rcsulC¡
and Âuplralc ¡¡ratltu!c.

Dully tncorporaccd frorl
Kenya atudy.

Accu¡re¡ so¡¡o bel¡ovlr¡r ¡g
aephal! concrete ovcrluy
ulth equal atructur¡¡1 rru¡¡ber.

I
F
lJ
I
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c
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of the baslc routlôe tråhÈecaace operacfons¡ drafnagc clcarance, lhoulder
nal,ncenance, vegeÈ3lioo coocrol and surface dragglcg, rc ls, of course,
easy co coocelve rrhat ty?e of lapact elther lor¡er or hfgber lcvels of c¡-
pecditure oo these cctrpooeuÈs alghc have, buc ¡¡e do soc have aoy credlcable
Beasureaencs. rhus, for cbc preseoB Èf¡¡e, l'e ere forced rt-apty go a!¡sl¡!Àethat a certala level of expeadtture lor chese routl,oe lt€rs 1s requlred as epart of rhe overall traltrc€oaDce pollcles, and lt f! oot possiblc io gredlct
che opclnua level.

2.22 ln't,he fottorlag three chapters çe shalr c¡a¡¡lne applfcatfou¡ of
cbe EDI{ oodel to escfrate cbe beueflts of difÍeren! ÈalD,Eeoaoce acclviÈtes.

dt
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Itt. Casc Studv I: ,lfaloteaaacc Pollcv.laalvs!.s for t¡ga]'ed RoeCf

A. tocroduct{ou

3. I Io a rece¡c ctse rrc coploycd Èhe EDM oodel to do ao exccaslvc
cugloeertog-ecoûoofc aoalysis of a proposed councry-rlde n¿lsceoeace progr¡¡a
for uopaved roads. 11re purpose of the aaal.ysfs rras Er¡o-fold: iirsc, Eo
¿scert¿ls the ecoooalc feaslblllty of che road o-locelraoce prograa a!¡ a
shole¡ aodr secoodr Èo deceraloe arr ecoooolcall¡r efflcieoc. scaLe aad cooport-
tlo¡ oÉ che prograo. !!¡e flrst obJectlve ls, of courge, che s¡andard eco-
o@lc crllerloo ls aoy publlc project, evaluaclos. Ihe secood obJectlve,
ta as atteopc co advaûce one sÈep iurther, calls for a sysceaacLc aoalysis
of ¡ shole specBrutr of ¿l:er¡aclve trelaseûance poltcles E,o arrlve aÈ au, op-
¡!¡al (or aB leasÈ ¡ore efftclent) allocacloa oÊ equl.pueaÈ and aaopog¡er rc-
lourceg anoog dlfr'ereaÈ road cypes aad trafílc voluueg.

!. Basis of the .{oalvsis

3.2 the EDlt oodel sas used Èo sl¡ula¡e Èotal coscs for road oal.acenaocc
aud vehicle operacloo over a l6-year geriod. The sf¡ulacloa predJ,cced gravel
Ioss aod road decerloratioa of chc road surlace (roughuess, rut depch atd
looseoess) aad cbe effecc rhereof oo speeds aud operatlng costs. the oecho-
dology for predJ.ctlng unpavcd road perforoaoce ls descrlbed in sooe dec¿ll lq
Anae¡ l. Ia addltl,oq, s!.oce earth roads cao be closed durlag rret rr€¿Èher, aÀ
approxl.aaE,los rras sade for che ecoaæic cosÈ of road closure.

C. Soecltfcatlon of Iaouts

3.3 thc Éasc lnpuc daÈa eoploycd, shlch are sl¡llar la lwel of dec¿ll
Èo thaÈ rcgulrcd Éor the r¡¡plcal road o¿lst,eaaqce feagib{lÈy scudy, lell
fnto four -aJor c¿cetorlesi

(1) @SL!.g: eugloeerlog cbaracterl,sÈlcs of the e¡l,sElrg road
ltlteú-surface iypes, georetrt aod lengch of cacb c¡pe.
(lablc 3.1.)

(11) Trafflc Daca: traffic cooposltloq, presenË voluoer, aod growtb
retct (T¡blc 3,2)

(11l) Vehlcle Data: Èechdcal characterÍstlca, ugl,llzaclon and
capltal. costs of che dlfferent vehicles and prlces of chc
berfc laguts f¡ vehlcle opesarlon (lable 3.3)

(tv¡ !{alntenance CosÈ Data: u¡1t costs of the varfous lraitrÈeûencê
¿cÈlv1Èles, eaptcal cosis and producÈLvlÈy of equfpoeot (lable 3.4)

3.¡ ln eaelyzlng e road oåtoc,esaoce progratr oo a courtry trÍde or scÈ-
uorl' basls l! 1¡ aecessary Eo redsce :hc 1npur dsca co a slec !¡aûag,eâblc to
che enalyrt ¡r sell as Bhê conpuÈer progra;r. In Èhls scudy chc daca sfnpli-
ÍtcaÈ!.oq r¡c do¡c by aggrcgaclog Èbe road sec¡tons inÈo fer (lest chaa 20)



Compendium 11 Text 4

-16-

classes by surlace type, teooeÈrfc characÈerlstl,ca, aud traffl,c voluoe --
each class represelced by average charac¡erlstlcs. the c5leg of oaJor opcr¿-
tloos (e.9., gravel resurfaclng) -- uhlch r¡oul,d ¿cÈually be spread over Bl¡c
over soall road sectloas -- uaa spectlfed for a rtngle average yêar. Sucb
data slnpllflcacloo coablc¡ aa easier aod oore oeaoingfuJ. loterprctscloo of
eoalysls results co be uade. the acsual progranolag of aaloÈccaûce acÈ,1,vlÈlcs
ceû Eore easlly be dooe ooce lhe basl,c ccooælc resul,cs havc beeo e¡trbllsbed.

a
D. Soeclficacloo of Malotenåûce Pollcles

3.5 MalsÈenance pollclcs for unpaved roads loclude dralaage aod vcge-
tåt1on concrol, draggl4 (rrlÈh rubbêr È1res, chalns, or scal,l trees), cuertctey
repairs for rashoucs aod ceak :¡poEs, grading, aad gravel resuríac1ag. Gradlng
eod regravelliug, which ÈlAically constlÈuÈe the EaJorlÈ:r of ao uupaved roadr
EaÍBÈeoa¡ce progr¿¡D, were aualyzed ecpllclcly uslug che EDü aodel. ås noccd
ll Sectloo II lc ls oot posslble to evaluate oÈher rouslae nalaleqatrcc ecglvt-
È1es separately; but slace chey arc ecseutfal co rosd serrriceabtllÈy, Èhefr
costs eelc lucluded Lu Èhe cocal.

3.6 Eveo aftcr tbe crtlre road cetvork hag bcea reduced lg ¡ fcrr
classes, 1È le sc,111 dtfflcuJ.c Èo explore oaloceoance pollcy alcer¡atfves for
¡ll classes erbaust.tvely. lbe approach take¡ in Èhls itudy nes thercfore Èo

sf.ngle ou! ao¡le "Èypical" oainceoance strategies for detailed aoalysls. Is-
sighcs gaioed fro¡¡ the procoÈyplcal cases r¡ould sen¡e to guide the developoeoÈ
of alter¡aÈlve EalÂleoaace pollcles for the eocl,re road sysceo.

3.7 The !olloslnt peregraphs presenc Èhe resulÈ.t of decalled gollcy
aoalysis perforaed for Road SeeË1ou Ir actually a Sloup of eogfneeredt
leterf¡e road llnks totalllag 480 kos.

E. Flndloss

3.8 Gradlog Freouencies. TÌ¡e elfec¡ of sore frequent gradlog 1r co
Loprove road surface cgodi!1on aud chereby increase vehlcle specds aad dc-
erease vehicl,e operatlog cos¿s at Èhe expeûse of gooe locrease 1o o¿hÈeaancc
costs. lable 3.5 sutrDarizes resulls of Èhree gradlag frequeocles for Road
Sectloa I, rrlth regravelllog and rj.chout. Ìli.th regravelling, the road r¡ss
assu¡Àed to recalq lls lacerlÈfc surface chroughouc che plaaaiag horfzon; rlth-
out regravelllng, the road ¡¡ag assr¡¡ed Èo revert Èo aD earth road etBh Èhc
(auch uore rapld) deterlora¡lon characierlgtlcs of non-clay ea¡ch ¡aterl¡l
(see Aune-x I). tllth che excepÈ,lon of cbe gradlng frequeocy, ail. cases 1¡-
clude the Ba¡qe e¡oouut of rouÈfne oaltrce¡eace aad 30 rubber rlre dragglag
pesses per year. A flrst obsenralloq 18 thaÈ ¡he econoolc recurns of ray
of che gradlag pollcles arc geaerally htgh aod ¡re poslclve evco aÈ trafllc
voluues rs loe as l0 vehlcles per day, es lodlca¡ed by the ratlos of qcB
preseut values Èo EalnÈeoâDce ouÈleys ranglng froo abouÈ 2 ¡o 7 lD thc slth-
or¡t aegravelllag case. Second, Èhe rêleÈfve ecoaøtc beoeflts of dlffcre¡¡
gradlug frcqueacfer ere verJ af.aflar, luplylog ¿ slde raoge of subctlBuÈa-
blllty belneeu ¡a1oÈeoaoce asd vehlcle operaclDg coscr. The "tlatnesstt of
chc opÈlnal bladlng frequeacies (ac uhich Èhe n€È presen! value ls oaxl¡t.zed)
ls deplcced 1o Flgure 3.1. Io bo¡h t¡lÈh aad tllchour regravelling cases, Èhe
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ogclnrl bladlng f,requencl.es e-xpressed ln che nu¡ber oÉ vehfcle p¿lsscr por
bladtng operaElou t! esseatf¿lly conscaoc for 30-90.¡ehlcles per day basc
ycar cratflc--aiÈer allorlng for clqe-depeodeoc roed deterlorEÈloa as de-
¡crlbcd la Anuer l. Ac less ch¿o 30 vehlcles per day cl¡e-dependeuÈ roed
dctcrloraclou begln^r co cake eifect aad sllghcly lncreases Èhe oprlnal blad-
lag irequeucy for l¿cerite surface.

3.9 the frequeocy of ooe gradlag fa 7,000 vehlele passes, r¡hfch ls
opcfnel for l¿ceri¿lc roads, inplies oae gradlog every 140 days (roughly
cvcry fl.ve qoochs) for a base crafllc of 50 '¡ehicles per day, buc only one
gradfog lu 350 daTs (or once peE year) uhere crafÉfc ls ooly 20 vehicles
per day. Àlso as expected, r¿hea rhe "'¡lthouE, regravelling" cases are cou-
pared co che "r¡lch regravelllug" cêses, 1È is seec ÈhaÈ the ogci:al gradlng
trequeacy is geoeralJ,y clrlce or trore for che for¡er case, iadicaclng thac
lncreasel la gradlag coscs oiiseÈ saviugs la regravelllag costs Eo 3oqe
exteuC t¡heo lhe road revertg Èo earth sta¡dards.

3.10 Reqravellinr. The effect of regravelllog ts Èo provlde a rldfog
sur¡'ace rlhlch caq wichsÈ,4ûd c¡afffc beccer ¡hao thac of oaEural cerrai,n end
pcnlc all-sea¡!¡er usage. llfchboldlug regravelllng was essuoed ln the
aoalysls to cause a gravel road Eo lose ¡he surface aarerial aod uJ,tiaacely
reverG to c ûon-clay earth road ¡¡hereupou vehlcle operatlng cosÈs and grad-
fog cosrs rlse ouch faster. Recogalzlng the falr-r¡eacher-oûly senrice
char¡cÈcrl,stics of as earth road, a cn¡de estloace of Èhe ecou@ic losses
duc co road closure uuder the slt,hholdlng regravelllag pollcy was oade based
oo Èhe gcoraBe aud lÂÈeresc costs erlshg froo che necessiEy ro store Èhe
3oodr rhteh sould ochenrlse bc traosporÈed riÈhouÈ, <ielay; che oagoltude of
ßbc cott! for storage feclllÈle! !.s a funeclon of che oaxluu¡ leogth of
cIo¡¡¡rc.

3.ll lable 3.ó sr¡Eúårizet che results of che aaalysls of regravelllng for
verTlog roed t¡ldt,hrr lucludlag alrosances for econoolc losses due co road
clolure, alteraallvely, for ooe-oooÈh aod cuo-oonch úa:ßiauq closure perlods.
the "optlaal'r bladlng frequencles of 7000 aad 3000 vehicle pesses pei bladtag
vcrc uged for chc r¡1th asd l¡lBhout regravelll,ng respecÈlvely. For che glvea
prlcr of Sll.06 per cubtc oeÈer for regravclling, che breakevea crafÍlc voh¡¡rcl
(shlch ¿rc tbe olnf¡r.o trafflc voluaer over shicb regravelllng eao be econool,-
celly Juscl.fled) r¡oder dlffereot assur¡pÈioos arc sutr¡arlzed belo¡r:

7-¡ctrr vldch

ó-ncCer t¡ldth

5-oct,cr yldtb

Bore Èheû 90

50-60

40-50

.'r*ocl, horever, tr dlscucscd ln chaptcr rv beror, che breaiceven tralflc crl-
c€tloû rlll alrays ludfcate regravcllÍ.ng should calie place earller (1,.c. aÈ¡ lorrcr crcfflc volu¡c) than 1r scooæically opcl^a8l .

Breakcves lraf fic Voluoc
(berr year ^lDt)
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Flgure 3.2 shoec Èhê Sraphs of oaloteoa¡¡ce costs for regravclllng
aod so regravelllog, brokeo dorm laco regravclilog, and bladlng ¡¡d o¡hcr
accivlÈies, plorted agalBsr rraffic voluue. lÈ Is seeu cbat al¡.bough rbe
EoÈaI oa1nr,êEauce ouclaT ts grearer uoder regravclllng, Èhe cosc of bladlag
ts subsÈaotfally loner. Io Flgure 3.3 thc breakeve¡ craffic volu¡c tr ploctcd
agalnst che uolt eosc of regravelllog per cubj,c cecer for rcgravrlllog ufdths
of 5, 6 and 7 oe¿ers, aud at l0 and 20 perceoc discouoÈ rages, rrtcb ¡ 2-oooc,h
rtockplling perlod used lu ¿11 cases. ås llluscrated fn Ffgure 3.4 the dlf-
fcreoce lo ,trotal Bec preseat value betr¡eeo regravelllng aod ao regravclllug
(as coopared co Bhe oe! preseûÈ value relaÈ,lve Èo dolng uo oaicteuancê at eLl)
1s aoc very seosltive Bo che cralflc voluoc. Thls suggests ttrat, froo the
econo¡olc efficiency slaodpoloc, che chofce of çhegher Èo lrilhhold regravclling
ls soc artreoely cruclal over a subs¡anti,al, raoge of tratflc volu¡e cherc
oelsher ¿he cost of regravelliog aor tbe opporruolcy cosc of capltel ls c¡¡-
cegsive, slnce ¡be iacrease ln vehlcle operaclng cort srvlngs ¡re abouE
equally offsec by che savlugs la the coeÈ of regravelllog. Eonever, usder
severe fiuanclal strlogeocies vhere capltal budgets ioply oppor.È¡¡ûicy costs
of capital ar nucb hÍgher races, or ¡rhere local coo{icf'oos ¡ake regravelllog
a verï expeoslve operacloo, regravelllng of vcry lon volr¡oe roads rlll soc b.
ecoooolcal.

3. 13 In reducing the stdth of regravelllog ooly che revlngs 1u regravell-
log cost (1o dlrecr proportlor Èo r.ldth) have beea reflec¡ed ln rbe ecoo@lc
beoeffts. In fact, ¡he traffic foÈensl,ty ls expected co be greater over a
ûarror¡er road nidch, thereby causÍng aore rapici delerloreclon (rutÈlÂg f!
partlcular and gravel loss to soue e:ß!erÈ). There ¡rould lllcely be a uargioal.
Íacrease tn road Bradflg costs aud posslbly a soall lacrease l¡ vehlcle
ogeracfag coets r¡hich have no! beeo locorpora¡ed 1q lable 3.6 or F!.gure 3.3.

f. Conoarlson of Af¡ernatlve Poffcfes for Reglonsfde ilalntena¡ce Proqrau

3. 14 Based oo the resul,ls of paraoetric analyrls of basfc o¿luceua¡ce
policles discussed 1a the precedlog secÈios, f,our al¡erua¡,ive oalnE,eoa¡ce
poll.cles rere epecllied lor rbe eotfre uopaved road nctr¡ork, as suorari,zed
to lable 3.7. Ihe al.¡ernatlve3 sere developed for vldely dlffereoc lcccl¡
of ¡aince¡aace expeedl¡ures. Pollcles I and !, laclude regravelilag otr roue
aaJor road sectlons lrhereas pollcles 3 and 4 do oot. Ît¡o l,evels oÉ bladlag
frequencles are coBpared each tor the regravelllng and elchoul-regravellllg
cases¡ re have 1u the rcgravelllog cage the "opÈlrual" bladlag lrequency aod e
frequeocy ¡ul.ce the optioal, ¿¡d l.¡ Èhe ïl.thouÈ-regravelllng case the oprf¡¡sl
¡ud ooe-half the optlaal frequeocy. (Nocc thar Policles 2 ¡od 3 are fdeacl-
cal for Road Sectons 5-12).

l.l5 The "opt{nalrf bladlog frequeucles ia pollcles 2 and 3 (io oonthg
bctrreea luccessive bladlngs) uere derived besed oo c,he resulÈ¡ of prevlous
lgglyses trþ1çþ ladlcared rhar thc opttaal ruober ea! ¡pprorlaatcly'zóoõ,--
5000' aod 3000 vehicle passes bctseän btadlngs for-ct¡e'iiierlGlc, sand-åley¡od earrh surfacc uaÈeri,als, respectlvcly. ihe bladlng latcrv¡l! $Grr
cguputed by rouodlog off as rhosn h r¡bie 3.7c. For ihe loe craffr,c lcvsl(6 vehi'cles per day), che tlae-dcpeodeot vcachcrlng cffcct bccaue rrgnrfliint
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¡¡d ¡ soqerrhec blgher bladlng ras specffled. lecauge of the tflacucss" of
thc opclnr, Èhe rouodlog error! gould oo3 have slgulllc¿¡È effecÈ oB the qeÈ

b¡aetit¡ conguted.

3.1ó 1tc surooary of results ta lablc 3.8 shocs chac alt pollcfes have
hlgh porlÈlve oec benefics relaclve co chelr ¡al¡ceoance ourlays. Polfcy
3, for shl,ch che dlscouored oainteoEcce cosc is abouc oqe-hal,! aod ¿r¡o-chlrds
chose of Policles I aad 2, respecllvely, has a cocal Bet, preseoc value ex-
ceedlug chose of chc ocher policies by greacer Èhaa l0 percenc. Ttrls suggests
the i.aportance of exaalulng a wide range of alce¡uatlve policles 1û order Èo

obcaL¡ a reasooably cost-effecllve road ¡aloÈenance pEogr¡¡6.

F. Concluslons

3.t7 Notrrlchsc¿ndhg che llsltattoos fn the aechodologies, Èhe results
froo che pollcy aoalysls of unpaved road oalucenence bave led co tbe folloring
prloctpal cosclusioos :

(1) The ecoooalc beuefl¡s of aaiocaiaiog uapaved roaCs ia rea-
sonable cinl¡¡uo serr¡lceable cosdici,on are e:<tregely hl,gh
aod are posÍtfve even tor crafflc volu¡eg as lotr as I0
vehLcles per day.

(l1) As o¿l¡ceaance !¡taadards are !.ncreased beyond the alnl-
u¡¡n levels Èhe recurns to adCitlonal outlay for routiue
Eå1aÈ,eaeqce of uopaved roads ceod Èo abou¡ equal che
additlooal cost!. In fact at hlgher levels of rouÈlae
o¡l¡tesance chere appears to be ê raÈher broad range
over'ublcb BeB presen! values of dlffereo! scaudards are
qulca sflllar.

(f11) the econoolc reÈurû ¡o achievlag afaiaua staodards of rou-
Èfse salat,enaoce (speciflcally gradLag) Ëead Èo e.tceed che
rcBurn! Èo rcgravelllng by clde lqergins.

(fv¡ Hhere local coadltloos aakc regravelllag very espeoslve
aod/or ¡rhere finaocfal scriugeoctes i-::ply high opportuôlty
co¡¡¡ of capital, regravelltag of Lorer voluoe roads ls
llirely Bo be ureconoqical.

(v) Thc purpose of road o-1nBe¡succ progras ecoaoolc evalu¿-
È1oû rbould bG Bot ooly co Justlfy a proJect proposal buÈ
al¡o to gearch for a reâsouably cost-effecclve soluÈlon,
tn ¡s lncreoental, !¡y3ce¡aÈtc E¡loner over e rlde speccrr,rn
of alteroatlve pol,lcler. there ls a oeed to exâtriae care-
full.y che fndlvl.dual cocponeoÈs rrtrlch nake up the cocal
o¡lnÈeuaacc progEaq, slnce che hlgh total econoolc bene-
flts, rrhlch ere cheoselves suiflcleoÈ Èo ecosoolcall¡r Justify
thc prograu, õay conceal aaay posslble deflcleocie¡ la Èhc
lodlvfdu¿l coapooeqBs.
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Îå¡I¡ 3.1

CåSE S:ÍDY I - Ecude de Cas I

D¡IÎIÅL ROAD CE.LRJTCiERISflCS
g¿lac!érrsrloues icicia!es cie la route

e/ Bccrusc of l¡ck of d¿È¡ the follouiag gcouccric ¡t¡¡C¡rds ïerc ¡ssr,¡rêd for crcb ro¡d
lectloo¡

Avcrage rise ¡¡d f¡ll . 3Í
AvcE¿tc horizoot¡l cunr.Eurc - 175 dc¡rccrlo

g/ Urc au E¡Bqqê dc doaacér, ler by¡otbè3a! ¡uiy1q¡¿¡ oBÊ ttê lritcr gour chequc rcctios
rouÈicre:

PctrÈG EoyGnDG . 3Z
Dcaré de ¡íauo¡íté . 175 Ccgrl¡/l¡

Sccgioa

Geøccric
Staodard !/

Cl¡ss ificasion
gêooecrique a/

Sr¡rf¡ca
llarari¿1
ll¡céri¿r¡x

de couchc de
Eouleseog

Lcugcl
l¡€)

cof¡uêt¡
(b)

I Ba.¡¿
I v".tI rDî
Itw ¿.
| 1 

r r..¿6
ld. br""
I

!íid¡h oi L'earieS
Cou¡s€ (aesers)
largcur dc La
coucbc d t us¡¡¡e

,(oec:cs )

ilai eiai Su¡l
i tt!.clacer (c
I Epaisscur
I iaicíale
I c. r" couche
I roulanrn¡

I
2

Eaglnccrcd
Etudieé

L¡Ètrlt!
I¡térics

4et
190

45
20

7.0
7.0

2.O
2.O

3
4
5

Eoglaeered,
E¡udieé

vi* - ¡æt."es-
l/3 Saod - S¿bir
2/3 CL,y-argilr

t31
53

190

45
2A

6

7.0
7.0
7.0

2.O
2.0
2.O

6 Partfally Eec
t¿¡érire
Lacerlt c 79 L5 5.0 2.0

7

E

9

ParrlÂily Eag.
Etudieé par-

¡ie11e¡est

:{¡x
Ll3
2/3

- l{élaage
S¿ad - Seble
Clay - ,{rgil

13z
150
tqo

4)
20

6

5.0
5.0

2.0
2.0

10
LT lrecb - Pisce

ll¡tural
Tc-a*¡

Terraiq a¡tu¡cl

210
753

2503

¿5
20

6

5.0
5.0
5.0
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ÎÀBLE 3.2
Î¡ble:r¡ 3.3

*, ,il*.." .", .
3,15E Eå.R ÀV:RåGE DÅILY îari?Ic 3? 1=5ICi.: nr-'g ¡/ -,

Îr¿fic jou r¡Ic 3'

a/ Eor each ::afflc !.evel ard each tTpc of vchl.cle Chc ¿r.asel ?êrcêaËage
grorcb of 2 pcrccaÈ r¿¡ ¡ssr:ecd.

¡/ Uu ¿ccroi¡gercnc a¡¡uel dr 2 pourceu¡ ¡ écé adois pour chequr volr¡¡r dr
trafic cc cäegur cTpc dr vébicslri

traffic
Levcl

ioluoc d¡¡

Lighc
Good¡

Vrhiclc
C'-"oû-

13-conae
lruck
C¿aios

1l Þ

27-¡ocnc
l=¡cL

Q:ai gg
a'l s

38-conac
Truck
C-ion
18¡

lot¡1

A 1ó 9 tt 9 45

B 7 ô 5 4 20

c 2 1 2 1 6



CÂSE Sfll¡rI I - Et¡¡d¡ d¡ C¡r II

Ltghl l!-1on¡¡o
lrucl

Ca¡ion

tt-1on¡¡c
lruct

C¡¡lon

Uohlc
DESCr¡7llr¡il Drrerlptlol

Galoon¡¡¡¡

pilTsIc L cllAn clEn¡sÎlcs AllD u1¡Llz^lION tlonnér¡ t.chnlqú.r e¡ lru¡lll¡¡tlo¡

lr¡la llofao lo¡flf

leylord (lonnor)

ûror¡ Vrhlctr gsllh3 (Îonn.. )

luol typr

Annurl OpcreclnS llot¡ta

AÍnúal Crae lloura

Annurl Itlorrtcrr3r

Ârcr.3. Ychtcl. Llf¡ (tr¡r¡)

tó

I
2.'

G¡¡ol l:¡¡
aatancc

800

2000

2t000

t

Ito

I
ll.o

Ill o¡e I
¡er oil

E00

2000

25(xlo

a

lóo

ra

2t.0

Dlcrcl
t¡. oil

¡ 200

e(xxl

tt(xlo

ó

250

24

IE

Dlc¡c I
¡u oil

uilrÎ co3ls

tlcrr Y.blcl. Gort (f/v¡hlcl¡)

Îtr. co.3 (9/trrr ¡

¡l¡lr¡r.o¡r¡c. blror Co.¡ (l/hosr)

cr.r cc¡G (l/hour)

t¡rl Go¡t (l/U¡rr)

¡¡rùrlc.3lût otl Co.3 (l/ll¡r¡)

¡7ót

69.1

o. {r
o.(9

o. tt
r. t(

¡8tEl

t95. t
o.{l
0.¿2

o. t¡
r.5a

ll Ia¡

lrt. t
o.4t

o.t2

0. tt
1.5¿

ErI¡ drua vóhlcrl¡ ncul
Pilr dtun Gr.¡o do pncuetlquel

CoÍlt horrlr¡ du prrronnrl drro-trctlcc
GoGç l.rorrlrr du perronnrl de

du¡ ta

@0¡ lo G.rbur¡ot (llrrrl

CoûG dú lubrlfl¡o¡ (ll3r.)

lulr¡rnc¡ ¡u lr¡l¡

Chnrgo utllr (tonnor)

lold¡ ro¡rl cn ch¡rt. (tono:¡)

Carbùr¡n¡a

llcbrr d'hrgrc¡ dr lrutlll¡¡-
tlon du véhiculr par rn

llo¡ùrc drùcurr de ocr¡onn¡ldr corrdrrltc par rlr
Íllorètregr rlrnurl

Durí¡ d¡ vl¡ du vll¡lculr f¡¡r¡l

lrlx rt cot¡ untt¡lr¡ rn

oo
3oo
g
c
3

õtx

5
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T.{3LE 3.ó - Tableau 3.4

CASE STUDI I - 3¡uCe Ce Cas I
-" t¡s¡t :.fatNt::ra\cE cosrs
Coûts unÍcaires d' encreÈi,en

llrisccoaacc Operatiou - Opérations dtentresieû .Uuic Cost - Coût unitairc

Regrevcll'1og
Brcàargcoeac

I¿ter1¿e - Latérire
l0 cu thlckncss - iO .t

d t épaisseur

$11.06 Per cublc
acter ls

-place
Par uJ qi¡ eo

glacr
Saad-Clay 15 (ca) thickness
Sable-Argile - 15 cn"d'epais-

s E.63

Dry Gradlog - Reprofilagc $91.00 Per lo of
bladingpar k¡ ¡cnigåU

profil 'Grrdlog ulch CoopacÈ1oo - Reprofilage (avcc coopacc- 5439.00

Sgot Eaergeucy Repatrs - Poist à ceopt S 6¡89 Per cubic
ucter-is placr
Par oJ uis ea

place

Rr¡bbrr lln Dragglag - Grrtte tôle à pncus s 2.37 Pcr kn o
dragging

Par ks traîoé

Geacr¡l
Routinc tgtrcÈíen
llrl¡cen¡¡cr Cour¡at

Prodrrcriwiry of ouc uafutengg
-ric,lenasce r:¡it (Ïol} I fSO
Reodenear d'une Gi-i-c-6 I foo
dteutrcÈico (ko/an) I

$107.0
s147.0
$214.0

Pcr k¡
Pcr year

Pcr kal¿¡

llotcl:

(t) Itrcsc costc tscludc operatfng cosls, overhead and e,guipoent suortfzetloa buc do
BoC lacludG rorkshop and tralnlsg cost! rhlch do qóc dlffer substantlally froo
poltcy to pollcy.

(tf) Except for regravclllng and geaeral roullne Eafnteaance, 35 perceat of tbt
r¡nlÈ cosßs nere assr¡aed to be equiptreot aaorllzaclon.

(1.11) ltc regravelllng colts are estl¡åtes for work done by contractors.
liocr¡:
-il)- Ce¡ coûÈr couprenocut lec coû¡s drexploicatiou,les frais géaéraux, lrauortisscllest

du a¡céricl, u¿ls pes lcs coûcs dr¿Èelier ec de fomation du pcrronnel, lesquclr
nc diffèrent pas reosible¡¡ent dru¡e ¡éthode à ltaucrc.
A 1'cxcápciôn Ce¡ opérations dc reehargeq!€nt eÈ <ie lrencrecicn courast, 352 dc¡

coûtr r¡niteirer der opérations ont écé cc¡,siCérés être lranortis¡e¡eor du oetéricl¡
l¡¡ coûcs dc rechargeo€st correspoudent à 1rêsti:ntion dc crrvâuf, qui seroot
rttcctuèc per der eacrcpri!¡er de lravaux publicr.

(ii)
( rri)



1A¡l.E t.t - 1¡blc¡u l.l

C¡s¿ STUl¡l ¡ - Etùdú dG C¡r

Dl¡courte¡l icncflt¡ ¡rr¡t curl3 for Verl¡¡u¡ Crrrllng-f¡c1¡mlr¡

Av.n¡.ßc. et cont.¡ctrrrl¡rér-I'9:tf{lffðt.nt.t fréq. lcprofllrt¡
¡tiTlfãràtiii ""l.no. 

do t.o(1"

t¡lrcounc l.t. - !O pcrccùt - lrur dt¡ctr¡rll¡¡tlon' tO Porcrn!

tl
._l

l.l.llra ¡c rh¡ lo-rothlnl (¡r¡c ¡.lnt.n.nc.) c¡...

trr :rgjcrr a¡. ca. a. Fm fh¡ t¡lrrr (r¡¡r¡tlrl rro).

lvrnt rgcr/coGtr
rcruellrér !/

(t ¡lltlon)

lconalcr ¡ur l¡ co0¡
l¡ fo¡¡ct lo¡rnr*¡3 ¡l¡¡

våh I cul c¡

Coir¡ l!¡n¡rrtlr¡

T¡l¡¡r ¡ct¡r¡lla.a ¡¡ttc

ËcôrÕ¡.r ¡¡r lr co0t
d¡ lo¡rtloo¡¡¡*u3 dr¡

vlhlcul¡¡

¡¿r. fGrr 
^Y6rrf! 

Dllly lrlfllc
rTr¡flc Jourrrrllcr ruycn de l'¡nncã dl ù¡¡cllo; of Vclrlclr

Dl.corrcó Cot¡t .l I paircr/blr,tln¡
!.n.flt, (s ¡tlltãn) lPrc.ruon,,o ¡lo

to.or I rl.rl

¡r.óo
¡t.ü4

¡¡.2ô | 40.9¡ ót.rl
6l.ol

Ychlcl. Op.rrttn¡
Cort 6evtn3r !/

lLlntananca Côata

llaß tr.rG¡t V.t0a

I¡l¡lcl¡ Op.r.tln¡
Gortl lrvln¡r!'

lùlncairoca Co.a¡

La la...nt hl¡¡!/

{(roo
,ooo
00{)0

4000
?ooo
oüìo

L.0t
tó.tt

¡l.rt
¡4.11

oo
3co
fg
c
3

õt
X

0¡,

5
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lrcuRs. 3 . I

CASE STTDI ¡ - ErudG de Ca¡ I

EFFECT OT' DI.ADINC FREQUENCY ON VEIIICLE OPEIIATING

Btt¡¡¡ ¿c ri-ãrããñ,ilc ¡les relatfve¡

COST SAVINCS AND }IAINIENANCE COSTS

¡ur colltr a'cr t. d'e¡¡tretíen

(Bace Year ADT-IO¡ lOl i¡rr,erest)
(TJH d¡ l'¡nne6 ds b¡¡e - 50¡ leur dti¡¡cérâ¡ 101)

Legcnd - Ldgend¿

USf rillíonr
!dl¡countedÌ
(¡ctu¡!l¡ó)

VOC Savlnga - Bco¡romics CEV

. ttV
I

39

I
Net PresenC Value - Valeur ¡ctuali¡eé ngcce

Naß Proao¡¡! Voh¡e - Voleur ¡cÈusll¡cé n6tte

Nul¡¡Èenoncê Coct - OoûC drentrctlen

d rootre tíen

Grodlng Freqrreucy (tlrorreands of vel¡lcle Doascs per l¡latlt¡rg)
Frequenea de rení¡c ou profll (cn uillierc do putaageg rJu vél¡iculcs par tcuice uu prr.rfil)

oo
3
Eo
fq
c
3

õt
X

s
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Î^BLE 1.6

TABTEÅU 3.6

REGRII/ELLIIiG 1'S. X0 REGRi'lltLLIlfG: EFFECiS 0F ROAD llIDTl
A.\D ROAD CLOSL?5 PIR.IOD C:{ NE: ?RES!)N VÀ:!E

Brct¡RGErfE\"r pA¡, R.{.Pp;r .ru NoN REc€Àtc:]ENT: EFFETS DE LA t-¡3cELT. tE :.å FourE
ET DES PERIODES DE F:R.\5T1"5 A LT VÀL¡L? ACTUÄIISES :¡EÎ!E

(8oad Sectton 1: Englueercd, l¡ÈérltÊ' 480 fÐ)

(Scctioo Roucièrc l: Etndiéc' Irtérice, 480 ld

llote: lladcr r:gravellfug, dry bladj.ug ls dosc every 7000 vchlclc Pesses; uader oo

rcgravelllug, every 3000 vehlsle Passes.

Note: En cas de rechargeaent la resise au profil ett cfiectuée Èou¡ le¡ 7C00 Pssssges
ile vdhicules; ea cas d,e non rechargeaentrBous les 3000 passatcs de véhicules.

NeÈ ?rese¡c Valuc ($ ailiiou)
Valeur actualisée nettc (5 ¡illion).

Case I Bese Ycar ADT
Cas / IJU de ltau¡eé de

30 40 50 6{¡ 70 90

RGI: RegravellÍng over
7-Eeter l¡ldth
Becharge8eat sur
7 o de larqeur

Lt.84 18.81 26.33 32.56 38.50 50. ¿1

RG2: Regravelli.ng over
6.oeÈer Ytdth
Rechargeoect sur
6 n de lareeur

L2.40 19.66 26.9L 33.Ui 39.10 51.13

RG3: Segravelling over
S-oe¡er rrtdtb
R€chargeoent Et¡r

u.97 19.95 27.49 33. 74 39.71 51.86

38. E0 50.45

NGl: No regravelllugi
assuoiag 2-oouth
stockplli¡c
Pas d¡¡ reeñargeoeuc
ruPPosau! 2 qois dc
stockage

13.60 20.04 27.00 32.66

fG2: No regravelliagi
assualng l-aontb
stockoillor
Pas dä recñargeoent
ruPPoseEt I oois de
rtockage

13.90 20.34 27.30 32.96 39. l0 50. 75

IG3: No regravelllagr
essrnlag ¡o road
closure
Pas de recbargeoeut
ruPPoseaÈ pas de
fc¡æturc dc 1e
routê

14.21 20.65 27.6L 33.27 39.41 51.06

Compendium 11 Text 4
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Coût ¡ctu¡ll¡ú
Dl¡cou¡ted Co¡Èô
US$ rllltone

FTCURB .I.2

CASE STUDY II - ¿tr¡d.r dê Cae II

IT8âf,DOJII OP MÀINTENAIICE COSTS TOR REGRAVELLINC AND NO RECRAVELLING
Drcorporltlon du coût drantretíen avec eÈ ¡anc rschargemenc

(diacounted over ló yeare ar l0l)
(sctu¡liaeé ¡ur ló anr À 102)

Co{ìt
CosC

du
of

rechargement (largeur 7n)
negravelllng (7-uiwldth)

,-tr"l"Ð¿.o

3.O

2.O

l.o

coT

"""*";;,;t

""'"¡:J;;7
I

IJ
\.1

I

,'rtr*þry
(avec recl¡arßcrncnE)

å::: å? iîîäîili"ry "$'ii..1"ï

üff::::tl;4"*

90

Ilase Ye¿r Al)'I
TJM dc lran¡¡éc ¡le ba¡e

oo
3oo
fg
c
3

õtx

À
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.glc¡nE 3.4

lcgravelliugwidthr6a
Iargeur du rcchargenesÈ - 6 q

SÈoclcpiliug period . 2 aouÈhs
Scockage - 2 sois

DÍscouut rtÈe . 10 pereent
lrr¡¡ dfectualisaciou I 10 pour cenÈ

Béductioa de la valeur eccualiseé oette
(cu pourceutage de la valeur actualísée uette

dc 1¿ oéthode choisie)

Reductfoo fa Net Preseu¡ Value
(fa perceot of set pre3eat value of prefcrred poll.cy)

Ereekeven
Trafflc Voh¡¡!,c

Seuíl dc rencabitiré
{Vol'* du rrafic)

Base lear ADT

lJll de ltannéc de base

Rcduccion dc la veleur actualísée neÈtc duc
selecti,on d'une aec
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ÎÀBLi !.7-- lableau 3.7

cåSE ST'i-Ðf I - Erude de c¡s I

Â. Srmatr DescriPtion of Iscrecental ginte¡ance Policicg

A. Descríprios soøaire Ces sCthodes differencielles drcutrccicn cn ordre décroi¡sePÈ

Policy
llê¡bode

llaiutenauce L.*r"f I

Nivear¡ dfeutregied
SunorrT Descriptioa
Descrigtioa ¡o¡¡¿irs

1

I

81gh

Elevõ

Regravel ooly Sectlons I lhrough 4, flrst to year 3

a¡d thereefter çtres needed (a¡ sfsl¡r¡¡¡ depch of 20
u); double grading frequeocles 1o ?oll,ey 2.

Rcchargeoeut seuleoenÈ sE- sêcÈioBt I ¡ 4r pour le
preaière fois à I'au 3 cc agrès quaod nécesrairc
(épaisseur cinisr¡a 20 ¡o); fréquenees doublcs dcr
regrofilages pour la roéehode 2.

2

2

lledluo Eigb

Assez Elevé

Regravel oaly Sectlons 1 through 4 ¡s f¡ Poll'cy 1;
grade at t'opt1ral" fregueacfes.

RechargeoelÈ seuleoent lur tcclioEs I I A coEBG Pour
la uéthode t, reprotilages ã fréqueuce ttopÈi.aalêtt.

3

3

lleditn los

lloyca

No regravellfag¡ grade eG t'opclnal" frcqueocÍer reac I
es PolÉcy 2 for Sectloas 5 chrough 12). I

I

Pas dc rechargeaent; rcprofilagc à fréquence "opcioelc
(cæe pour 1r oé¡hode 2 ¡ur ccctioac 5 I 1?); I

4

ô

Lsv

Br¡

No regravelling¡ halve Èhe tradiag frequcocies ia
Policy 3¡

Pa¡ de rcchergcucaÈ; rlduit dr noiti[ lcr frtguanccr
dc reprofilegcr dc le nêthodc 3;

.. . coûtinuc

Compendium 11 Text 4
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or every z Dasses-o-¡ dry grac:
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TA¡LE 3.7 (concinued)

îåBtEAu 3.; (con¡i:uacion)
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T¡3LE.r0 3.7 (Conrinuarion)

c. re=enEal Po1lcl.cs
au orofilreglse au orofil ¡our céthodc¡

eotie!Ies en orCre Cécroissenc
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vehicle passes per bladfag
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IV. Case Stud.¡: Econonlc Àn¡lvsis to Deceni.¡c tiren to 9ave en Eceaved RoaC

À. EconooÍcs oi Scaqed Conscrucclon

4.1 A probleo rhlch ofcen arÍses 1n the developoen! of Bauk-ffoaoced
road oalnceoaoce progra¡rs i,s Èhe ques!!.on of r¡helber a gravel road should
conÊioue Co be nalsÈalaed or should fC be paved. the efÍect of pavlog a

roed Ís, of course, Co upgrade Che rldiug surfacc, thereby reduclag vehlclc
operacÍug cosE and Bhe asounÈ of routÍne saistenauce -- r¿hicb eLso allevlaccs
oeÍntenance EanegeEerit probleos lo taoy developtng couûtries. Is so¡¡e cases
t.Dproveloeôts la road geouecry are also provided ec che c1¡e of coosÈrucEfoo.
1s ¿hls scudy we r¡i.1l focus only oo pavf:rg. But lc shouJ.d be esphaslzed thac
paviug aod gecuecrlc upgradlng should be era¡lued ta a step-efse uanoer, 3g

Gh¿t say posslble ecooo¡¡1c deiicleocles ln each s!êP caû bc detecCed.

4.2 oae ecoooolc crfÈerioû for deciClrg rhether Èo Pave lc thac of
ttbrcakeveo tr¿ffic. volune". Eere, the breakeveo Èrafflc voluoe ls defloed
¡s Èhe base year âDT ðt r¡hich the BeÈ PreseBC value of pavlDg Jusc equals
leavlog the road fo tbe current gravel sÈatus. If che base year ÄDT e¡ceedg
che brã¿keveû Èraffic volume t.he relevasc Lrce¡:ua1 racä of recuEn ¡rould be

8rêater Cbao Che discouot rate used io Che oeC preseÉE value coapu¡eÈfont
snd Che coosÈrucsloo Ís Chereiore ecooælcally Justifled. Eowever, the
breakeven crl.Èerloo ls uot Ëhe besl crlcerlon to rcly onr sfoce iÈ Ls

poeslble i¡ oost cases to defer construcElon to sooe fuEure ci¡oe ac r¡hlch
Che cosc savings ia oaiaÈeaance and vehÍcle oPerarlous foregooe fs ¡be
ycars before cons¡rr¡ct,ion are aore Èban offseC by Che savlags fo laÈeregÈ
oE lhe couscrucÈion capltal. thls ls Pêrtlcularly done fn cases r¡t¡ere
traflic voluoes lncrease rrith tj.ae, so Èhat ec Èhe breakeven trafflc volr¡¡e
the early soaller beaeffÈs, which by che¡selves do oo¿ Juscify !¡tediaÈe
coo¡¡trucÈ1or, are 'rsubsldized" by the larger beneflCs fa laÈer yearg.

4.3 The preferred decisloo rule ls Èhe |tfl,rsc year beneflEs' crller1oo.
lhe first-year rule says rhat rhe road should be paved r¡hen the r¿t,1o of che

oet fl,rst-year beueflts Èo lhe coÁstructfon cosc equals lhe relevauÈ lDceresc
rate or I'opporcuoity costil of caplCal. Ia a siÈuecÍou r¡here Che budgeC ls
ltrictly lf¡tte¿ the relevaDt, loterest raÈe fs ln fac¡ she retur¡ oû Bhe oar-
giaal hlghvay proJect r¡hich ousc be foregone, shlch oay be several È18e3 ghe

aarket rale of lncerest. Certain condicions are seeded !o eûsure Èhêl Èbe

ffrsc-year rule ¡¡ltl yield che correc! soluÈioo: but chese are ordinartly
oet by road pavlog proJects !. Noroally rbe brealceven craffic vo!¡ne fallc

Coûd1tlo¡s requlred Co eosure lhat the ¡1¡g¡-year beaeflts crl'Èerloo
ylelds the coirect solutlons for opciaal Èraiglng are: (1) the coû-
atn¡ctlon cosCs <io aot chaoge over !f!!e relatlve Èo other coâts (buß

equl-groporttouate loflaclon of consÈructfon, 881ûteEaBce and user sogtg
sould-¡ol oatter)¡ (11) che benefits due to cogsEructloo depeod ooly on

calcndar Èltre aBd are ûoL dependeot on the tf.ae eC r¡hlch the i'Bvestse[E
ls ¡ade; aod (111) aeÈ benefits la the flrst year afcer coosÈrucÈ1oo
¡re gr?ater Èhan !B the precedlng years and legs Èhan la Bhe subsequenÈ

tcars; aad (1v) Bet beneflls fn subsequent years afler constructlco coo-
tl¡ue lndefinitely. AlChough chese cocdiclons aPPear ver-v resErictive,
relatfvely otnor vlolaÈloBs are nor llkely !o affec¡ lhe solur,ioo.

LI
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v-
bclon rhe voluse et rblch l¡¡rcdtacc coartn¡cÈloa fr Jurclllrd u¡drr ¡ht
flrst-ycar rule. That fs, the brc¿kcveo crlÈerlon elreys suggcaÈr errllcr
coosln¡ctfon alcbough consfderactons of tco[oolc cfftclcacy (¡¡d oftca budget
coortr8lBts) suggerc otherr¡1¡c.

l. lbc Case Studv

4.4 r¡ ¡he folloriug sectlon r rlngle roed ¡ccÈloo rtll bc c¡¡¡¡fsed
1a looc dct¿ll Èo fllustrate cbe oetbod of eoal,yrls Èo dtcer¡fgc br¡akevca
Èrafflc Yoluoe, and the "opt1sal" traffic volsr¡c ur¡der ßbe flrlt-yc¿r n¡le,
r¡d Èhe relaÈlonshlps of È,hese Èrro crlterle to Èbe cost¡ of cos!Èructloo
end regravelliug at dltlerear diccoua! raÈes.

4.5 thê lopuÈs, rlhich are tu che sa¡e foru ¡r ls C¡sc SÈudy t, rrG
srr¡a¡¡!¿gd ln lables 4.1 - 4.3 for road aad crafflc daÈa, veh!,clc d¡¡¡ ¡nd
o¡l.aÈcaaoce and cougC¡:r¡ctlon coeÈ daÈa, respeeÈively.

C. Îlne Streans of Benefi.cs a¡d Costs

4.6 ln using che flrst-year n¡le che extensloa of che bc¡eflts aud
cost sÈreans beyood 20 years ls esseotlar to easure chat coodl,tlo¡s for
use of thls criterloo are saclsffed. !/ For thls casc study the nec pseseot
value of pavlng nas corÂpuced as folloss:

ta
NPV- I B. - Co + s

.i o+'t' t*rlr Gg

shere B È. ûeÈ beneflts for year c (saviags fn vehfcle operacfag end
-eÍucenaoce coscg)

r - dlscouoÈ ret€

C-. ln1fl.al cooslrucclon cosc
o

1 - constructloo year (liote: Ba - 0 before coasÈructlon year)

S - "salvage value'r oi the project in the proJect's flnal year
(assurning a 2O-year plaoalog horizoo)

The salvage value, s, ras escl¡ated uslng che follælng slnptffled for¡ula:

-Cors¡ f -19 -Clr-vt.l9 (l+r) "

ll Speclflcslly coudlclon 3 as given foocnoÈe I ro pera. 4.3.
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rhere B,o- leg benefl'.s for year 19¡ and C--- cosc of au ove-rlay. lbe flr¡c
rcrr U$Ïres thac rhe sirean of ne! beceflÏs beyoud che plauning horizoo ls
coosc.anc and equal to ¿ie proJecc's last-year uer be¡eliÈs. The ¡econd tero
loplies ÈhaÈ ao overlay 1s provlded ionedlacely a!¡er tbe plaaolog perlod. !/
D. Flndfngs

4.7 lo che folloulng ¡aragraphs t¡ro basic pollcles sfll be cxaolned,
pavlng aad oo pavlog. Under ¡he pavlng poiicy, ualess aoÈed oÈoenr1se,
pavenenÈ coosgruclicn is assu¡¡ed co be provfCed ln ¡he flrsc year of che
plannlng horlzon. Under che no pavi.ug polfcy, ¡he road fs assu¡ed Èo re-
oaiu uopaved throughouc che plaooiog horlzon, wl,Eh gravel replenlshoeac pro-
vlded rheo needed. the o¿iaceoaoce grandards of Èhese Èlro policles are
rgeclfled ta Table 4.4. In chls scudy, no geûeraÈed traffic due !o pave-
trent couslructlga is assuned; cherefore the pollcles ca¡ be coooarcd oo
the basls of the cotal discouûced costs, uhlch consist of vehl,cle operatiag
cosÈs, aod oalnteoacce coscs, and, for the pavl.eg pollcy only, Èhe lnlÈlal
capical outlay. (1! chere rere slgniflcaut addltiooal traffic geoerated
frou gavtng Èhe road, theu lhese benefl.ts -- approxiôacely equal, Èo oue-
half of Èhe operaÈ1ng cost savtags per vehicle -- ¡¡ould be added 1o.)

Behavlor of Hainte¡ance q@

4.8 Figure 4-l shor¿s graphs of total di.scounÈed oalotenance costs
for pavlog and no pavlng plotted against the base year trafflc voluoe (for
a giveo sec oí aaluE,eoance and constructlon coscs, at llz dlscounc rate).
Tbe naloceuaûce cosEs under boch polfcies vary virtually ia a l1oear fashloo
¡dth tbe treffic volu¡,e. The oai¡¡eoaûce costs rerala relatlvely cooste!È
over a ulde rañ,ge of craflic volunes under lbe paving pollcy but not so uader
the ¡o pavlng pollcy. .ls expected, except for craffic voluneg uader 100
vehlcles per day (vpC), che unpaved road oaioleaaûce cosÈs are greaÈer. Over
200 vpd per day che EainËeoa¡¡ce costs for uapaved surface åre twlce those of
paved surface. Eouever, ¡alcÈeoanee cosEs represent a very small proporlloo
of total ouclays. As llluscrated tn Figure 4.2, che ratlo of oaluÈeaaoce
costs Ëo vehlcle operating costs decreeses veqy rapidly as the .trafflc volune
locreases. Vehicle operacing cost saviugs ¿re Bhe dooinast factor ln the
pavlng declsloo.

DeceæÍninc the 3reakeven Î:af!1c Volune

4.9 the breakeveo crafflc voluse cao be decen¡foed graphlcally by plott-
log tbe dlscouoced loral cosEs for borh pollcles againsr the base year ADÎ,
as ¡hor¡o 1u Ffgure 4-3 for a glven set of cooscrucclon aad oalnteuence corÈr
¡t lll discouuÈ rate. The lntersectlon of the curvesr ¡¡trere Èhe Bec preseaÈ
value of psvlrg Just cquals lhe no pavfng strategy deterolnes rhe breakevca
trafflc voluoe. The effect of a hlgher 1¡cerest race 1s e¡¡aoLaed below.

A¡ cxa¡lnatfon of results lndlcaced thaB oo overlay sould be oecded
durlng che 2O-year planning for the traiflc range of loreresr. Buc
¿ ceralnal overlay ls assu¡ed for sllpllcity nevertheless.

LI
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vblch se caouoc increase Ehe nes presenc value of pavfag by deierrlog con-
ttn¡cr1oo co a larer year. ¿Ls tllusrraced 1o Flgure 4-4¡ ue cao grathtcalty
deceroine che opcf:ral crafflc volune by plocclng rhe aec benefl¡s !¡¡- che ycär
f.unedlately atcer consrrucrlos or che filst-year ue¡ beaefl.ts (e-rpressed io
Perceuc of che i,nirlal construc!1on cost), agalosc lhe base year âÐT. Accord-log 9o the flrsc-year crlleriot, lli dlscouat race Èhe opci^Eal trafftc voluoes
are 301, 447 aod 592 vpd, respective].y. It should bc toled rhac sloce r¡e have
assr¡¡ed a l5-co gravel surface chlck¡ess inicialty, oo regravelllng coscs are
reflecced lu the ltrsc-year uec benefj.ls. As ¿ result, tn chis paitic,rlar
eooparlsoa, che opci-ual trafffc voluoe, are uqeflected by regraueluug cosB¡

Co@arfson of Breakeven aod Ooti¡al lrafflc Voluaer

4.ll lbe optf.ual aad breakeven lraffl.c voluues are coE¡pared, by plotttag
Èbeo egafEst che dlscouot rate' regravelllng co6! aad paveaeoc coostrucBloo
costr- as sbor¡n Lo llgure 4-5, 4-6, ¿nd 4-7.

-36-

DeterEfnhq ¡he Ooclaal Trgff tc Volu¡e

4. l0 lfe def iue che opcinal craffl.c voluoe as che cralfic vol.ue,e ¡bove

4.12 Ac dfscussed ln para. 4.3, the optloar trafffc voluoes are subsÈan-tlauy hlgher thaB Èhe breakeveu, aeao!.ng tha¡ tr ls ah-ays preferable to
dcfer coostrucÈ1oo r¡ocil trafflc reaches the opcLsal level. Referring backto Figures 4-3, aud 4-4, Ehe breakeven voluue of 308 vpd corresponds to Èhe
11?-ne¿ opcf.ual. voluoe. thfs fnpli.es thac ff ¡he base year traiflc volu¡e ls
308 vpd aad growing ac 77, the besr tÍtre to pave rould, Le y"ar 6, ooc yearI as euggested by che breakevea criterl,oo. postpoolng cosstructfoo to year
6 r¡ould forego the savlngs ia (discouuced) vehicle opãratfag aad naioteáauce
costs durlug the flrst five years equal co uss2.I/. ulltioo. oa the orher
haud the lacerest savlngs gala fn deferrtug capltel iovest¡enr of llss6.0o1Lllon by 5 years a¡ougcs ro lis$2.44 aill1oo. rherefore, rhe neÈ preseat
value of consc,ructlos defer.:¡ecc equals USg0.3l olllfou.
4.13 lf the base year traffic volume Ls 447 vpd, 1.e., the opti-trål
volu¡e for che giveu set of costs at tll iuterest, I,beû pavlng fc,oerilately
rouJ'd yteld savlngs ln (discouuced) vehlcle operatlng aad aaioteoatrce cor¡c!of 11s98.49 a1lIion relaclve co tror pavÍug; u'tÈ,h Èhe conscrucll.on cosc of
USS6.0 o1llfon Èhe oer preseoÈ value of rhe proJect equals USS2.¿9 ¡rll.1lo¡.
ÀItbough thls oet preserc value ls only less rhao 4I of the total dlscouBÈed
costs of elther alteraaÈlve 1t ls qulre subscaar,lal rel¿rive Èo rhe eaplcal
ouÈ1ay.

4.L4 As Flgure 4-5 lllusrrates, both optlnal eod breakeveo traffic
volunes are extrer¡ely senslÈ1ve tò the dtscouDt rate ¡rlÈhtn the range of 5to 202. Âs e¡eecred, high opportuuiry cosr of capltal rends to dtsãourrge
csPltal l.ûvestaent as reflecled 1n high oprlnal aod breakeveu ¿rafflc voL-
uoea correspondlug to hlgh dlscoua¡ races.

4. t5 In Ffgure 4-6, the breakeve¡ Èrafflc volu¡e 1¡ shorr¡ to bc rcla-tlvely faseoslÈlve to Èhe url! cost of regravel.ring over a range of tjsS3.0
to-11.00 p€r cu. o., t'hi1e Flgure 4-7 shous boch breakeve¡ aod ogclnal
voluoes Co be verT seosicive !o che paver¡ent, construcÈioD cost.
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TABLE 4-1

R0AD . EllViR0r\'lEl;TA¡ À\iD TL{FFIC C!.{.RåC1IRISTICS

A. Road Characcerlstlcs

Beforc Àfter
Construcclon Constructlo¡

Leagtb 6.85 6.85 !ú
Surface l.tldth 8.0 7.0 EeÈers
Shoulder tlldth 0.0 2.2 Eeterg
Average Rlse and Fall 4.0 4.0 Percetc -

Averale Horieontal Cun¡ature 120.0 120.0 degrees/ko

Surface Material LaterÍte double blÈtsenous surfacs
treac:oen¡ (DFST)

Su¡face thickness 15.0 3.0 ca
Subgrade C8R - 8.0 Preseot
tuti1al Roughoers 3250 3250 q/ko
Inftial Structural Nr¡obcr - 3.5

B. Envl¡sr:scntal Characterl¡tícs

Àltltude
líet Seasoo Lengtb
Dry Seasoo Lcngth
A¡nua1 Ralnfall

900
6
6

800

!etêrr
aoÂths
Eooths
o111lueter¡

C. ft"ffr" c¡"r*t"¿.tl*

frafffc Cooposltloo: Passeoger Cars 65 gerceat
Ligbt Goods Vehlcles 4 "
Buses 6 n

Trucks-ll tonae 8 r
1n¡cks-22 ton¡e L4 rr

lrucks-42 tonse 3 t

Trafflc Gro*-th Rate: 7 pelceût an¡r¡o for all vehfclc typce

a7
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ÎABLE 4-2 Table¡u 4-2

VEI¡ICLE C||,|RÂCÍERISTTCS AND COSTS
C"a 

"(U.S. dollars j dó1lãi; U.-s.T-

gae-ol I
Dl eael

200
I 5.0
2.55

4 r800
2 ro00

64,0oo
5

gao-oi I
t)fesel

307
40. o

13. 66
4 ,8(lo
2,Otx¡

64,0o0
5

a

6
t

Untt Cost¡ - Co0tt unlÈ¡ire¡

21.34O
188

6.t5
2.45
o. r9
r. l9

l5

o.85

50.O0o
2l)2

8. 55
4.to
o. r9
l.t9

t5

o.05

A [. Carburont
2. l\¡ia¡ance cu frcin
3. Poíd¿ totsl Gn chargG, tonnGa
¿. Focteur drequlvolence plr crslcl¡
5: Hoyenno dfheure¡ du perronnol de condulte
L-rrs¡¡rl.¡llJlsg- Âòl-ha¡É¡-¡¡s-

,
I
¡

Xllomètrage annuel
Dureé de vie noyennc du v6hlculc (an¡)

5,
ó,
t.
8,

Co0t de¡ c¡rbrrr¡nt.¡ (3/hcure )
Cott dcc tul¡rl fi¿rrt¡¡S/li trc)
Frai¡ aénér,¡t¡x (c¡l Pourcent

dc fõr¡cL ir¡¡rnc¡¡rc¡¡L)
C¡ríìt rlcs plècec dÊ rçchangcp8r ff¡fif¡of t ort CouC du

v6l¡ici¡lc ¡¡crf.

l. Coot
2. Coût

Deacrlptl.on Cars I Vehlcle
Volture I conilo,,rrutr"

I l- ton¡le
Truck

Camlon ll

Phyalcal Cl¡aracterlatlc¡ and Utlllz¡tlon
Caractéristí(¡r¡es plry¡iqr¡es et utl I lsation

ea6encô
G¿eol lne

r40
7.5

o.tl
3,600
1,500

ó4,000
5

A¡
l. Itrel Type
2. llrake horcepover
l. Croaa nelght (tonnea)
4. /\xle equfvalency fnctor
5. Averoge crev horrra
6. Âverage operatlng hourr
t. Ânnuol klloñeteráge
g. Average vehlclc lffe (ycar¡)

eaSence
Gasol l¡re

90
1.5

Apprx. O

560
320

l3.ooo
6

gao-oi I
Dl esel

t63
15. o
2.55

3,840
1,0o0

64,ooo
5

gao-oi I
Dfecel

2t7
22.O
2.46

4,8oo
2,000

64,0oo
5

B.
l. Nev velrlcle coat ($/vehlcle)
2. Ttre cosÈ ($/tlre)
l. H¿rlnten6nce labor ($/hour)
4, (:rcn cost (9/hour)
5. È'¡rel cosc ($/fltra)
ó. t.r¡l¡rlcotton oll cogt/$/lttre)
7. Ovcrhead (Z of operattng cost)
8. Ratlo of a¡)ôro parca ¡o nev

vel¡lcle cost

t.25O
24

9.30

o.tt
t. l9

r5

o.72

9,020
60

ó.85
2.45
o.37
r. l9

l5

o.86

40.350
165

6.r5
3.to
o.t9
t. l9

l5

o.85

14,25O
150

6. l5
2.70
o.t9
l. 19

I5

o.85

drun véhÍculc neuf (S/véhlculol
d.tun pnernnatique (S/pnou)
t _-_---_-_

oo
3oo
fq
c
3

õtx
À
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CASE STUDY Il - Etude dc G¡r lI

T'NIT }TAINTIINANCE COSÎS
coffi

A. Unp¡ved Roa¡l
Routcs en terrê

Rcnirc au profll
I'oint il tcrnpa (rechorgeracnG
ftcclrurgcnrerr[ en gravlcr
Ët¡ùrctierr cour¿¡¡rt

tocallaé)
Grading
Spot regrsvetling
Gravcl r-cs¡¡rfaclng
Rout I ¡¡e nrair¡te¡ronce

uss 3{.9
uss 8.9
Uss3 ¡ l-1o.5us 175.0

per b. prr.
PGr Cu. ü.
Per cü. rr.
per kn. PoryGrr

per l¡ prrr.
par uj
por nJ
por kn/an

I
I.,ro
I

B. P¡ved Ro¡d
îõtîõã-ñlvêtue¡

Poínt, a teu¡¡ts
Enrlt¡i t srtl¡erf lciel
'l'api s d !enrobés
EnÈrccicn cour¡¡nt

PåtchlnB
Surface dresalng
Overlay
Rouclne malnten¡¡rce

USS 4:3t Der rq. ¡.
USS 0.89 per rq. ñ.
USS 87.0 pGr cu. ¡.
USS ó87.0 per kn. per yGrr

2
Prr r-
par r{
Par D
p¡r k¡/¡n

oo
3oo
fq
c
3

õtx
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1ÂBIA 4-4 lableau {-4

CrtSE STUDY II - Erudo da Ca¡ fI
HAIIITENANCE STANDARDS - Nive¿ux dre¡¡rreÈlen

A. t nlqlred Road - Router en Gcrrc

l. Gr¡dc evcry 6O(Xl vehlcle prr.êr.

2. Replocc 301 of grrvcl lo¡r bút noÈ mr€ th¡n 100 Gúo E.per ye¡r.

3. Re¡r¡rf¡ce ¡rhen grevel thlck¡¡e¡c react¡e¡ 5.O cu. urlngl¡terltic grovol to ! rcrÈored tl¡lckne¡¡ of 15 cn.

{. Provldc routlnG ¡ol.nccn¡ncc nhlch lncluder dralnage, veg,G_coclon, rhouldcr ¡nd ¡nl¡cellaneouo octlvlties¡

1.

2.

Remlce au profll tou¡ lel ó000 porragcc de vét¡icule¡.

Rempl_ecer^30l"du gravler perdu par usurê, nalr parplue de 100 oJ par km/an.

3. Rcchorgemenc quond ta cor¡cho rtc roulcme¡¡t c.t r6¡rurcr
à-5¡O cn. en urll-tsant grevler lrtérirlqrrc aflndrattcln¡tre une dpalroeur comprctée de i5 cn.

3. Entretlen couranr- rotatlf au rtrainagc, I la vdgétaßlon,aux occôten¡ents st tr¡¡v¡ur occeorolict¡

a

¡.o
I

D. Paved Ro¡d - Route¡ revêtue¡

l. P¡tch tol ol ünp¡Gchcd cr¡ck¡ but no¡ ¡orc thon IOO
r(1. n./ln/tc.r.

2. S¡¡rf¡cc drc¡¡ shcn unpatched cr¡cl¡ e¡ceed IOI ro¡¡l
-rurface 

arce¡

3. Ovcrlay uhcrr roughnet¡ c¡cccd¡ 3?50 n/kr urln¡
au¡rholt concrGt. pavlng of 5.0 ct.

¿1. lrovldc routln. ¡¡lntcnonc¡.

l. Point I tempr ¡lo 501 dcrrlÉgrarletlon¡ localtreér, nalr
pao plrrr de 7OO mzlkmlani

2. Bndr¡lt ruperficlcl qrranrt lcr dégradotlon¡ loc¡tl¡eé¡
dépoaacrrt 301 dc t¡ ourfocc du revête¡¡ant.

3. Taplr rtrcorobé¡ dc 5.O cn. d.etrlrreur r¡ulort lr
rugorlt6 ddporrr 3Ot ¡lc l¡ ¡urfocc du ievêtcn¡e¡¡t.

{. üntretlen cour¡nt.

oo
3oo
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C,rSã S?tDY iI - i:':Ce Ce c:s l!

Discous¡ 3¿ce ' !'l!
Srgravclliag Cos! ' USS ?.Oisr

Paviog CosÈ ' ESç 60'000/¡6

lers dtacBuali,s¿cio¡' 117 a

Coûc du racb,a;3"'=ane - Ûs$ 7 0/a'
Coûc du revêse¡eag ' USÇ 60'C00/'o

Di¡corrs¡ed
¡AioÈeaecce CogÈ!

(ûS$ ai[io$)
Coíìt drest;eci.es

ac

5.0

4.0

3.0

2.0

0.0
500 600

Brsr Ycar .Ð1
lJlt de lt¿naác dc b¡sr

DlSCOlt¡TlD lL\L\TÐl.L\Ci COSTS vr: lR.t¡-FIC ?OLUYE

Coûct drcecreries act:a1¡si!r raooorE aux voh-¡el Cu
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9IGLT.R! ¿.2

C.åSE SîtiDT II - Etudc dc c¡r tI

Dicccuac R,are . ltl
tegravellicg Corc . tSS 7;O/o3

B¡¡Þort c¡È;c les coGÈs dreqc:eBien actuelisés ct les coûÈs

1¡rrr dr¿ctualirariou, . llZ
Coûc du rechargccca¡ . BSi 7.Ots3

B¿tio is perceuÈ
Eapgort co pourcsutågr

7.0

6.0

5.0

4.0

3.0

1.0

0.0

500 600

Sesc Tc¡r ácfî
lJV dc lr¡nnér dc b¡¡e
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FIGL?E ¿.3

CâSE STIIDT II - Etude de C¿s II

DISCOII|IÎED TOTAL CCSTS vs: ÎR.åIFIC VOIUUE

Coûtr cocar¡x accu¿lisés gar rappor¡ aux vol¡Ees Cu craiic

Discor¡¡rt Rate . 117
Regravelliag Cosc . USS 7.0/¡¡3

Pawiag Cos! . USS ó0,000/kD

lar¡c dtacÈualisaríon ' ll7
Coûc de rechargeneoc . ûS$ 7,0/øJ

Coût de revêËe¡enc . USS 60,000/ko

Coût Actualisé
lot¿1

Discou¡ced
losal Costs

(USS srillion)

Route revêtuc

Paved

200 300 ¿00
I
¡

Ercekeve¡
Î:efffe tlolr¡al

' 308
Scuil dc rentabilicé

Volr¡¡a du tra¡-ic . 30E

600

8¡¡r icar ADT

lJll dr ltanaér dt b¡sc

Soutê eB gravíer
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FIGT¡RE 4.4

DEÎERMINI¡TG OPTI}fAL IRA¡TI.C VOLI¡MES

DéteruÍnatÍon du voluoe optioal de trafic

Firot Year Net Eenefits
(percenÈ of initial
congtruction cost

Tau¡( de rentabilité
imédíat

(en pourcencage du
coût initial de

cons truction)

Coût de coustruction
Constructfon Cosc

US$ 40,000/kÐ

14
us$ 60,000/h

l¡S$ 80,000/kD

Optfnal Trafffc Voluoe:

Volr¡oe optioal du trafic

300

I

301
I

447

500 600

I
592

Base Year ADT
lJlf de lrannée de base



Compendium 11 Text 4

-43_
lrdm 4.5

!_REÀGtE:t À\Ð þ?Înt{l î3.å.F:iC V0LE€S 'rs. ÐISCOU!û Bå¡T

lrgrrvelliog Corc . usç 7.0/83- P¡visã co¡c . usi oo,ooon-

Coût ¿u rcchergcocct . ûS$ 7¡0lo3
Coû¡ du revêceoese : USS 60'000ùlu

Ba¡c ïear
A'T

lJll se'lrao¡ée
ôc-brse

Opef¡rf

Scuil de'rcstrbilitÍ
lrcskevc¡

20

DÍscounc R¿te (pc¡cent)
Î¡r¡x dr¡ctualisatioo (co gourceut)

ran¡abiliré cc vol ieal du t:afi.c De! raDÞort ¿u BatE Cr¡cturlis¡È

09tíoe1
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FIGLÎE 4.ó

BREÅI€vEll À\Ð 0?1¡!tl T&ttTIC t'0LtlfES vs. R¡GL{ITLtING

Voluses du craf iç, å l tooci=r= ei au seuil de ren¡a'oilicé r :a900tt au coût dc rccha

DiscounÈ ratc - llt
Paviug Cosr . US$ ó0,OOO

tar¡x dtaclualisacioa . l1Í
Coût du revêceocsr . USS6O,OOO

B¿se Year
ADl

lJll de lr¿nnée
de base

0.0 5.0 10.0

Rcgravelllag Cost
(US$/eu. o.)

Coût du rêchargGEGEB
(dol lars /¡3)

Seuil dc reacabili¿ê
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FIGT'RE ¿. 7

BREå.KEI¡EII À\D OPTDÍÅL TS,IITIC VOLL'.IES vs; C0]¡ST3IiCTION C0ST

Volunes du grafic, à ltoprior¡¡ 9r au seqil dc reatabilité par rapPort ru coût dc coastructic

oiscor;i'3¿tr . 113
Segravelling Co¡G . US$ Z.O/cu. o

1¡r¡x dractr¡alisacioa . llZ

B¡¡e ïcer - -:::i:-::-"1":t""::'.l Tt.$ ]'0.':": '
AIN

ÍtU dé -1 taa¡de
<ic betc

Optiaal
Optl¡al

Seuil de rentabilité
Breakeven

óo 60 loo

Paveeent Coast;uctlon Cost
(llSS thcusanCs/ìq)

Coôt de coast¡uction du revêlesent
(eilliers de dollars/k¡)
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gI. Conclurlons

6. I It ous¡ be reccgolzed chag thc basl,¡ for quancica!1ve oauageseac
declsloo oaklug abouc che opcl¡u3 ievcl' coaposicloo aod :5i.ng of highuay
Eeinceoance accl,viclÊs bas herecoiore 'oeeo vetT Ii=lced, aud chere are veEy
uany togortao3 gaps ls Èhe scfeaclflc daca base coda¡r. Thr¡s one sirould oog
ecc,ach Èoo ouch preclcloo Bo lhc resul¡s presenced lbove, shlch ¡usc bc 1o-
te¡?reced r¡lch consfderable cautj,oo. Nosetheless sooê r¡croog ccoclusfooc
do caerge aod ocher rat,her tnceresclug hypotheses arc guggesEed shtch sarratrc
further consfderaÈ1ou.

6.2 Fl.rrÈ, 1È ls qulBe clear thac chc retur¡ Eo ãlal'ãu!¡ levels of blgh-
s¡y aaluceoaqcc, g,coeEally uell !o e-rcegg of curreoE levels lo =osG Afrlcao
couûÈales, yteld extreoely hlgh econcolc reBuans. Io facÈ, ecoqoolc recurat
for locreased ealuceraace ouclayr 1o chls resge g,reaÈly esceed recurqs lor
Detr tÂves¡aeoB¡ tq roads aad vlrcually every ocher sector of che econooy.
0a1y ouclays for n¿ioceaasce of other erlsting 1u,f:ascruc¡ure approach Èhe
ga¡e level!.

ó.3 Às r consequence of ¡hls fact ¡he lJorld Bank aod iocreasingly other
leodlag ageoclct are focuslag first prlorlty aÈ!elsloo oo Èhe developoeoÈ of
effecttve oaiaceoasce progr¡r.as. lile ¡usÈ all recogplze tba! 1¡ aahes oo sensa
to lBves! i¡ nes roads ll Èhe exlsll,rg roads are deterlotaEiBt preaacurely-
a fracÈloo of Èhe resources requlred for ocr coûscrucÈ1os caa oalscain the
exJ.stlag luf,rascnrcture adequarely aod orold cbe oecersfÈy of costlyr prc-
E¿turG rehablll¡at1oo. This cooclusloo ls qulge tl.ra aod tllll sunrlvc aoy
uqccrt¿l.nÈ1er h thc d¿¡a ba¡lr.

6.4 Soo¡-turtheE ver7 loterescfog ldear bavc becu advanced, buÈ ¡usB bc
coasldercd EorG leaÈat1vc sfsce ebey oay bc senslclvc Bo aealtureaeoÈ crrort
1¡ cbe uuderlyhg euglaecrlng relatloashfp!r or Èhe alsutrPtj'oog re bavc had
EO eÉp¡'ot g¡¡crc Enerc ll¡ ¡'tr EacE, uo lcJ'euErrlc saE¡ oåse. v¡lE qf Enest tt
thr proportÈlos ÈhaÈ cbc (rc) gravelllug of lor¡ volu¡c roeds rrlll tyPtcelly
bevc ¡ uucb loncr returÃ Bhao provtdÍsg hlgher g,radltg frequeocles for carth
road¡ of cooparablc volr¡¡ct. Io fact r¿trcre Íloaoc1al scrlngeocleg arc P¡r-
tlculerly rcuÈr eod/or loc¿l co¡dltloos dlcÈate verT bigb cosc¡ for rcgravcl-
llag-u ts cevcral regloor of Àfrlca--regravclllog oÉ roads rfll aot bc
ccoooofcal. BcBÈêr lc¡ gbes Ecvcrt Èo Gerth roadc aod provldc r sooerrbat
blghcr gredfn¡ frequcocy, or posrlbly r hlgbcr levcl of labor-lqÈea¡lvr
-.lnÈêE¡Eca.

tl
I NOTE: The deleted section deals with paved I

! roads and traffic volumes which are beyond I

i iñ; ilpã ót tt'ir proiect. i

t______l
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6.6 ?loelly, I sould ltkr to clort Bhrcc rca¡rkc oa e sll3btly dlttrreot
aoce. I ul gled Èh¡È chc trsuc of ¡¡fatco¿occ aauag,t:aecc--hos Bo do aorc
a¡fstco¿ncc Íor lcsr troqct-ft !o recglvc auch acleÂctoq rË, Èhl¡ coqfcrcacc
froa ochcr spcekcrr st¡o arr bcccer queltll,ed co ¡ddress Ëhls lirua. Eorcver,
Èbere fs oce Lnporcaqc df¡eoslos Èh¡E t saoÈ Èo tuÈroduce shl.ch ha¡ beea cbe
tubJcct of aoocber largc rerearcb uo¡icrtrl.iug ln rrùlcb rc h¡ve beca eogeged:
tbc fesr¡ê of epproprlacc ccchaotogy. l¡'hcu r¡e rceencly reviencd pcrforueace
uodes pasc hlghrey projcctt flsauced bv tbc lJorld 3¡al¡ la 43 cou¡,crlcc rrc dl¡-
covcre.d chsË e uolfo¡r¡ problca 1o ¡lao¡È ¡ll ¡¡loccaaucc ¿cÈ1vlulcr b¿t bccn
cbc poor utlllzatloo achlcved froo erpcallvc, iaporced cquipoeac. $ot oaly
doe! 1B rcqulre largc oouuËr of tcarcr foretga crehaogc !o purchesr cqulp-
ocu!, aod usually ¿ subsÈeuEtal a¡oua! of forelgo Ècchnlcal ¿s¡lscascc beforo
local losclÈuglou! can bs dcvclogcd, tbr tngortaclos of fucl eod rp.r. p¡rtr
lt oftca blocked alcogcthcr to BhsÈ ss brvr th. rp.ctêE of êrpêoslva cqulpEêlt
ctoply ly1ag tdle for loug gcriods of eloe¡ 1n ogc cou!Èry oo Bore tb¡a 60
rorblag days per year b belng aehleved, due 1o large aeesure c,o lnrlediaÈê
cot¡scraloÈs oB Èhe supply of fucl aud spare perÈ!. tocreaalugly tbê qucsEioo
bes beeo raised as to r¡hecher Èhcsc hcavlly capltal-lutetrsive, beavlly for-
clgo-esehaage-dependeoÈ cechnologleg ara aoÈ laapproprlate Èo Bhe seeds of
the developtog couucrles. lbc resulÈs of rcrearcb doac over Ehe past rL:ß
yeers tcEoûgly todlcacc tbaÈ labor-iocenstve or iocer¡ediage cechnologLca caa
be Èec,hc,lcally and econoqlcally ieasibie for ¡be prlocl.pal ¡asks o! cl.vll con-
stn¡cBioû aad ualateoaucc la lbose couEÈries nherc labor is abusdaat provlded'
chat duc aBBeBlloB is pald co ef,fectlve orgaalza!1os aad c¡¡Bageoeot, È". Bhc
ucc of proper tools aod Èo Bhe bcalth and oucriBloa of the rork force. OoIy
the caslcE of loag dlscaocc bauJ.age (gcoerally 5 kilooe¡ers or oore), end h:gh
quallcy coopacciou aod llq1shlng (as to arphal.c coscrete surfaces) are Beces-
sarlly oore eeoooqlcal by equlpoeac-leÈesslve BeÈbods. 0f course, chis pre-
serts oo sur?rlse Èo Erost of you 1a this audieace sho have seen road trálater-
Eeqce 18 Àirica doue over Èhc years by oauual Bechods uuder thc caacooaagé
and leogth Ear syster¡s. líhac ls perhags aore surprtsieg ls that oajoE earÈh-
rorks, aod ¡aterlals producrlos aod haodllng casks (boch gravel quarrylog aud
pEoductloo of c,rushed sÈoae so ¡acada¡ st¿e) are l1Lcly ¡o be doue Eore Gco-
ooolcal.Ly Èoday b¡r labor-laccnslve aeEhodc 1o Èhose counÈ11€! rtrere labor
ragGs are belo¡r abouc US$I.00 or eveo 51.50 per day (ln I97ó prj.ces). Tbts
slll loclude sooe 20 couurrl,es ln Àfrlca aod about ao equal or¡nber tn Asla
aud La¡fe Á¡er1ca. Eveq eg weal,thy ¡ couoÈry al Yexl.co, t¡trere r¡nskllled
labor rages of about $3.00 per day nere paldr oore rhao 751000 klloaecers of
rural access roads eere coogErucced siscc t970 ac ao averêge cost oË Sl2r500
per lrlloaecer, uhlch nas eald to be cqual to the costs aÈ r¡hfch these roads
rould have beetr coustn¡cted by local cootracÈors. Of equal fnportaoce, oorc
than 80r000 Èan-ye3rs per year of productj.vc eaplopeaÈ 'iere cre¡ced. Thus
the !'orld 3ank ls nor acclvely explorlng uayr and treans Èo faciLicace Èhe use
of labor-inc,eosive ¡erhods ln clvll cooscruc!lon and oaiaÈeoarce r¿here tÈ
appears chese ¡echocis sould bc ecooooically efflciêqc. l'€ are al:eady uorklng
slth soae 1:por:acÈ plloc prograas !'alBtated by goveraaeoßa! agencles tu Kcoya,
Lesocho, leota, a¡d ChcC aod r¡ould be plcased Èo sork rrtÈh oBher councrles
uho aai'be lnceres!ed tn C¿veloplng progr¡!!¡s or laprovLng exlsclng progr¡rÐs
3o use labor-fs¡enslve sethodr efftcleocly,
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8O¿D DETERIO&ITIO}¡ REI.åIIONSAIPS IN lEE EDU IÍODEL

l. Iibf.lc crteaslvc rcscarcb has bccs co¡ducted fn North Álcrica,
Europc aad ar¡scralia loto thc perforaascc of bigh staadard peveoeou ead
tbe effects of dlfferesr ¡¡le loads rhereoa, oory lt¡lted regearch b¡¡
beea carrled ouc oo los sÈandard pavcoeocs, aud to our kaosledger !o GoE-
gerable regearch oo physfcat decerloracloo relacl.ooshlps for gravel aad
c¿¡lh roads has bee¡ r¡oder¡alc,ea heretofore. Thus, Èhe Kenya icudy (Ref. 7)
coosÈlr,uced a naJor rtep fonrard fn chls field aud provides che b¡sir lrou
rhtch furrher research 1¡ Brazll aod clserhere ts proceedlag. I¡atll qbe
regults of cbose furrber scudles ere aval.labre, Ghe tGoya rtudy relaclou-
thlps oust senre a3 a basfs !o represen! a ride raoge of condl¡lons ¡sd co-
vlronneots Èhac. 1q sooe tustences r¡ll.l be qulce dtffereot froo ¡hocc Ln
xecya. For thls reasoo certalu sodlficatfoas have been f¡croduccd fsÈo
the Keoya relacloashlps. Îhís note records t!¡e curreai road deterloraÈlon
rel¿tfonshlps eoployed fo Èhe EDlf ¡lodel. Subsequenc oodl!lcarloos sttl bc
oade as oer¡ research resulcs becooe avallable.

A. llsoaved Road Decerforatl.oo Relatlonshios

2, Decerloratfou of gagaved roads ls oeasured lu cer¡s of ¡urface
roughoess, rut!1û9, depch of roose sur¡'ace aaEeri.al aod a].so, for gravel
roads, loss of gravel. Decerloracion is caused by tuo factors, vfz. trafflc
rud tl¡e rela¡ed ueatherlng effects; Èhe racÈer ls like'y co be a oaJor
f¿ctor prfoarlly lD Èhe case of estreoely log voh¡¡e roads aad/or c""."e
cll¡aslc condj,tlous particularly when cocblned erith severe !erraia (sceep
gradleots) where croslon ls dlfflculc co coocrol. îhe Keoya scudy did nðt
gucceed f¡ fsolatlng the tfoe ¡elaced weathering effecr froo lhe traffic
effect' excepr for che efÍec¡ of raj.u.fall oo giavel loss. coabequenÈly,
ao arbltrary adJuscaeuc has beer ¡ade to reflecc chese effeccs to rtre ilj¡¿
aodel; however, chls effect fs sigaiflcatrc on1:¡ at excre¡e17 lov tralficvolunes. the Kenya scudy also sas able Èo glve onJ.y very lf¡1¿ed etteattou
3o earth roads, asd as e coûsequer¡ce oo serlous scieatlffc lnfor¡acÍou 1Eyet avallable r¡hlch PeÞ.Íts predicrlon of earth road Cererloracloo. tlocll
such lnforaallon becooes avallable, Èhe EDlf aodel, like rhe Tl-c.L ¡.TDl nodel,
sfaply assulDes Èhe rela!1onsh1ps ccnJecrured 5y Èhe orlgfoal. !{IT research
effort. ftrese assume chac predonioaocly cla¡r roaCs decerÍoraÈe approxi¡ately
four ti¡es as fast as laterlce roacs, and other earth Eoads deceriärace
approxlnarely tó ttoes as fasc.

3. lle ll.st 1n labtes I and 2 belo¡r che dereriorarion equallcas ag
enployed by che RîLY aodel, rrhich have been subsequeaEly oodified ¡'or clae
related veatherlog effecc. lJe uote rhaE ln Kenva rhe Tî,1! obsen¡ed chat
unpaved roads ue¡e becoclug ûcpassable as surface roughness approached l4rO0O
-- and Èhe uaxl¡us rur depth r¡as about 75 æ. ra ¡he EDM ¡odel these ltElt!
are assu¡ed ro be the condlllons ior cotal road failure for borh paved aud
unpaved roads.



Compendium 11 Text 4

ëÍNEX I
Page 2

lable I

Deterloratloo of qravel roads

Surface rouqhness

LateEtÈlc, quartzltlc asd volcaulc gravclr

(I) B, - 3250 + 84 T - l.ó t2* O.Ore 13

Coral gravelr

(2) R- ó5oo+58 T - t.Ot2 +0.017 13

¡rbere

B - ueaa rougboess fa the ntreel-tracks ¡easured 1n ¡s/lo
by å flfch-sbeel bunp foÈegrator tor¡ed aÈ 30 kn.p.h.

T - cu¡ulat1ve craffic volune ia boch dlrectfons shl,ch has
used Èhe road slnce gradlog, oessured 1o thou-audc of
vehi.cles.

RuÈtlnq

¡,aterltlc gravels

(3) RD - Il + 0.23 r - 0.0037 12 + o.oooo73 13

quårtz1tic, volcaalc aod coral gravels

(4) 8D - 17.5 + 0.73 T

¡rù¿rc

8D - n¡c depÈh neasured 1s ollll¡eters u¡dcr 2 oetcr rtrafgbt
edge.

I . cr¡oulatlve traffic voluae la both dlrec¡loog ehlch h¡g u¡cd
the road aloce gradlnlr E€asu!êd lq Èboucead¡ of vcblele¡.
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a¡n{Ex I
Page 3

Î¿hle I (couclsued)

Gravel loss t
(5) 

"^ 
* 

f # 
(4.2 + o.oez 1^ + 3.50 "l 

* r.88 vc)

A

nhere

f . 0.94 for lacerttfc gravels

. l.l for quartzlcle gravels

- 0.7 for volca¡¡lc gravels

. 1.5 for coral gravels

1. . aunual, traffic volu¡ne lu botb directlons oeasured 1oA chousaods of vehlcles.

\ ' aunual ralnfaLl oeasured in oe¡ers.

Vb . rlce and fall (vertlcal curvaÈure) expressed lo ueters per
klloueter.

GL^' aaoual gravel losg oeasured ln 4111f¡ecers.

Surface looseness

Roads graded lu aoist cooditlons

(6) Laterltlc aqd coral gravels
IÐ ' 1.0

Quartzltlc asd volcaolc gravels

(7) LD - 5 e-o'35 T+ t.5

Roads graded 1a dry condltfons

Låterltlc, quartzlllc, volcaolc and coral gravels.

(B) LD - 14 e-o'23 T + t.5

rrhe re

LD . depth of loose n¿terial ¡easured 1r nllil¡ecers.

T . cu:¡ulaÈive crafflc voi.uoe ln both directlons trhich
has used lhe road slnce gradlog, Eeasured fn Èhousands
of vehlcles.

Text 4
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AlrìiEX I
Page 4

Tablc 2

Decerioratlon of earth roads

Surface rouchsess

for roads other thao clay

(9) B-3250+t2551

for clay roadr

(10) R-3250+314t

rhere

B - oean rougboess 1u oo/kn.

'' ffi*";1:",::ä':i: :::å":,Ï"0;::.iil:"::lTi,"o
fn Èhousaods of vehlcles.

Ructlnß

(¡t) RD - 14 + 1.2 I

sbere

RD - n¡t depÈh ueasured lu ¡01111¡oeters uoder a 2 Eeler
stralght edge

I - cumul¿È1ve Èraffic volu¡e 1n boÈh dlrectl,oos
rtrlch has used the road sluce gradiug, neasured
1o thousauds of vehicles.

Surface looseness

Roads graded 1o ¡oolst cosdftloo¡

(12) LD - 5 c-o'35 1+ 1.5

Roads graded to dt7 coudltloas

(r3) LD - 14 ê-o'23 t + 1.5

r¡trcrc

LD - deptb of loo¡e uaterf¡l ¡calurcd 1¡ ollll¡ctcr¡.
T - cr¡¡ulaÈ1ve tralflc volune 1o boeb dlrcctioos sùlch hr¡

used the road slace gradlng, ¡easured 1¡ thousaods of
vehl.cles.
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AXNEX I
.Pegc 5

6. llae-related road dererloratfon. Slace Bo Gx?crlocs¡¿l drcr ¡rr
rv¡1l¡bte oo che pure eflecc o[ cll¡ate oo unpaved rord deccrlor¡G1oo, tbc
folloutag têÉÈ¡Elve rel.arlonsbip has beea eoployed:

t . 2000 Bf

vbcre B - rnaual lacrcase 1o ¡urface roughuesr (æ/fa) due Èo r¡erÈhcr ¡looc;
rnd R, - anoual ralnJ¿Il in oe¡erg. this equacioo fs based on ghe lubjccÈÍvc
Judgaêot thar for 2000 ¡¡ average a.-ual raiafall, a oæly graded road r¡lch-
ou! ruy craffic loadlog should las¡ abouc tivc ycars.

NOTE¡ The deleted section deals with paved
roads and traffic volumes which are beyond
the scope of this project.
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tlcrxllRrNc Ecomrflcs oP lTE xÀntTEN xcE oP E lß lrD GS VEL IOADS

Arl! tr1? ¡ûd ldg¡rdo SÈ¡fflal' ltc tlorl'd l¡al. ll¡rhÍ¡gtoa, D.C.

Iblr prpcr prcrcnt3 I ncthodology for lhr aconoolc
lv¡luatlo¡ of r¡lnt¿¡¡ncc Progr¡¡t for unprvcd
ro.dr ufth lon tt¡fflc volu¡cr (undrr 250 vpd)'
a tftuttton comoly eacount¿rcd 1n rur¡1 ¡re¡s
ta dcvcloplng couBtrlec. tha tcchnlquc' drsulng
bc¡vllt oo lhe to¡d detêslor¡tlon ¡nd us€r cost
rcl¡tfonlhlPa daveloped fa th¿ IER.D/TRRL Kcny¡
load lrrnrport Cott Study' lnvolv.t e dyneolc
¡odcl thåt rclatèr v¿hlcle oPerstt'î8 cortr to
trrfflc-lnduccd rotd d¿tèrloratlon' thc ProPoted
æthodology r"qulrcs ¡ teo-6têP proccdure: flrat
to dctcrafn. ccoamicrlly optlsel end techafcally
tpproprute u!.ntenance ttrateBles ¡ ¡nd ¡econd to
¡pply thaae str¡tcgfeE to áôaÊaa thc econontc
v¡luc of thc tlobat road Dâlntcnsncê Progrâo.
lbc f¡cræ¿¡tal cco¡mlc tnalysls used ln thê
æthodology Pêt!1tr the dlffêrentl¡tlon of bcnc-
fitr, fn lhe fot¡ of vchlcle oPerstln8 cosÈ 3âv-
fngt, bctueen routlnê aud perlodlc ulnteaance.
1h¿ u¡e of thc cvaluetloa technlqua ig dcaonstr¡-
Ècd by rPpllca¡l.on-to ! rosd Ealntenlncc PrograE.
Although thc proPosed Eethod rêqulres thc usc of
¡ultfPlê regresalon ¡n¡lysl! and cleoentery cal-
culu!, Brsphlc¡l ¡c¡hodg ce¡ bc uscd ¡r rn alt¿r-
¡¡tlvê.

Colt-êffectlve ro¡d mfntcn¡ncê Prlcttcr 1s bccú-
ts8 r prlorlty objectlvr 1n Est countries of th¿
sorld ¡lncc r¿latfvcly noBlml Eâlntenance Gxpendl-
turcs (åbout US¡100-1000 Per l¡ 1n case of unPrved
ro¡d¡) c¡n ertend th€ ltfe of cxlstlng lnfrestructure
rnd postpone thè need for lta ¡en¿s¡I. Although lhe
aconotrl.c velue of roåd Ellntanancê 1s Eánlfast' ltt
qurntlflcrlton la necaecery to d¿ccmine ceonælcally
afflc!Ênt lev¿ls of Eålntcnsncê Êxpendlturêr. Inten-
¡lvc rcse¡rch by the lJorld Bank over the lllt decsde
au88r!tr thåt th€ lartest b¿ncfltc of hlghvay Ûelnt¿-
ôÂûcc ¡ccn¡. ln the fom of vchlclc oPcratlnB co3t
(TOC) cevtngs and that thera ¡re oftên the dmlnsnt
f¡ctor fn reachlng econorlcally oPtln¡l hl8hvay
¡llnt¿nance PoIlcy chofcct. In fact, vahlcle opcre-
ttng cotta oo en unpavcd ro¡d ¡urfacc ln good condl-
tÍon crn bê rbout 3È401 los:r th¡n 1f thc ¡urfecc
sara aot adequat€lv Eålnt¡lned.

Thê tradltlonal epprorch to quantlftc¡tlon of
banafitr duê to ßood ro¡d ulntcnancc t¡kêr thc fon
of r ¡t¡ttc econottJ: md€l ttut lcswêt flxad rnd
oftcn ¡rbltrtry lcvels of \'0C unC¿r "good" end "poor"
ro¡d ulntcn ncc condttlonr¡ thc VOC dlffcrcncr co¡-

prlrfqg Èh. b.n.flt. frol ¡æd r¡taÈ.o¡ac.. lbtr-
rubJecilvc ¡ethod of ¡n¡ly¡1¡ ofte¡ re¡ultr fo .!b-
opti-l lûvcttEcnt dccl¡fon¡ rcLlllvê to thc ac¡la
rad lntenalty of ¡¡fBtcn¡occ oPcr¡tlô¡a' ¡uch ¡r thc
trcquency of gradrag oP.r¡ttona ¡¡d tha Pcslodlclty
of gr¡vclllng(8),

thc propoecd lcthod of aú¡1yt1n8 ro¡d ¡¡l¡Èco¡¡c¡
progres for unprvcd ro¡d¡ l¡ ba¡cd ot ¡ dyo¡¡lc
ln¡iy¡l¡ that relrtcr vchlcl¿ oPGr¡tû¡3 colt¡ to rord
¡urf¡c¿ condltlont ¡. Èhct ltc ¡ffccÈcd bt trafffc
rnd ¡odlfled by ¡.lntGn trce oPcrltfonr. Îr¡fffc-
f¡duccd ro.d dêtcrlorltlon f. dcfl¡cd ln tcr'úa of
roughnese, rut dePth' rod depth of loo¡c ¡¡tcrl¡l.
thc corrceponding vchlclc epcedc rnd VOC ¡rc l1ro
astlEåted rt a functÍon of rurf¡ce coBdlÈloa laE¡-
¡êtrrs, bcc¡uae thc to¡d 8êoEatrt'c rod GavlroD.¿ôÈ.l
f¡ctor¡ lnfluenclng VOC ra¡.t'û uÊch¡¡g.d t¡¡drr oor¡¡1
¡¡lntên¡ocê oparstlona.

Th. AnalvÈtcel lrseemrL

1ïê EåtbêE¡tlcal ¡odcb thlt rêhtc rord ¡urf¡cc
coûdltlon a¡rd vehlc1. oPêrrtlng cort. to Èr¡fflc ucta
developed under thê IDRD/ÎRR! rcsearch progru l¡
xcnya (2, l, s). ¡\ rcvieu of thê b¡ckground rcfcr-
.¡cGr 1o ncceaslry for ¡¡ undcr¡tandlng of Èha æÈho-
doloty prcaeûtcd fa thlt P¡Pêr rr lblt¡tlon¡ of
rpacc precludc I thoror¡8h dlacuaafoq of tbGaG ra:'¡-
tlonrhfps.

Bord Dêt.rlor¡tldn Aal.tloashlPr

Lrt¿rltfc Gr¡vcL¡ Ro¡d¡

R . 3250 + 8t¡ r - t.6a 12 + o.o16 t3 (r)

nD ru.0.a3r-o.oo3ïf +0.æoo?ïÉ þ)

IÐ -1.5+1¡"-o'23t

,f
cr,. . 0.9!};; (u.2 + o.oezr. . ¡.5 \2

+ t.88 vc) (¡)

(3)
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8¡nð-ehv EÂrth io¡¡lr

n .æ50+?8j1

ÎD.I!+1.21

¡¡ . 1.5 * Lt.-0'2T¡ unater itry grading vitb

¡.Ð ¿ 10.0 r@.

lÐ ¡ 1.0; unalêr rrÊt g¡¡illng

@e.
r 3250 + 1255 I
rÌu+1.2t

26t

con3ulptlon sro ¿l¡o .rtl¡¡tcd fræ thc rlaulta of
the Kenya Studv shl.lc for vahlclcleprachcloa and
cr.u corts th¿ Eethod r¿cmsend¡d ln d¿ ljlelkrr
vork (t) vea used. CcËposlrÊ UOC. obt¡ln?d by ¡ddt¡¡
the tndfvlduál costi of voc coaponents, rrre crlcula-
tcd for the four repr€s€ntrtive vchlcles--llght goods
vehfclc (\'L), stnele-unl,t tnck (CyS)r ûêdlu truct-
trålIêr (CYR) and heavy truck-rr¿t1er (CLR)--u¡cd la
the cranple denonstrstint th" lppllcâtlon of thc
proposcd analysls nêthod to I road Eålntcnrncc pro-
graD. The physlcsl ch¡rrctcrl¡tlcs ¡nd co¡t¡ of
thcrÊ rahlclÊs !rê rhom t¡ ftblc l.

t¡bl. l, 9.hlcl. ch.racßcrltttct ¡nd cr.tr

(r)

(6)

(? )

(8)

RD

(e)

(ro) Y.hfcl. lyp.

Ltfht Sln3l.
Cæd. U¡lr

Vthlclr lruct
(w) (oG)

ll¡l
ftEL-
1r¡Ilar-1æÃt-

¡L¿lú
1tu1-
1r¡ll.r-Tffi'-

tJ . 1.5 + 1¡.-0'23t' yirh LD ì t0.o @. (}l)

Íùara:
I ¡ Èc¡n rough¡c¡¡ (r/lo)
¡D r rur dcpth (oo)
¡¡' i depth of loosc arterlal (m)
t ¡ cuulatlvè ttrfflc voluoe ln both d!.rectlonr

¡l.acê 1r3t grrding (thousands of vchiclca)
@¡ - ¡nnual grevel loca (m)
1r . ¡n¡uel trsfflc vol\&c fn both dlrêcttona

(Èhousands of vchfclea)
11 . ¡anuel rr!.nf¡ll ¡crBurcd l¡t æÈ.r.
VC - rlaê rod fell, vêrtfcal curvrturc (l)

Ycirlclc Opcrating Co.t Rêl.¡tlonshlps

ID thc Kcnys Study rêletlon8hlps, lf ccrÈeln phy-
¡lc¡l ch¡rgcteristfca of the road (such ea gaoDêtrlcs,
rltltude .nd Eol8ture reglne) ¡re flxed vchlclc rpeedr
rnd consEptlou of fuel, tfres, apare parts, end
¡¡htcnance labor cen be èstl,eåted as â functlon of
¡urf¡cc coudltlon deacriptora, R, R!, and LD (4). Thc
rvrrlge road gcooetrlc lnd euvlron¡entâl charâctêrl8-
tlc. ¡Blrbed ls cstlD¡tfng epeed and VOC cmponents
rctê: elsture contênt, 3l; everage rlsc, J0 o/lo;
rv.rrgr fall, 30 o/kn¡ everage horlzoûtal curvlture,
175 dcgrccr/tn; and evcregc altltude, 375 u. Oll

tlùl. 2, V.htcla op.r.!t¡¡ @.! aqqtla¡

Ualflcd nord Deterlor.tlon ¡rd Yehlclc
Operrtfng Cost Relarlonehlpr

A rcvl¿s o! Kcnya Study rclarfonehfpr rhoucd both
road aurfqce deterloratlon prraneterÀ (R, RD, lJ) ¡n<t
VoC could be reduced to I co@on denoalnator--cuEul¡-
tlve trafffc volune (1), provtded that ro¡d g¿oBetrte
¡nd cnvlromental påræeterr r@ålned ffx¿d. Thia
.pccl l charrcterlatlc of the tvo rel.tlo¡¡hip¡ ura

lhv¡lctl Ch¡¡¡ctê¡f ¡tlca
¡od Utltlt.ttot

lr.lê tor.. ?oar ló
t.tlod (t) I
610r. V.htcl.. ¡t tShr (t) 2.5
?u.l lyp. G¡¡.
AlE¡l Op!¡¡rt¡t ¡ou¡. fOO
Árñu¡l Cr.s Hourr z,mo
¡l¡¡u¡ lllc.tcr.t. ¡5,000
AEr¡t. v.htcl. Ltt. (tr.) |

Itrtt Cotú (ô.t of tu.t)

llr V.hlcl. (üSt/ech.) S,t6j
ltrc. (Us¡/rtr.) 6t
ll.htturcc l¡bor (Usl/bs.) O.iO
C¡d Cô¡r (ust/hr.) 0.50
lrl (us¡/ttrr.) O,l¡
¡¡b. Oli. (¡,S¡/¡!rr.) t.ao

tlo t60 t50
ttt2a

!t 2, rl
Dleæl Dt...l DlræI,

800 t,200 t,20o
2.000 2,000 ¡,000

25r0o0 2Jr0o0 t5,0ooóóó

t¡,1r5 3t,l¡5 at.ar'l9t t95 J$0.40 0.¡0 0.{00.¡0 0.¡0 0.¡o0.30 0. t0 0.30r.40 t,{o l.¡0

L¡d 3ùrfrca
Ed

Lùlcl. ÎyÞe VOC EatfstfoD Eqs.tt6 ñ-b.r ôf
ll¡¡tru 1' Obr.n.rf6r

Stúd.rd E¡per lrod
Erro! of Ll¡tt oq VOC
E¡tlur. (US¡ Equtv.lðt)¡2

l¡tcrftct
Eiiñi-Eoar vrhrclr
¡l¡!1. L,¡1.! Ìruct
lLd!r lrucl-tr.tlGr
¡.trt lnct-tr¡tl.t

3ud-Cl¡vc
Llth¡ Coodr V.htcl.
8b¡1. thtr fruct
¡l.dtr lBcl-tr.tl.t
¡.rrt lul-ts.ll.r

tr.cl
Lfth¡ Cæar Y.btcl.
tf!¡I. tblt 1rut
lhdlú lrucl-tr¡tl.i
Ltvt lrucl-tr¡ll.r

VOC.2t!. 32r0. OOq¿r2
VOC.392. ¿¿.0. 02ler2
voc.69t. g8.0. o¿22¡2
voc.¡e¡,91.0.055 r¡2

VOCs¡07, 02+t 2. !71-0. ?¿ç¿r2
vocs385. 96+ 1.8. 561-0. ¡Oem2
vocróró. 29+14. t31-0. ! 36t 12yoc¡tl¡, Et+51. rût - 0., 9a7¡2

voc¡20ó. t6.2¡. tll-0. ¡o5t¡2e0. oo¡ra
vroc.lSa, ,¿.ll , o¿1-r. otcÍ40. ooa¡¿
YOcr675, 07.5E. 3?l-1, 9¡ go¡l+0. OO8¡¿
vOC¡t!¡, ¡rr¡6. ¡tT- 3. 0 J:l¡2r0. orl'4

¡00
¡00
t0
t0

¡0
l0
30
æ

l0
t0
!0
¡o

It
¡?
It
It

¡¡0
610

1020
¡22t

tt0
tt0

¡150
¡¡tt

tr0
7t0

t¡50
t6t5

l9
l9
l9
l,

It
It
¡t
It

0.9t5 t.t5
0.991 t.27
0.98¿ t,5l
0.9E¿ 10.95

0.9E7 6.12
0.994 t. !9
0. 99¡ t6.96
0. t9. ¡¡.tt

0,9t6 t.az
0.99¡ t0.!l
0,992 ¡9,2!
0,9t0 ¡t.t9

i l:nl.:lr: tÍrf f rc votud. bctE.n t¡rdrnÂs ,¡ both drr.<r1one (.OOO v.htct..).
; âPP¡¡c. lo tr.val ro¡da elth at l.¡E! ? cD of ¡¡tcrt!. ¡urf¡cc.- ÁPP¡raa to a.rth road..nd ßrav.l roada errh ¡e¡. lhr¡ 2 c¡ of ¡.ttlrta.urf¡ca.
lct.: YOC , v.btct. og.rrtlnt cô¡r (USl/lrOOO tr)
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ñbl| l. Y.htcl. otE¡.tl¡t co.t¡ ar . luÀcrfq oa lrafflc E¿ t6d lttftc. th.t..tt¡tttlc.

lô¡¿ 3urf¡c.
loc ¡rtlqtc'ffi

Ct¡rl lo¡d ¡

fËiãilã-Sutfrce)

tl.¡tE roc

E!È-!e!qt
(S¡¡d-Ct¡y Surf¡co)

l¡¡r-- 996b

@-!gs!'

þ¡tu V0Cl

l2t0 rt.o rt.3
tllt lt.2 lr.¡
!t{¡ t¡.0 2.,
¡¡¡0 t¡. t l.a
rta¡ ró.t t.t
,¡00 22.a l.t
,rga at,t l.l

ltayt t0.0 ¡.5

t¡50 ta,o tt, t
a0t5 tt.2 l¡. ¡
tltJ ¡0.0 ¡0, I

¡ttm ¡ó.0 r0.0
¡¡0(þ ¡3,0 l0.o
¡4000 50,0 l0.o

tt50 ¡4.0 lt.l
at05 ¡r.2 ¡t.0
,525 ¡0.0 !0.0

t{0@ 26.0 10.0
¡a000 32,0 10.0
t¡oæ !o.o ¡0.0

2¡r.!2 Itt.r¡ ó9t.lr c6l.t¡
tt¡.33 ¡t2.a6 6$,02 . t6t.tt
zla.tt !t¡.ao â91.20 l6t.at
t¡t,09 .0t,ot t0¡.tó Et4.20
12t.tl ttt,9l tt0.96 tI2.30
tta.lt a.6.5¡ t9t..9 l00l.ll
¡tt,tt tto.t9 tór,09 l2lt.2¡
a}',a¡ 60t.ró

t¡0.0o aro.oo ¡o?o.m r¡¡:.oo

20t.20 3t5.96 616,29 t¡1.¡2
2t9.ó¡ t0¿,2t ilo.58 164.7t
2ó5.0t ¡72.1t t19.02 1079.89
ll0.7a t¿a.95 91a.92 llo¿.lr
tó¡.5t 650,t3 lt9ó.21 l5¿l.lt
lr¡,at 706,97,'1325.rt t659,3t

!t3.oo tlo.æ tt50.00 t6tt,00

¡06.16 ttl.5{ 6t5.07 t3r,lt
22t.tt atl.t2 tll.51 91a.58
2t..tr tl!.tt 9t9..5 11r8.0!
3a4.45 59t.12 1072.97 1102.9E
¡ó0.t0 ó4ó.98 Lt91.22 l5l5.7t
tt!.¡t ,{ló.9t ll25.tl t659.18

!t5.m tro.m ltJ{t.(xt 167t.00

0
I

¡0
¡0
to
lo
t{t

t00

o
t
,

¡0
20
þ

0
¡
t

t0
20
T

¡ 9th(.1. og.r.tr,nt co.r .¡ttrt. (ûSl/f000 ¡¡).
D l¡rtu goG corrcrgondr to u Í.¡.8. rp..d of lo-lS b/hr.

srcd to forùul¡tc ¡ unlflcd rchtlonshlP th¡t vould
pcnûlt dlrêct vOC cBtl¡åtloû aa a functton of cunh-
tiyc trafflc rol(oe (T), byPe88lng all lnt?rEedfltG
rtcPs rcqulrfng rstlÐatlon of vehlcle speed and VoC

cæponents as e functlon of aurface condlÈlon Par¡-
Dctera. Thc unlfied voc GttlÃatl.on êquallona s¿rc
obt¡lned b)' regressfn8 c@po!1te I'oc wlth crnulatlvc
Èr.fflc (T), for thrce road aurf¿ce tyPes (lable 2).
Îl¡c lntrrrctlon tlonS cûulqtfve trafficr ro¡d sur-
frce condltlon v¡rl¡blec ¡nd the related VoC la rho$u
f¡ 1¡bl: 3.

EstlEatlon of B¿nefl.tc duc to Reduccd Vehiclc
Ogeratfng Cortr

lllth thê uae of VoC cqultlons shom 1n lable 2'
aÁvlngs ln vchlcle oparÂtlng costs durlng I gfv€n tr.Ee
perlod (norually one year for purposes of dl.scountlng)
crn bc Gstlutcd dlrectly r¡ folloss:

l. Crlculate .n evcr¡te VOC equation by eelghtlng
the voc equatlons for dffferent vehtcl€s by thelr
respeetlve percentages ln the traffic dlstrlbulfon.

2. Use the averate VOC cquatfon to:
(a) ¡tE thc operatlng costg of vehlcles âccmulâted
bêtveen gradlngs durlng onc year, for a given ualn-
tcnance ltrategy (c.9. 2 gredlnts Per year and other
rcqulred routlne mlntenance) ¡
(b) sun the oPeråtin8 costs of vehLcles accunulated
b€trêen gradtngs durfn¿ one year, for an alternate
aåtntenance 8t¡ategy (e.t, regravelllns' 2 grad!n8s
per year and other requlred routlne r¡lntenance).

3. Dctrralne lncreñental benefits (VOC savfngs)
duê to th€ âlternate Ealntensncc str¡ter¡-v as the
dlfference betueen the sumed VoC for the tpô Esln-
tênsncr stratcSfê3.

l{¡thaEetlcaLly, thr.3 cen bc èxpresÀed ¡s:

ToC Sevtngr - rf(T)fdT - ,f(T)2CT (f2)

vhcrc: f(T)' = voc rqultlon eorrcrpoadlaS Èo ¡fûÈC-
' nan". rtretagY 1

f(1)" . vOC equatlo! corrctPoadlû8 to .lÈ.ro.tct ealnt?n¿occ atr¡t.gy 2

Thl. proc"dure eflpllflca thc c¡lcul¡tlon of bcncflt¡
rnd does oot equfre dlscrctc ¡ddl'tlon of vchlclc

- operrtfng cost6. For aranplc, VoC beD¿flt3 frñ tso
Bradfngs per year, es cooPAred to oae gredfng per
ycår on r eand-clay earth road' for s lrlfflc atrc¡E
contslning only lfght vehlcle! (vL) c¡a bc a:prclred
a3!

r - rooorä þ07.0? + 12.8?r - o.aL96f )dr

- a(rooo)rã/2(zo7.oz + 12.8?r - 0.219612)¿r

' rooo0z.Br(ät - l', - o.2r¡e6(î3 - $l) tttr
shère: r - åccunulated nuub¿r of vrhlclcr per yclr 1¡

thousand s

B . voc s¡vlnga 1n Usl/1000 b.

ApÞlfcatlon to Fconmlc An¿ly81r of ¡
H¡fnienance ProÂran

The foregofng analytlcel proccdurc m! ¡PPllld to
cvalu¡te the econo:Ic valuc of a uLntenancc Progrl!
for a neÈçotk of 5,300 lo of unpaved ro¡d¡ ¡nd tr¡ck¡
ln trest 

^frlca, 
The sr€a covered by thc EalBtcDaûcc

prograE 13 characterfzed by I dry cllE¡tê elth l¡
average ralnfall of about I,100 m Pêr yêrr. Th.
¡verâBc eltttudc ls about 375 n vith t fl¡t to roll-
lnt terrsln. As deposlts of good l¡lerltic grevclr
ar€ no! plentiful, a nechanlcelly rtrbflls.d úûd-
cley Efxtur€ has been used l¡ thc s!¡rlng couraa oll
aoúê unpeved roaCs.

111
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th. ¡'la lntcnlncc Progrrn

the oalntenancè progrtD vre destgned to cover bo¡h
rourin. and perlodlc Ealnt€nânce (regravelllns) rctlvl-
¡tc¡, Fully oechanlzed routlne nålntensnce operatlons
conslEted of gradlng, cotrpac!fnF, and draËq1nÈ !fth
trtctor-draln tlres. Other operatlons 6uch ¡s flIllnS
potholes, clearlng dftchês and culverts, vegctatfon
control, and spot regravellfng vere placed under the
rcsponstblllty of road gangs. Each gang conslsted of
25 laborers under the dfrcctlon of ¡ sector chlcf sith
rcrponslbillty for r ro¡d E¡lntenance lcctor coverlng
IOO-200 rD.

The physfcal requlralentr for thê ulnÈenencc pro-
Sran tncluded provlalon of equlpoent plus an tntttal
Itock of spare pårts, vorkahop equlpEent, consÈructlon
of cqulpnent sheds, lEprov€¡enta t, the vorkshope, con-
ttructlon of spare parÈ6 storè, offlces for cquipocn!
lnvcntory control end inspectlon, and bufldlngs to
acrvc ls âdnlnlstråtfv¿ centÊra for the road gectorg.
1o Eeet the requlrments for Dechanlcs, operator6, rnd
othêr skllled staff, I coaprehensfve tratntng prograE
lncludlng technfcal tral.stance and equlpnent for e
trrlning cênter rta3 l¡stftuted. Sentor ¡dnlnlstratlvc
and technlcal etaff nceds rere Ee! by provtsion of â
tachnical rsslst¡ncc tce, rrhosê functlons lncluded
Srrlnlng of local steff md developnent of the necee-
a¡ry capablllty for .qulpEent ualnrenance, and planntng
rûd cr¿cutlon of rqd ¡¡lntemnce mrks.

Scqu!¡t1âl Econo¡qic Ev¡lutfoû proccdurc

thc cvaluatlon of tha Ealntênânc. progrrn foll.æcd
¡ acquentlal procedurc lnvotvlng claasiffcation of
ri¡¡dc lncluded ln th¿ Eåintenancc progre, detenlú-
tlo¡ of approprfate nalntenence strategles ånd the
ovêrrll econoBfc assegaEent of the Ealntenance protre.
âftlr the road netnork sla crteßorlzed broadly iccord-
lng to fts englneerfng ¡nd trefflc characterlstlca, tn
lpproprlate nalntenlnce Btratcgy sås deterEined for
c¡ch roed surface type by câlculatlng tbe lncreoentel
VoC a¡vlngs essocletêd ï1th the lnproved Eaintenance
oprretlons. Thls was folloyed by detelrfnatlolr of
õvètelt econoulc beneflts (VOC savtngs), rhlch vere
thcn conpared vlth Efntensncè coata to cvaluÈc the
acoooalc reÈurna for thc routlfiê and periodic uinte-
D¡ncê coEponents of thê E¡í.¡teMncc prograE.

Îrùlc ¡. Cl..ttflc.rloû of rúd etÞrt for ccg!úlc
elyrl. of th. ¡l¡t@4. p.o8rú

ã3

Cl.r¡lflc¡rton of thè Rold rcteorl

thc unprvcd ro¡d nctnorl of ¡bout J.!00 t¡. r¡rlrd
frm ¡Il-¡rc¡th.r t¡¡vcl (l¡tcrltc-¡urfrced) ro¡dr to
trscks. thc b¡¡c-lcvel tv¿rr8ê drlly tr¡fffc (âtf)
on thc netvork rrngcd fræ ¡bout 50 vpd on thê latc-
rltÊ-surfac.d roadr to l.s! thln l0 vpd on thc tr.cl¡.
A3 the road a.tr¡ork h¡d not b¡cn fu¡ctlou¡¡.y claarl-
flcd, tr s.8 cðtèÊorlzed rccordln8 to ltr Gngl¡cÊrh¡
¡nd trsfflc ch¡r¡crerlstlc¡ (lable 4). An ¡v.rtg.
t¡sfflc græth rrtc of 3l pcr .nou ytr ¡¡¡r¡¡¿d or¡¡
Èhc ¡îllyrfr pcr!.od.

Dctcr¡lnatlon of l{¡fnt¿nencc Str¡tc8le¡

l¡fntên¡îcc polr.clcr for unprvcd rord¡ tncludrd
dralnag,e lnd y.getatlon control, drtgglnt (ytth rubbcr
tlree), caergcncy r.prlrs rcsultlng froa r¡¡houtr ¡ad
srrk spotr, grrdlng, .nd rê¡urf.clng utth gr.v.l. At
¡o dcflnl.tcr quåntlfled oodel¡ rra lv.llablr to Gv¡-
luåte bêneflte frm four of thc br¡lc routlne ErtûGc-
D¡ncc operrtloae--drrlnage clcarlnce, vêgct¡tfoô coa-
Èrol, rhou¡dar .rtatenance l¡d ¡urf¡cc drrggtnt-lt
vl¡ l¡suned th¡t r cèrt¡ln lcvel of crpcndlturer for
thêlc routfnê 1t6r ur3 rcqutred ¡r prrt of thc oY¡r-
¡11 ¡alnrcn¡ncê pollciê3. For 3rrdlng tnd grevcllfag,
uhlch consltutÈd ¡he Eajor Efntenanc€ oplratlonr 1t
v¡a nccêasary to dcterDlnê: (1) rpproprhtê tr¡dlngrtrltegles for vrrlou¡ clasgcs of ro¡ds lncludcd t¡
thc E!1ntcnlnc¿ progrrD; ¡nd (1f) thê tráfffc l.val
¡t vhlch surfaci.ag rfth grevcl ¡¡ould bc ccononlcrlly
Jurtlfled.

Gr¡dlng Frcqucûct

th. cffect of mre frcqucat gr¡dlng fu to bprova
thc condltlon o. thê ro¡d eurf¡cc .nd thcrèby læGr
vrhlcle operrtlng co.ta. th¿ vchlcl. opGr¡tl¡g corta
corrcspondlng to vrrlous grrdlng frcqucncfcr for t
glven type of ro¡d ¡urf¡cc aerc obttlned by

EVOC . 
" ortlt f(Î)v .tÎ

sh¿rc:

(r.)

IVOC ' crrlulrtlvc vchlcla opcrrttDg co3t. tû
oDê year correspondlng to e grrdiag
fr.quenqy, N/year (Usf/ta)¡

r r cuEulltlvc auûbêr of vchlclc¡ duria¡ øe
ycrr 1n thDuslnd3;

N ¡ grrdlng frcquency (aubcr of blrdh¡r/
ycer); rnd

f(T)e . ¡verega voc Gqu¡tfon obttlned by thclr
r..pcctlvc rhere tn th. tr¡fffc .trc.r.

lhr lncrrc.nt¡l b¿ncflt¡ (rcductlo¡¡ la vchtlr
op€rrtlng coatr) duc to addltloD¡l gr¡dfag urra
obt.lned .a:

AvoC r Evoh - rær*t (15)

ctrcrc:
ôVoC ¡ hcr.!èntrl rcductloa l¡ r¡hlclr oprrrù-

lng cort¡ (US3/b)
[Voq . CrBulrtlvc VOC pcr ¡n¡¡¡¡ for r ¡rtrlfl¡" frcqueucy, l{/yc¿r (ûSl/yc¡r)
fVoCu.r.Cuoubtfvc VOC prr ronut for e 3rrdfa¡"'- frequcncy ll+l/ycrr (Usl/yr¡r).

ly cqurtfn8 the fncraent¡l ben.fft3 ¡¡rocl¡t¿d rlth
progress{vely lncreasing gradlng frequenclce yr.th thc
lncrenen!a1 unlt co6t of gradlng (ljS$80r'k¡)¡ optr--l
Bradlng frequcnclce eere establlEhed for vrrlout

LtErL
Cat.tort

l¡ar
lrn8th 

^.Ù¡(t!) (vpd)
Dl¡trlbutton of 1r¡ff lc¡ñ---Ìõ----tffi-ïdF

C¡¡vcl tod¡. ,95
oa¡v.l lo.dt ,9
GtrEl lo.d. 276
à¡th to¡d¡b 6l
Lrth ¡,o.d3 l8f
E rth Rod. ltj
Lrth Rqd. 49
L¡¡h lqd. t5O
Lrtb t td¡ 259
lrJor lrrctrc 99
¡¡Jo¡ lrrctr t46
lLJo¡ 1!.ctr 12Xlss trrcb t!(a
Ilær tr¡cl¡ l!.10

tol^L 5!tt

¡t ¡5 15
t8 ¡5 ¡5
15 a5 15
40 ¡5 15
3¡ 45 30
t7 ¡t l0
t4 a5 l5
lt ¡5 It
l0 15 30
2t ¡5 15
¡t It t5
¡t 45 55
ta555
t¡5t5

25 l5
25 l5
25 15
25 15
025
025

25 15
25 tl
025

25 t5
25 t5
00
00

2' lr

I All Srevcl so¡dt h¡vr a n.rt¡¡ cø... of ¡.t.r!tlc
¡ravala.

D 
^l¡ 

.arth túda h¡vc a varrlnt cour.a of a ¡ech¡n(-
c.llt .t¡blltr.d .¡nd-ctÂv itl.c llo¡t tr¡cl¡ fo¡Ioe tl,e naturrl ground proltl. and¡t h¡va a fae dr¡filg. rtructúrct.
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t.tóo.t5

¡t.lt¡.:9
¡1,t23.17
rl.t02. rt
t5, t7r.50
lt,r03.at
tt,05t.0,

¡0. tta. 16
20r2t9.la
20, ltó,25
l0,0E0J¡

26,469.33
25,404.r5
t5.201.19
25.132. C6

tó, rt9. ó0
y,2t t.t7
tl.?6t,91
13,60{,26
t3,t22,09

at,tló.01
¡t.¡¡2.0¡
42,¿tt.6t
42,t56.0¿
a¡,005. 12
tt,92l.¿5
4t,t72.8:

o.l

¡.aó

..it
rro. l2

20. ¡9

rt¡.0t
¡t. tt

tt5.62
to2. t9
!ó.02

¡.0t5. 16
t00,96
t0.3!

2.512,21
¡t7t.40
tó¿.6t
¡0.tt

t,02J.97
t30.3?
125.63
tto. t2
t¡. Et
50.63

2&

l¡b¡a t. lll.ct ol !r¡¡tnt lt.q*nct [ [h¡cla oP.ratl¡¡ tdl.
tof laaarttlc la¡Fl to¡da

Cwl.tfva vchtcla lnc¡¡rnt¡l l.ducafø
Gr¡dfûß tra{uñct Op.r.ttôr co.ltr tlþc 16 voc, Âvoc

(¡ûbt!/tur) (Usl/yc¡r) (USl/yc¡r)

c¡rrlcd out for G¡rth ro¡d¡ vlth a alôd-cley rurfrcr
¡nd €¡rth tracks; tha rcault¡ rrc ¡u¡o¡rl¿cd la
Î¡bla ó. th¿ ogtlü¡l 8r.din! frcqucney fror la ecoo-
¡fc rtlndpolnt ls dêffn.d ¡¡ thc breekcvcn ?olat
¡{¡crc lnctcm¿ntal reductlon l¡ vchlcl. oDaratlag
corÈr dua to .n ¡ddltlor¡l gr.dfBg (ot trrdl¡t Ylth
c¡Þ¡ctlo¡) opêrttlon tr :qurl to th. l'ærcûtal
co¡i of oac gredlng (or 3rrdrng vtÈh coúe.ctloû)
ogerrtloa. It v¡¡ fou¡d Èh¡t .t lc¡rt oa. ¡r.dbl
g.r t.¡r v¡¡ ccono¡1c¡lty Jultltlcd oa ¡11 of Èh.
th¡cc rurf¡ccr ràcncv¿r th. b.r. A¡yl uaa Fta tb¡B
! vpd, uhc¡ coparcd silb lh. 8t¡11 dt.t'o¡tt'vc (¡o
¡rrdtng .t tU). Th. frcqu.acy of gredlagr bor€rert
lr . fusctton of ¡urface tyP. ¡nd lcvel of trrfflc¡
|I LtcrlÈê (Br¡vcl) ¡urf¡ccd r,otd requlrlng I con-
rldrrebly lovcr frcquclcy of 3r¡dlng Èh¡¡ ¡ ¡¡a¿l-
cl¡y (c¡rth) rord or aB .¡rth tE¡cl. for thê a¡4
lwcl of tr¡fflc lntêûalty. thê oPth¡l 3ndtry
lrcqucncy oû Br¡vel rorda nt¡ found Èo bc lc¡¡ ¡cn¡l-
tlvc to trlfffc, chenglog fro¡ ¡. to 6 fÉ.dlt8!/y.rs
rlth ADf varylng froo 3(Þ250 vpd. For ¡¡ .¡rÈh ro¡d'
th. optt¡r! v¡rled fræ I 8r¡ding/yc¡r ¡t .D ADT of
lO vpd Èo ¡bout 17 gr¿dln8¡/ycrr for ¡ b¡¡c ADT of
120 vpd. thê optlEal gradlng frcqumcfcr obt¡18êd
bt ÈhG prccccdfng rnrlysls ncrc uaod ¡a bcscb¡rk¡
rnd, uhcrc varranted, r¡odlflcd 1n thc llght of loc¡l
elpcrlcncc ¡nd cll4tlc condltlon! to rrriva rt oPC-
ratlonal routlnc ulnt.¡¡ncê .Èrltcgl.3 thrt ¡tlE-
t¡l,ncd ¡n rppropr1rte tcch¡1cr1 b.lancc b.tsccû ga.-
dlog frcqucncy ¡nd other G33caÈ1¡l routlnê ¡.lntc-
D¡frcc opcrlttona, partLcularly for ¡¡rth ro¡d¡. Aa

r rceult. the grrdlng frcquancf,ce for grlvel rordr
rrr. lllghtly lncre¡ged rhuê tholc for úrth ro¡dr
¡nd tr¡cks v¿r¿ rcduced (T¡blc 7).

Grrvclllng

Surfacing cn carth road rlih Sravel provldcc e
rl.dlng surface uhlch can betÈcr Ylthrttnd thc dclê-
trrlous cffects of trafflc ¡nd ¿nvl.ron¡cnt' Èhcrêby
pcrElttlng ell-seather uaâ8e. thc ¡crvlccabl'Uty of
th. roed t¡ conslderebly enhanced, vhllc rouÈinÊ
D¡lntenence rcqulrêEents bcccnc lc¡¡ atElûgcnt. I¡
¡dd1tlon, thê better ¡urf¡ce qu¡llty rr¡ul¿r f¡ 1o*
ar vehlcle opcrrtlng costs.

In order Èo deteralne the br¿¿k¿ven tr¡fflc
volwe at ghfch surfsclng en eårth ¡oad rlth 8Ìavê1
or resurf:clng an exlstlng gravel road vould bc cco-
omlcally Justtffed, a benefft/cogt enalyala raa
carrfed out coEparlng thè cost of four tr¡velllttg
alternatives wl.Èh benefits rcaultfng froo dlffercocct
lt¡ voc on grrvel ând earth ¡urf¡ce¡ rlth b.r¿ ADl
rrnSlng frou 30 to 90 vpd. Th. 8r¡velllng ¡lt¡r¡r-
Ètveo congldcrcd scre:

Alternatlve:
A - l0 c¡ thlcknees; ó o sfdth rlth 0.5 ¡ ¡houl-

dar3. '! - I0 cû thlckneag; 7 E uldth Ylth 0.5 r ¡houl-
dcr¡.

C - 15 co thtcknes6; 6 ! vldth slth 0.5 ¡ tboul-
dcr¡

D - 15 ca thlcknees; 7 a stdth slth 0.5 r ¡houl-
dc¡s.

Routfne Eålntcnrnce Bcr!teglet rhom 1n Î¡blc 7 vcrc
tacued for thc tuo aurface ÈyPes ¡! raquired. !aûc-
ffto rt e gfvan btse ADl v.r. thtn ctlcuhtcd r3t

levcl¡ of baac Aûf. llhcre lacrcacnt-- bcneflts rcrc
lrrgcr than Usl400/ka (thc co¡t of Bradtng t ith cm-
p¡ctton), thê grâdlng operatlon uts supPleEented rlth
coEprctlon. Thc lncrcßental (urglul) reductlon ln
YOC alth 16cre¡ae ln gradlnß fraquency for e lstcrltlc
¡ravel surface 1a ahom 1n Tsble 5 slth lavels of base
ADT varylng frcn 10-250 vpd. A tlnllar anelysls vaa

1¡ò¡. 6. Dc66tcrlly ogtlul fr.qu.nct of !r.dln8 op.t¡tlo¡.

lor¿ úd
Scrfrcc fyp.

0ptlEl cr¡dlñÍ fr.qu.nct(Cr¡dtn¡s/v.¡r)

^Dl 
lrfthout Yllh

(v9¿) Coq.ctton¡ Co4rcttob tot¡I

Gr¡vll Ro¡d:'iñutk) 0t
0¡
ol
t2
I 2-t
2¡
2 t-í
l5
ló

0t
2a
It
tt0
tt2
, It
0l
0¡
¡5

t0 I
t0 I
50 1
t0t
90 ¡-2

t20 I
rr0 l-t
t00 2
t50 t
l0 I
102
50¡
706
90,

120 t0

5¡
¡0¡
t0¡

l¡rrh Ro¡d:'Ìõ.?:ãüIl

lt.cl¡
?-utrr)

I oott c..t of rr.dln3 . ljslfo/b- Itrl! Co.t .l ¡t.dfn3 stßh cap..tl@ . ¡lst{qr/¡¡
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t.ùlr t. loùtlil ¡lnt6üca ttr¡taal...doptcd for th. slñtrn¡nc. paotr[

lr¡d 1tt3 Gr.vll ¡ordt f,.rlh ¡.¡t'!i -:gS¡!-l.r. 
^Ivf 

(r?d): l0 ¡0 50 ?0 9C l0 ]0 50 t0 90 J l0 t0

D.v Gr.dlo3
(op.t.t t6./ysr)

Gr¡dt¡t rlth Coç.ctlo!
(o?!ratto¡t/tør)

3tot LP.l!.
(rrlb)
Lttht lstlt. ll¡f¡tc¡¡¡cc¡
¡b/yrrlrcctor)

æ¡¡¡l¡¡t
(lo. of op.r.tl6t)

2 2 2 2l I I 2 2t r I

I I t 2-

--255050J0

- 200 t50 100 ,0 - t50 t00 50 50

-tt

- 200

t0 t0 50 t0

| ¡ffffo¡ porhol.., ¿r¡tn.t. ¡!¿ ya¡.t.tloû co¡tlol, ahouldc¡ sfntrnec.. atc.¡ gf¡h tr¡ctò¡-dr¡h tt¡cr.

b'ELt
I tN-
[,*r,o' 

' r(rE) dr -
¡ /N^

x-f t 'f(t^)e0 ar) r"r.<r,ol (r6)

uhcra:
Èd r preaent valuc of dlfference fn vchfclc

operatfng colts betue€n 8rtv.l and
crrth aurfacea aumed ovcr a pcrlod of
one rcgr.vêlllng cycle (Usl/kn);

ú ¡ rnalystc pGrlod = re8ravêllt¡8 cycls
(y¿ars) ;

r- . cu¡ulativc nmber of vehlclcr durlng
- year "e" ln thou:ande;

f" r gradfng frcqucncy for c¡rth rurface
- (rr.ber/year) ¡

Xe = gradtng frequency for grevel ¡urface
- (¡uober/ye¡r) ¡

f(TE) ¡ werage vchfclc opcrrtlng cort cquatlon- f.ot earth ro¡d;

vlth 451 W, 15¡ Cl{S, 251 CUR, rnd 15U CLR rlth YOC

cxprcased ln USI/1000 b, thê dêttllt of tbe trrly-
318 ¡rc presented ln Ttbl¿ 8.

thc rcgrevelllng cyclc ln years, obt¡tnÊd by
dlvlding the thlctnes3 of the gravel rurfrcc by thc
rvÊrage ¡onuel gr¡vel losa, ree t¡ken rt the rr¡¡lyalt
pcrlod. Dlscount.d VOC aevlnge verc obtrlned ¡¡ thc
pr.sênt v¡lu¿ of the dlff¿rÊnc¿ ln vêhlclê opcretl¡3
cost¡ betseen grevel rnd larth gurface! or¡ar thc
r¡¡l)'sls perlod rs glven by Equtlon 17. fhc nct
present value, then, ra3 Blven es thê dlffètêncc
bctccen VOC savlngs and the correspondlng cost ot
travelllng, th¿ breakeven A-DT for the four Srrvcll-
lng rltematfves els t¡Lca ¡s the ADT rt uhich th.
net preBent value beeæe¡ ¿cro. At ¡ d1¡count rata
of l2l (assuned to be rpproxlutely cgurl to thê
ûpportunlty cost of ctpltll)' tt v¡¡ ¡hon¡ th¡t
regrevelllng elter¡atlvê I rås cconoElctlly Juatlflcd
for all roads sith r båse ADT of at lcact 47 vpd.
Accordlngly, 395 lo of gravel roada ul.th r¡ tv.r!8c
base ADT of 48 vpd (Table 4) were lncluded for grrvcl
aurfaclng ln the ulnt€nance progrtE; thc dÊ¡lto
rtlndrrds for regravellfng comprlsed ¡ 7r r!,dc run-
ntng rurfaee, 0.5n vldc rharldcrs, ¡¡d r 10c¡ lhlcl-
aêat.

f(Îc) . avcråge vehlcle opèratlng co3t eguatf.on
for grevel road¡ and

puf-(L,n)- present sorth factor for perlod a'
' d1¡count rltc t, end anal.yela perlod n,

lor tbLr analyala, thc âvGrrtc VoC cquátlon8 for gravel
¡ud crrÈh roeda src gtvc¡ ¡!:

Yoc..457.39 +0.O26412 (17 )

yocE. 445.20 + 2|.g7r - 0.380612 (tS)

lóla t. l6.fft cort ult.t¡ to d.t.Ftn. brøk.v.n Á.Dl for tr¡v.llln¡

¡.æ
Amr

(rDd )

t.8r¡v.llln8 Cycl.
Avrr.t. Á¡¡ull for Cr¡v.l thfct¡ê..
Gr¡vcl Lo¡¡Þ (vc¡r¡)

(o) l0 o 15 cr

Co.t ôf cr.v.!ll¡8 trctat V¡t{ of VOC
(CS¡/LE) 6.vtnß. (t'S¡/kr) .r t t !r.¡a! V¡l{

, ^lg.h¡rlver _ t?¡.D¿.coúr t r. (USl/b)

^ICDA,!C,DA!---C------

t0

lo

t0

to

0,9t

t.2a

¡.40

l.ta

t0 r']¡

llr
ttl
Íto

t.ró5 t,265 ¡0,74t 12,¡oo

t.165 1,265 ¡,0,t¿5 12,a00

t.165 1,26t ¡0,7¿5 t2,¡00

rrtót ¡,265 l0.r¡t t2,.o0

1,210 t.r60

1.t00 t0.tto

t,t¡l 12,160

¡0,tto tart50

-1,195 -4.995 -6.tlt -tr¡¡O

t.135 t5 -ltl -t.0t0
¡.úr0 l.tro 2.ltt aao

t,¡ót 2.5ó5 ¡.¡Ot ¡.tto

/¡¡t.Etrlrr! A I C D
¡r.¡L.vh 

^D1: 
îi ¡t iõ' iõ

a
L 1r.Íffc aÌmh! l: Dcr ¡nh6,
'lrú.qutl6 ( Yfrh ft r ¡.1 ¡; VC ¡ lt.
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Econonlc Evaluatlon of the lLalntenance Progran

Thc econonfc evaluatfon of the mlntenance Progr&
coaslsted of an englneerlnS-econoûtc esseasnent of the
condltlon of the road netsork and the a8soclated vehl-
clc operaÈ1ng costa ulth and wlthout the nalntenance
Þro8rao. ttlthout the MinEenance prograo, lt vas
cstlEared that effectlve road mlntenance wouJ.d dec-
rc¡se ayateütlcally and eventually ceåse ln abouÈ
four yeare. llalnlenance outpql for with and vithouÈ
EÁfntenance prograo condltlons ls glven !n Table 9.

labla 9. Håfntaúûc. output vlth ônd vlthout ulnt€nancc
P¡Otre

The lncldence and nagnltude of vehfcle oPeratfng
costs and relaÈed beneflts as a functlon of accunu-
lated number of vehlcle Passes and level of road
Eafnt¿nance wlth and vlthout the mlntensnce Progrü
fs deEonstraÈed ln Flgure L. Although the proposed
nethod of econontc analysfe requirea the uae of stat-
lst1cal regressfon analysls ånd elenentary calculua,
to esttMte VoC eavlngs, lt can be seen fron Flgure 1,
that Buch VOC estfneÈes can be alÈernately detemined
by preparlng tebplates consistfng of graphed average
VOC curves ånd then neaaurlng the area under these
curvee for glven mlntenance atrateglès.

Benefft/Coet Analysis of RouÈlne HÁlntensnce

co8ts for routfne natntenance fncluded (l-) capltat
expendltures for mlntenance and norkshop equlpnenÈ'
ån fnltlal aupply of spare Paris, bulldfngs' and re-
lated technlcal- asslstance, and (11) recurrent Ða1n-
tenance expendlÈures for fuel, oPâre ParÈs and labort
LncreoenÈal to the anounÈ sPent wlthout the nâLnÈe-
nance progråB, Uslng procedures discussed ln rhe
precedlng aectlons, benefits were calculaÈed ln tem8
of reduced voc resultlng from lmproved routlne oaln-
tenånce. The beneftts were accuulsÈed over the 14

classlfled seccfons and grouped ln three categorles.
The econonlc l1fe of equiPnent was estlmced to
averege about I yeårs Hh11e Èhe salvage value of
bulldlngs at the end of ¡he analysls Perlod was eatl-
Eated at 502 of lnftlal cost. Other than the roads
to be regravelled under the nafntenance Progran at
the rate of about 100 kn per annu durlng the flrst
four years of Èhe mlntenance progre' gravel roads
utÈh less than 2 cm of laterlte surface vere treated
ae earth roads for PurPoses of the econonlc anaLysls
of routine mlntenance. The resulta of the beneflt/
cosc analysfs are presenled ln Table I0. The econo-
Elc rate of return for routlne nalntenance oPeratlons
under the MinÈenânce Progrm was estlnated at 741

174
474
471
400

l,600
1,200

600
400

r.ioo
5,318
5,316
5,318
5,318
5r 318
5,318
3,545

roã
t00
100
,:

t6t 965
Ì61 565
,:, r:t

I Dl¡t¡lbutloa of ¡oadr .nd tr.cks ¿s rhoh {n lsblê 4.

the econôElc rates of return for the Ealntenance Prc
gran (separately for routlne and perlodic naintenanc¿
couponents), vere calculated by relatlng the lncrenen-
tal cost of equipnent and other nalntenance lnputs to
the correspondfng lncrenental. beneflts ln the fom of
reduced vehlcle operatlng cosls' resultlng fron
taproved road Mfntenance brought about durlng the
econonic llfe of the equ{pnenl.

Flgure 1:

!oo
3: o.ta

! o,o
2
Ë< 0.*
to 0-62

i o.$

EOONOMIC BENEFITS FROM MAINTENANCE

- 

SñMrñl.nluPrryñinry.Éll{{l
- F 

- 
. tìú u¡.1..8. Prry6 (tô A@trtt

¡.'t.'¡.! wlbr k'ñrrñ Prq,6 te Afúr¡{l
ffi tlffir*vocs,Brmnoú'{k6ffi
ÍS tm"nt vocsn4 l'6nFnrr{

V þ-ot V.hÉr. àü 
'ñ 

Eoô Oiffi
!V M-hotv.¡*r.lühhoffi

¡
¡
E

¡

:
z
Ët

E

!r
¡c
!å
å!;r
a,:t:o.t

0&

0.6

0.42

Iv

ot23aõlrl
!a.a l0 ? !e ? æ¡ 2! 0 2t.t n.2 nl
t8.a :tt ltl llt Ët læa 1.2.t 16l

ldntkt
tm'v¡Ht
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tlla 10, l,æ?l!. rlnßd¡ca - ¡.n.ftr/.olt ¡úly.l¡

'----co¡¡s (ls¡ r¡¡¡lo)--- ----rrgrtls {rsf r¡ttüt-*---È-.
- , C.elt.l ¡qy..lEnt -eS:¡¡Sl¡_¡"¡_f.¡¡!!í9_jjj-:"-rl _ tñcr.-Èrst yoc S.vtni6l{ultænt ¡ ffthñlc¡l slttr t ¡t¡iu--lniìt--Ã-rr õäñlTã¿îr'.îc, I,;õ-ä;i;----filïl.al 39l¡. r.rtl lsl¡dlû8| A¡tl¡!¡rcc ?¡ojlcr tror.cr costr¡ (t50 ¡Ã) (s;; r¡) (t6t¡ r.l t¡¡i¡-f.l

I
t
I
a
,
a
,
I
t

t0

t.a71 0. il)t
t.9{5 l.al6

-¡.ørt

0..9t 0.¡tl
t,¿79 0.¿t0
t.479 0,¿t0
1.a79 0.14(¡
1,4t9 0,21a
l.¡t9 0.2¿¿
l.¡t9 0.2¿a
¡.¿79 0.24¡
¡.4t9 0.24a

0.é2r
0. ó2¡
e.621 l.0tl

¡.0tt
¡.!16
t.2tó
t.:16
¡.?3ú
1.216
0.741

0.22'
l. tt6
t.09t
t.0t9
t. !il
l.t3¡
¡.tó9
!.2t2
t.2t 3

0.2il t. ¡¡t t.úot
l.tl5 {.ltt ó.rr9
2,05ó a.2tt t..ot
2.69. t.t25 a.ttt
?.69r ¡,to9 t.050
3.9ó0 ¡.!t7 t,6tr
t.02t ¡.tr4 lo.rt¡
2.96¡ 5.0ó0 ¡1.210
2.t¡0 t.aóI' .t}a

¡L ' ,¡.ll
¡/cat2l3 3.tt

! Srlrrtcr lor p.rr6t ¡o.d rtnr@ñc. ¡r.ff,| ¡¡lv¡tc valua of buÍtdlD8¡.

correrpondlng to ¡ bc¡eflt/co3È rrlto of 3.17 ¡t r 12¡
dlacouût rale.

!.¡.f ltlCo.t ÂnrlyrLr of P.rlodlc t{¡lutcn.nc.
(Lar¡rGlllag)

tha coat of pcrlodlc ¡¡lntensncc l¡cludcd cxpcndl-
turêr for Gqulpûênt rnd technic¡l rssl.atrncÊ, rnd
opcr¡tlon¡l recurrcnt costa over the 4-ycar rcgravcll-
h8 progr¡n. The rvarage rcgravelllng output sas
aaÈl¡rÈld ¡t rbout 100 la pcr ycar wlth ¡ total output
of 395 tû. A 501 ealvegc v¡luc ua¡ applled rt thc eûd
of thc rcaravclllng prograa, b¿causc cqulpncnt eould
hr.t¿ bcca u¡cd for oaly oae-half of lta 8-year ccono-
¡lc 1ffa. Slncè the regravelllng cycle was calculated
to bc ¡bout E yeare, rh11e onty about 100 tn çould be
r.garvc ed cach yêsr, th¿ rcgldual thlckncsr of thê
3rrvcl rt lhc cnd of the emlyele perfod ua¡ ¡1lo
eralgned ¡ ta¡llnal value. The ennuel grevel loee ras
.rtb.t.d to br ¡bout 12.6 m per ¡nnm. The bene-
fltr froo rcAravalltag ucre taþn a3 thc lncrcEeutel
ladüc!1oû 1n vchicle oprratlng coscs, addltlonrl to
thê tcductlon cffcctcd u¡der routlne ullntcolacc,
¡¡d ¡¡prc¡¡cd r¡:

Â1. (v0c2 - voco) - (vocr - voco) (¡e)

¡l¡crr:
ô¡ ¡ lacroocnt¡l bc¡rcflt¡ frm rcgrrvclling

(USl ¡1111oa).
VOC9 . y¿"¡1"tc opcretlng coats undcr thê null

altcrn tlve--one gradlng/yeer rnd other
routinr r¡rlatcRlDcG operatfons for f¡1tlel

Î¡DL ¡¡. þ¡revclltrt - ùG¿flt/cort ü.ltrlr

thrre yêrra of thc progrel¡ ro a¡fatøúacc
thèrcrftcr (USl ¡llltoa).

VoC, . g¿¡1"1. operetl,ng cost¡ undcr .alûtcB.¡c.
' rltcrn¡tlve tltr--2 grrdlngr/yeer rnd

other routl.nc !¡lnteuDca opar¡tloBt ovar
en 8-yerr pcrlod (USl Eulloo).

VOC, r t¡6¡1"1" operetl¡g costs under ¡¡lDtan¡acc' ¡lternatlvc '2',-rcgrrvalllq et lO0 lE/
yaer o\rcr 4 ya¡r!, 2 gradlngr/ycar rnd
oÈher routtne E¡lntc!¡ncc ovtr u E-yctr
pcrtod (USf rfllloa).

TìGû,
VOCI - VOC6 . VOC .¡vtn3! under t¡1¡lc¡¡acr

¡lt¿r¡¡tlve rl'.
VOCZ - VOCO = VOC ¡¡v1n8¡ undcr ¡¡f¡tc¡¡acr

rltcrn¡tlve r2r.
oú¡

ôtrvoc2-vocl

Thc reault¡ of the an¡ly.1s ¡rr pr¿3ented 1¡ 1¡blc
lf. Thc lncranental r¡te of reluro for rcgrrvclllng
oper¡tlons rrs ertfErted rt 171, corrèrpoDdhg !o ¡
bcaefit/cost ratlo of 1.26 ¡t ¡ dlscount rrte of 121.

Sênsltlvlty Anrlyefr

thc apeclflc rl¡lc clcocnts rcl¡tcd to thc t lû-
Ècn¡nce progratr uère lncreale !,n costt a¡d poarlblG
ahortfåll3 ln the proJectêd ¡rlntan¡ncc output. A
a.n8ftlvlty enalysl3 sa¡ c¡rr!.ed to cvrlu¡tc thc
cffcct of these parlaetars on thê rcono¡lc retur¡ of
thc Esfntenânce progrâE coEponènts (Î¡bl¿ 12).

If routlne Eålnlca¡¡cc vlrc conflncd Èo tba ro¡t

Co.t. (lrsl rl¡!ton6)
' t.rlElc.t tacurr.nr :;t;:Ir:r.:i

lxt llrttæût Aa.lrtr¡ca E¡p6dttsr. cr.y.¡ sc¡f..a

l¡ct lncrcHt¡l
,l¡aamrtlv.^lt.ñ¡tln Ln.tlta

¡ 2 
^lt.¡-Alt.2

t.tt2
0.080 0.4ó4
0.0t0 0.aó{
0.0t0 0.aó4..0.'16 0.040 0.46¡

t
¡
I
a
I
a
,
I
t -0.519

o.6t¡
o. t¡t
o. t¿6
0. ttJ
2.gt
2,69.
2,147
2. ttE

0.tot
t.0t0
l. ¡t0
t,6¡¡
t.661
!, tôt
l.r8r
!.999

0.099
0. ¡tt
0.t¡4
0.t20
t,0¡a
t.069
l. r!¡
l.?0¡

lrr ' lt.2l
r/carztr'r.26
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1.¡1. l¡. ¡õr.lttvlst Hlttl.

^- 
L¡rtr. lLtlt6efl - tu'?a.olj ¡/dl2t'l.ft

tf l.ct of Ldu..d llllnrruc. Ostrt
¡.Mrl x¡lnt.ry. !

t.tæ b'
¡.lm b
t.E b

tlf.ct of l.duc.d lqulæn! Utllft¡tlo¡
¡æfc ltf. ol lQclF.ot:

I tatra'
t terra
I te¡¡¡

lÍl.ct ol Corß ¡Bclo...
l¡rrúaa t! Coata I

5l
l0l
¡5¡
¡o¡

Itf.ct of lncr..a. lô læflta
læ¡c¡¡c¡ lÀ ¡a!.llt.l

5l
ld

l. Ltr.r.lllpr - futlt.2l3 l/car2ltl.26
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th.y ir. rffected by Èhc qu.llty .nd .c¡lG ol l¡l¡tr-
orúc opcretlonö rld provldr¡ th. .nrly.t ¡ lool for
dcteraGfng .conoûlc¡lly oPtlû¡l lcv¡l¡ of routtû'
rld gcrlodic r.lntcnrnc.. tht ¡ü¡lyala cr! ùa ctltlr'l
or¡t útth I Port¡btc h¡ld crlcut¡tor vlSbout ¡r¡Gol¡r"
to ¡¡pcn¡fvl ¡nd tl¡¡-coa¡¡¡lû3 c6PuÈG!-b¡rr¿ Dilal.'
¡ac äf thc rlll.at coaclu¡fon¡ of 3ba r¡l¡taoatc'
Dro¡r.¡ ørp1c dc¡c¡lbcd la thl ¡rprr errl

l. lfflcf.ûtlt atccut.d ror¡ùÍ!. ¡.t¡t.!aE
ogcrrtloot tLt¡ ¡ vcty h13h .coþrtê r¡Èr¡t-a od c¡¡
t tp to offict thc ¡rcd fo¡ rerly rroãrl of tb¡ ¡o¡d
l¡fr.¡tructurc.

2. (hcr ¡a .lrth ro¡d 1r aurfrc.d ulÈh tr'tcl,
¡outf¡G r¡l¡ta6¡nce raqulraocoÈa bccoc lcr¡ ttrlû8-
aaÈ ¡.nd r.qutt. ¡ lorær frcgrrocy of ¡rrdla¡ opcrr-
tlo¡4.

!. :ih. opÈttlrl grritflS frrqucocicr rc'l¡ltllt-
trø ¡cooælc enalycir ¡houtd bl u¡Gd oûlt'¡' 3u1ô'-
llnc¡ ln thc dG.lgn of ualtt.a¡Dce Ptogrl¡'; Yl¡'t'
o".r""ty, Èhcy ¡hould bc ædlflcd to r.fl'ct ¡cts¡l
oparaÈlottl co¡dltlon¡.- ¿. the ¡1¡lrus brc¡kev¡a ADf rt rhlch ¡¡'vc1
anrfrclag of c¡rÈh ro¡d¡ bccorr acoDô¡lc¡llt tu'tt-
tt¡d vrric¡ frú rbout 45-ó0 rt?di drprndlag uPoû th.
dcalg! ¡t¡¡d.rd¡ u¡cd.
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t ll ¡¡rcod Eder tþ rtltcil¡.t Dtolro'

1¡pórtant roed llnks (¡bout 3'500 l¡ of roade and

tricka), lt sould havc ¡n econonlc return of about 631.
If thê tratnlng pro8ran fafled to produce sufflclent
gcraonnel to exPand u¡lntenancc opcratlons, or lf r
rhortage of recurrcût funds Il¡ftêd Eålnlenange Èo

curr¿nt lev¿ls (ebout l'800 ks)' routlne Mlntenancê
ræuld yleld an estlEetêd econcÐlc return of about 272.
thc cconoñfc.return fot routlne Btntctunee ças rela-
tl.vcly lnsensttlv. to reduced cqulpoent 1lfe and the
corrêspondlng leductlon ln F¿lntenance output durlng
thc letêr yeårs of the progran, ahoulng only a 3 per-
ccntage polnt droP 1n the rate of return rlth equlp-
!"nt lr.fê reduced froo I to 6 ;-eara. A 202 lncrease
la costs rould 1æ¿r th¿ econmlc retum to óll vhlle
¡ 5t lncrease ln bcneflts, r dlstlnct Possfbllftv
rcgu¡.tlng fron r probable trafflc Srovth ln excess of
!hê ¡sruned 3l sould rurrc the ecoûoulc return to 782.

Rclatr.v¿ to r€sravellfn3 oPeretlon¡, ¡ 201 reduc-
Èlon ln thc ennurl regravellfng output fron 100 b¡ to
E0 lo r¡outd loeer thc ¿conoElc return to 15! vhlle
r tOl l¡crc¡s¿ tn bcncfft¡ vould r¡i¡a 1t to 202.

Gonclu¡1on¡

A! !tt.!pt h¡¡ bccn udc ln thtt PaPcr to present
a¡ l¡prov€d econmlc enålys13 nethod for the evalua-
tton of road nålntenenc¿ ProSraas for unpaved roads.
thc ¡cthod cãployr lo¡e of the letest r¿search flnd-
lnge rrletcd to trtfflc-lnduced det¿rlor¡tton of un-
pavcd roadr and lta cffcct on vchlcls opar¡tln8 co8t3.
Thl¡ cv¡luatlon tcchnlqua rcrcveo ¡uch of thê 6ubjec-
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EFFECT OF SI!P¡Æ ROÀD ¡XPRCÂ'EIIEI¡I I€.ÀSURËS CX
I/EHICLE OPERÀTI¡¡G CþSÎS ¡N THE EAyIER¡¡ CÀNIABEÀI|

E Btde, ÎrànÊIÞrt and Rmd Research L.bontory, UX
D Keith, British D€velolrent Divislon !n tha

C¡r¡òb€àn, Bårb.dos

thê pàIEr descrlbês tlre €ffect on vrhlc¡c
op€raÈing costs of à sinple làbour-lntenslve
æthod of rehabllltâting ànd BainL¡inlng bådly
dcLerlonted biÈwn aurfaced roadr !n tlìê
Eàstern C¡ri¡bee. Ît¡e techniquês develo¡æd
for the reh¡bilit.tion md einÈcn.nce of th€
roäds åre described, üd the equllænÈ,
Eterlals ud nmpover requtred arc ¡13ted.
ftle rehabllitation and DalnÈenùce ryaÈêE Is
å siEple one restricted to ploviding rdeqÈ¡te
drainage, filllng the potholes l¡ the roåd
and provlding a EinlEW seal over the rl¡olê
road srface. Ttte reducÈion t¡ vchlcle
otrÞrating cosÈÊ rêsultlng fro thc laprovc-
nent ln the rlding quality of thê rüd sur-
fãce is shom Èo be iufficient tõ rcèõvcr thc
rehabilltatlon æsÈs ln r very short ti4 even
!È flds as lc ¡s 100 vehlcles per dây.
ltE najorlty of tàe roåds included In this
tcheæ are of lory stlength, have ld geæÈrlc
rtüdôrds üd have trafflc flúfs r¡nglng fr@
50 to 1500 vehlcles per day. À11 thc ro.ds
hàve be€n trafflcked for àt ¡eåst oæ yerr
3iîcc b€ing lehabj,Iitated and 3æ€ for tþ
leàrs. Durlng tài6 Èine llttle or no d&¡gc
È€ the surfåc€ hà3 taken plôce.

lntroductlon

thl3 report dcscrlbc8 the cæt+fflcÈlvcnets
of . ¡lnple låbou-lnten3lve EeÈhdi of r.hablll-
Èàttng üd Eòl¡tôlnlng b¡dly det.rlor.tGd bttul-
noug road swfaces.

Ilre m¿hod used to tEprove the roåd ¡urf¡ccr rer
develop€d ln thc Er¡Èen Cårlbb€an lsl¡nd of St
Ylncent by one of the authors ehllBt neglonà¡ Pub-
llc tlorks Àdvlsor to the Britlsh lÞveloF¡cnt
Dlvlslon ln tha Crrlbb€ôn. Data on vehlclG op€rat-
lng c€sÈs rere obtrl¡cd !ræ ü lnvertlgötlon lnto
vchlclc op€r¡ting cost3 b€1n9 undertalèn by lRR', l¡
the Eastern carlbb€ü md fræ an rlrller rtutly(l).
Thê cost-effectlven€ss of the operâÈlon la cô¡,culå-
t d Þy cdipàrl.ng the cort of thc l¡proìæænÈ¡ rlth
the lrvings ln vehlclc o¡renÈtng costr rclultl,ng frc
tlrc Þproved rldlng guàIlty of tlc rdd rurfàccr.

P^rö/1A

Àll thc rord3 tncluded l¡ thc ¡nrly¡l3 rre of
toH strengtl hàving à edified structutl n¡¡lber of
les3 thàn 3J2) ând l¡àve high horl.tontàI ud nrÈl-
càl cuwâture (aÈ le.st 300 degræs/tn ùd up to
10O8,/kE r€s¡æcÈtvely) . ft¡ey carry bctveen 50 md
t5O0 vehlclc¡ tpr dry md h¡ve rII becn trrfftckcd
for betveen de ând teo ye¡rs slnce rehàblllt¡tla¡.

Âs the ¡¡provænt3 uer? carrlèd out to thê rfld
ruf ac€ only Èhcre uas no changc in red ged¡etrt¡
but the riau.ng qual.tty of the roàd surfrce rla
lñproved. Riding qualtty hls b€€n Deâaurêd u¡lng a
vêhl.cle rcunted bEp lntegràtor uit. lbe rdgh-
nê83 vàluea obtrlned rere then coverted to tl¡c
corrêstrþndi¡g Èoyed 5th yhee¡. bEp lnÈcarâtor
vrl.ue(1). fhe roåd surfâce roughne¡s âg æâ¡urêd Dll
this ¡ãthod reduccd fræ 7009æ/¡o Þ€forê tl¡.
feprdeænt3 Èo ân ¡verage of ¡10o0!ú,/too or¡ coEplF
tlo¡ of the rêstoratlon of the ræd ¡urface¡.
DêÈ¡iI3 of t¡esc roughnëss Bà3urær¡ts for I
rcprcsentrtlve sæple of tà€ ro.dB arc glvcn tn
TàbIê t, ând tJ¡elr loc¡Èiørs arc ahdn on th¿ tap ,,n
tl.gure 1.

ÀlI cosÈs are quoted n€È of trx 1$ Ëastcrn
c¡ribbêe dollâr3 ßcÊ2-7 t USfl: Dcf 5.2 . Êt
¡t.rlj,ngl .

The ¡ltu¡tlon Þrlor to th¿ Rehrbllltrtlon Proqræ

St VlnccnÈ h¡t 320 kllæÈrêr (200 ¡llcr) of
bttuElnous ¡urfåceC roadl and, rtth tùê excêptton of
2¡l kilætres (15 Elles) yblch h.vc bcen rccon-
¡t¡ucted ovcr tl¡e lâBt l0 yeari, thcy hàd recctvad
llÈtle lf üy surfrce e¡intenanc.3lnce they hra
flrsÈ blteinl.sed tn the pertod 195O-1968. lhf,!
nÊglect hàd resulted ln serlour det€rfGÀtls¡ ol
Èhe rwnlnq 3urf.cê ch¡ràcterl3ed by crtcmlvc Aot-
hollng ed crÀring, as shotn in F19ue 2. lf ¡
'potholet ls deflned !3 hàvfng à ¡tnllE dlf,Datar
of t50o (6') rnd r Dlni¡E depth of 25@ {1.}. tåú
by f976 incldcnce¡ of on" pothol! p¿r llnctr ..t8.
of ro¡d ¡rrc cGonpllcê, lnd ln D¡ny ct3cr t¡rè
rhole yldth of the road ¡urf¡cc hrd bc€n
broken up, forctng tråffic to drlvc on the boulil¡¡
brB€. The æUrod of con3Èructlcn .dopÈGd ¡Ìrcn tù¡
ræd3 r€re orlg!,nally bltElnl¡ed yre b.tlc.lly
grouted Eàcàdu. À læBe layer of 258 (t"¡ ¡tonaa
n. ¡..1d ov.r . Douldêr b.r., b¡lnd.d yltt¡ 138 (l.l
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rtoll3 a.od th.n pêætrâted rlth bttlmn r¡d
flntrhed o?f ytth à làyer of 6m (L.) ro du3t.
nrtlst Èhts æthod of constructfon provldes e
la¡aon¡bly ¡òtGrpræf ftntsh ¡niÈialty, tt hâ, th.
dlaadvânÈôge thât oncè yaÈer 9ò1ns acce3s through
tha flnl¡hed ¡urface lÈ eâsily IEnetràtes tlê
¡Þrou! 25n {l') làyer don to the båsc, lfftbg
off lârg. âreas of surfactng.

8atËên 1968 and 1976 the St Vinceit coveÞ
DnÈ, ustng grants fræ the UX Íinistry of
Orar3eàs Deve¡oInent, rGcmstrucBed I kil6eÈra3
(5 ¡Ile¡) of the I¿eyard (Hesr Cæsr) Hlghray ônd
16 llloetres (10 niles) o! the Hindvard (Easr
Co..t) tlghyày. ¡n addirion in l97g ¡he recon-
rtructlon of ¡ further 19 kllæeÈres (12 ¡itc¡) of
the flnduård H¡ghfay yas started using fud3 pþ
vlðed by the Euro¡næ Develofnent Fund. Horever
rfÈh rèconstruction costs of the order of
,300,000 tær kj.tæeÈ¡e (fl ntltion ¡*r rlle) lr
ur! cle¡r thàÈ b€cðuse of lbiL¡ÈIon3 on fu¡rds tho
rcoafndcr of thè road network could noÈ bG rccon-
atructed 1n Èhlr yay.

llrc ednÈ ¡vai lable for Daf ntenånce of blttEen
roeds ln Èhe Reærrent Ànnual Budget ia only
t800,000 or t2500 IEr klto¡erre (!4OOO per ;lle)
rpproxbåtêly and tl¡e Roads llåintenilcc DêIf,rtEent
lourd thàÈ these fund3 Erê rufflcienÈ onLy co
rap¡lr the vorsÈ of the ¡þtholes yith prea¡.xed
bltulnous Eåcade. ¡È ras not trþssible to under-
talta ¡ ulntenance a¡d 3urfðce dressing progrme
aufllcl¿nt to rrresÈ t¡e decllnê of the roåd
¡uf¡ce condltlon. To âllêviàte Èhis sltutim
Èha UX ülnlst¡y of Orerseas Deve¡.oFñcnt ln l9?5
apprwad r gnnt to establish å pi.¡.oÈ Roâd irin-
trnüc! UniÈ on SÈ Vlncent Èo train læâ¡ sÈäff ln
aaintmüct proc"dures md to develop å ctraap,
lrbdr-lntensive ¡ethod of rchåbl.ll.tatfng the rod
ttzrt€a ,,n order that iÈs contlnued D.intenanc. could
ba tl¡üccd ylthin the racurrent budgêÈ allocrÈIon.

Ito R.håbllltâtlon and üâlntcnàncê progråm€

ñ? lchabtl,tt.tlon lnd lalntentnce of r tlætcal
Þrolcn bttEtnous ræd ¡urfåce c@prl.ss Èbc
tollorlng acÈlvlttG¡:

l. Claân rnd llprovc alde rnd cros3 dr.lnlqc.
2. t p¡lr thc potholcs, brtnglng tlì. r6d prc-

llla at n.àrly as posJlble Èo les orlglnal ¡hrpc.
3. Susf.c! dress or othcntsa ràÈarpræf the

rrprlrcd lurf¡cc.
a. ll¡¡¡¿¡l.n thc ro.d ro rcÞ.lrad by:-
(rl lecplng the dralns cl.Gån.
(bl Rcpa!,rtnq Elnor lþÈlro¡,G3 .¡ th.!2 t¡r¡rar rnd

lrtor. thcy b.cd. ËJor qres.

Dr.!¡.9.

ttnc. th. ¡ld. altrlnr â¡rd rord culvcrÈr hrd
bGca bloaked ¡nd o\rcrgrdn tnd nrærdr led-
.ltd.¡ h¡d not b.cn clcarcd, Èh. lnltl.l cl.åning
ol th. rldê dråln3 u.a càrrlêd ouÈ urlng . gràdar,
a lrost cnd loder, rnd dup truckc, Thc cort
ot t¡t. o¡lr.tim ranged fro tl25o to !2500 par
¡l¡ocÈr. (l20OO to 1400(l pcr !tt!). ThêreâfÈ€r
It haa baan ¡Þr¡lb¡€ to ñaint.ln th. drâlnr Ln good
ordcr ¡t ¡ Gi3È of l95O pcr ktld¡ctr. (tl5OO
lnr ¡U., F! F.r.

Lp.lrlry lothol¡¡

tÎl. notr.l L.tùod of !.pâlrlng potiol.r l. to
talr ofl tlt. .tÒ., prtr. rlth t€þ gr.d. blÈEa üð

flll ylth â pratxêd bltul¡oua ucôdæ. ft¡ls rÀt
th. a¿Èhod nosÈ cxlen3tvely used tn SÈ Vlncent. tn
ordar to Èk€ tÂdiDu use of labour the premtx ræ
¡¡.r.d Þy hand ¡nd thts y¡¡ found to bê Er. effectiyc
â¡d cheâtEr thòn Bàchtne ¡ixing. The corÈ of
hånd lixed üÈerial ls àbout É93 per cu. ætrc
{f70 per cu. yard) aa cæpared yttl ffl3 per cu.
rct!. (t85 IEr cu. yard) for Btcrlàl Bde by a
Spot¡lx mchine and ll42 ¡Þr cu. EeÈre (tl0? per
cu. )'ard) for Daèerlôl bought c@erclÀlly. IÈ
r¡¡ found thåt 10 to 30 cu. !€¿res of pr6lx rere
r.qulred ¡Þr kll@etre (20 Èo l0O cu. y.rds tEr ¡j,le)
d.p€ndlng on Èhe 3tåtê of the roàd ånd tt! eldth.
Itra cosc of prõvlding üd lòying thts E.terial ranqed
trc t1240 Èo t620O ¡Er kll.oeÈre (12000 to ttO,O0O
Fr !llc).

¡n order to raducê th. coslt of Ftchlng rÈIll
furthcr r Dethod of grouÈ tËtching vas cvolved (Flgurc
3). ît¡ic consisted of bnshing cleå¡ dhe area to be
rc¡¡lr.d, prlning yi,th ân RC 2 gradc þi¿uen, fil¡-
lng the holè ul.th å sult bly gràded 3ton (the grâd-
lng b¿i¡g detEndenÈ on the size of tl¡e holel, grouÈ-
1n9 rlth RC 2 bituen ànd blinding rlth sand.

^lthough 
raÈher crudê, thls oethod yas quick md

produccd â ïatereight patch. IÈ y¡s r¡.æ ¡ess extrà-
v¡gmt on Eterials si.næ the hole ràs noÈ squared
oft ånd raE tåerefore of oè¡.Ier volrEc thrn ehen
flll.d rlth prenir.

s1¡tf¡ce Drc3slng

It râr aoon for¡nd thåt roâd3 rcpålt€d ¡s des-
crl"bad abovê qulckly d€Èerloråtêd rgâln, c¡tEcla¡ly
durlng the räiny season. ¡fater soon tEnetrates
to thc road bâse Èhrdgh cràzing ln th. bltruen sur-
fàce, through sall potholcs ïhlch havc not been
rapålred, .nd through tEtches. For axâEpLe Èhe I kllo-
æ¡rú {5 nlle) long Vigi Ítlghtày lequired thc ex¡æn-
dltuc of the folldfng rEs for rcI¡ålrtng pottroier
onar ¡ tr€nty aonth lÞrlod¡-

D¡tc

fþv.75
llr.76
oct - 76

þr!,L/June 77.

Cost o! rcDålrfno
I kll.ætres

tto,0oo
t25,OOO
t2 3,0oo
t18,000

.LrdlrtGly ¡rrlor to au!âc. dreer!.ng

Cl,rerly th. rÊpàtt of potholer ¡lonc râ3
¡¡aufflctènÈ to arrcrt the deÈêrtoråt!,on rnd tt rar
ncæ3¡rry to ìrtcrpræf tàe roàd surfàæ by 16.
ln r¡rcn¡lvê æür. Accordingly à progrme of .ur
l¡ca ærllng yrs 3Èrrtcd ln ltovcnbêr 1976. Àfter
arFrlrnÈIng rtth v.rlou3 for!! of turfàc! dt.sstng,
lnctudl¡g .pråy ¡nd chtpptng¡ .nd .lurry 3..ling, lt
r.r found thâÈ th. ErÈ Gffccttl,! tctìod yà! fåboür-
lnt.n.lv. .ùdtc.ll,ng. flrl. hrd th. follorlng ¡dv.¡r-
trgc.:

l. tt could b. r..d¡,ty adåptod to l¡bor¡r-
trtanalve rethodr.

2. lÈ uæd ü ..¡lly oòtrLnâbl. rnd chcap rur-
t¡clng râterlal.

3. lÈ provtatrd r dcns, râtelproof ftnl¡h.
a. ¡t G.u!.d th. ¡tni¡!. dLsruptton to t¡afftc.

It ¡cÈhod ol rendrtrltng rploy.d l¡ .t follor.:

l. æ 2 bttrDn tr pourcd on ur. ro.d rurfâca .È
. trt. ol tppro¡luÈ.¡t¡ 0.2? lltrct/tq. ..Èr.
f0.2 gel¡/!q. yrra).
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2. ft ts then 3pre¡d vlÈh rubb€r rquæJ.Gr.
l. The bltuæn iÊ tj¡en covered slth â ¡àyer

of r¡nd 25 to 3OrÐ thlck.
l. ft¡e ¡and l¡ then llghtly rolled.

!¡hcaa rtêpa àre shoHn ln Flgures 4, 5 üd 6 rntl r
ffipleted roâd ln Figure 7. Àt noroà¡. d.yttm
teDlær¡tures in sÈ Vlncent (over ?0or) the nC 2
dæs not need heatlng æd can tbereforc bc poued
3tràight frø the ôrss-

It¡e cost for r l!,I6cl!C of 3.? ætrê (12 ft)
rldc ro¡d ls:

RC 2 lttræn 6000 lltæ3 €t0.42 per f?500
l1Ère

Sànd l0O cu-¡etres @,87.5O per t 750

Roller 6 dayt
Cu-ætre
3135 per ,21O
day

2t1

r.y, hcnce t¡ìree unltB vtll b€ èåpàblc of covcllng
¡ll the bitwlnous roàds ln the country.t ¡ cort
of f108,O00 per yeâr vhen ÈÌ¡e 240 ttl@etre¡
('150 nllesl tnc¡udcd 1ñ the rehÀÞllltâtloF
progræ har been ¡c¡led.

Cost of the nehàblllt¡tion ànd ÉâInten¡ncê Prærùllc

tlle âverôge rchrbllft!Èlon co¡tr arr glvcn
bcloy but In Þr.cllce tbey vàry fræ ro¡d to rqal
¡r cm b¿ ærc cleuly ¡êen ln Table l.

t. Ra45tâblt3hlng Garth f1900 per tll6.trG
side-drÀln3 (t30O0 p€r rl¡Gl

Lâbour
Sall toots ctc

177 Dari days €f7 per dry t1240

2. Pôtchlng ¡þthoþs

3. smatseallng

f¿13@ pcr lll6etr.
(t7000 per !ltc)

150O0 pcr lllmrtr¡
for 3.? ¡etre ro¡d
lt80o0 p€r ¡ll. ft
å 12 ft. rtdc !ed)

or rl4)roxlnàtely f1.35 pcr
eg.yd).

t 3oo

lotrl t50OO

¡q. ætre (t1.1;

neguIâr ll¡lnÈ.núct

slile Dråinage. Às æntloned àbove the
recurrent Balnlcnance cost for keeplng clerr alðê
drains Ðd culverÈs ls àpproxiEately É950 per
kllffietre tEr yeàr, vh{ch equàtes Èo one Eü p€r
1.6 l(ilmeÈre (1 nlle) ¡ær year plus a fev hundred
dol¡.àrs exLra for emergencies. ¡n soæ lnstùce3
the æthod àdopted for thj.s ulntenånce 16 to glw
one làbourer tle responÊlbillty for keeplng cleu
üe kildètre of road, but usuàlly casua¡. gmgs ¡rê
.mployed to cÌcàr sp€cific lengths. ¡n elther
cåse the lnportðce of keeping t¡e si-de dràlng
clear to stop water frm getÈing fnto the roâd barê
cånnot b€ over-emphasised.

Surfâce llåintenånce. îhe obJect of thc rehrblll-
t"tiãÃ'ãã-Eñ-&ãslng progrme ls to br1n9
dom the costs of regulâr suface Ealntenânce to
uanageable proportjons and ln thls the progræ hôs
succeeded. f'h€. firsE Btretch of I kitonetrcs (5
¡iles) Èo b€ sandsealed 6¡ the l€euard tiighvay
hàs not requlred paÈching alnce lt ras scaled ln
tle pêrj.od Nov¿nbcr 19?6 to Hay 1977. fhe Eorc
heavily lràffi(ked vigt Highuày vas sandsealed ln
eålly l9?7 úd to date (l{ay 1978) h.s only requlred
Dfnor tþthole påÈchlng on one æcðElon ðt à toÈÀl cost
of t36o.

À noblle tntchtng gangc of I ren haa bcen fo¡-d
ègulp¡€d Ttth t rinor toôIs 3uch âs hand rær¡ a¡¡d
. flat-bed Èruq'k for trànsport. rt¡ls gilg pàtroL3
Èhe seåled roôds ln a 3-uonth cycle' paÈching
ylth preEix or groutÍng åny oâll frllurea aa tìcy
occur.

rhè cost oi this gang pêr dày i6 ås folttrc:

tlåterlùls tl50
Làbour t 80
Vchlclc t 45
1ool¡ .tc t f

,r80

åsswlng r rcrklng year of 200 days the ctat of
onr 9an9 tEr lear ts 116,000. À gang carì Eðlntà!,n 100

klt@etre3 (7O EiÌe6) of reh¡blli.tðled roåd fn t¡¡l¡

t62O0 per l1lætt¿
for r ¡¡.6 Eetrc roàd
(t10,0O0 lrr ¡llc
for ¡ 15 ft rld.
rod)

l¡¡lnÈenmcr c€rta .ttcr rchrbtlttatlon arc:-

t. Draln¡gê 1950 pcr klloctra
{rr50o pca ¡tla)

2. surfàce påÈchit¡g lfter Averàg¿ 1300 pcr
rehôÞill¡¡tlon kllæ€tre

(É500 Fr ¡llc)

tst yeâr N1l
Znd yeår t 60 - t 190 p'er kn ) Depentllrg

(t100 - t 30O per Eil.) on the
3rd year ,'19O - ,620 per l¡ ) tr.ffic

(t3OO - tt0o0 pêr ¡llc) volw

Puturc DâlnÈentncc cott3 ara ¡ ¡ltter of cdl-
JecÈur€ buÈ Èhe lndlcâtion8 årê th¡t totàl
rccutrenL cosÈs for ¡¡lntenànce Yhèn the proqræ
ls ccEpleted vlll bc:

Ilràin.ge 320 ¡11ætre3 t t 950 : I30O¡0OO
(ZO0 Etles 0 tt,500)

suf.æ 3 tEtchlng
pàtchlr¡g unlÈr

0 t!6,000 e1108,0OO

t¡¡O8,0oO

tìls ls uell vlthln the ünuàl Ealntantncc
budget ùd leaves f400,O00 for ¡ddttlqtal ¡urfaæ
dressing, rldenlng ånd lEProvenents.

the tlfe of thc 3.r¡dseal cànnot b. PrcdlctGd
ytth rny certålnty ås the firsÈ atreÈch vas only
c@pleted ln Novæb€r 1976. Houever, obterv.tloñ
indlc¡tee thàt on ttghtly tr¡fflcked roàd. . llf.
of 5 to l0 yearÉ cü b? cr¡lcted.

the Effect of -the lpprovcænts on SJrfàcc lüiEhnrs¡

ttE rcughne3B of the red¡ lncludcd ln thl¡
progræ ras beasured uslng a vehlcle Hnted
Bwp InÈegraLor U¡¡it. noughnesr æöauraenÈa ¡tlc
talen b€forq durj.ng md âfter the r€h¡bll'lt¡tlon
olEr!ÈIons. Îtrplccl rerultl. Èogether rlt¡l

125
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272

r.habltltåtlon md lurfðcing co3t!, rr. glven
fn Î.b¡G l.

ûr thc vorsÈ roâds on the fslüd ræghness ot
æ¡rly l0.000m/k¡ nre recorded, vhj.Ls¿ t¡o*
racantly cclìpletely rcconstructed gâve rÈôding3 rr
Ic ¡c 2500no/ka. lt fâ3 found posstblc In the
tah¡bllltrtlon progråme to reducc roads frm
?0oh./ko dos to 4500Eo/kn by patchlng, üal to
achlêvc â lurtÌ¡er rGducÈlon to ¡¡00ù@/kE by ra¡d-
aa.l lng.

DGrtvrtton of thê Vchlcl. OpêrÀtlon Co3t!

Þthodology

îîc ccthod uaad to càlcuh¿c thc vchlcl.
oÍ¡aråtlng costs for th13 cvaluation 13 Èhe rüe
¡3 thàÈ used in t¡e îUt! Xenya 3tudy(D yherc th€
v¡rLous c@iþnenÈs of toÈal vehlclc oiÞratlng
co3t3 nre consldered repåntely on a quånÈtÈy
rttlìcr t¡ü ! cost bàsis3 the cost at uy partlcu-
1àr tl¡e being obtained by appì.ying thê relevån¿
unlt costs ln op€ratlon àt thât tire.

Thê c@tþnents of totål vehicìe oparatlng
cosÈ u3ed ln cmpillng the ftgures câIcu¡rcad for
Èl¡13 ltudy ¡ere as follovs:-

t. FuGl consuption.
2. O11 consupÈion.
3. Spåle puts.
a. llàintenecc Iabou.
5. lyrG consEpÈIon.

A! th€ geoetry of the roåd sy3tü ln St
Vlnccnt ls the nain factor control¡ing the rpeed
of vchfclcs rather Èhm the condition of Èhe roåd
turfâce üd disÈances tràvelled are short, very
llttle chüge ln Journey tlæs b.teeen vulou3
tÞlntr on the lslild has æcurred since the
road l¡proveEents. The åverage annual, usêrgc of
r'.hlcles hðs àl.so chüged little ànd therefore
thê vrlue of tiûe üd overheads has been vlrtuâlly
uchuged, ¡IÈhough In the crse of thc ¡,¡ttcr thrrc
r¡y hrv€ b€en . sllghÈ rcduction duc to th. f.ll
tn whlclê m¡.nt¿nâncc rcqulrêænÈs.

V.hlcl. 1y¡p3 lv.tuåtcd

thlcc t!æcs of vchlclc Ere con3ldered to b
tufflclant lor the Irurlþse of thir 3tudy Èo
r.pr.3enÈ th. overall vehicle ¡þpulãÈl,on Èt¡vcll-
lng on th! roåds of St vlnc€n¿. they are¡

1. t 'Eu!op.m tJrtE' sloon c¡r elth ¡
1600æ ¡:trol ênglne, Èhree years old ànd h.vlng
covcr.d 32,0OO kilcú€Ères (20,0O0 Diles).

2. A lü9€ vån Hlth a 200occ petrol .ngi,ne
lrd curylng cåpàclty of I tome, threc lE¡rl
old .nd hàving cov€red 48,000 kl¡,oetrar
(30,0O0 ¡llas).

3. À 7 t6nc c¿rryfng crpåcity t¡uch ulÈ¡r
e 500occ Gngln€, thr.. yeòrs old ud havlng
ccr.r.d 64,0O0 klloctrcg (40,000 aiIG!).

Y.lrlcl. Op.r.tlng Corts for ..ch V.hlc¡. 1:¡¡r.

llre follclng l¡blcs glv. the co3È Ft llle-
Dtt , ilt of tü, for chc cOpon€nt¡ of vchlclo
ofrratlrq c¡3¿ fncluded ln tha üilysl¡ Þoth Èrfort
andrrltar tha lEprovcæntB to the road turf¡c¡¡
¡t Ur. untl co.ts pr.vàlll¡g ln 1978.

l. 160occ ¡¡læn c.r (Europêrn t!Íf,)

colþn€nl beforc aftcr

fuel
oi¡
prl!s
laùour
tyres

0.06
0.0r
0.09
0.04
0-08

0.06
0.c r
0.04
0.02
0.04

totâ1, 0- 28 0. r7

2. 2000cc 1 tonne v¡n

l- SOOOcc 7 tome tnck

c@Poncnt before after

fucl
ol¡
IErtS
l¡bou¡
tyres

0.07
0.01
o.12
0.04
0.09

0.07
0.0r
0.06
0.02
0.04

toÈâl 0. 33 0. 20

¡¡¡16 * . ¡.5,5l¡Èar

reductlon . t0.11 IEr k¡¡
1n cost (lo.t8 per

rllcl

,..1o 4Ig , 1.55å1tet

reductlon = t0.i3 p€r kts
ln cosc (10.21 per

.1¡,e)

,".1o Þ*99 . 1.42
¡1 Èer

rlductlon . t10.13 p€r l(!
in cost (t0.2f p.r

¡lIc)

c6¡þnen t before after

fuel
01l
palts
Iâbour
tyr€ s

0.rl
0.02
0.1 t
0.04
0.16

0.1 1

0.02
0.07
o.03
0.08

totå¡. 0. 44 0.31

It¡a uûLt prlcas used tn derlvl¡g thc¡. flgura¡ ¡re:

Crr Vân ti¡èk

V.htclc cosÈ
tucl (lltre)
Otl (¡ltre)
¡åbdrr (hou)
lyrcr

t20,000
t0.49
to.67
t6
172

t25,000
,o.49
,o.67
,6
ttt2

t45 ,0oo
f0.¡lO
to,67
,6
,260

Àt Urcsa prevålllng unltr prlces the dlrêct
¡avlt¡gt ln otÉrating costs p€r veh!,cla kll@etrc
ra.li,¡cd by upgrðdlng the ræd aurfacÊs ro thà¿ th.
auf¡æ roughness Ir rcduccd frm 700b/k¡ to
¡fOOOn/k¡ f¡ fO.tr for r crr, t0.13 for e
I tsr¡a vü üd ,l0.l3 for a 7 tonnê Èruck.

lbc ralrÈlonshlps uaêd Èo calc-uhÈ. th. guânÈ¡-
Èl'a¡ of fucl, oil, apåra pörÈs rnd tyrc c€nl6ptlon
and to e3È1eÈe t¡rc nrEbcr of Eatnten¡nce låbour
hq¡rl, uc Alven ln th. îRRL ¡(.nyà Str¡dy rcport(ll
ald UrÊ ,lìr¿nsporÈâttff neaeålch !o¡.rd, SFclòl n ¡þrÈ
160(Ð.

lL Co3t Effcctlv.nc3r of thê nsd l3ÞrovænÈ¡

¡n ord€r Èo ¡3aca3 th. co3l a.vtnqa llkcly to
laault fr@ th. lDprov.EnÈs EadG to th. toâd3, ¡.t
il nrcc[ary to tâkG ¡nto accor¡nÈ Dot¡ tha coaÈ
of th. ¡nl,Ètrl r.|l.bu¡tttlon ¡¡¡d ttr¡ l¡t.ly fuÈurr
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ært¡ of Ealntrlntng tà? roadt.
ftre rveråge cost of rehâ.billÈrÈtng on. L1IæÈrc

of road lst1l.2O0 (t1S,000 per aitc) lrdc up er
folla¡¡

llprwlng d¡år.nàgc ! '190O per lll6.tr.
ftlllng potàoles f 4l0O per tll6rÈr.
trnd rc¡¡Ing

totÀ1,

f 5000 per lll@Lr.

tlr,200 p.r kll€.Èr.

lìls 13 à oncc and for ¡ll cx¡Endltuc provldcd
thrt tàe ¡¡¡uâI Eàl$tènànce progrõtc dascr¡¡€d
bcld tr rdhercd Èo. The cost3 of thlr progræ
arG:

cleârlng drrina | 950 per kuøGtr.
pâtchlng ¡Þtholes f 3¡10 per ttl@tre
re-seâling f5000 per hllærÈ.rc

Î'he flrst trc operâtlon3 àr! crrrlêd ilt c.ch
year, but reseallng le only uderÈaken yhen
necessary, dependirg on the level of trâfflc on
each parÈlcular road. ÀlÈhough nqe of the rehâ-
hilltàÈed roads hàve yet reàched Èhe rtåge vhere
further resealing ig nêcessàry the condlÈion of
those rhfch håve been tråfflcked for Èþ yaàra
Êince belng upgrðded ¡uggeÊts tàÀt further re3erllng
gill not be necessary for !t lcasÈ ùother t2err
for the nost h€àvily Er¡fflcked roäds. ltrræ
years has tÌ¡erèfore baen taken as the freqEngy
rith rhlch tlre EosÈ h€àvlly tròfficked rsd3 carry-
lng àt least f000 vehicles a day ullL requl,re re-
aeà¡ing üd fou, flve, six ¡¡d seven y.e¡rs hâs
b€en ¡asued for roàds cårrying 600-1000'
200-600, t0O-200 ud less than 100 vehicles ¡
dåy reslÞctlvely.

Às stated åbwr the savings l¡ vêhlclê o¡f,rat-
lng cosÈ3 IEr vehi.clc kiløetre reaultfng træ th.
upgrading of the roàds are f0.11, t0.13 ¡hd t0.13
for cüs, light c@ercfal ùd heàvy cærclal
vet¡icles reslEcÈively. these 91ve àn ¡verrgc
flgn¡re of ß0.12 tor ålI vehicles on tJre b¡st¡ of
the prolþrÈions of t¡re dlfferent vehic¡e tyFs ln
St VincenÈ.

¡n the ÐalyÊ13 the æst Gff.cÈlvene¡r of t¡!
schene Ls exmined åt varlous lcvel.g of t¡rffic.
The costs ed beneflts ue discd,¡nted bach to tÞ
brs€ yeü ln vt¡1ch reconsÈruction tàkes plàc. üd
the nrnber of years tt tåkes to rêcfler the lnitl.l
reconstructlon cost Is c¡¡cul¡ÈGd. ltc prcænÈ
b€st estlDôte of the rate of grffÈh of Èrâfflc ln
st vl.ncent üd the discmt rèÈe cu¡rently bclng
used to åÊsess roâd l¡proveænt 3ch6e3 Ín the lS t ¡
of the Eåsteln cülbb€ú àre both lO¡. Àlthor¡gh
sæe lnfomatlon existed on the eo3t of prÊylour
¡alntenance on t¡e V191 Hlghsay, thelo y¡t
not lufflclent to b€ ablê to l¡clude thls gcncr-
a¡,ly ln tàe ¡nâlysl3.

lable 2 m¡Eres thc æs!3 Md b€neflt8 for C.ch
trafffc level consldered. ¡t cån b€ r€en fr@ the
tàblG thät the cost of rêhåblll.tàtlng üy ræd v!,t¡r
tràfflc flors of Eore tìü 30O veh¡.cle3 ¡ dry 1r
recov.red through sâylngs ln vehlcle op€rating
costr ln the first yerr but lt tâke3 prognlri.vely
longêr rÈ lder llds (2 years åÈ 2OO veh/d, 5 ye¡r3
¡t l0O veVð ut1¡ rt 50 veh/d lt trkes 12 yêrrB.

Íhl,B progresBlon ls ,.llu¡Èntcd ¡or. cleatly
ln th. grlph ¡høn ln Flgu. 8.

8lrurv

lttc rl¡plc hbq¡r-lnÈlntlvc ¡ctl¡odr of roaa
reh¡bll!Èàtton and bàlntenece degcrlbed ln t¡l!
¡rapar cra dcvelolËd b.cau¡. of thc r¡.ct¡¡tty to
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tlad r cheàp y.y of hprovlng Èhè rodt of 8t
Vlrìcst. Fult acò¡r reconatructlon raa too a¡i'atì-
llvê to be rppltcd to thê EàJortty of thc 320
lilætres (20O Elles) of turfrcld roàdt ln naad
of rchabtlltàtion.

the nethods descrlbed rill :nab¡.G .ll tlìa n¡r-
fâc.d ¡sds to b€ iÐproved md Hintrlr"d vltbln
thr present annual ¡àintanucê budget, ¡crvtng
ræe rcsourcèr for lEprov@ents Èo thc Ar¡dlênt,
yldth ànd .¡igrþent of the roôds cach year. làc
Brvlngs in v€hiclG otEràting' costs duc to thG
lEproveDrnt ln the condition of Èha rod 3urfac
èquàI the æsÈ of the lDproveænt¡ to rll thè roa6¡
included in the 3cheEe vithin tyo year3r ¡nd fro
then on the net amuâI vehlcle olErâÈl¡g cost
lavl,ngs ylll aubst¡nctðlly.¡cæd tìrc ¡¡nua! êoÉ
of ul¡tâ j,n!.ng the red8.

Ît¡e lâbour-j,nÈrnsive æthod gf ¡êall.ng ul¡lch
hag bæn adopted p€m.iÈs À very flexiblc rpprsch
t¡ tl¡! EmgænÈ of road laintcnànce, lÈ b.tng
porslblè to nitch à elntenånce grng fræ *e
àreà to Ànotler at å fer hoursr notice.

The ¡aintenuce Èechnlgue ôdoptrd l¡r3 gr.àtllr
reduced the cost of olEràting vehicles 1n SÈ Vincent
and !t the 3ee t.be hàs incre¡sGd the æount of
york uhich cü be carrted out on the Eords ylthln
thc flxed budget rvâlÌàblc Èo tàe RædB Dep¿rtDat.
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Flgure l. MAP of St. Vlncent showing the roads
lncluded in the rehabilitation schene.

Figure 2.

KEY

- 

Full scale r€constroction in progrest or completed

Roâdr included in the rehabilitôt¡on scheme

2
lllf¡l¡ll Roads refeied to specifically in the repot

I'igure 3,
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NOTEI Figure I was not included in TRR 702,
It was subsequently reproduced in Transportation
Research Circular Number 214n January, 1980,
as shown below. I

I

Elfect of Sluple Road &proveeert ìla¿aureg on VehLcte oper¿t1ñg Coêts l¡ the Eastern Clrfbbe¡n
t.Htde aad D.l(el.t'h

In¡êrt Fl¡rre 8 oa pege 276

!¡
ttì
t
I
I
a

¡

Vúidrl 9.r t¡V
ñ! I rilc 1r\rÍ rEourREo fo REcovER lH€ lolal cos?
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rRANS PORTATION RESEA RCH RECORD 7 A2

Low-Volume Roads:
Second International
Conference

koceedings of a conference conducted by the Transportation
Research Board, August 20-23,1979

rÂÁNSPO RTAT ION RESEAFC H BOARD

coMM,ss,oN oN soc,orEcH N t cAL SvSTEMS
NAT IONAL RESEARCH COUNCIL

NATIONAL ACADEMY OF SC'ENCES
WAEHINGÍON, O.C, 
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133



Compendium 11 Text 7

134

Contents

Pref¡cc

THE CTÁFT OF HTCIIWAY ENGINEERINC
Rey Miuard

APPROPRIATE TECHNOI.oGY FOR I.O$, VOLUME ROADS
G. A. Þl¡¡onds ll

APPROPRI,ATE TECHNOI.oGY AND LOW
L J. Barwell ¡nd J, D. G, F. Howe

cost rne¡æponr
.......- 22

^A METHODOLOGY FOR EVALUATION OT RI'RAL ROADS INTHE Cì]NTEXT OF DEVELOPÀ1ENT
J¡net A. l(och (Roseow), Fred lì/b¿yenzâdeh, end
t(eat Soon Chew 3l

DESIGN THICKNESS OF I¡W-VOLU¡/TE ROADS
J¡cob Greenstetn a¡d llbshe Ilvneh . . . . E0

SOME ASPECTS OF PAVEMENT DESIGN AND PERFORMANCEIþR T.OW VOLUME ROADS IN NEW ZEALAND
Robln J. h¡rlop. ....17

AN AI,TERNATIVE TO lHE DESIGN SPEED æNCEPT FORI¡[' SPEED /4,IJNEMEI.¡T DESIGN
.Iohn ltclæ¿n.

OPET.I GR¡,DED EMU¡JIoN MIxEs FOR T,sE As RoAD sI,RFAcEs
R., G, Hicks, Ilrvtd R. Hatch, Roruld Williamson, and
John $ew¡rd ,.....64

T.CN' TRAFFIC PORTLAND CEITIENT CþNCT'ETE PAVEMENT ONTHE TURTLE MOTJNTAIN INDI,AN RESERVATION NORTH DAI(OTA
IÞWeyne E. Stor¡ey

PORTI,AND CEME¡IT CþNCT,ETE OVERI,AYS OF EXISTINGAsp¡tALT¡c coNcrETE sEcoN'DARy non¡s ñ¡oweO¡l F, Sctrnoo¡ end E. J, Renier . : . . . . .

OPITMAL TTMING FOR PAVING LOW-I'()LUME
GN.A,VEL ROADS

?3

?5

A¡tlS. Bhrnderl¡¡rd Kur¡a¡es C. Stnh¡. ....... E3

A PROGR.AM Op BR¡DGE tNvENTORy, n¡spEcr¡oN At{D
NATING FOR A I,OCAL NONO SYSrEúBillW¡de¡¡rdtWalvtnl¡rsen. ........ gg

If'W WATER CSGSINGS
Gcrdd Coglrlen ¡rd NeU D¡vtg .... e8

EVALUAÎTON OF THE SIT'UCTT'RÂL A.DÞQUACY OF
BTTUITIrNOUS PAVEMEITTS FOR CAUNTIES AND
ULIN¡CIPALIIIES lN II'{¡NNESOTA

Þgenc L &oL, Jr. end Erta¡¡d O, I¡lq¡en . . . .l0l

üt



Compendium 11 Text 7

**

lv

GDÛTECHMCAL ASPECTS OF I.OW VOLUME ROAD DESIGN
ÂND C.I}NSTRUCITON IN NORTHEÁSTERN THAILAND

Teer¡ch¡rttRuenkralrergsa..'. ...'...'lfo

T'SE OF SOIL ST'RVEYS FOR PLANMNG AND DESIGNING
I.oW VOLUME ROADS

J¡ñes A. Scherocm¡nend H' Raymond Stnclalr, Jr.'.. .. .. .125

æ EARTIIT,I'ORK lN THE C0LD WEATHER?
Wryne A. Bieganousky and C. W. I¡vell . ' . ' 133

T'SE THE GEOTECHNTCAL DATA, BANKI
G¡ryD. Coldberg, C. lt/. I¡velt' andR. D. Miles.. .......140

UNLTZAÎION OF SULPHT'R.TREAIED BAMBOO FOR
tþw-voLUME ROAD CICNSTRUCT¡ON 

v1B. Y. Fery.

THE OPTIMUM I.ISE OF NATÌJRAL trÍATERIAI,S FOR LIGHTLY
TRÂFFICKED ROADS IN DEVELOPING COUNTRIES

lf. F. Mitchell, E. C. P. Petzer, ¡nd N. r¡and€rWalt ......155

DES¡GN OF EMUI.SI FIED ASPHALT.AGGREGATE BASES

FOR I.OW VOLUÀÍE ROADS
Mich¡el I. Þrrter, steven R. Ahlfield, Patrick L. Wilkeyt
Alois J. IÞvos, and Rlchard G. Wasill . . . . .164

SOIL- CEMEI¡T-À CICNSTRUCTION MATERIAL
E. G¡y Robbins ¡nd R. G. Packard .. . ' . . . .1?3

T{D( DESIGN CSITERIA FOR CEMENT IT4ODIFIED EMULSION
TREATED MATERIAL

Ì. P. C,corge " " 182

EFFECTS OF COMPACÍION DELAYS AND MT'LTTPLE
TREATMENTS ON THE STRENGTH OF CEMEI{T
STAEIL¡ZED SOIL

Mlcb¡el J. Cowell and Lynnc H. tn*'in. . .. . .191

POZZOLAMC ACTIVTTY AND MECHANIS]\{ OF REACTION
OF RED TROPICAL SOTL.LIME SYSTEMS

.IoêG. Crbrereand Olârles A; Nwekanma. ...... "199

INI.TOVATIONS IN DESIGN AND CþNSTRUCTION OF A IOIÀ'
IOLUME I.oW CIICST ROAD ON WINDBLOWN SANDS

P. J. Str¡usc ard F. Hugo . ... .. .208

¡OREST SERV¡CE E)(PERIENCE WITH IN-PLACE REDUCÎION
OF OVENSTZED NOCKS ¡N T'NSI'RFACED ROADS

lÀrtin C. Everitt and Ernest L. Hoffman . . .218

AN ¡¡MEGRATED NAT¡OI{IV¡DE RT'RAL ROAD SYSTEM
FR THE GAl,lBlA

Prut E. Con¡ad ¡nd John G. Schoon . . .....222

ROA¡' NEI\TORK ANALYSTS FOR TRAI{SPORTATION INVESTMENT
IN EGYPT

Brl¡n Brademeyer, Fred llblvetuedeh, Mch¡el J. llarkow,
lf, El-tlewery,- tttd M. Or¡lg . . . . .2Él

EVALUAT¡ON OF EIGTÍWAY ROUGHNESS IN BOLIVIA
R. F. Cr¡mtclu€l¡tr' W. R. Hudson, ¡¡rdCesarsologurenF. '.....'238

OüÎLINE OF ,t GENERALIZED RO.{D ROUGHNESS IIIDEX
FOR WORI.ÐWIDE t'SE

W. R Hudson .. . .219

ENGINEERING EC1'NOTtrCS OF lBE I{AINTENANCE OF
EÂRTH AND GRAVEL ROADS

AtU Fút rÍd Edgerdo $¡ffint . ' ' ' 'td)

135



Compendium 11 Text 7

136

EFFECT OF SI}TPLE ROAD IT{PROVEMENT MEASURES ON
VEH¡CLE OPENÂTING C6TS IN THE EASTERN CARIBBEAN

H. H¡de ¡nd D. Keith . . . . .260

IMPLEME¡TTING A PAVEÀIENT IÍANAGEMENT SYSTEM IN THE
rcREST SERVICE

E. Fr¡nk McGdlough, Freddy L. Roberte, and Adrl¡n pelzner. . . . . . .ZI7

HIGÌIWAY SAFETY REQUIRENIENTS FOR I.oW-VOLUME
RT'RAL ROADS

JohnC. Glennon ..,,...,296
A DT'RABLE REFLECTIVE SIGN SYSTEM TOR I.OW-VOLUME
ROADS

Tom Nettleton

A PREUMINARY EVALUATION OF PAVED AND IJNPAVED
ROAD PERFORIÍANCE IN BRAZIL

Ale¡ T. Visser, César Augusto V. de Quelroz, Barry ùbser,
¡¡rd l¿onard lvtoser .

lHE EFFECT OF ROAD DESICN AND MAINTENANCE ON
VEHICLE OPERATTNG COSTS-FTELD RESEARCH IN BRAZIL

lighard J, Wl¡att, Robert Harrison, Bamy K. Moser, ar¡dI¡izA.P.deQuadros ..:... ....3f3
RELATING VEHICLE OPERATING COSTS TO LOw VOLUITTE
ROAD PAR/4,METERS IN BRAZIL

Bertell C. &¡tler, Jr., José Teixeira de Cårva¡ho, and
Wü¡iam R. Hudson. 320

FUEL CONSUMPTION REI-ATED TO VEH¡CLE TYPE
AND ROAD CONDITIONS

Jo!1P. Z_aniewski, Barry I(. ltifoser, pedro Jose de llbrals,
¡rdRussL, IQesehagen ..,......329

PREDICTING TRAVEL TIME AND FUEL CþT.¡SUMPIION FOR
VEH¡CLES ON LOW-VOLUII{E ROADS

John P, Zeniewski, Barry K. Moser, lnd Joffre D. Srait, Jr. , . .. .. .g3s



Compendium 11 Text 7

OUN,¡NE OF A CENEMLIZED ROÂD BOUGHNESS I}ÍDEX FOR 9CPTDI|IDE I'SE

lJ. R, Hudson, The Unlvèr8lty of Texas ¡t Au3t1n

Tlre solutlon to the problens of provfdlng unlforofty
fn foughness ñeaaurmenta la not sn easy one. No
perfect snseer exlatG, only e set of lntelll8€nt
alternatlves. IÈ ls vl.tal, hovever, thet sooe type
of franework be set up so that coordlnatlon can
begln. A uultlfaceted approach le proposed ae
follos¡ r

1. Develop s C€neral{zed Roughnesa Index
(GRI) vhlch has r round basls and can provfde a
pseudo-standard for cooparlson of ¡11 æthods.

2. Evaluete Èhe use of an artlfLcfel call-
brrtlon æthod (¡uch as developed by the TransPort
and Road Research láboratory) utth t varlety of
fn6trunents and cascs to detemlne tta value'
problæs, rnd uttlfty.

3. Apply the concept of a stsndard r¿tlng
penel to provfde en edditlooal nethodology for
deflnfng and reproducing the GRI ln countrles sll
ove¡ the rorld rfthout the cost of purchasln¿ a
lt¡ble. proflloneter, ruch rs the Gen€rsl llotors
devlce.

4. Evaluate thc use of rod and Level surveya
rnd recomend fleld equlpnent to 6iEpllfy snd
rpeed up euch suweys for establlshtnt clllbratlon
pofnts on . GRI.

It fs r.ccdnended thrt â CP.I be lnPhDented to
test these conceptg. Cooperatlon slll bc needed
oong several countrleg and agenclea. Psrtlcular
rttentlon ohould be Efven to coordln¡tlon of
rceearch data fro¡ the Xenyà, Brâzll rnd Ind{e
pro.lectÉ, 1n vhlch the world Bank la lnvolved.

l¡ck¡round

One of thr prtnary opcrrtlng charâctcr16tlcs of e
hlgtnay or pavenent .t lny parllcular tl¡€ la the level
of aêrvice that lt provtdee to ltr usera. In turn'
thc vlrlrtlon of thls levcl of servlcc, or tervtce-
ablttty, vlth tfne provfdce . ¡easure of the ræd'¡
pcrfonance. Ttlr perforoancr rnd the cost rnd beneflt
llpllcrtlonr thereof lrc the Prlmry outPuts of e
garrtilcnt ¡lnr8eaent tystaE. Uaer costr ¡rc Prrtlcul¡r-
ly sctâted to roed roughness on very rouSh ro¡ds. It
l,e¡ rhoun by Crrey ¡nd lrlct (5) fn f960 that road
¡urf¡cc foghneea voa thc prlnary varlsblc needed to
a¡pt.ln thc drlverr¡ oPlnlon of tho quâlfty of eervlce-
abltltt. or level of eenrlce, provlded by r road

t¿9

¡urface, G,t., ft8 dêsfrrblllty for u¡c.
Road roug,hnese cen be thought of 1o tany rrye.

rone peoole talk rbout ¡mothnesar othera' acrvlcc-
rblllty. The Cånadfans use rldlng coEfort rnd
there are nattonal cmlttees lf¡ thê Unlted St¡tc¡
to evaluate "rldlng qualfty." Stlll other3 trll of
aurface proftle. In the Europero comlttee¡ of
PIARC, the Perunent Intematloul Assocl¡tloû .of
Road Congræses, the Eng,llsh tero "roghneas" her
coEe to be ¡aBocfrted vlth ¡urfrce textu¡e ¡od rllil
realatance or hydroplantng. Hereln, roughnesr ¡¡d
snoothneas can be deflned ¡s oppositc ende of Èhc
ame scale. Â general deflnltlon of rou8hnê3r ì¡¡t
dÊ6cr1be thoae aurface chåracterlstlc¡ of ¡ rold
shlch affect the lldlng quallty as percelved by tbc
roâd uaer,

Tt¡e avafleblllty of ¡ rou8hness sc¡lr fa
llportant ln tens of evaluetlng ¡ ro¡d ¡nd ftr
perforænce, but ft 1Ê elso very bport¡nt 1n tcfü
of evaluatlng vehlcle ope¡atlon rnd uaer co¡tr. A
comon roughness acale for uo¡ldyldc uae reg,rrdlctr
of the levcl of roughness, e.9., 3ravel lu¡frce or
prved surface, 1r hlghly topórtrat.

Surf¡ce Rou¡hnea¡

Seru1ceeblllty, or rfde qurltty, 1r 1er¡cly r
functlon of roughnese, Sludfes ¡.de !t thc 

^¿qSBoRosd Test (8) shæed thåt ¡bout 95 p€rcent of thc
lnfornåtlon åbout the servlceablllty of ¡ ro¡d 1¡
contrlbuted by thc rq¡ghness of lts ¡urf¡cc profllc.
llrat ls, the correl.tlm coefflclentr ln ßhe pra.c¡t
.ervlceabfllty, or PSI. Gqustlon rtudlc¡ lûProvcd
only sbout 5 perccnt uhrn othcr frctor¡ Ërc ¡ddêd
to the fnder (8). fr.ncl3 Hve€! dlrcursc. thf!
problrn ln sever¡l p¡per¡. lle st¡tea 3h.t I'th.sa ,,a
no doubt that .åntfnd hrs long thought of ro¡d
¡[oothne8s or roughneee ra belng ¡)¡noûyror¡r glth
?lc!s!nt or 6pler3¡¡t.r' Road ¡urfrcc rorghncu tr
oot easlly deecrlbed or deflned, ¡Íd thc cffcct. of
l glven degrec of roughnesr very coorldcrebly elth
the epeed 8nd ch.r.cterl¡ttc. of tbc vchlch urla¡
thc p¡vc¡ent.

lou¡hncrr Dcft¡cd

load torghncrr l. t phcnænoa Praacat ln a
to¡d ¡urf¡cc th¡t f¡ crpcrlanced Þrt tba oPcr¡tor ¡!d
p.¡sÊnterr of rny vchlclc tr¡vellbt cvar th¡ù
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¡urflcc. Surf¡cc roughncar l¡ ¡ functtoo of thc
ræd surface proffle ¡nd certaln parr¡€t.rr of th€
vehlcle, lncludlng tlres, ôuspenElon, body Ðunt¡¡
¡eåta, etc., as sell !s thê senslbflltle8 of the
pasaenger to afcelêratl¡rr end :peed. All of these
factorr undoubtedly affect the phenooenon of rou¡hnesa.
Safety conalderåttons aleo lnfluence ou. e"".pt"n""
of roughness, Hudson ¡nd Haas (lO) refer to ;'paveoent
roughness" rs the "dlstortlon of-the p¡ven€nt iurf¡ce
uhich contrlbutes to ¡n underslrable or uncmforteble
rlde." Thts deflnttlon refers to the rord ¡urf¡ce
snd dlvorces !tself fræ o¡her conslderrttons. For
purposes of thls papêrr th¡.s deflnttlon tnvolvlng,
¡urfsce dtstortlon ytll ¡ufflce tn tcrr¡s of t'road
roughness. "

CoúponêDt8 of Roughnês!

To deflne conpletely r roüBhness fuîctlon toor
evalurtfon of the roughnesa of the entfre 3uÍfscegrea of the pavement ¡hould be ¡ade, Hæever, for
practical purposes thls roughness can be dlvlded lnto
three cæponents; transverôe varlatlons, longltudtnal
variation6, lnd horlzontal varlåtlons of pavenent
allgn¡ent. In other reords, any functtonal roadvay
påraneter shlch lnparts acceleratlms to the vehlcle
or to the rlders Eust be exaufned. Ìrore prrtlcularly
of lnterêst ¡re tho6e functlon¡ ehlch lnfluence the
cmfort and safety of the rlder and/or the deterlor-
stlon of the vehlcle, Prcvlouo studtes hrve ¡honn
that longltudlnal roughness fB probably the lajor
cmtrlbutlng f¿ctor to underelrable vehlclè forcc8(8). the next greater offender Ls transverae
roughness (e.g., the roll coDponent transDltted to
the vehlcle). The hortzontal curvature of th¿
roadvay. uhlch lnparts yau forces to the vchlcle, ta
consldered to be the ]east offenslve end thc one
vhfch le noroally handled by follwlng good htgtray
rllgnrent practlc€s. Sfnce ÀoÊt vehfcles (eppiox-
lute]y 70 pe¡cent) trâvel ln ¡ sell-deflned rt¡ee1
path ulth thelr rfBht uheèl located approxtuately
one neter (2-!12 to 3-ll2 îeet) fron thc outst.de l¡ne
llne ce conclude that Deasureaents of longttudtnsl
proflle ln the tro respectfve rheel paths l.g3 Eetêrg(six feet) apart night provlde the best seopllng of
roadvay aurface roughness. Furth€reore, corprriaon
betueen the tso vheel pathr crn provlde rme
EeasureDent of the croes slope or tranaveraê v!rt-
atlons ehlch ¡re aleo hportånt.

A rlder fn ¡ vehtcle praalng over ¡ ro¡d ¡urf¡cc
experlences r rlde aens6tlon. Thts rtde ¡mr¡tlon ls
¡ functlon of the road proflle, the vehlcl.
perånetersr and the vehlcle speed, 

^ 
vrrl.tlon of

any one of the¡e three v¡rl¡bleg can mke I rough rÕád
proflle åppesr anooth or vlce v€rsa. Tîercforc, ue
rlght Bay that, fr@ a paasengerta vleupolnt, rough-
ness ls an unfortunate cúblnatlon of road proflle,
vehlcle paranetersr and speed. Rldlng ch¡r.ctcr-
lstlcs of elrplanes are also affected by the proper-
tfes of the plveænts lnd of thê alrcraft. Acceler-
atlon6 of rufflctent ns8nltude to crlrlcally rffect
eafety of alrcraft operatlone ¡rc rmcttEÊa obt¡lned
over poor p¡veænts.

¿llthouth 6on. vehlcles hrve h¿rd suspenelon and
otherr .oftr th" vehtcle prrocters (ttres, rutpen-
slon body Dunta. eeate, etc.) do not vary tüfftcteût-
ly to mke r .lgnlflcant chlnge tn pasaenßer cq¡fort.
lffth the ll¡ltltlon of rclstlvely flxed vehtctc
prramters ft fr apparent that rlde 6ensatlon ,.t rolt
dependent úpon the car excitttlon generated by thc
verlous cotbtnttlons of ro¡d proflle rnd vehtclc
apeed. llo3t drlvêrs have crperlenc€d thê aen8rtr,m
of elther alovlng dosn or speedfng up to l¡prove thelr
rfde on r partlcular road. Thla lndtcste¡ th¡t thc
road h¡e ¡ uava lentth contcnt rù1ch, uften drlvcn

ôycr .t a ptrtlcul¡r rpccd, produccr a¡ ctcltttfoú
ln thc vehlclc ¡t one of the vehlcle¡ ra¡onrat
frcquenclea. Tùe t¡,ptctl p¡saenßer c¡r h¡¡ rc¡oîlît
frequenclca ¡t b.twÈn one ¡nd gen cyclcr pcr
rccond. thc rcl.tloruhlp bervecn vtvcì:n¡ih. ctr
rpeed, rnd cår ralon¡nt frequency tr 3hæn lD Fttu¡a
t. Thts relarloruhlp lndtcares thst ¡t rloy rpc.dr
there tB ¡ ro¡d vsvelength thrÈ vlll c¡u¡c ¡n
axcltrtlon at one of thê ctr reaonlnt frrqucaclcr.
If thc rnplltude of that urvelength 1r leigc. thc
crr rlde ulll bc notlcelbly ¡ffrctcd.

Dt¡urc 1. R.lttlon¡hlp b.tncn rGsoa.nt frcqucrrclcr
of crrr, csr rp€cdr rnd p.veamt rurfrcc nvjlcngth.

JaYt ur6rt tu

. .In general, mst pr8senger car rtde cbattctca_f3tlc¡ lre very uch allke, end for rny p¡;;i;i;,
ro¡d Dost cars ylll be drlven ¡t tbout ti. a* 

-
.peed. Htthìso of these vart¡bles held rclttivclyflxed, the excftattons fnto the car ¡nd thur ticrldlng characteristlcs of the ca¡ U""-. p.f-iif"
¡ fsctlon of the eavelength contlnt 

"f 
ÈÁ;;;-'profflc rurfacc.

Surfrcc Roughn€ss Evaluttlo¡

loughneas avrluetlm h¡¡ recclvcd coo¡ldcr¡blc
-rttertlon froa aany htghray .nd alrport rgenclcr faNorth A¡erlca. Roughnese te rhe prtnery ã-p-ioiof ¡ervl.ccablllty tnd e lrrge nuber of-dfff¡ræt
routhne66 Deasure¡ rre ln cur!€nt use. Ír1r cooccptof_preceptlon b:'the htghssy user 13 ftporttnt.
Thls deflnltfon of roughncrt crcludc¡ rurf¡cc
texture rnd llcrotÊrture of ¡urface ¡ggrGt¡tct alncathese rr! nor percetvcd by thc user tã-rricci-rii'fiquallty. Insread they .ffcct ¡ktd r¡gl¡t¡nci ¡¡dothe¡ op€rltlonal ch¡rrctartstfca büt vlll bccrcludcd 1n thts p¡per. fhc dtaætcr of thc ¡urf¡cc
atone uled ln paveoæt rurf¡cc tr€¡tEeîra úùlch
causer "nolBe," ls dfecernlble to the ua.r, har'ao
:Íf""! T rh€ user'B p.rccprloî, rna fr ror¡l"or- Uythfs deftnltron.

Surfrcc Profllc

lleny ruthors, ¡uch ¡¡ Drrllngton (6) nd G¡rcl
Q), feel thar I surfrcc profl,le la the bcet rry io
chrr.ctcrlre roughnea:. l¡ tcr¡¡ of ptofl.lc, roogh-
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r¡c¡! crn be deftned ¡s "the ¡umtlon of v¡rl¡tfon¡
la thc surface proftle." Proflleo tn thl¡ rcn¡e do
not lnclude th€ overrll geGetry ln th¿ rold but rra
llElt"d to ylve llngths ln the ¡urfacc thåt ¡rc lels
th¡n ¡pproxlutcly 152.4 ¡eterc (500 fcct) ln lcngth.
In Darltngton'a lcru. roughnese ls "thr rnalyala of
thc proflle or of the rendæ rtgnrl Lnæ¡ ¡r profllc.'

Crre¡r ln l!) po¡nts out four fundrmt¡l uge¡ of
rurf¡ce profllee or ¡ou8hne6s De¡¡uraent83 la con-
rtructton quellty control tools, to loc¡te ¡b¡or¡al
changee ln thc hlghvey luch as drtlnl8e or ¡ubsurfrcc
problæs, crtræ coßtructlon deflclencle¡' ctc..
to êEtsbll6h r eyatcorrlde b¡sle for ¡llocltlon of
pavment uf ntcnsncc resourc€c r and to fdmtlfl
pavênent servl ceabl I I ty-perf oruancc hf ¡tor lcs.

ln swry, e proflle ts t delalled rccordbg of
lurface characterlatlca and roughnesa or aæothnesa
1s a 3tatl6tlc shich rwrlzes theÊc ch¡rrcteals-
tlcs. Thus, roughness-s¡oothness ls ¡ rtatlttlc or
nmber uhlch suEårfzes thë rldtnt qurllty or lurf¡ce
proftle of ¡ rosd.

Hos rough 1a rough? oîce th€ surf¡c¿ chrrlctar-
lsttcs sre ruurlzed, lt lE essentlal to a8labll3h
r gcale for thls statl6tlc or ewry va1ue. Thl¡
can be done ln nany rays, e6 polnted out by DarlfngtoB
(l). Tradltlonally there are tso uaya of detcrEfo-
lng thls statlstlc; xchanlcal lntegretlon rnd
Eåthdatlcal lnte8ratlon or analyrls. Thc flr¡t of
these æthods 18 the mst comon, thlt i3' thê utc
of sone ¡echanlcel tnÊtrrnent or devfcer such u thê
IPR roughoneter ln Flgure 2, to æchanfcrlly flltcr
¡nd su@erlue the d8t. ln r ¡peclffed r¡y. 1Îic
recond uethod lnvolves recordfng the profllc Ú
falthfully a6 posslble ¡nd then rnalyzlng end/or
lntegrâtlng thls proÌlle EstheÈtlcâlly rlth solte
atandard ûatheutlcal procedure. Euch aÉ thlt out-
llned by l¡¡lker ¡nd Hudson ( 31 and !), Roberts tûd
tludson (24 and !l), ¡nd Darllngton (ó ). Îl¡e æst
corqoon ¡ethods ln current use for æch¡nlc¡l Et¡urè-
!Gn! and s@ary lnclude the BPR RouBho!€t¿t (!l ¡¡¡d

lÍ), the PCA Roadneter (f and 2), .the tlaye lleter (32

and fl), the chloe Proflloneter (a) ' ¡n¿ tlre l¡nd
plane or Profflogrrph (rolllng Btr¡fght cdee) (28).

flSure 2. Schaåtfc lÌlrBrs! - BPR Roughcter

aa¡h tat
aañrrn

t:tl

rv¡ll.bl., lncludln3 (!_, ¡1, 16, ¡*d 22).
Slncr ¡o ¡uch h¡¡ been L'rttt6 about tL varlgú

ln¡tru¡mt¡ evallablc, ce slll not rtteEpt ln tbl¡
rhort p¡per to rGvlGU ¡11 theee x¡aurcæBt Etboda
fn úêt¡ll, Scc (¡, .LE., .rrd 39) for dct¡t¡r.

C@plrlsoî of ll!¡surænt and SrEåry lcchnlqucs

¡.Bardlrsr of thc ¡craurc¡cot ¡nd type of llrry
¡êchnlques used, ft ls essenthl thrt r gæd rafcr-
srec be c¡tgblf¡hed ¡nd ¡rlntalned. ¡t t3 cqurlty
t¡postent thrt accurlcy be ¡elntelncd ln atætlo¡.

D.rllnßton (É) pot tr out thåt thrle bl3lc
tcfcrence ¡ethod¡ hrve bcen used hlrtorlcelly to
r¡sure roughneec: thc ¡o-c¡Iled rolllng atratSht
edBe or land plane, rs lllustrated ln flgurc 3r th.
,.nettl¡l ua6 .a used ln the BPR Rou8hoætCrr
lllustrated ln Fl8ure 2, the üry3 ¡cter rnd tha lcl
.€tcr uhlch the ¡utoGoblle aeneo ¡B the lnertf¡I
lras and, ffnelly, tn fnertlål rcfcrcnce profll-
6rter, 3uch rs the Surfôce D)¡nülca or GanGrrl
l{otors Profflæetcr, rtere ¡n c¡tcrrral ref¿rcncc l¡
provlded.

lfturc 3. l¡nd ph¡c roughncre dcvfcc ¡*tlsc¡
c.Iled Profllogreph or rolllng 3trrltht Galtc.

Flgure 4 lllustr¡t€3 by rcem of r Sode plot lhè
transfer functfoi or feapmae of aevcr¡l typcr of
lnatruEents to the lnput of road roughnees. fbc
problcu 1s th.t thc 3tr¡lßht edgÊ or leod phnc
dcvlcc l,¡ io 

"rrltfc 
ln ltr rc8ponra thrt lt l¡

rclrtlyely useleas, fhl8 18 lllu3trrtcd fn Flgr¡r.
4, rùrere the effect of roughnera uavclcngthr uhfcb
rre .oy Dlrlple of thc length of thc rtr.lght cd3.
rcsults ln zcro output fro¡ thÊ dcvlcc.

Derllngton rlûüI.Ècd tbc rrsponrc of thc IPR
roughæter (or vlbroætcr, or relallc tcfcrcoce
devlce) on ¡n rnslot ccrputer ualng rcrturcd
phyelc¡l charlctrrlrtfc¡ of ths ln.tr¡rêût. [la
rulyela shoss th¡t the roughorêter type dcvlcc
yleldr rearomble re¡ulte for g¡ve lc¡gth 10 tb.
reglon of rpprorlutely L.22 to 6.26 rctcrr (l to 1l
feet). llave lcngthr 10 the r¡ng€ of 4.26 to 5.aB
Eters (14 to l8 fe€t) rre badly dl.torted, ¡¡d urr
Itng,th¡ beyond 6.70 xtcr¡ (22 fcet) rrpldly ettea-
r¡tc to acro rÊrpo¡ta.

Tfic nccd for corprtlbllltv or c.¡cralltv

Aa o0tllned rbovc, dlvcrcc ¡cr¡urcrntf ol
roughnc.s ¡rc uged rround thc wrld. It la ûot
feaslble to trl¡( of cqurlfty rmg th.BC lê¡tutc-
r€nts 3lnce ft l' îot posrlble to provldc copat-
lbllttt rm8 the v¡rld¡¡ re¡rurln8, ¡y.tcrr lf propcr
cm¡lder.tloD lr glven. Ihl' cmp¡tfbfllty tnyoly.a
!m lcvels of conccrn: "Ertcrnel" coapatrbflfty -rclûtfag to sltcÈbcr thê r.rult. of oæ rgcncy'l ot
countryr¡ nrl. h¡¡ qu¡[tllltlve ral.tfoürhlp or
rcrnfng to those of ¡nother rgency, ¡nd "Intcrn¡l"
CoP¡tlbl,llty -- rcl¡llt¡t to corrcl¡tln! rclultr.
echlcvlng r.p.rtrblllty, Gtc., vfthltr a! a¡eoct.

A ñdcr of atudle! h¡vc bccn
tharc ln3trr-nt¡ ¡nd ¡ ¡r¡ber of

t¡de to cæprrc
rcfcrcnccl ¡rc
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ItturÊ ¡. 1h¿orctlc¡l dlffcrencc¡ betnen SD Profllmeter,
Gñloc, rolllng ¡tr.lght-€dge! .nd rlt¡Êtc roughú.lcr

r.æ
t.@

a.o
t.æ
¡.o
0,æ

t.@
t.q¡

o.o
t.æ
¡.@

c.@

a.o
a.o
a.ø
¡.ú
¡.æ
0.tr
0.to

0.¡tr

0.@

!O ÈûtU*G.r or ot

õ 0.. 3lo?. tarlsca

ü>tot lGs¡|,¡br.¡l¡.

lÞtæt lÈrr1¡àr.d¡t

Itl lt¡¡ùa.sc

¡0 óo 50 ó0 t0

3n I-atà ot l.E¡ç lxl

llrf¡ ¡ccond aspect of cæpetlbllfty ts r.ell lllus-
Èreted by the Bråzfl Projecr (lg) for 1r fs ess.ntlal
th¡t ¡e¡surcûents ude ln all prr.ts of lrazll be
coûpstlble ylth øch other Êven though ft ts not
poaalble to ¡ale ¡11 the ¡.aaurcoents ulth ¡ slnBlc
1a¡truænt.

ltc problc! of .xternal cmpattbtllty 1.3 bcrt
tllu¡tr¡ted by the fact thât rlaults of rtudlÊ3 ln
fcnya can be cmpered to thc findlngs ln Brazll onlv
lf ther. ls coEpetlbtltty b.tveen thê tuo setr of
rou3hncss'drta. I feel thlr can bast be eccoplfuhcd
bt êstsbllihlng e "gcnerallzed roughnesa tndex" vhlch
c¡n be uged ås r coûpatlbl. basc of coñpårl6on. Thls
fr prelcrable to lelectlng tnv prrtlcular û"åsuraent
ay.tcn, uhlch lt3elf u:, be chânglng tnd uhlch aay
Eot bc avatl.blc to r prrtlcular porentlel uslng
Itcncy.

If a Gcnrrrltzêd ¡,oughncas tndex (GRI) lr uacd,
ÈhG the ratt.r rasolvÊs to onê of provtdtng s6e e¡t
of drlcntng the GRI ln lny pârtlcular lnstence.

In hft opc1ìl.nS rãlårks to I lhtlonrl Conference
m roughncce lcrgur€ñ€nta and correl¡tlon ln 19i2. tlr.
g. N, C.rcyr Jr.r Exêcutlve Dtrcctor of th€ U.S.
lrenrportetlon Rcrc.rch lorrd tpcalrr to thcre ptob-r- (1).

A Chlrd urc of profllc E.â.ur.aent! lr to
a.t¡blfsh ¡ rysreEtlc srrt*tdc besfs for
¡lloc¡tlon of p_avenent utntenrnce rcsourcaa.
A uord of c¡utton here 1¡ tn order. ln thc
tDt.r.rt of flndlng lor.-co8t tools that crn
bc cerlly ¡v¡llablc to erch hlghvay dcpertnnt,
dl¡lrlct, there ls a tend€ncey !o tuggrac
hlghly rllpllrtlc d€vlces. I belleve that
rcil¡ncc on thesc d.rlces uT-l;ã-ã-ã;Iou¡
É¡lgkeS ln th€ dcv€lonlenr of prlorlrles for
r¡tnGãE-äãã¿-fñireg, . .

Clreyir cor¡cnt crn Brlly bc crtcrrd¿d to lncludc tæ
¡ot¡¡rl r¡d uoprvcd rord pleanlng ln dcvclopln¡

countrt.s rtrere roughncas can be u3ed not only for
rllocatlng ffilntenance regources but tlso for ¡scer-
trlnln8 and consfderlng user and vehlcle op€ratlng
coata. Although the absolutc eccurccy requlred fór
thorc v¡rlo{¡r purpo3es lay dlffcr 1n ¡ll crs€s,
rrl.tlv¿ accur¡cy rnd coûpatlblllty ar€ lEport¿nt.

filrtorv of RøRhneas C¡llbratlon ¡nd Correl¡tton

Îllc !¡rllest roughnecc .€¡suraEênt8 yarc
r.ported by Ho8entogler, rs f¡r back as 1923 (4?) rnd
clrly developoent of thc nougho¡eteruaa rcpor-.d ln
f926 G9). Even ln thcse c.rly develop¡€nts lhe
nced for c¡llbrrtlon vaa readlly recognkcd. Fron
1941. gùen the lPR Roughaeter becme rrstandardlzed,"
thc lureru of Publlc Ro¡da (¡ov the Federrl Ëlgtuay
ld¡1nl.trstl.on) aalntalned ¡ ".Èåndard callbrãtlon
..ctfon'r for testlng rny ney or Dodtflêd BPR Rough-
o€tcr. It u¡s observed froa the b€glnnlng that
lnrtn¡raata rr¡uf¡cturcd ¡! Dctrly ¡llke ¡a po6slblc
dfd not rccord thr arüe roughncsa vrlue for thc ¡ane
prvcnt. Thc fellacy of r af¡tlc c¡llbr.tloo scc-
ttqr It dl¡çu¡¡cd by ludron end Heln (¡5).

It t. not po3slbl. to crllbrrtc . dyo¡¡lc
hatr[cnt at r tlnglr polnt over lts rsngc lnd
c¡pcct th. c¡llbratlon to bc ratlsfactory for urc of
th. lnrtrrlcnt over r full rangc of,roghnear. Tàt¡
l. fllurtr.t€d fn Ffgurc 5 uherc . .t¡ndard roußh-
naaa aactloî ylth r v!lu! of l0 has bcen ret up. tG
rlght ürulc lh¡t ln:r othrr lns¡ruent yhlch re¡d!
l0 vould bc c¡llbrrted to tha ¡t¡nderd valuc. ln
f.ct, thr,r rlrEptlon lr dcplctcd by the .olld "ltnc
of cqurllt¡r" ln the flgurc. fht¡ llne taswr th.t
!f rn ln¡tru¿nt aÊåds ¡.0r lt ls "cellbr¡ted" ¡nd
thu¡ vlll rcad 20 ehen Èh. !t.nd.r¿ tnltrü¡cnt ¡.¡d.
20, t0 glra th. .!¡nd¡rd ln.tr6crt rc¡d¡ y), .tc.
Altcrnrtlv:ly lfnc No. I lllu.lrttes e plrurlblc cüc
of ¡ ll¡¡rt salrÈtm¡hlp uhcr. l!.truGît Io. I t

20¡o
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fltur. 5. Slnglc polnt BPR clllbr.tloo prôblclr.

e¡llbrated to thc rtanderd lnstrEcnt oî the rrctforl
slth vslue 10. Ufthout 6ddltloMl test polnts ue
uûuld not reållze that the elope of the callbratloa
llne ls really different froE the .ssued llne of
cqua11ty. Dotted llne No. 2 llluatrates a bore
cæplex case of nonllnear rel.tfonehlp uhfch vould,
of course, also be r¡lssed sLth the Blngle potnt
callbratfon. SoDe teenty-four 6t¡tê egencles had
8PR Rou¡,honeters 1n use fn l9ó0. !!åny of thcae
devlces have been cll1bratèd by thtr one-polnt rethod
rod by no othêr !€!hod.

loughoaeter C¡l1br¡tlon Coursc - ÁÂS!0 Rosd Test

¡ls reported by tludson ¿nd t¡1a (p) there uas e
¡ecd to use the Roughoûeter ln thc AåSHo nosd Test
but tt became obvfous very early, ulth the AÂSll0
Proffloaeter to co$pare to, thst the BPR Roughoneter
uea a variablc fnstrment, difflcult to keep ln
c¡lfbratlon, In our rcrk at the A SHO Roed Te6t ec
ucre not only fnvolved ln neasurtng the roughnesa of
¡11 pevaents efth tha 

^^SHo 
Proflloeter and ln

developlng and operatfng the BPR Rôughoæterr büt
¡I¡o ln checkfng and callbratlng ¡t lee8t alx rough-
oû€ters fron states such as l.llchlBen, North Dakot¡,
Hlnnesota, and tllsconsfn ehlch brought thclr lnBtru-
Dnts to the Rord Te¡t for caltbrrrlon r8alnst the
/|ASHo Prof llomcter for deterulnlng Bervlceâbt1lty.

Baslcally the Eethod lnvolvcd lhe lnstallâtlon
of ¡lufnm bars on the ¡urface of r smoth rlg{d
Þavcoent to establlsh four separate ¡est aectfons of
dlffc¡ent but knom roughness. Thc roughoncter
could then bc cheeled l8alnat thc .tedard eectlon¡
aÈ lly rcqufred tliÐG.

ttt

ÎlÌL Plpc C¡llbr¡tlo¡ f.our¡c

ånoth"r ¡rtlflclel crllbr¡tlm technlqu¿ h¡a bcca
proposêd ¡nd used by the Transport ¡nd Ro¡d Rceerrch
låboretory ln England. Thls concept appears ßo havê
prælee for use as s callbr¡tlng devlce or a!¡¡drrd-
Lzrtlon Dethod lro¡¡ld the eorld. A short notè on
the noethod fÊ presented ln Q$. lrlefly, thê
Eethod lr¡vol.ves the selectloD of ¡ snooth psvcûrût
r"ctLon approxhately 300 ¡eter6 (985 feet) 1o!g ât
¡ standard. Thle mooth aectlon becor¡ee the
s¡oothest aectlon ln ¡ ¡erfee of ó c¡llbratloô
rectlons. Subaequently rougher sectlons rrc cra¡lc{
by addlng rrtlflclsl bwps to the ¡urfacc of Èhc
ståndard rcctlons by neans of plÞe6 rlth artcra¡l
dlånter of 3.413 centlneters (1.34 fnches). A totrl
of alx levels of roughnesa ¡rc crcrted. Tl¡u¡, thc
problcu of one-polnt cellbrrtlon ls allevtatcd ¡nd
yet the clllbratlnB egency need flnd only on. a¡ootb,
relatlvely mchang,ln8 pâvaent lectlon. Thc .brolutÊ
proflle of thls baslc snooth atandsrd scctlon c.n
llkewlee be checked ufth precbe rod ¡nd levcl¡ oa r
quarterly or ¡crl¡mual b¡¡lt ¡¡ nccetarry.

Ua¿ of ¡ '5tr¡¡d¡rd' Dcvicr for C.llbr¡tlon

Probably thc rost uldely urcd Ethod of crl,fbr¡-
tlon 3nd èorrel¡tlon has been th" ue of cole Èypc
of eo-callcd strndârd devlce. nrllly thlr rpproach
¡hould bc dlvlded fnto tso ttpês. fñ¡ flrst lnvolvc¡
the selectlon of one repllcete froo the group of
¡fnllar devfcee bafng used ¡nd thc use of thl¡
repllca only for côllbr8tlm purporÊ3 ¡o th.t tt
preaunably doec not "uear or¡t.' fhlr la the
rpproâch thrt the IPR took slth the chccl ¡cctlon
18 outllned c¡tller. I llkcn tht! ¡pprorch to Sold-
plstln3 ¡ croub¡r. If you hrva tyo dorei croÍttrt

tt.aa.rd I¡¡¡l[tt t¡lq
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r¡d select one of then bccar¡se ft lppears to he nore
pcrfect ln shape and uelBht rhan the other6 ¿¡nL! p¡a!e
lt rlth gold. uhat do you bave? Stlll I crusbar,
albelt 8 shln¡r and expenslve one, The¡e fs lltrle
cvldence that ¡hts type of "6tandard" devlce lr¡s been
lucccssful ln true calfbr.rtlo¡ì ând correlatlon.

The eecond type of standard devfce lnvolv,,s the
u¡e of s rosrer devlce vhlch is lrself cal.tbr¡tJrrl.e
or eùlch has a standard of accuracy vhlch ls p¡,rhapg
¡ ¡agnltude greater than the other devlces for shlch
It l3 to be lhe mster control. The MSHO Rord Test
Proflloneter uas such a devlce çhlch becane a stdnd-
rrd agalnst vhlch dozens of Cl¡loe profiloneters and
8PR Roughoæcers sere callbrate¡l durlng and soon
.fter the AÂSHO Poad Test. Tlrls approach ls dts-
cueged beLog as the Texas Caltbration Course.

Uec of llydraullc Shaker Table

The General Hotors Proftloneter uås orlgtnally
developed for obtalnlng road proflle lnput vhtctr could
b¿ fed Lnto a vchfcle rfde sinulator for testlng
vehlcle ¡uspenslons at the General Ho¡ors proving
Ground (26 and _21). Sone åuthorfsles feel that a
!lEltar approach can be used for lnputtlng standard
roughness to a Mchlne ln an analytlcally controlled
Enner to callbrare other devlces. Thls oethod
lnvolves observlng the responses of a neasurlng
dwlce 1n a laboratory ulth a servo-controlled
hydraullc rao restlng under each wheel. Knoh ex-
cltatlon ls applled through the hydraullc rams to
the vehlcle to detemlne 1ts response. Hore speclfic-
¡11y, the vheels of the vehlcle are vibrated by a
ahaker teble ln a unner to sl.nulat€ o¡.eratlon of the
vehlcle on each of e set of standard test aectlons.
Rôed proflle dåca obtalned ulch an lnstrwen! such as
Gll Profllooeter are used to drlve the shaker table.
The proflle data tape could be used for any number of
¡uccesslve recallbretlons cr/er any perlod of tlne
ead, ln that sense, pould not change.

Ttrere ls, of course, sooe questlon åbout the
correspondjnce betueen readtngs obtâlned by 6hâker
l¡ble snd roughness neasurenenÈs obtained fn the
fteld. The mJor source of dlscrepancy renalns ln
thê fsct that the vehlcle ls novlng and wheels are
rotâtlng shlle neasurænts are belng made fn the
fleld but not uhlle operating on a shaker table. Tho
dynanlc vÊ. statlc tlre condltlons are of partlcul.ar
concern. At the presenÈ tlne the ¡iatloMl Cooper-
t¡lve Hlghuay Research Program Is undertaklng a
rcsearch project shfch slll undoubtedlv lnvestlgate
the shaker table approach to callbraÈton of roughness
devlces Q!.t. fn general, thfs nethod does not 6cen
posslble for use sorldslde slnce the shaker table is
cr¡nbersone and expenslve. If a slnple verston could
be devlsed lt could be dupllcated and purchâsed by
fntereated goups but â great deal of research end
developænt le requlred and ee Eust âual¡ thè results
of rhe N(IRP srudy.

lcrrr C.lfbr¡tlon Cour'

thc Cênt.r for Hl¡hvay Research ¡nd the Te¡ee
St.tc Dep¡rtEent of Hlghea!'s and Publlc Trans-
Portrtlon use the SnP or Ceneral Hotors P¡ofl.¡oñeter
¡t r Eâst.r callbratfon devlce for ¡ serle¡ of l!¡vs
l{eters vhlch are used routlnel)/ throu¡hout the ¡tate,
Ttle epproach 13 reported by Halker, Hudson ¡nd
Illlle¡son Q3. 3f. ¡nd 1l). fo some degree. e
¡tallar approach has been taken bI the l?fchlßân
Blgtvay l¡Êpâ¡tEent, ås rêported b¡'Holbrmk and
Orrlfngton (l? ¿nd ll). the sane ap¡roach le be(ng
t.ten .t thc pr¿sent ttEe fn rhe t¡*Dp Brazll Study
C9). â SDP vrr purchlcd rnd f¡ used for æeeuring

a seÈ of callbrstlon scctlona. thcae sectfona are
run rcgularly by elglrr ¡l¿ys Heters to lnsure that
tl¡elr callbratlon re¡¡ins stable. A control chsrt
proc!.drrre and regular clrt'ck procedure slnllar to Èhtt
outllned by lltlllamsorr ls follosed G3, 33, ¡nd 34).

Bô¡lcally, Texas naln[af¡¡s a group of 25 pavenen!
secLl,c!¡ii uhlch var¡ fron snooth to rouBh. f,very
threè nronths the proÍiles of all these aectlons lre
De¡surtd and analyzed Hirh the SDp Profllooeter. In
thjs vat, a set of pav€ments slth knom roughness
are al.w¡vs avallal¡le for use ln checklng and call-
bratlilg iln'{ other roughness lnatruEent. Any lnstru-
ùent uhl.cl¡ appeats to bc glvlng erroneous readtngs
ls rcguJarly run on several check secttons and rhe
valu.s plotted on a standard control chart. If e
devlce fs "out-of-control" on three or four aeclloN
then ft is thoroughly checked, aechanically repatred,
lnd, lf necessaryr recallbrated,

Rod and Level Surveys

lran¡'people feel rhat lt 1s pos8lble to esrab-
llsh vehjcle roughness callbrâtlons over standard
påvmeûi scctlons by runnlng control rod and level
gurvers of che callbration sectlons to see lf and
hou thelr proflles are changlng. There are tso baslc
problems assoclated vith thls Eethodology. FlrEt,
the response of the vehlcle and EosÈ roughnese
leasurlng fnstrunents to a proflle ls rn lntegraClon
of everythlng the Eeasurlng lnslrwnt aees on the
road surface. This fs a contlnuous process and not
one lnvolvlng dfscrete pofnts 6uch as ara used ln a
rod and level survey. This problen la aagnlfted by
the fact that even the best o¿nual levellng tech-
nlques nake lt erpenslve to Eake Eeåsureûenls of
tesr se!rlons 300 neters (985 feet) long rt epaclngs
closer tl¡¡n gbout 1/2 neter (1.6 feet). Eveû ln thls
case a total of 600 .neasurlng polnts 1r requlred each
tlse a callbratlon sectlon ls checked.

Perh¿1s Eore dlfflcu¡t than the accuracy rnd
detalled problen outllned above ls the need to
l4telifiìte and/or sumarize and anlyze the proftle.
To date, ¡.ittle has been done ln thl.s erea. Recently
se have lnvestlgated the use of second dertvatlons of
the profile to yfeld estlnates of vertlcel accel-
eratlens present fn the proflle. A relatfonsh{p hae,
fn turn, been developed betveen vertlcal ¡ccelere-
tlons and SI.

Calculatlons are slnple and do not raqulre !
Itrge con?uter facll!.ty as ls ths caee ylth cxlsllnt
proflle analyzlng Dethods such as poeer sp€ctrål
denslty, Fourfer transforn, and dlgttal fllterlng,
Roed profllc root bean square vertlcâl acceleratfons
have a strong correlstlon çfth Hays Heter roughness
rcadlngs as shom ln the 6tudy by HcKenz¡.e snd
Srlnarawat (40). Flgure 6 lllustrates å very good
.greenent ln tems of Êervlceabtllty lndex fron l0
road surf¿ce profllea obtalned by rod and level
rethod and the Surface D''nånlcs Profttoneter (SDp)
(41). Thls plor alao Euggests that rosd proflle data
fro rod and level and SDP are tnterchangeable and
rod lnd leve! can b¿ used to provlde coDmrltty
ræng road roughnese lcales presently fn use.

Ccrlalnlv, these dlscrete rod and level aurveys
hevc so¡re practlcal rdvantÂges, partlcul¿rly ln
developlng countrleg vhere l¡bor-tnlensetve Eethodg
åre econonlcal. It ¡ifght be far oore practlcsl to
obtaln detalled, dlacret. proflles stth rod ånd
levele of, sayr teî or teelve pâvenent tegt s€ctlons
on l regular båsls then to Efntaln å hlgh-tcchnol-
ogy, axpenslve electrontc devlce for contlnuous
proflle ñeasurrnenta. Such â aethod vfll bc prsctl-
câl lf data anal¡.sls technlqut's can be dcveloped end
¡utsted for eacy u¡c of the d¡t¡.
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Fl8urc 6. Coaptrl.on of rcrvlcc¡bflfty lndlc.t
dcrlv.d fræ rod ¡nd l,evel profllc ¡Dd SDP proftlc.
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Seryiccob¡lttt Froñ SDp prol¡|.

n¡tlng Püll þproach - C¡nedh¡ Good Ìo¡d¡
AsBoclatlon

IE¡edletely follælng rhe 
^ 

SnO Rord TèBt, th€
C¡nadfan Good Ro¡ds Assocfatlon de¡lred to put rhr
flndlngs of the AASHO Roôd Test lnto prectfce. In
order to do thls, they ren r rrther cøplete tuwey
of the êxlstlnt roughnèss of thelr p¡vænt tyst€û.
Ttcy dld not agrec totally ulth the servlceåbfllty
concept outllned rt the AÂSHO Rosd TcsÈ end they
choae to develop e P,ldlng-CoEfort hder SctlG rfth
v¡lues fr@ I to 10. Thle lndex lB brstc¡lly an
s\raluåtfon of pwcnent rldlng quuty or roüghnea.
(1' å, end 10).

After carefully èstlbllshlnt thêlr Rldlng Cøforr
Iadcx, r atandård procedurc s¡8 ¡doptèd uriag r
rull panel of sell-tralned r¡ters to go froE
locatlon to locstfon æalurtlng the rlding quallty of
the6c pevenenta rnd recordlng thlr rldlng qu¡llty ln
I date lanageroent ayËten. A great dcal of mrk h¡g
bcen done on rstfng ecales and other Bubjectlvc
er'¡luetloE {¿, 17, 20, and 24 ). there arc .ote
rhortcmlngs to thfs spproachr but lt hr3 the
beneflts of belng pract{c¡l, rêhtl.vêly lnexpenslva,
rnd ræsonably steble rlthoußh lts preclston lry be
queatloned. It certalnly fulfllle thc concepr ¡nd
lnssers the questlon, houever. ralred by Crrcy ln
the quote rcferenced c¡rller ln thlt p!p!r. Tbls
rpproech de¡ervee further consldcr¡tloa.

St¡nd¡rd n¡tfng Prncl

¡lhlle lt Ir not fn present u¡e, I bcllæc th¡t
the cmcept of úsln8 a 3trndard prnel of p¡vcr¡ant
rldlng quållty ratera to eÊtsbllBh r tlæ-!nd-
condltfon-stable rtandard rou¡hnear ¡c¡lc offcr¡
trcat proDlre ¡r I pr¡ctlcal tõlùt1on. Toder .ûd
llflhous (37) ghæ fn thler studke of retlng penalr
¡nd v¡rloug Lnstrræntatlon that r.tln8 penek of
flfte¿n peraons or ære rre quttr cteblc ln pre-
úlctlng paveñent .ervlcG.bllltt. Slnc¡ roughncrt lr
ro htghly correlated rlth Éervlceablllty, therc 1..
llttlc doubt that .üch penele rculd bc cqurlly rtrbl:

tr5

ln pr.dlctlng, p¡vcünt roughnc¡¡. C.rGy ¡Dd lrlcl
(.!) rcport 3tEllrr rc¡ult¡ uhcn crp¡rlnt p.o.lr
rt the 

^ÀSHo 
lo¡d lctt¡ ¡r do lobcrtr .nd üud.oñ

(2¿ ¡nd ?9).
&rc mJor problcl axlrt!, rtrt .bout p¡nrlt frc

dlffcrent culturee? For crauple, e prnel fror thc
lrnfted St¡tcr rld;a pradoulnEtely on peva{ rordr.
Cån lt rrte .ccur¡llly m the ¡t c ¡crl¿ tr e grncl
froo r developlnß coun¡ry shlch rlde¡ predætnrt"ly
on ¡ravel ro¡d¡? Horr cou¡d rhlr dlchotæy þc ¡otvcd?
Pcrhrps lf rr rrny as thrè€ ¡€Dberr could bc ¡¡dc
.v.flâblê to ptrtlclpste ln prnel rrttngr tn r.ch of
the mjor are¡s of thê eorld. gocgrrphlc ¡nd cultur¡l
alrblllty could bc cv¡lurted.

Thlr æthod mu.ld never hrvc thc prccfrlon or
dct¡ll of phy¡tcrl c¡llbr¡tlon. Hæev"r¡ ft ¡lg,ht
bc .ccur¡tr la tcrrs of lnsurlng th¡t dlff.rcnt
cl¡s¡e¡ of ro¡d roughneso trc ¡dequttcl:r rcp¡ratGyl.

The folloutng rectton presênta ¡ dfecu¡¡lon of
the rèlaÈfvc ærlla of these ¡elhodÊ for uc l¡
c3l.b¡.1¡hlng, . C¿nera¡ Rougtrnerr lodcr.

Po¡elblc ApÞro¡che¡ for C¡ltbr¡tlon

Ev.luatfon of thê concepts for c¡llbretfon out-
llaed fn the hst rectlm lndlcrres that thrce b¡81c
Èthod6 hrvê rtrong potentfål: the usê of I ¡håker
tabl€ to lnF¡t ¡rtLftclal roughnees ln I l¡bor.tort,
the u¡e of ¡rtfftclal rouBhnes6 crllbratlon scctfon¡,
rnd thr ure of ttrnderd ræd Becttons ålonB ylth !
æthod of cvrluarlng the roughness of theôe st.ndrrd
c¡llbrrtlon .ectfoúB frou tl¡¡ to tlle.

llæever, the pråctlcel llDltrtlons of thc problel
¡et forth h thls pâper eppareitly prccludc rny
posÊlblllty of uring a hydraullc ¡h¡ker t¡blc slth
lnonn roughness lnputs to ctltbrtte toüghncta
dælces. No ¡uch equfF€nt ls prèaently ln usc for
thls purpose, .ven ln the Unlred SterÊs. rnd thc
dwelopent rud enploynent of such equlpoent ,,n lbc
fleld seer¡ cæpletely lnfÊlslblê tt thl3 pofnt.
Therefore, tbe other th ujor approechea trc
dtscuced ln furrher detrll: lrtlflchl c¡llbr¡t1on
¡ectloîs and rt¡ndard prv.rent c¡llbrttlon acctfo¡1.

Artlf lcl¡l noufhnalr CouÛc

ïhc conce?t of lntroduclng rtll dcffned ¡rtl-
flcfal roughneas mto r relected ¡Êctfon of ¡moth
pry€cert ln ldentlflåblc slrge3 follous thè tppro¡ch
of Âbaynayrke ¡nd IRRL. Tl¡e ¡pprorch 18 ccrtalnly
fc¡¡lble tlncc ¡ny country ln thc rorld could
daelop rt l¿st me smoth. ¡tronB 3€ctlon of prvc-
rcnt to acrvê !3 the base 3Êctlon, Ttrey could thca
flnd several pleces of Bttnderdl?rd ptpc or other
Dterful. epprorllately 2 letera (6.6 fcct) lont to
lntroduce roughness. Thesc tso lngrcdr.ênt¡ cln be
cooblned ln ¡cver¡l 3trge8 to provldc up to afr or
ãren rÐrè tcst rectlons of lncreaElng, roughnerr.
Thc ¡ethod therefore srrr¡ntg ctreful conßlder¡¡too.

Tîlc ¡¡Jor probleas rgsocfated slth thls .Gthod
¡rê the artlffclrllty of the roughne¡¡ lntroduccd
¡nd thc poteotlal of generotlng resontnce ot
h¡r¡onlc rotfon la the üessurlng vehlcl€ betng
crllbrrted. ¡tt lndl€ated by thc rnlyrle of D¡flln3-
to¡ (flßurc 4), the trsnefer functtoñ of I roughncrr
lcasurln¿ devlcc lg hlghly depcndcnt Worì th.
vavelength cherrcterlsttce rnd .Eplltude of tht
roughneae ln the roaduay ¡urface. lt ylcldr ac.¡oo-
eble reedln¡r for esvelèngths lD th. r¡ngc ôf 1.22 to
{.28 xtcrs (4 to l¿ feet) md lt h¡s tvo rc.on!¡ca
frequenctes .t 0.6l letere (2 fcet) ¡nd 5.18 rt.rt
(l? fcet). the rcrponre of thc l¡rtslænß to ¡ta?-
tnput. rlght b. oû the flrst pa¡¡( prc¡Ènt at rìcrt
ahort nvclcngtb.. lf ¡o¡e typc of rc¡oa¡ncc l¡
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¡cncrrtcd ln thc ayrtm, rey for rou¡hncar l¡rGl alr,
thcn thc rultlpltc¡tlon raplltudê could b¿ Gvên hlgh-
.r. lr l. .ßrlrcly p€Elble thlt thc rerponee of rn
i.nttñænt to thc roughest cållbrstton sectlon rould
br. for exraplc, I vcry large rilghnels nmb€r lnd
tat thc lnslruEent Elght respond dtfferent to a v.ry
tough Sravel roôd ulth natural potholca, Gtc. Thcrc
la c.rt.lnly rlso the posslblltty that thê c¡llbr¡-
¡fon cour¡¿ ctn bê let up ln ruch I say as to covêi
thc rrn8ê of tnterest for oost vcry rough roada ¡nd
thus to rervc edequtely as e cellbntlon procedurc.
thc only yay to lsc€rtatn the ¡naecr to thfg questfon
fa lo Étudy thc probla rheoretlcâ¡.ly and to apply
thr concept ln the fleld shere ¡n rlternatlve nethod
of c¡llbratlon end checklng, guch ag the SDP or
Ccnèrrl liotors ProftloDeter, cxlat3 for cmparlson.
Îìfu type of cmparlson check ls beln¡ rade ln ¡rt¿ll
¡¡d rcsults slll b¿ rcported soon.

The other probleo slth rhls ñethod ls that lt
docc not yfeld to tradltlonsl analysts of r¡ndon
drtr or profllee r¡ outllned by Darl.lngton, llfllia-
.on rnd ll¡lker (ó. 36, 30, ¡nd 3l). It 13 posslblc
that ¡nother type of analysls could b¿ used to cval-
ú¡te the step functfon lnputs to the roughness prÈ
fllc ¡rhlch slll be ude by rhe pfpes or årtlflclal
brnps. It fa desl.r¿ble ther son€one follæ up on
thc requlred analytlcal approach as a part of the
cy¡luatlon aethodology for thls procedurc.

Flnally, thfs concept fs rttractlve ln thc scnse
th¡t only åbout slx têst sectlons are needed to covrr
e vlde range of roughness and only one baslc atront
p¡vcûent 3ectfon ls needed to provlde Èhè base
ractlon. Consldereble thouBht, horever, need! to bc
Sfvcn to the posglbtllty of repllcatlon of roughness
.lcì¡cle rlthtn the artlflclsl celtbratlon course. Ttl¡
could bc done by addlng tvo sddfrlonal roughness
leirel¡ vìose roughness corresponds rtth r prevlously
¡GlGctcd lcvel, but vlth nes roughness belng lntro-
duccd by rn alternete pattern or ¡n alternatc Ee¿ns
¡uch ¡c ¡ fev vlder br.ops or s rcarrangeænt of the
locrtlon of the b@pr to lntcrrupt rcgular ptttGrns.

IÒturrl Pry.lmt Clllbrrtlon Srctlm!

Tlrc u¡c of rxf3tlnt psvaent acctlons for crl-
lbråtlon of roughness devlces ls an ¡ttråcclvc
rltcrnatlve, but there are problero. Th¿ ¡ttrrc-
lfv¿ne8s ceeo! obvlow sLnce the sectl.ons are
typlcál of the pavments to be ¡e¡¡ured fn thr rerl
Frld; they conteln norul roughness lnputs of
r¡rylng uavelengths lnd snplltude3 over e ulde
rpcctru of condltlons. the probleaa, hæêverr rrê
¡¡ltffold end nust bc con¡ldered. They lnclude
flndfng rcctfons !t extreñe3 of roughncas, the
changlng of roughncaa rlth tlEe on r telecÈGd test
acctlon, the lsrge ûmber of sectlonr usually re-
qulrcd, snd the consfder¡ble ttEe rnd Gffort
r.qulrcd to chcck th. rectlons shtch rrc nor:tally
frlrly rldcly apeced geo¡raphlcrlty.

otvlously l! lr not possfblc to rct up e nor¡¡l
pavænt rectlon c¡llbrrtlon cour3è on strlch the
tart prvaûent roughncss vlll ræln constant. All
ol the paveaents rrr tn varlous degrGrr of dcter-
forrtlon. llost of th¿E y.rc bull.t .loorh but they
ara ln thc proccsr of changc and cxpcrlcncc shors
thrt rough pav.n.rtr change mre raptdly thaû slooth
Davcntr. It lB .bsolutcly crscntltl then that
for thl¡ epgroech rcc æthod of dct.rillnlng the
touShn€rr hlrtory of cach test .rctloa ulth tfac bG
dæclopcd. llri¡ c¡n bc donc ln rt lc¡rt thrcc rây.¡
by truc profflcr ¡c¡¡ured "conttnuouely[ ylth ln-
atru¡ctltr ¡uch a¡ thc SDP prôfllmrtcrr trüê
Profll.. ¡.¡rurad at dkcr¿tG fncra.ntr rrtth prÈ.
cl¡c rod ard lcval ttchnlqurcr tnd rcpcrtcd rval-
u.tloû ol thc roug,hnert of tha c¡ltbrrtton æctfon bt

a allôd.rd ratlnt prnrl.

Evâlurtfon of the lruc Proflles - trcontlnuous,d
Of the threc llstcd Eerhod8, the Eost gttrsctfvã
aèelr to be the uae of cxlstlng pavæent slth an
cyaluâtlon of thelr true profller, Thlr tcchll.qua
y¡¡ choaer for uge ln the lntll ?roject eherc
adcqurtc rcsc¡rch fundtng sa¡ ¡vallable to provlde
¡ ¡tendard proflloneterr fn thls caee th. SDp profll-
oGeter, for raklng contlnuouó tcasureaen¡s for
c¡1. lbr¡t fon.

It reels, hæever, thåt thtr .pproâch tr l!-
practtcsl rt the present tlle for usê wrldsfdc ¡r
r crllbr¡tton Btrndard. The use of ! stsndard
rougho¡etêr or othêr "gold-plated" ver¡lon of a
typlcal rschlnê c¡rrled rround rhc aorld aa ¡ sttnd-
¡rd dcvlcc 1.3 not reallsBlc ¿s shm by cxperl.ence
¡t th€ A¡SHo R.oâd Te3r and the uork by the Center for
Highvey Le¡carch for the lcraa Hlghyry D€psrtsent,

lvllurtfon of True Proflles - Dlscrete. It ls
poesfblc that tnalytlcal rechnlques can be developed
to accuratêIy evaluâte ¡ dlscret¿ rod end lwel
proflle of pavarcnt test sectlons ret up for atånd-
¡rdl¿atlon. Fleld vork ls undenay by Srlnarawat
¡nd Hudson to êvaluate thls approach snd to cmprre
Èhc eccuracy rêqulred end the spåcfnB or detafl of
the üeasureñent polnts needed to provlde adequate
lnforuatlon (41).

¡f thê lpproach 1¡ fc¡stble froo ¡n snalytlcal
polnt of vfee, 1t 1r posslble thst fteld practlce
cm ¡hos sürt type of level lnstrt@ent and perhaps
sv€n uh¡t lpecl.l lcvel rod could be ¡ost ugeful to
rpeed up the proccss ¡nd n¡ke lt Eore practtcally
rppllceblc. ltrc U.S. Alr Force, for exeuple, hrs
dcveloped a l¡ser profl.llng systæ uhlch sorks on
thc ùâEe bssl3 .s ¡ rod ¡nd levcl but yhtch taleg
¡utoEatlc rc¡dlngs ullng r la¡cr bc¡¡ for ¡ llght
rource (38).

Änother polnt flvorlnB the rod rnd lcvel
rpproach fa the hand lebor shlch 1. aotreLly lvrll-
¡blc fn lany of th€ devêloplng countrles for shtch
r roughnesa callbratlon f¡ nceded. The rod rnd
lcvel cræs cor¡ld ¡atc the nec€cJ¡ry leasureûenta
on r quarterly or talannual bagfs wlth relattvely
llttlc cxpense stcreås ln the Unlted States, for
crrople, such rn approach Elght not b. ¡s Gcooclc¡l
a3 r profllo¡€ter.

Tlrurfrr, uork by Srfnôrasat ¡nd Eudson rêcoa to
lôdlcste tltåi lt 1! posefble to lntrrchsnte !¡chlne
¡ud rod-lcìrcl rerrureaente (41).

loulhnege P¡nel. A thlrd rpproach to cltlblfsh-
fng end üâlntsfníng rtandard roughness cvelutlons
of crltbrltlon têst lecttons Ls epperllng ¡nd ¡hould
bc carcfully consldered. It lnvolvcs settlng up ¡
at.nderd r.tlnß prn€l and dcvclopl.ng r Gcncr¡l!¿cd
nd¡Bhnèss Index (GRI) yhlch could be used not only
for retlng ,nd .strbU.shlng the roughne¡s levcl of
thr clllbr¡tlon rcctlons bur is I ¡t¡ndardlzed
roughnear ¡calc for cæperlng fnltrrEcnts agelnlt
crch othcr rll ov.r th€ rorld yfrhout havtng to
aclGct ¡ny onc prrtlculrr tnrtrEent ¡. thc rratand-
¡rd. F

Írla epproech 1¡ f¡r froo thoroughly forû¡latcd
.nd . grcst dcal of .ddltlonrl thouShr y!.ll b¿ necd-
¡d bcforc lt c¡n bc .cceptcd or rejcctcd. [otcvcr,
It l. hrthy of conslderât(on. lf the lethod rork¡,
Itr v¡luc le rcadlly cvldent. If rdequatc iccurrcy
rnd d.trflr cm bc obt¡lned, c¡llbr¡tlon lcctlon!
cor¡ld bê act up ¡nd Gv.lu¡tcd rcgulrrly ylthor¡t thc
.¡pcnr. and dct¡ÍI r.qulr.d for rod ¡nil lcvel
astrtaya.
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Lllcylrc, thc potcntl¡l pltf.ll. to th. ..thod
¡rc obvlou¡. Tha rrthod ¡rorld b¡¡lc¡lly bc rub-
JGctfva ¡¡rhcr thrn abjcctivcr uhlch vÊ. rr cn¡lnccrr.
rlveye rtrongly deslre. ltc potcntlrl vtluc of tbe
..thod llcs ln the qu"stlon of yhetehr or not E ctn
¡¡lc thê aubjectlve r¡tlnB proccßa objcctty. by c.rG-
fully .Ghctln8 rnd .strblfohlng r.tlng panclt rnd
r.tlng procedure¡ uslng up-to-drtc lodern rcrllng
end paychologfcal tcchnlque¡ to overcaê ro¡. of th?
.ubJêctlvtty of thè rttlnt ¡ppro.ch.

llre brslc velue tnd rccep¡lblltty of retfngt for
Judglng pavcDent qu¡ltty s¡¡ uell côtrblf3hed ¡t the

^ASHO 
lotd Test by Carey ¡nd lrfck Q) rtd rubsts

qucntly by loder ¡nd llllhou¡ ln the sf8nlflc¡nr
ÌlCllRP .tudy (37). âs outllned prerrlouely hcrcln,
ßhe Csnadlân Good Roads Assoclltlon hae rl¡o rrde rn
c¡ccllent prectlcal rppllcetlon of thc råttng
conccpt (å ¡nd lÐ,

Anoth.r oaJor problco vlth thc roü¡lneea rrtlng
epproach f. posslble culturtl dlffe¡encc¡ tlonsst
countrlee. Onc countryr for cranple, such ¡s thÈ
lrnlted St.trs, hås ! populltlon .ccustded to ridi¡t
on paved ro¡ds vhlch are basfcally gnooth. On thc
other hand, other countrl.ee auch as uny of the
countrlea fB Afrlca and ¡.âtfn AEerfcs, rrc ¡ccuastot!-
cd to rldlng on unpaved roads. There ls constderable
cqrcern th¡t thls cultural or hlstorlc dlffctence.
rhlch 18 eleo by the rây lggravåred by traditloml
types lnd quelfty of vehfcles usedr þould greetly
rffcct lny relatlonshlp developed by s r¡tlng rchæe,
rnd thus uould cæplctely l¡v.lldltc Èhê coDccpt of
rclrtlvc r.tlng,s.

Gener¡ll¡ed Roulhneao Indcx

After r thorough æsluatloB of the probl€8 of
aat.bllshln3 r comon b¡sls for cæparlng roughncaa
EaruræBts ¡11 over th€ rorld, and apeclflcrlly
cooplrlng roughness Eeaaure!€nta ln Kenya, Brezl.l,
rnd Indla ln tems of uslng datå trken fro¡ thace
thrce reserrch ¡tudles and cooblnfng lt foa use ln
dcveloplng luproved Jolnt ¡odel6, lt ls rccænded
th¡t ! GèDer¡llzed Roughneae Inilex or r unfvera¡l
roughnees lnder be developed to tertr¿ .s a b¡sig for
coaparlson lnate.d of the output of rny prrtlcul¡r
roughneaa devlce. On the surfece thl¡ reeos æ
rrbltrary lntcrledlrtc !tep; heev¿r, lxperlr¡ce
ahoss othcrvl¡e.

At the preaent ttæ, no rfople, robust roughncsg
æasurlng rnd cvalu¡tlon technlgue exlst¡ vhfch le
con6tent cnough to beco¡e the rpproprlåte "¡t¡nd¡rd."
the SDP profl.lmeter ûlght b¿ consfdered, buÈ vork fn
adoptlnS ¡ñd usln8 thls Lnstrr8eit ln lråzfl rnd fn
coûparlng 1t to the Texrs lnstruEent ¡¿nufacturcd
ten yerrô rgo ehous conslderable dlfferqtce ln
h¡rduere r¡rd dat¡ proces6ln3 tcchafquea. llâny
people fcel ve rre on the threrhold of devcloplag r
non<onatrct probe to replace the rord-follogln8
rleel for thc SDP devlce. lth"n thls hrppenô. yor¡
c¡n be ¡s¡ured thet the tr¡rufer functlon of thl8
trsnsducer rtll be dfllerent frm tha! of thc ro¡d-
follælng rheel. ltus, the "¡t¡nderd" muld chrnge
agrfn. lhny other exmplcr could bc clted, but tor
.fupllclty l.t lt rufflce to !¡y th.t no realt'¡tr¡dd¡d'r a!r13ta.

Än cxæplc of r ¡lull¡r .ttsrtlon êxktcd !n f962
concernlng rpcclffcrtlons ¡nd oeasurenent of rub¡tede
Itr€n8th for plv{nent deelgn. lllc AEerlcrn A.roc-
l¡tlon of Sr.te Hi8huây offictsls rt rhrt tllc
dc¡lred to .rtrbllsh ¡ rtandard derlgn aethod nñlch
Fuld bc u¡c¡ble ¡nd u¡ed by rll or .t lcrst a llr¡a
¡.Jorlty of the St¡te Hfghsry Dcp¡rtEents. Tlrcrc
rrr. råny crndldate oeasurlng tcchnfques, euch ¡¡
CBtr lcrar lrfr¡lel rtrÈngth, rhear uodulur, Cellf-
or¡f¡ R-v.luer ¡rùd othera. l¡Jorltt votc wr¡ld h¡vo
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lttcctcd ClL rl¡cc lt e.a u¡.d þ mrc at¡tar th¡¡
¡ny othcr Ethod. llmv3r, coEparl3on of th. C¡R
tct¡[rn at.tcr ¡httd that Gvci thla ao-caltadr'¡t¡ndard" us¡ flr irm ¡t¡nderd tfncc a¡ch at¡ta
r¡d. rll8ht rodlflc.rloot fn thc Glplrfc¡l taat
proccdure. In the frcc of thlr dlverrlty, ttr. 1. t.
Huff, Chl,cf Hlgtray Dealgn Engtneer for thc lcr¡¡
lllghuey DeprrtDen! ¡nd Cb¡lnan of thr I¡SBTO
CorEltte!, r.coGendcd th¡t ¡ "rofl rupport vttr*'
vlth r rrnge frm 3ero to t"n b€ .ct up ¡r th!
"rtrnd¡rd." Eåch Sr¡t" tlghrry tÞp.rtænt tbc¡
ralrted lt¡ 3oll tert r"thod to thÊ tofl túpporß
vrlue r¡thcr then to sore ¡lrtc teot proccdurc.
llrtloûnr,dc lnforDttfon on 3tandrrd tcat ¡atrrhl¡
obtllncd fræ the AÂSHO Rotd Test u.3 u¡cd to c¡t¡b.
Ileh coæn polnte .

At thls t1oe, 15 ycrrt of crp.rlcncc lo urlo¡
the ¡.ASHo Int?rlE Deolgn Gutde h¡¡ ahqD thc v!¡dcr
of rÊlcctlîg thc uh¡t-¡ccd-¡t-thc-tfæ i.rbltrar:rx
Soll Support vrlue.

GRI - A Ccpblned 
^pprorch

Erúlnrtlon of ¡ltern¡tlvas lndlcrtcr that th.
practlcsl åpproach to solvlng thtr probla ulll
fnvolve .øe coûbfnetlon of the f¡ctor¡ dl¡currcd
lbove, To provide reallsu ln the crllbrltlo¡r lt
1o essenÈfal thar l0 to 12 re¡l prveùent ¡GctloB¡ bc
frcluded ln r callbrstfon cour3c. fhc¡e c¡a bc
æ¡lurted oo r 3.ntrnnuål basle by rod ¡nd lcvcl
.uneya. A derallcd Eethodology ufll be publlrhcd
by SrfD.rrsrt and Hu¡lson elthfn th. ¡.rt !¡G¡r.

To provide a lrrge nmber of crllbr¡tfon ¡cctto!¡
of v.rylng roughness ¡nd ¡ cellbr¡tfon t:clinlquc
elth 36e cmonallty ¡romd the uorld, ¡ lrtrl
clllbrrtlon couree Bhould be ¡dded to the crltbr¡tlü
prôcèdure. The !€thodology currently outllæd by
Abayenaka r$d the TRRL shoulrt be u¡cd untfl a Dra
dcfÍnlÈlve consenaus procedure le dcvcloped.
Plnally. thè orerall reason¡blcrre¡a of th. rc¡lc.c¡û
b€ rsrured !t any tlDê u8lng, I rrttng prnel to
cnrure thrt reasonsbl! roughness ratlng3 rrc crtrb-
lfstld for ulfomlty. theae ratfngs ¡hould lnvolvc
panelc on a! lcast ¡ll three or four râJoE rc¡carch
lfforts fn the yorld ¡nd shold lnclude tt 1...t
thrce or for¡r cæon ¡eaber¡ ln G¡ch pü¿l f.a thc
lnftltl rtaSes of dfl€loiEent. llrege conm rcobGr.
cor¡Id bc aployeea of the ¡rorld B¿nk or other
rraearch personnel sho ¡rc fnvolved ln onc or rrc of
ßhe rrorlal{lde reeearch project3 ¡nd r¿t¡o could
bereflclally vl8lt other ¡ctlvltfcs, thu! prdldt¡¡
the necesa¡rv coæonallty of rrtlnge.

The cRI lteelf should l¡¡vc ¡ rclatlvctt l¡rtG
rcele, perhepe 0 to 100 and ¡hould bc Scnerellrcd
ulth Foothnese of exfstlng nev hlglneyr ftllfn¡
fn thc rrngc of l0 to 15 end roughnes¡ on l* of
thc rou8hest roads næ percelved frlllng ttr thc
70 to E0 range. Ttls glvès ldequate rooE rt both
cndc of th€ 3c¡1e for chenges ¡nd v¡rl¡tton¡ lot t t
obsewed rnd 1¡ no vey detrrctr fræ tb. u¡¿ of Èhr
Inds.

Sæo rc¡dere yill undoubtcdlt b. df¡.ppotrt.d
thrt ¡ fl8r¡ Indcx ln full det!1! f. nor prc.c1ltcd
here; hoæver, uorl over thG pa8t l0 yctrr rhcr
thrt there efll be sever¡l rtepr rcqulrcd to aolva
thl8 problã ¡nd ve belt.evc thlr p.pcr fr r ùcat¡art
flrst ¡rcp ln deflnfng the problcr ro ßh¡ß ¡¡
fntcl¡llcot cGpforlae c6 br ra¡chc¡!.
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Suñúrv and Recomendat f ons

Solvlng thc probleEs of provldtng úlfolrtty tn
rouShnets !!ês8uraents ls sot eåsy, No Þerfect
rnseer cxlrta, only ! set of tntell.tgent altcrnatlve8.
It lr vlt¡l, hæever, that I fraæsork be set up so
thet coordlnltton and use can begln. I proposed s
¡ul¡lfscted epproach.

L Devêlop ¡ GRI vhlch hes a sound basls end
crn provfde a pseudo-standard for cmpårlson ylth
tny roughnesr scåle exlstlnR nw or to be developed.

2. Eveluåte the use of the ÎRRL artlflclal
cellbratlon ¡ethod for å vârlety of roughness devlces
¡nd eases to detemlne fts value, probleu, and
utt I t ty.

3. Apply the concept of 6 stândard rerlng penel
to provldê ân ¡ddltfonal nethodologv for deflnlng
rnd reproduclng the GRI ln countrfes åll over the
Frld slthout the cost of purchaslng ¡n SDP profll-
úctcr or rlEllar equtpEent.

4. Use rod and Level surveya and recmend
flcld cqulpnent to slnpllfy and speed up auch surv.yr
for ætabllshlnS callbratlon polnts on a CRl.

It fa recomended that âctlon be tâken !o
lnpleuent a GRI and to test the concepts Eet forth
¡bove. Cooperatlon slll bee needed anong several
countrles and agencles and a leader, such as the
tlorld Bank, ls needed. PartlcuLar ettentlon should
bc gfven to coordfnatlon of research datâ fron the
Icnya, Brazll, ¡nd Indl.a proJects.
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A REVIEW OF RURAL TRAFFIC COUNTING

METHODS IN DEVELOPING COUNTRIES

ADSTRACT

Thir Report ævieun method¡ of rur¡l trafÍìc counting cuncntly uscd in

dcvctoping countries ¡nd cx¡mincs thc rccuncy of thc rcsulting flow

crtin¡tc¡.

The rcsuttc of ¡ quætionnâ¡rc rufley ¡mong . samplc of devcloping

counlrics suggest th¡t decisions on thc duratíon, frcqucncy, end timing

of counts .re at Present arbitrary. Consequentty, cstimated då¡¡y traff¡c

flo*¡ can nrcly bc exPccted to lic within t 30 pcr ccnt of thc truc v¡luc

rvcraged ovcr the whole ycar. Although rePeating counts et intcÍals
throughout lhe ycar incrcascs the accuracy of traffic cstimater, this is

¡chievcd only ¡t ¡ disproportiotutc incrcasc in coot.

It i¡ concludcd that for rny appreciable incrcaç in thc rccuncy of

rur¡t traffic Gstim¡tcs much morc nccds to be known about thc magnitudc

rnd causc¡ of the variations in flow. This requires th¡t iutomat¡c tr¡ffìc
cor¡ntcrs bc uscd on ¡ wider scalc than rt prcscnt.

1. INTRODUCTION

This Rcporr rcviews the r¡rcthods of ru¡al traffìc counl¡ng currently uscd in devcloping countrics. Thc

object oi the review was to ex¡mine thc accuracy of ?st¡matcs of rural traffìc flow rcsulting from thc

counting methods, and, if neccssary, to makc suggeslions for their improvcment. The Report is thc

fìnt in ¡ series that is considering the design of traffic suney methods suitable for dcvcloping countrie3.

tnformation on traffic flow is nceded for many PurPoses, in dclermining the apProPri¡tc ¡tanda¡d¡ of

hyout rnd design for particular roeds. in allotting the rcsou¡cc¡ for maintcn¡ncc and improvcmcnt bctwcen

thc diffcrcnt rords in a network and in making gineral planning decisions on the development of tÌ¡nsport 
-

$õtcm3. Existing ntcthods of r¡¡flìc counting provide information th¡t is often inadequate ¡nd ofdoubtful

*.ur..y ¡nd this rcsearch hu bcen undcrtaken lo cstablish the most cconomicd mcthods of survey to

produce rdequrte and ¡eliablc data'

lnformalion on thc methods in use for counting rural tr¡ftìc was obtaincd from r qucstionnairc circulatcd

lo r srmptc of developing countrics in l9?0. This was supplcmented by information obtaincd dudng visir
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rnd from tcchnicd publiotionr.

Thc cfficicncy of the traffìc counting methods wa¡ lcsled using continuou¡ rnffìc mersuæment¡
cor¡ducled by the Road Rcsea¡ch l^rboratory ¡t 38 ¡ites in Kcnya. òomparatiw data were ¡tso obte¡ncd
fiom two ritæ in Nigcrir ¡nd 30 of the ¡i¡c¡ uscd in thc Unircd Kingdom S0.point ornrur for t969¡ .

the Rcpol fì¡¡t con¡idcn mcthods of tnflìc counting orncntly in uæ in dowtoping countrier.
Itlcxt r bricf discr¡pt¡on ir giran of thc Kenyr cxperimcnt followed bi ¡n outlinc of tl¡c srthod of
cdcuhting cnon in tnffic count¡.

Srmplc ræüng b thcn dc¡cribcd rnd thc resultr preæntcd ¡nd di¡cr¡scd.

2. METHODS FOR COUNTING RURAL TRAFFIC IN DEVELOPING COUNTRIES

Appndix I summariscr the information on methods for counting rural traflìc ¡n fourtecn dcveloping
countrie¡ located in South America, Africa, thc Middle East ¡nd thc Far E¿st. Thc information nai
crrtrÊcl ¡t the timc of the survey, but, es some countrics arc making changes in thcir trafl¡c cersus mcthods,
It may no longer be so in certain cæcs. Notwithstanding this, conclusions drawn from thc rcsults arc
probably still broadly correct. The rspccts of particular íntcrcst to this study ars thc duration, frcquency,
rnd timing of counrs.

2.1 Duration of counting

Thc duration of counting is standardiscd in ¡bout half the countries sampled. tt nnges from r
ringtc 8'hour count (Turkey) to a continuous count for I 5 days (Ethiopia), although thc lattc¡ is
cxccpt¡onal, being for specid counts only. The most common pcriod is I 2 hours (óam . 6pm or 7am - 7pm)
rcpcated for 5 or 7 days. The complex 8-hour count cach day for thrcc wecks, that is proposcd for rcmc
lt¡t¡onr in Tluiland, can bc rcgarded es ¡n cffectivc 24dour count for ? days.

2.2 Froquency of counting

For'n¡tional'ccnsuses (counts made annually over thc entire country) the fæqucncy ofcounring
tzrie¡ consider¡bly from country to country. One country states that the ficqucncy ofcounting is
irægular, two countries state once a year, four countriæ st¿te t\¡ice a year, three countries state thrcc
timcrrycarjrndonccounlrystatesfourtimesâycar, Wherethefrcquencyismoreth¡noncc¡yçar,
il ls usually ¡clatcd to the numbcr of majo¡ climatic æasons.

23 Timing of counts

The timing ofcor¡nls is nol generstly standardised, dthough for'nation¡l'cÊnsuscs somc countrica
rpccify broad wel ¿nd dry (or hanest) scasons when counts will, or will not, be made. Thus, in respcct of
lheir liming, tr¡flic counts in developing countries can bc coruidercd as random ramples. The period for
countinS, honcve¡ many hours and days ¡t comprises. is eflectively a random sclection in that any pcriod
in thc yerr othe¡ th¿n ¡ few containing obúously unusual activities, such as Easter or Christmas, can bc
cho¡cn. Even *'hen. u in some of the national censusest certain months or periods arc specified, ømpling
b ¡lill cscnti¡lly rrndom since therc is no cvidence that the pcriod chosen is ælecrcd on the basis of¡
lno*n prtlem of æ¿sonal variation. Also, cxperiencc has shown rhat in prrcticc thcæ pcriods ræ,
tÊtrctt¿bly, rrrcly rdhcrcd to.
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I¡ rome developing countrics, thc purpoc of tr¡ffic count¡ i.s not dwayr clcrr. lt might bc to
provide cstimate of tverage drity trrflìc in thc rpcifìcd *tck, month, or yc¡r, or mcrcly lhc lvenç
flow during thc obçrvrtion houn.

2t Tha quantity to b€ r¡t¡mated

Althouth it ir nrely cxplicitly ¡t¡tcd, n¡nl lr¡llic counts usudly rttempt to mrlsurc rvcnte
nther th¡n pcak uogc. The commonc¡t træ¡surc of rwraç ur:ge is lhe .mounl of deily tnflic. Howevtr,

thc word'daily'romitimcs ¡efen to r period of tcs lh¡n Z¿ troun. l¡ the United Kingdom2 rurd tnflìc
count¡ üc r¡ken lo obtain the l6.hour (6am - lOpm), ævenday, rwng! flow occurring in Aug¡rst. All

¡l¡rcnt counting ry3tems bascd on 'm-hour days' (whcrc m ¡ 2a) ¡uffer from a number of dra¡vb¡ck¡.

Since m variæ ¡o much bctween countrics this suggests that the palicula¡ vduc chosen is rrbitnry.
Ccrtrinty it is not norm¡lly posibte or mcaningful to asigrr limits of crror to thc traflìc cstimates th¡t

¡csult, 
-Furthcr, 

the 'm-hour' days rre not natural periods of human ectivity such rs the day, weck or month'

Thus, vari¡tions in traflìc-flow characteristic"s, ¡vhich can only add to cstimation erors, ¡rc to bc GxPectcd,

e.g. thc distribution of traffic tluoUgh the houn of the day will vary with route châr¿ctcr¡stics: the

d¡stribution on r major trunk routc carrying a large proportion of goods vchiclcs is unlikely to bc the ¡¡mc

r¡ th¡t on r f¡rm-temerkct road.

ln thc USA, thc tcrm 'daily' traflic has its normd mcaning: the flow of rchiclcs passing a givcn locrtion

ln 24 consecutive hours. Thc basis of American t¡affic observations is thc quantity'Avcrage Annual

Þily Traffic' (abbreviared to ADÐ, which is defìned æ the'Annual avcrage number o-f vchicles during

24 consecutivc houa that pass a particular point on the ¡oad over the pcriod 365 days'3. This term would

æem to havc a number of advantages not shared by the various 'm-hour' days. It is unambiguous, rÊadi¡y

understand¡ble, and corresponds with a natural period ofhuman activity. Thus it eliminates thosc

problems âssociatcd with variations in the hourly distribution oftraffìc in different locations. Howcvcr. thc

most irport.nt advantage of the ADT concept is that it cn¡bles statistical methods to be applicd to thc

problem of runl traff¡c ;ounting. Gcnerally, it would scem to bc thc mæt logical bæis fo¡ traffìc obæn¡tions

rnd is lhe one uæd in this analYsis.

3. KENYASTUDYOF RURALTRAFFIC FLOW

Thc objectivæ of thc KenTa study wcre to provide the d¡t¡ nccess¡fy for e quantitativc cvduation of
curreni traffìc count methods, ¡nd to ¡llow venous new co.rnting strategies to bc testcd. Thc study cen bc

æparated ¡nto two ståges:

(i) lhe ¡ocæurcment of the total pattem of traflic r¡riation for r full ycrr rnd

lhc rtttion of this, if possiblc, to the lcvel of flow, the type of ro¡d, ¡nd thc

cconomic ud climatic ch¡ncteristic¡ of the region around cach ¡itc: ¡nd

(ü) thc lrtist¡cal cvaluation, using the resrlts from (i), of optimum mclhods of

counting traffìc.

güccrvations wcrc made from M¡rch 1968 to luly 1970 using Fischcr md Porter hourly recording countcn

¡t 2ó ¡ires, and from Scprembcr 1968 to Novcmbe r l9?0 using SYX-RRL non'æcording counten ' wtrich

rrrc ¡e¿d daily by obærvers - et t2 sitca. The sites wcre choccn to bc rcpræcntrtivc ofthc genenl rangc

of flow tevels, rød lypes, and cliriåt¡c coaditions found in Kcnyr.

3
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.. ERRORS IN ESTIMATESOFADT FROM SAMPLECOUNTS

Only *icrc continuous counts ¡re m¡de undcr pcrfcct conditions c.n r truc ADT or totd year's ltow bc
sDmPuted *'ith thc cxp?cl¡t¡on of its bcing .bsolutcly rccuratc. lt follo*r thrt tny count of lcs th¡n
onc-ycar'r dur¡tion mrst bc regerded s r rrmplc, rnd thc c¡tim¡tc of ADT or totd ycrn'r llow m¡dc from
tt will b€ rubject to cror. Thc c¡ro¡ of cstim¡tion is rimply thc diffcrcncc bctsccn the cstimatcd ADT ¡nd
thc truc ADT. lf thc mcrn rnd the ¡tanderd deviation of thcsc crror3 .ic c¡lcul¡ted, then probability rnalyds
crn bc rpplied to dctcrmine, for r given lcvcl of confìdencc, how rccur.tc rn G¡tim.tc of ADT ir prwidcd
þ r prrticular lmy'e pcriod or rempling procadurc.

thc metl¡od of cnor detcrminaüon uscd in the ¡n¡lysir follo*td thc ¡bove principles. For r ¡ivcn
duntion of counting, apcated samples nrcre dnn¡ from the actual fìows rccorded ¡t c¡ch sitc in onc
coarplctc ycar. From cach ctimated daily flow (ADTg), thc trüe value (ADT1) was subtnctcd to ¡ivc thc
crorofestim¡tc. Thercsultingcnoñ¡rtredMdedbyADTIrndmultiplicdby100togivcthc
proportional crror of c¡tim¡tc ¡n pcrccnt¿gc tcrms. Thi¡ uas donc rc th¡t crro¡¡ obtrincd ¡t ¡itc¡ with
dilTc¡cnt flow lcvcls would bc or r companblc ba¡is.

fhus:

proportionrlcnorofc¡timetc ! lm (%,=) pcrccn,

Findly thc ¡t¿nd¡rd dcv¡¡tion ¡nd thc coeflìcicnt ofva¡i¿tion ofthc percentagc cnor¡ ücrc cdcul¡ûcd.

¿l.l Sample te¡ting

Tlrc crron resulting from thc following ADT smpling proccdures scre dctcrmincd:

¡. Rudom umplcs o1 1,2,3,4,5, *tekdays ud 7 consccutive dryr for
u poesiblc pcriods in the ycrr cxccpt thosc including a Public Holiday.

2. Ár in I for pcriods of 1,2,4, rnd 6 whdc rtcks.

3. Random samples of t, 2, 3, 5 rrcekdays ¡nd 7 consccutive days rcpcatcd
rt rcgular intcrvals of threc, four, end six monlhs. To providc samples of
¡ rc¡son¡blc sizc it wa¡ necesary to group the ¡ites by llow levcl as follo*r:

Group f (ADT < 75 vehs/day)

Group 2 (ADT 7ó-200 ' )

Group 3 (ADT æló00

Goup4 (ADT60!-¡æ0' )

C¡roup5 (AItf>100t' )
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1.2 Dc¡ir¡blc locurlcy of c¡tim¡t¡¡ of tnrffh flow

1o jrldge the result¡ of lhc umplc tesr objectivcly, it is necesslry to decide *tal level of lccuncy
crtim.tcs of traflìc should attain. Specifically se musl state within whrt nnge of crror we vidr our

c¡titrstcs of ADT to lie, ud how ccrt¡in wc need to bc thal the ætim¡tcs lie within lhc rtatcd nngc.

ln ttæ USlr, thc rcccptcd ¡t¡nd¡rd is th¡t thcrc ¡hould bc only r I in 20 cha¡rcc (5 pcr ccnt lcvcl of
grobability) thrr thc cnor of gstirn¡tc will cxcced t t0 per ccnt rt rny ramplc count útc c¡ryiry owr
fþ vchiclæ/d¡y. For røds with lowcr flowc, cnof¡ of uP to 

'-zO 
Pct ccnt rrc rcccptrblc.

It night bc fclt that devcloping contriæ cannot rfford such high ¡t¡ndard¡ ¡¡ thc USA, ¡incc' lhc

ærc prccisc Êstimetes must be, thc grcater thc cosl of obuining then¡ Howcvcr, it is considcrcd th¡t
tgcur¿cy st¡ndår'li in dcvetoping countries should be s¡mil¡r to thosc quotcd, end in fecl should þnd
tow¡rds thc higher of lhe two, cven for roads with low t¡aflìc flows.

lhcrcæ the r¡¡c in the USA of louæ¡ tccuracy ¡t¡ndards of tnfTìc counting for roads with low tnff¡c
flows is justifìcd to 3omc cxtcnt by the rclativc unimportancc of such roads in thc USA, thc main ¡im of
roed imirovements in mc't dcvcloping countries is_ progrcsively to upgradc carth ud gravel ro¡ds to

bituminous-surf¡ccd ro¡ds, i.e. staç construction {,when the levet oftraflìc demands it. A rcasonable

¡tendard of treffìc cstimation is thercforc rcqutred evcn for roads with low tmfl¡c flows.

Inwering thc confìdcnce timits at which estimatcs arc þdged docs ¡lot ¡ecm to bc worthwhilc ¡incc

thc rcsults rapidly losc tny rcal sigtificancc.

Untit precisc stüdies are completed of the cost<ffectivencs ofvarious methods of tralfic counting

rnd the scrsìtivity of the highway planning process to cnors in tnflìc cstimates, it will not bc Posiblc to

ryccify dæinble accuracy limits for developing countrics. The USA standards vill, hewcvcr. ærre !s I
critcrion by which to judge thc performancc of cstirnating proccdures clscwhcrc.

4.3 Pract¡cal limits to.sample duration

The lìnal point to bc discussed bcfore the ¡esults ¡re examincd is whethe¡ there ¡rc likely lo bc

rny practical limits to thc duration o'counting in devcloping countrics. ln this connection, tha most

critical corside¡ation is whether corntt will be madc manudly or by rnrchines.

Expcricncc of conditions in devetoping countrics suggests that the gcat mejority of counts will

continue to be made manually. The use of automatic counters is at prescnt uncommon and thcy arc only

gadually Þing introduccd, mainly for the me¿surement of scasonal variation and long'term traffic trends.

Th. roi. widispread use of automatic oounter for general counting æems unlikcly for somc timc to comc

rincc they arc eipensive to buy. Also, they require skilled supewision and maintenance ifaccuratc æsults

rrc to be obraineã, and the ncccssary skills take time to acquire. lastly, manud methods have thc

rdvantage of giving clasified counts of traffìc flow, ¡nd they may dso be politically dcsirablc bcc¡usc of thc

gencnlly acutc uncmploymcnt Problcms

tf manual mcthods of counting arc uæd, then r one-week'¡ continuous count b ¡bout lhc prlcticablc

rn¡ximum. Apart from the probabtc los of accuracy c¡uscd by the borcdom of the enumentors. longÊr

gounts ¡t cach point would rcducc the covcnge of the road systcm th¡t wrs posiblc. ln practicc' meny

cornts, although spanning seven days, will probably bc for les than 24 houn on ¡omc, ¡nd possibty dl'
deys. Night-time counrs.rc unpopuhr rnd diflìcult to supcwisc cffcctivcty' cspcidly in distant rurd

læ¡tions.

5
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Coût{ffætiYcncrt con¡iderationr dso indic¡tc thc ñæa to tcep thc du¡¡lion of sor¡nth¡ r drorl
¡¡ Po¡¡ible. Sincr wrges ¡rc the main ctemcnt, the cost of tnffìc countint c¡n bc ¡¡unæd to incrcúc iñ
dircct proportion to it¡ du¡¡tion. Howevcr. simple rmpting ràcory ruggitr th¡t thc tccuncy of rhc
rtrultinS ADT cil¡m.lcs is likcty to inc¡c¡æ in proportion to. thc rqurrc root (rpproximatcly) of thc
ô1n1ion of counling, i.c. othct thin¡r bcing cquet, r count for fordryr will only doublc thc æancy of
ADT Grim¡t¡or in comprrison with th¡t obt¡ined f¡orn r io¡lc dry'r count, rhcur tþ cat will h¡ve
tÞn by ¡ f¡ctor of fou¡.

A RESULTS

Âll csdn¡tc crron given in lhc ¡tn¡tr ¡rc ¡t thc 5 pcr ocnt tcvot of confidcncc. l¡*rr conlìdcncc limir¡
t0 pcr ccnt (l in l0 chancc) or 20 pcr ccnt (l in 5 chencc), crn bc c¡lcr¡l¡tcd by mulriplyiry th! ¡çs¡lu
by 0.84 or 0.65 æspeaivcly.

5.t Tnffic variability ¡nd ADT

ln thc crrly rtagæ of thc rndysis, it bcc¡mc ¡ppercnt tlut thc ¡cult¡ rtæ rtrongty influcnccd by
lhc ADT ¡t cach sampte sitc, to this cflect was invcstigatcd fìrst. The rclationrhip bct*tcn tnffìc
nriability and flow level is illustrated in Figrrre I which ¡hoc6 thc cocflicicnt of v¡ri¿tio¡ of d.¡ty flow¡
(V) ovcr r completc year, plotted rgainst ADT.

From lhc Kcnya data done, it Ís clear tlut the cæffìcl¿nt of v¡riation ir invcncty rrbtcd to ADI .
lhe curvc h¡s bccn ñttcd by inspcction u r rough guidc. Â rimple rcgrcsion rnelysi¡ b¡scd on thc
rchtiondrip,

V. î (ADÐ -tr ,

rhcrc 7 md À ¡rc constrnß, drowcd th¡t ADT rccount¡ for ¡pproúmatcly 55 pcr ccnt of thc total
n¡i-ation in V. The implication ¡s th¡t, in Kenyr r. least, thc main factor govcrning the variability of
tnflic is thc rvcragc lcvcl of flow, rnd not the function of thc road or thc typc of traflìc it c¡rrici.

Excluding thc most cxtremc of United Kingdom rcsults, Figurc t ¡ho*r thrt traflìc vrriability
incrcasc¡ rapidly bclow flowr of approximatcly t 000 vehicles pcr day. hrtly this is r conæquencc of the
l¡w of ¡mdl numben: whcn thc tot¡l flow is low r unit change has a proportionarely biggcr iffcct than
whcn thc total is large. Also, in Practice, nriation is inherently gre¿tcr.t low flows bec¿¡¡sc the trafhc
strcam i! composcd of fewer individual trip motivations, i.c. r flow of 20 vchicles per day on a givcn road
may bc motivated cntircly by the travel dcm¡nds of ¡ small govemment ¡dministrativc ccntrc, I rchool,
or r lingle rgricultunl cntctPrþ, Any change in its ¡ctivitic¡, such as school holidays, or crop h¡rvcstinß,
can producc vcry large rel¿tivc volume changes. Convenely, on roads crrrying 500 or morc vchiclcs pcr
day, the trips ¡re usua.lly motivaled by r widc range of activitics whoæ operational va¡iations tend to bc
mutually hlancing. ìthen the tr¡vcl demand for one is high rnothcr will bc low ¡nd vicc.vers¡. Bctwcen
lhcsc two crtremcs the¡c is ¡ gndual transition ¡nd onc would cxpect ¡ stc¡dy dccrcæc in vzriation with
increesing flow of tr¿ffic.

the incrc¡sc in lnflìc vzriability bclow flou¡¡ of rpproximatcly t0@ vehicla pcr day is rignifìcent
bcc¡usc in many devcloping countrics the majority of the rural road system carrics daily florn lcs than
this. ln J¡m¿ica ( l9&l), Zambia ( l9ó4), and Kenya ( 1970), rhe pcrccnregcs of the rural rord sysiem
cerrying less th¡n 1000 vchiclcs pcr day were 95,98 rnd 95 respcctively 5. Thut in devcloping countnes
rur¡l lrâff¡c c¡tim¡tion is especidly diffìcult bcc¡usc of thc inhcrcnt nritbility of deily tnwl.
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C*nenlly thc Unitcd Kingdom rcsutts do ¡ot crhibil uy clor rclrtionship bclrtcn tnflìc
nritbility rnd flow lcvel. Surprisingty, over r third of thc United Kingdom rcsults a¡e charrctcri¡cd by

¡vcrymuchhighervariabiliryihrncquivalentsitcsinKenya. ltseemsthatthceffectsofclimateinthc

Unitåa Xingdo;r, parricularly snow, lre much more disruptive than thosc in Keñya. Also, bcceusc lhc

dim¡tic contnsr between winter ¡nd iummcr in thc UK is very markcd, ¡ites loc¡tcd clo¡c lo tourilt or

lolidry ccntrcs rrc likely to cxpcr¡enæ hrçr rclativc chrnçe in flow lcvcl lhrn cquinlcnt rita in Kenyl'

6pcct¡on of rhc loc¡tions of ¡itcs in th. Unitcd Kingdom ¡howed that tho¡c ¡ites vith cxccptionelly h[lt
trrir¡it¡ty *trc toc¡tcd cither ctoæ to touristùolid¡y rÊiort3 or in rrcæ likcly to cxpcricncc i¡¡clcmcnt

w¡ther.

52. Enon from r¡ndom continuor¡¡ Gount¡ of diffcrcnt duration¡

Trblc t ¡ivtl thc cnor¡ for ADT cstimatcs obtained from nndom continuous counts of dificrent

dur¡tions. Cæncrally, thc cÍors in cstimetes f¡ll ¡s both the duration of counting rnd thc ADT incæ¡¡c.

Iheæ lrc, howèvcr, considerablc vari¡tions bctseen ¡itæ in thc r¡tcs ¡t wfiich thc enors dccreaæ with rcrpcct

to both thc duration of counting rnd the ADT. Bcc¡usc of the magnitude of thc v¡ri¡tions, they ¡rt
untikely to bc rccidental and ai probably related lo sitc tocation ¡nd the function of thc roeds. To m¡lc

thc trsnds clc¡rer, sitcs havc bccn-grouped into the fìve flow lcvels used for rcpcated srmpling rnd thc

rcsults rvcraged. Figure 2 shonn that the errors in eslim¿tes fall rapidty as thc duration of counting and

tt¡c ADT ¡rc-increasc-d, but therc is ¡ marked decrc¡sc in the ntc of fall when the duration of counting

cxcccds r wcck. This 3uggcsts that rural travel is domin¡ted by weckly, rather than by deily or monthly

¡ctivitics, Another signiircant fc¡turc is thc shrrp fall in cnon in estimatcs when the dur¡tion of counting

b cxlended from fìve wcekdays to one futl week, As might bc cxpccted, thc latter cffect il more pronolnccd

It thc higher flow lcvels i.c. on roads that scrvc regional and district centres with distinctivc wcckcnd

¡cfiúties. Clerrly, vrrirtions in flow ¡t thc weckcnd contribute sigrificantly to total v¡ri.bility, rnd so

lfci¡cumstancct.rir. th.t allow only a count of4 or 5 days this period should span the wcckcnd rathcr

thrnonly weekdayr. tt shoutd bc rec¡lled ¡t this point that the suggested maximum prrcticablc duntion

for ¡ continuous manual count is one wcck (sce 4,3). Figurc 2 strows that þrge cnors ¡rc ¡ssociatcd with

Gounts of only e fcw days' dur¡tion. Thc lowest flowlevel group hæ crrors in 6timatcs nnging from

: jS p.t ccnt for I one-n¡eek count to | 62 pcr ccnt for I count of a single {¡y. On roads cerrying

ìQ0Q'vchicles pcr day or tess, crron in ãtimates arc at þst approximrtely ! 20 pcr ccnt fo¡ ¡ onc'

*rck count md ! 30 pcr cenl for a oncday count'

Ocrrty thcn, no practicabt¡duration of rardom counting is likely to providc ADT e¡tim¡tc¡ of rn

rcceptablc ¡ccuf.cy for thc grcat nujority of ro¡ds in devcloping countri6.

53. Repeated random ramPlæ

Tabte 2 gives the cr¡ors for ADT cstimatæ obtained from rcpeated random counts ofdifferent

du¡ations. Thc fìgures in br¿ckets show the cnon in cstimates for continuous counts ofcquivalent

durations. tnspeciion of f hc ¡csults ¡uggests that the cnors in Gstimates of repeated nndom counts ¡rG

rclated to thce obtained from singlc random counts. If r random count of duration d givcs an crfor

equrl to t x, thcn rcpc¡ting thc co-unt will reduce the crol to t 0.94x , (n > l) where n is thc numbcr

\6-
of rcpctitions (i.e. the crrors from repeatcd counß rrr rpproximrtcly ProPort¡onâl to thc inve¡ç of lhc

tquüc ¡oot of thc ovcntl duntion of counting).

.,
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- As might bc expected, reftcrled counts givc morc accuntc crdmrtæ of ADT th¡n cont¡nuou3 countsofthc¡¡medurationandlhc¡dv¡ntageincreascswiththcnumberofrepetitions. AJso,rcpcating.coúnt
lvicc æducc¡ lhe enors in estimates lo ¡pproxim¿tely 22 pcr ccnt of rheir continuá* .*n, valuc, rndllPclting four time¡ tËulß ¡n r 40 per cenl rcduction. Hówcver, only at the highcst flow tcv-cls end fo¡oq¡nls ttpcrted four timc¡ do lhe erron in crt¡m¡tæ rpprech thc dc¡ir¡ble ¡t¡n'rtard of t l0 pcr ccnt.
Ector tnflìc flo*r of óü) vchicter pcr day, repcrtiq cornt¡ 3 or ¡l timcr gomrdly ¡cr¡¡lt¡ ¡n cnon l¡
c¡timltc¡ of bcr*tcn t l0 ¡nd I 20 pcr ccnt.

Þcru¡c of orgrnisrtional dimcult¡cs, repcrted count3 trc unlikcly to bc rcgrdcd rr r pncticrt
popoeition for moat data rcquircnrnts, rlthough thcy may bc of r¡sc for oncoffitud¡or. AL" th.y
cünot tcrærdly bc cxpccted to producc cst¡m¡tcs of I dcsirablc rccuncy.

5.4 Sampling or"or for individual montù¡

- ^- lt remcd likely that rrndom ramptc¡ dnwn froni particular months might show cno¡r con¡idcnbly
dillcrcnt from thosc drawn throughout the ycar. tf ¡ wcr ¡cason f¡Il¡ consi¡tÃdy in r perticular month
¡nd normd lr¡vcl is likely to be inlerrupted by rain, then samples from that perióc can bc cxpcctcd to
hrvc higher'than'average c¡ro¡s. Converscly, other months, bctwecn æarcns ¡nd rway from public
Holidays, could have virtually const.nt ncar-evcrage flo*s, rnd coruequently ,..y ro* orpii;;;;;".
To tcst this possibility, random samples were d¡awn scparately from each monttrand thc cnor in ADT
c¡t¡m¡tc cdculatcd as bcforc. Thc ¡csults for onc wholc wcek ¡rc sho*¡ in T¿blc 3.

Theæ i¡ considerablc va¡iation in eno¡s in etimetcs from month to month. At ¡ny 3itc, thc ntio
of thc hrgæt to lhc smallest monthly enor has a range from .pproxiÍratcly 2 ro an exccptional 22.
Gnerally, lhc ralio is in thc rangc 3-12. Even ¡t moderately high tlow lcvels of ¡100ó00 vchicles ADT,
lhc maximum monthly cnor for one'week nndom counts can ¡each 48 per ccnt. ln contrasl, evcn et ADT!
of lcr¡ than 40 vchicles thc minimum error in rny monrh docs not .*.".'d t 0 per eit. Gcnerally, if the
monlh, or months, could be predicted d_uring which sampling cnon werc likeiy to be ¡ minimum, then
ælrtivcly short counts could produce ADT estimates of a high ¡ccur¿cy. fautá ¡ strou¡s that counls for
¡¡ fcw æ lfucc consccutive days have crrors of 20 per ccnt or tes if thc obscrr¿tioru rrc conductcd during
thc month of minimum sampling crror.

6. DTSCUSSTON

The magriludc of the enon clearly indicates thc nccd for improvernents in the mcthods of measuring
k¡ffic flow in developing countries. ln considering how this might be done, it seems useful to cx¡minc
thc b¡sis of ¡¡¡cthods of counting rurat traffic in some developcd countries.

ó.1 Rural traffic counting in the United Kingdom

À¡ r¡æntioncd in Scction 2.4, ru¡al road phnning and dcsigr in thc United Kingdom arc bascd upon
lht rvenge daily flow (7day narage, óam-r0pm) measured in Àugust. Average facion are uæd to
rdjust uly obacrvalions taken in other months to the¡r August cquivalcnt. .Augusr condirions rrc uscd
r¡ thc b¡sis for counting bccause average monthly travel demands havc consistc-ntly bcen fornd to be at
thcir highest then l. Although thc method has workcd satisfactorily in thc Unitcä Kingdom. bec¡usc
il i¡ b¿æd upon r l6hour obs¿rv¡¡ion perio<t it sh¿res all the criticisms previously levelled et ürc other
'mhour'counting syilc¡trs. Furthermore. although the ide¡ of conducting all counrs during I sin$e
pcriod of pak activity is ettractive, the mcthod docs not scem suit¡blc foi use in a develoiing country,
bec¡usc it Prcsumcs th¡t ¡casonal vari¡tions in traflìc llow are thc s¡me cwrywhere, en¿ rirna¡n -, y".,
rflcr yør. Cæographical consideralions suggcst that, in thc nuinly tropicel or rub-tropiel dcvctoping
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countriet, thc climrtic v¡ri¡lion¡, ¡nd hencc mo¡l of thc likely treffic flow v¡ri¡tiont, r¡G mithcr ¡¡

rlmptc nor Ë coßJ¡st?nt r¡ thosc cxperienccd in thc dcvclopcd countric¡.

Thir ruggc3tion is givcn romc confì¡m¡tion by Figurcs 3(a) ¡nd 3(b) which drow thc rnonthly P¡ltcmt

of flow variation recorded et Z I of tnt Kenya sitæ. Nã limple pattcrn cmerger: lhc ¡casonal v¡ri¡tion of

fnffic is higtrly vari¡ble both ¡t individuat sitcs ¡nd bctwccn sile¡. The c¿usc¡ of thc monthly flow

y¡ri¡t¡on¡ ¡t G|ch ¡itc end whcthcr they lccur rrc rtilt bcing rtudicd, but ¡t L clc|r th¡t thc method of

rbndardising rnflìc co¡nts ¡n Oc Un¡i.¿ Kingdom coutd not bc uscd in Kcnyr, rr therc b not ¡ ¡irylc

¡ronth whcn flow¡ ¡rc nc¡r m¡ximum ¡t ¡ll 3ites lt thc rnrc tirnc'[

62 ßunl tnffic counting in the USA

Ar cxplaincd in scction 2.4. the object of rural tfaff¡c countr in thc USA i¡ to estimatc ADT'

Whcn sampte counts ¡rÊ rnade, usually foi one or two conscculive days only, thc ¡c¡ult¡ arc rdjustcd

to 6r. rdr .rrimatcs, within ihc accuracy limits described in 4.2, by facton dcrivcd from r rchtivcly

m¡[ numbcr of continuous counting stations c¿lled cont¡ot stat¡oris' This procedure is bascd upon

lhc facf that scason¡t pattcms of vari-ation have bccn found ro pcrsist from ycar to ycart on thc ¡¡mc

¡o¡d æction¡ ¡nd ¡rc similar:

(i) for long consccutive lcngths of major road (ADT ;5ü) vchicles) dl of

which ¡¡c not ncccssarily on the same routcl

rnd (ü) for ¡lt minor roads (ADT k 500 vch¡clæ) wilhin ¡ givcn cconomic

QeognPhic) tcgion'

Thus the scasonal patterris of traff¡c variation on ¡tl sections of road c¡n bc æprcscntcd by tho¡c obOincd

f¡om cithc¡ 'routi controt slâtions' or 'area control statio¡ls"

This systcm *outd çem to bc the more promising of the two describcd rs far as dcveloping countrics

rrc conccrned. but it would not be eæy to implement. Thc prcscnt sophisticalion of tnflìc counting in

lhc USA has been achieved oJy aftrr nlrny yittt of rccording traffìc flows' 
-lVhat 

is apparcnt is that the

usc of ¡utomatic traffìc counters wiil be a necessary pre-rcquiiite of any signiñcant imProvement ¡n thc

¡ocuracy of currcnt traffic cstimates in developing countries'

6.3Us¿ofaulomat¡ctraff¡ccountersindevelopingcountr¡es

lVhen fìnt introduced into devetoping countries, automatic counters should be operated continuously

¡t fucd locations. These should bc chosen to represcnt-the major traflìc routcs and geographic arcas;

rhe method of doing this is described in a recent Reports . As well as monitoring long-term trends' the

countef fesults will enable a study to be made of the magnitude, frequency, and causes of the day'today

ud month.to.month. fluctuations in flow. A clear undentanding of thesc will enable methods of counting

tnffic to be designed dongÀe lines indicated. so thst ADT 6timates of a prcscribcd accuracy can bc

¡nade. After one or fwo yean, rdditional counten could be obtaincd and a start made on the grouping

of ro¡d sections according to lheir se¡sonal vari¡tion characterist¡cs' ln the USA sc¡sond variation

counts are made for only one week in cvery month at a given loC¡tion; r¡ith cfficient orpnisation' a

¡ingle counter can thcrefore cover four siles per year'

ln the initial stages ofsuch a system, there is no necd for expcnsivc makes oftraflìc counlcf to bc uscd'

The simple SYX.RRL Nos. 4A or 48 eccumul¡ting counter would bc adequrtc and it costs approximately

One-lcnthasmuchasarecordingcounler. ArecentreportbytheRoad-ResearchLåboratorydescribcs

lhc opention and mainterunc. ãf U,. SYX.RRL counl;rs unãer tropical conditiotuó '

I
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7. CONCLUSTONS

l' Tnflìc counts ln dcvetoping countrie¡ ¡hould æct to providc c¡dn¡ta of lþ Ânngrl Aw¡gcùlly Tnflìc (ADT) on ¡ ro¡d.

' 2' lf m¡dc mrntrdty nelthcr rimplc nndom tr¡flìc counß nor rcpticrtcd nndom countr of ü¡y
prrcticeblc durllion cen providc cst¡m¡tcs of ADT within ¿cinUb t¡øt¡.on thc rnejority ofrc& ln dcrcloping corntrics .

3' Any rpprcciablc improvcment in estim¡tca of tnflìc llow in dcvcloping countriæ wilt reguirc thc
r¡¡e of ¡utom¡t¡c tr¡ffic countcr! op€ntcd continuorsty ¡t f¡xcd ¡oc¡uã¡u.
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TABLE I

E¡ron in ADT cstimates from random

counts of Yarying duration (pcr ccnt )

ATYT

(vehiclæ)

Numbcr ofWcckday¡

I 5132

Numbc¡ of Wecl¡

I 6I2

25

26

26

32

4
56

63

70.6 58.E 502 ¡t8.0 41.4

ó9.0 5?.0 55.1 51.7 53.1

t0.6 ó9.¿l 631 61.2 58.8

E3.9 7t1 6.2 6.6 6s.8

1t.7 31.8 272 26ß 25.1

37.4 30.4 27.2 27.4 25-5

sz.s 43.7 40.8 37.0 35.5

36s v.t 33.9 v.9

312 2t.4 233 19.¿f

50.2 4.7 38.0 33.1

vJ 55.7 60.0 633

22.5 t9.2 16.8 .17.4

22.9 19.4 14.9 92

30.0 28.4 26.8 233

88

93

l0ó

¡20

ts2

r56

4.1 ¿rc.8 39'8 34.9 30.6

5t.0 45.3 12-9 ¿m.8 13.7

45.7 38.6 ?4.? 31.8 28.4

4r.6 v.3 25.5 25'9 29.4

39.0 33.9 36.3 31.4 27-0

36.8 32.t 30.0 28.4 25.5

26.5 22.5 20.4 16.l

33.1 32.9 31.6 to.2

24.t 20.8 19.0 183

22.3 20.2 17.4 l¿lj

3¿1.5 30.6 225 7.1

18.8 l4.t l0.l 63

250

35s

357

438

494

50r

50.8 4?.0 44.5 ¡13.5 41.4

35.7 28.4 21.2 26.8 30.2

4t.7 37.2 32.7 30.8 30.4

37.2 3ó.1 34.9 363 y.9

38.4 30.8 27.6 25.5 2S-t

3ó.8 33.7 33.1 329 3l.E

39.8 v.7 v5 32.5

t3.t 12.3 ¡ 1.8 10.2

36.6 32.7 19.0 8'

22.t 17.6 l4.l 55

18.0 17.4 17.8 16.7

29.4 27.6 21.6 16.5
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ÎABLE I (continwd)

622

632

650

6t5

&6

?88

ß2

t25

253 2t.1 t7.2 t7.2 17.2

¡O.0 35.3 32.9 29.4 27.1

32.3 34.3 36.1 34.5 32.7

25.7 23.9 23.5 22.0 20.2

30.4 3t.8 34.3 3t.8 32.5

26.6 20.6 t9.8 t92 t6.3

39.2 44.-l 45.7 ¿t5.9 4t.0

20.8 t9.0 t8.6 t6.8 17.6

t7.1 t3.9 9.6 7.t

21.9 23.3 t2.t 21.1

22.7 t7.2 9.8 7.O

2t.2 t7.1 n2 1ß

20.8 t9.0 16.8 t6.7

r9.0 t6.5 t4.9 t4.5

24.5 22.3 t6.3 t63

r9.0 t6.8 t3.7 rlJ

næ

It85

t250

t3?3

l75t

t766

28/}6

24.5 2t.8 r9.4 l?J t5.3

3r.4 30.2 30.4 30.2 28.6

3s.3 28.0 26.7 22.0 21.2

34.3 n.4 $.1 112 36.t

30.0 27.2 26.5 25.t 22.2

26.8 29.8 3t.2 3t.4 26.t

3t.2 29.0 28.4 29.0 27.0

16.r t4.3 t4.7 t4.5

t8.2 t7.0 t7.0 17.2

153 t3.5 I1.0 9.6

t6J 13.7 9.8 8.8

r8.0 r?.0 t?.8 l?.4

12.9 n.2 8.6 7.t

16.3 t2.7 7.8 6.9
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TABLE 2

Enon in ADT estimates from rcpertcd r¡ndom

counis olvrrying duntion (pcr ocnl)

Figures in bnckct¡ ¡rc for continuou counts of ¡n cquivdent dur¡tion.

Flow lcvcl
(vchiclcs/d¡y) Rcpctitiotu

Dntion of coutin¡

Numbcr ofwcckdrYs

'l,l'15
I vock

<75 t
2
3
1

62.3
16.ó (51.7)

33.5 (47.2)
25.e (45.5)

5r.7
%.4
28.0
24.3

47.2

31.4
25.5
22.t

43.s
28.8
23.5
20-4

355
23.s(329)
t7.6
l6.r (30.6)

?5.200

I
2
3
a

43.t
28.0 (37.4)

233 (v.e)
18.ó (32.r)

37.4
22.9
r8.6
17.2

y.9
24.3
17.4
t5.9

30.8
2t2
r 5.7

t3.9

26.6
t7.6(23.s)
t43
tz.s (20.2)

20ró00

I
2
3

1

Q2
32.7 (35.s)
221(33.3'
2t.8(32.71

35.5
27.8
22.3
20.2

33.3
25.t
r8.0
15.7

32.3
2t.6
17.4
r 5.1

26.5
t7.6(23.7)
t4.3
r2.s (re.8)

60t-r000

I
2
3

1

30.0
re.2 (28.6)
r6.3 (28.6)
r4.3 (27.0)

28.6
t 5.5

t 5.5

il.2

28.6
r7.6
r 5.9
t2.3

25.7
¡7.0
13.9

12.2

2t.2
r3.e (r8.4)
I1.4
t0.0 (r4.3)

>t000 I
2

3
1

30.ó
t7.8 (2e.41

t 5.? (2e.4)
r4.3 (2e.0)

29.4
t 8.4
15.7
r l.o

29.4
t6.8
14.9

I t.8

25.3
t4.1
t2.9
I1.2

t6.3
r3.3 (14.3)
t 1.8

7.6(12.3)
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8. APPENDIX I

Ouc¡tlonn¡Iru on mt¡oml procedurul for ruwcy of rurel lralflc flow

COLNlRY

NATIONAL CENSUSES GENER,ALCOT,'NTS AUÎOMATTCCOUNTERS

h there rny form
of nationd t¡¡flìc
cenrus opcrrting?

For how mrny
houn and days
a¡c observ¡llon¡
made during e

survey?

How mrny
3urveys ¡lc
made r yerr?

Arc ¡ll cla¡sc¡
of road

covcred?

For hov mrny
houn ud dryr
a¡e obscwallonc

m¡de?

l¡ lher! rny
rpecifìc perlod,
or pcrlods. of
the ycar whcn

observ¿tion¡
¡re m¡de?

Docr lh.
Govc¡nment rt
tt¡ndardt fot

treffic
obscrv¡tlon¡?

Aæ ¡uloorrtlc
tnflic counter¡

ln usc?

For úh¡t
purporc?

COLOMBIA Ye¡ 24 houn r dry
for ? days.

I Only rordr maln-
lained by natlonal
C¡vernmcnt
(rbout ? siter
pcr yerr).

14 hourr I dry
br ? dryr mainly.

No. lc¡. Ycr. Â¡ continuou¡
c(n¡nlcÉ ¡t
fìrcd
læ¡lloûr.

CYPRUS Yc¡ 7 dryr contlnuour
ly on some trunk
¡oads;92 houn
spread over 5 dryr
on otherr. 84
hours spread ovcr
5 days on tourisd
rnd villagc roadr,
but e¿rie3 from
yeaì to yeat.

3 Ye¡ V¡rle¡ Vrrlcd from
pl¡cc lo phca
to colncldc wlth
locrl crop
hrncstlng pcrlod

fc¡ No

ETHONA Ycr 24 houn r day
for 5 dayr.

3
lrn-Apll
dry scnon;
,únc-Au$rrt
i¡?t scrson;
Scpt.-Dec.
lntcrmedí¡tc
!€aron.

All.*trthcr rcrdr
bullt rnd ñrln-
trlncd by thc
linpcrlal Hlghe¡y
Authorlty
sÏcthcr prlm¡ry,
rccondary or
fceder ro¡d¡.

24 hq¡n for 7
to 15 drp.

No No
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C(XJNIR,Y

NATIONAL CENSUSES GENERALC()('NÎs AUIOMAIIC C()IJNTERS

ls thcr..ny form
of n¡tionrl tnffìc
cenru3 opcralint?

For how rnany
houn rnd days
¡re ob6crv¿lionl
nude during r

rurvcy?

How mrny
tufveyt lra
made r yerr?

Arc rll ch¡¡c¡
of road

covered?-

For how mrny
houn rnd dryr
r¡c obscrv¡llon¡

m¡de?

Ir th?æ rny
speclfìc pcrlod.
or pedods, of
the year when
obærv¡tion¡

t¡c ¡¡¡dc?

Doc¡ thc
Govcrnmcnl æt
¡trndr¡d¡ fot

lrrfllc
obrcrvrtlon¡?

Arc rülomrllc
tr.fl¡c cor¡ntcrt

ln uæ?

For rñrt
purpor?

CHANA Ycr 7 dayr l2 houn
(6 a.m.6p.m.)
manurlly rnd 24
houn by rutomrtlc
c(xrntcf.

3 ol .l llmca
¡ yeaf,

Only prlmery ut
rcondrry rordr.

t6or 24-hour
countr for I *eck

No. No. Yc¡. Ar conllnuou¡
cor¡nttr¡ rt
fucd læ¡tlqrr.

IR.AN No (onc lr proporcd for l97l) I d¡y3
3t dry:
nidnlghl.t r,n,
lnd day:
lr.m.4 p.m,
lrd day:
Ìp.m.-mldnlght.

Up to 2limcr
r yerr ln ctch
tar3('n

No. To¡lft'útcd
arlmt.

KEI{YA Ye¡ t2 horn (6 r.m,-
6 p,m.) for 5 dayr
ln ¡ rtek rnd
24 houn on thc
rcmalning 2 deyr.

1
Febmry.
Mry, AUF¡II,
Novcmber.

Yc¡ 2 houn (6 r.m..
i p.m.) for ? ùy¡.

Wct sc¡thcr mt
m¡ln rnnurl
¡ocl¡l ewnl¡
rvolded.

Yc¡ No

LESOTHO Yc¡ t2hounrdry
for ? dryr

lrregulrr Moltly mdn
foûdr.

l2åour I dry
:ountt.

No No No

MAI-AWT Yc¡ t dry 12 houn
m¡nual ¡nd 24
houn rutomrtlc
countcr.

2
Wct rnd dry
$¿roî.

M¡ln rnd
rcondrry rodr
only.

Y¡¡ For ¡hat co
ofonG dty'r
duntlan
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APPENDIX I . comlnr¡cd l2l

COI'NTRY

NATIONALCENST'SES CENEMLCOUNTS AUÎOMAT¡C COUNTERS

ls therc rny form
of n¡tion¡l tnflìc
oansut opcr¡linB?

For how many
houn and dayr
t¡e obscnations
made during e

rurvey?

How rnany
$nveyl Irt

made r ycrr?

Arc rll clarscr
of road

covered?

For how many
houn rnd dayr

lrc obsc¡v"tionl
m¡dc?

lr therc rny
specific period,
or periodr, of
the ycar whcn
obscfv¡liont

rrc m¡dc?

Docs thc
Ciovtinmenl st
sl¡ndardr for

lnfflc
obscrv¡tlon¡?

Arc lutom.tlc
tr¡mc countcÉ

ln u¡c?

For whrt
purporc?

MAUR¡TIUS No 12 houn (6 r.n..
6 p.m.) for 7 dayr.

During sugrr
crop pcrlod ,uly
to Dcccmbcr.

No No

TANZANIA Yc¡ 72 houn 2 Yc¡ 72 houn No No No

THATLAND Ycr Ncw strndrrdr bclng lntroducrd. All ro¡d¡ to bc
cove¡cd. Molf counlr 2 tlmcc r ycrr, Airil rnd
Octobcr, E-hou¡ counts (8 ¡.m.¿{ p.m.) tor 5 wcck-
dayr. At r few siler 4 timer r ycrr Jen;ary. Aprll,
July, October, S.horr counß spannin¡ 24 houn for
¡ lot¡l duration of 3 wecks; l.e, an cffect¡yc onc.
s€ek cor¡nt.

I dey 8 houn
nanuel (8 r.n..
4 p.m.) rnd 24
hours by ¡utornl.
tlc cor¡ntef.

No Yor ln rhe plrt for
¡hort cor¡nl¡ of
onc dry'r duntlm
but pcrmrncnt
dtct ¡rÊ lo bc lcl
up.

lUR,KTY Ycr Vrriable, m.jority
rrc ldey tåour
counl¡. Somc t¡c
for 24 houn I or
2 dey*

E-hour count¡
urually 3 lima
r ycar bul
romejurt oncc
or twlce 24-
hour counts
rcpc¡ted up to
t5 tlmerrycrr

)nly thoac
vhich ¡¡c the
'esponsibitity
rf the nrtlonrl
righwayr
lepartmcnt.

thþlauôo
lrt¡¡.

UGANDA Yc¡ 2tl horn r dry for
7 dryr.

2 ily rordr
Llch ¡rc thc
ponribility
thc Minittry
llrork¡.

2tl horn r dry fo,r
7 d.yt.

l{o Yci Y¡l Füdrortcor¡lrlt
of ? &yr dünrloi.
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cot NIRY

NATONALCENSUSES GENERALCOI'NT:¡ AUÎüTIATICC.oUNTERS

lr thcrc rny form
of n¡tlon.l tñ¡fflc
ctnor opentlng?

For how meny
houn rnd dayr
¡¡e obscrvrlion¡
mrde during r

rurvey?

Hownmy
survcy3 rl!
mrdc e ycrr?

A¡o ell clr¡cr
of rcd

cove¡cd?

For hor mrny
houn md dryr
trc obscrvrtionr

m¡de?

Ir thcrÊ ¡ny
rpeclflc perlod,
or perlodr. of
the ycrr whcn
ob!crYltlonr

rrc rnrdc?

Docr th.
Corcrnrncnt rt
¡trndrrd¡ for

tnflìc
obærvltlom?

Art aulom¡tlc
tnftlc oounlcn

ln urc?

For rhrl
purpocc?

z^IrtElA Yc¡ 12 houn for J
dryr ln e rcck
¡nd 24 houn o¡
lhe æmrlnln¡
2 days.

Oncc r ycrr
ln Junc.

Yc¡ Vrrla from l2
houn up to 7
drn.

Dry rcrrcn Mry.
Octobcr

Ycr To ¡ lknltcd
cxtcnt.
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THE SENSITIVITY 10 TRAFFIC ESTIMATES OF ROAD PLANNING IN
DEVELOPING COUNTRIES

ABSTRACT

This Report gives an analysis of the sensitivity to lraflìc cstim¡tes of
ru¡al ¡oad planning decisions in developing countries. Considc¡ation

rzs given to decisions concerning the annual amounts spent on

mrintaining each section of road, the cconomic justifìcation of road

improvcments, and the selection of road design standerds ¡nd hcncc

construct¡on costs.

The Report shows how cach of these decisions ¡s sensitive to
the traffic parrmeters uscd in making them. Many of the traffic
paramcters are shown to be subject to large errors due.to the estimating

rmthods cunently in use. This is particularly the case with estimÂtes

of induced traflìc likely to result from road improvements and the

fo¡ec¿sts made of all futurc tr¡ffìc for pl¿nning and designing road

improvcments.

The analysis strcsscs the need for irnprowments ln traflìc
catim¡tion methods rnd for further research into the fundamental

ctaracteristics of rur¡l road traffìc in developing countries.

1. INTRODUCTION

This Report anatyses the sensitivity to traffic estimates ofdecisions rbout ¡ural road planning in developing

countries. The analysis was undertaken becausc a recenl study of counting methods in developing countr¡es

showed that estimates of rural traflìc flow were subject to considerable erro¡1. It therefore scemed prudent

to consider the effect ofany errors in the traffìc estimates generally used in reaching planning decisions.

&rors in cstimates of traffic parameters can be igrrored provided highwry pl:rnning decisions are not seriously

rffected. However,ifitcanbeshownthatuncertaintyintreffìcestimåteshaveaconsiderablecffectonthe
costly decisions which are mrde this would justify both improvements to counting methods and increasing

the money spent on traffic estim¡tion.

l.t Definition of sensitivity

All decisions in maintaining, phnning and constructing a road need estimates of traffic parametcß.

Somedecisionsrequireestimstesofonlyasinglepanmeter.othersofseveral. E¡chofthes¿cstim¡tesis
usurlly treatc.d in analyses as if it w¡s certain to occur, yel many of thenr rre subject to considerable

uncertainty. tirsm¡llchangcinthcestim¡teofoneprrameterwill altcrthedccisionunderconsideration,
then thc ¡lecision is s¡id to be sensitivc 1o changes in the estimates of th¡t psrameter. On the other hand, if
one particuþr p¡r¡rmerer can be varied over a wide range ofvalues without affecting the decision, then the

decisioniss¡idnottobescnsitivetouncertaintiesregardingthatparticullrparanletcf. Forexample,inthc

177



Compendium 11 Text 9

178

tlnited Kingdom2, roads are built in discrele numbcn of l¡nes c¡ch of which i¡ able to rccomnrodrtc I nn¡e
of tr¡fnc yolumcs. For ru¡rl rtxds tlæ¡e ¡¡c ¡s follows:'

2.14rc O 9 m0 Pa$cngcr cu unit¡/d¡y (Pcu)

3.1¡¡æ 9 0æ-15 000 parænger c¡¡ units/d¡y (Pcu)

Il¡¡l 2-lanc t5 æO33 000 purcnçr crr units/day (pcu)

D¡¡l 3-lane 33 00(}50 0(X) prssenger er unitsiday (pcu)

D¡¡l ,Tlane 50 00G60 (X)0 pæscnger c¡r unia/day (pcu)

ln dcciding capacity rcquircrnents for futurc ¡oad nctworks there would bc no necd to rcfìræ tnflìc e¡tim¡tc¡
ûo ¡ Sre.ter rccuracy th¡n the nearest I 000 pcu if thc prcdictcd v¡luc for thc derigr ycar w¡s in the middlc
of one of tl¡ese ranges, s¡ry, 5000, I 2 ü)0 or 24 000 pcu, elc. However, if the predicted raflic flow w¡¡ do¡p
lo onc of thc transition levels in thc relationship between thc number of lanes ¡nd road crpacity, thcn r
considerable degree of sophistication in traflìc cst¡mation procedures would be justihcd to dc&rûúnc rith
conûdence the requircd number of lancs and hence thc cost of providing them.

12 Scope of the study

Thc terrn'planning'h¡s so far been uæd to describc all thc dccisions m¡de in maintrining rnd
improving a road system. Analysis was limited to the main decisioru, i.e. those conccrned sith tl¡e ¡nnud
¡rnounts to be spent on maintaining each scction of road, the economic justitìcation of rord improvemcnlr,
md the selection of ro¡d design standards and hence construction costs. A further restriction on thc æopc
of the analysis was that decisions conceming traflìc capacity wcre not considered. Congestion is uncommon

m the rural roads of most developing countries and conscqucntly fcw countries h¡vc yct dcfuæd c¡ptcity
¡tandards.

As will be seen from the following examples, the methods by which decisions in different countrics
lrc made differ considerably. Although this is partly a reflection of the rapid changes in highway pnclicc
h developing countries, it would nonetheless be possible to criticise some of the mcthods uscd on thc [ 'si¡
of generally rccepted engineeringend economic principles. Thís has not been done as it is considcrcd o¡ls¡de
thescopeofthisstudy. Diferencesinprinciplearediscussedandlheireffectonthcscnsitivityofdccisions
indicated. but it is the sensitivity of decisions as they are now made, not as they ought to bc made, wfiich ¡¡c
ofinterest. Tothisendtheexanrplesusedwereselecledtogiyeafai¡cros-sectionofcuncntptacticcin
dcveloping countries.

2. THE SENSITIVITY OF ANNUAL MAINTENANCE COST ESTIMATES

lf the cffects of topogr;r¡hr' ¡nd clinrate on road nr¡intenrnce needs ere regrrded as fìxed for a givcn scction

of road. then the t!r'o nìrìsl inrportcnt factors ¡llccling maintenance costs are thc type of surface and the

traffic volumc car¡icd. llowcver. the form of the relationship betwccn ¡o¿d mrintenance costs and treff¡c
volurnes h¡s not bccn tìnully cstlblislred. Son¡r. countrics use e ¡liffcrel¡t fìxed cost pcr kilometre for c¡rth,
grlvcl. rnd bitunrinous sur lìcctl ro¡¡ds. but this prlctice is not comrnon. lltost devcloping counlrics drcidc
their nr¡inttn:¡nùe erpcnJrtur!.s by using l rclltionship r¡f the form:

Tolal m¡intcnancr'cost p.'r ye¡r (TMC) = a + bQ

nfrere Q is thc fluw in v!'l¡iclcs pcr rh¡ and ¡ and b are constants. Examplcr rrc shown in T¡blc l.

t They are currcntly being revised, but se¡vc to illustr¡le lhc point.
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TABLE I

Tto rolerlonrlrþ bctwccn ¡n¡&¡tca¡¡¡cc cctr ¡sd trrfnc f¡or ia n¡ior¡¡ cor¡nt¡ia

The ratio of thc perccntage change in maintenance cost to thc percentage change in flow levcl is

defìncd as thc scnsitivity ratio. If thc sens¡tivity ratio is 1,0, it mcans that a l(X) Per ccnt crror in the

etimated tratTic flow produces r l0O per cent enor in the allocated maintcnancc cost. Convencly. I
sensitiyity rrtio of zero means that thc allocated m¡in¡enance cost is independent of lhc cstimatcd tr¿ffìc

flow. lnspcction of the fo¡m of tie relationships in Table I st¡ows lhat thc ¡cnsitivity ratio is const¿nt

for any particular ro¡d surface in r given country. The ¡ctu¡l values ¡¡c given in Table 2.

Country rnd Ycrr
Typc of road rurfrcc

E¡rth C¡avet Iltumcn

l&nyr: 1969
(pounds/milc)

95 + l37Q Fixcd co¡t per milc

Nigcr: l9ó3
(francs/km)

¡()mO + 1620Q 9E 320 + 320Q

Nigerias: 196?
(pounds/milc)

150+q 340 + 0.2Q

Tanzania: t969
(drillings/mile)

2930 + 22Q 2500 + ¡t8Q 9353 + 3.74Q

Venezueta': 1960
(Eolivars/km)

1550 + 54Q 5200 + l8Q t0400 + Q

7¿mbias: 196'/
(pounds/mile)

36 + t.7Q 96 + l.4Q 242 + 0.065Q
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Scnsitivity ratios for the m¡intcnance cort rcl¡tionshipr givcn in T¡ble t

C.ountry and Year

1}pc of red rurfrce

E¡rth C¡¡vcl lltu¡ncn

lGnya: 1969 0.59

Niger: 1963 0.80 025

Nigeria: 1967 0.40 0.06

Tanzania: l9ó9 0.43 0.66 0.04

Venezuela: 1960 0.78 0.26 0.0t

ãmbia: 19ó{ 0.82 0J9 0.03

TABLE 2

¡t can be æen that thc ratios vary fiom r¡ little as 0.01 to ¡ maximum 0.82. Generally thosc for
ca¡th surfaced røds are the highest, followcd by thoæ for gravcl surfaced ror. 's, úth, as might bc cxpcctcd,
bituminous surfaced roads having the lowest ratios.

3. THE SENSITIVITY OF CRITERIA USED FOR THE ECONOMIC
JUSTIFICATION OF ROAD IMPROVEMENTS

The methods used for the cconomic justilìcat¡on of road improvements differ in the y¿rious dcveloping
countries, but in rll. once a criter¡on has been selected, projects arejudirr.d on whether or not thcir value
will exceedsomeagreedmrninrunr. lfthereareseveral projeclsthenth..yarer:¡nkedandacceptedfor
improvement in rank order until the tot¡l cost reachcs the limit of avaihblc funds.

A common criterion used for the selection of proposed road inrprovern!.nts i¡ the lnternal Råte of
Return(lRR). Thisisonlyoneofanumberofcriteriaingeneral use.butith$beenprefenedbythe
World &nk for its own analyses6 and is the one used here. Although dr'ubts have recintly bcen exprescd
about the suitrbility of the IRR for assesing public invcstments?, sinr.r. each prtrject in the lnalysis w"as
considcred scparllely ¡nd none of tlre projects:issumctl r complex c()st or bcrìelìt strcam orr.r the design
life of the ¡oad. the conclusions of thc following anllysis woulrt not havc br'cn ¡ltered ifcirher Cost.Benefit
R¡lio or Net Present V¡lue critcrion h¡d been used instead.
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lnitially the scnsitivity of the IRR lo changes in the estimrted prcsent drily traffic ¡nd lnflic growlh

Ërclcstcd. Theseare¡hemaintr,rllìcprrameteiswhichhavclobees¡im:¡tedfi¡relchrordthatisassesscd'
ln prrctice e¡¡ch is estimated sep¡r0tely so it is necesrry to show their seplr¡te r'l'tict. Rather than devise

hypothctical road projects, ten'. described in Appndix I - wøe ¡ctectcd fronl thosc recently constfuclcd

C äevcloping counir¡es. Where ir was apparent th¿t ¡oÍrc of thc ten Projects were likely to giw similar

6ults, catculations were ¡estrictcd lo those which inspcction ruggested would give either the typicd or thc

crtremc values of the sensitivity r¡tio. ln Íact, it soon þcamc obvious that the s¡me few projects, bccruSC

of the naivety or sophistication of their ovcrall asumptions, would provide tlre range of valuB. Thc rcn¡lts

rlrich tollow probably contain lhc likcly values for dl ptojccts'

3.1 Prc¡¿nt da¡ly rraffic

For c¡ch projecr rhe tRR wæ calculaled using thc rsumption as given. Then, keeping all other

f¡ctors csnstani, the estimared prescnl level of traffìc was varied by t X0, t 40. 1 60, t 80 and + 100 pcr

ccnt and the IRR calcula¡ed. Fig. I illustrates the range ofvalucs obtained. lrlinor variations in thc slopcs

ofthc ¡ndividual graphs.r. ..ur.d by discontinuities in the projcct assumptions. To simplify them lincar

ægrcssion tines were' fìrred and in each case the corrclation cocffìcicnt exceeded 0.98. From the regression

l¡riesamcansensitivityratioof0.?0wascalculated. ThísclcarlyshowsthatthelRRisgenerallyvcry
ænsitive to crrors in estimares of prescnt daily traffic, dthough the spread of the graph lines indicates th¡t
ploject rnsitivity is considerably influenced by thc mix of thc othcr assumptions.

3.2 Traffic $owth

The scnsitivity of the traffic growth assumptions uscd in cach project was tested in the same manner

rs thc present daily traffìc estimates. Fig. 2 shows the rclationships obtained. tn each case linear regrcsion

ünes gåve regression cocftìcients above 0.99. The sensitivity ratios are very scattered ranging from 0.20 to

0.?l ;ith a mean of approx¡mately 0.43. This is not really surprising as Appendix I shows that assumPtions

rbout traffìc growth vary considerably among projects.

It is interesting that the mean sensitivity ratio for crrors in estimates of tr¡ffìc growrh is lower th¡n

lhat found for the errors in estimates of present daily trafFc. The probable explanation fo¡ this is thåt thc

discounting with time of the benelìts from ¡oad improvements reduces the eftect of distant uncertaintiet.

Because ofthe nugnitude and range of the sensitiv¡ty ratios in the last two lests, the sensitiúty of

the justification for roaJimprovements w'as examined in more detail. The effect on thc IRR of three other

rspects æemed particularly worth studying. They were:

(i) present traffìc composition;

(ü) cstinr¡tes of induced traflìc; ¿nd

(iii) asumed changes in traffìc composition.

33 Present traffic comPosition

For assessing the justification for ro¡d improvemenls in developing countries' traflìc is usually

æparated into'ligñt' (c¡rs ¡nd vans) and'herv.v' (lonies and buses) vehislcs. Altltotrg,h nttrrc complex

clåsific¡tions arJ made for some purposes. they rre rarely used in the crlculillion of cithcr costs or

bcnefits. T¡eprinciprl elïectofi¡rorsincstinratingpresenttrafficcompositìonisonvclticlc'operating
cost srvines. since opcrrring costs per km are usually assumcd lo be highcr for hcuq' thrn lbr light vehicles.

Thus the iRR fnr a projcct $ith a high proportion ofhervy vehicles is likely lo br'trttteh ntorc sensitive to

crrors in esrimates of trrffìc.orp*ition th¡n one in which the proportion of hcarl'vt'hiclcs isl'ow.
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thc results in Fig,3 suggesl that this is so. Ectow about 30 ¡rer cent hcavy vehicles, rhc IRR l¡
æhtively insensitive to errors in cstimatcs of percentage composition wilh sensitivity ratio¡ of les th¡n
0.20. llowever, witl¡ ó0 per cent heavy vehicles. scns¡t¡vity ¡atios increasc to epproximatcly r holf. Thc
cxtreme v¡lues ftrr Project I 0 occur when the perccntagc of heavy vehicles cxcecds E0. which b unlikely
to bc common in pract¡ce.

3.4 lnduced taffic

Vcry few of the rcporls considercd in lhis analysb exptain whrt b mc¡nt by induced trallìc. tbuelty
ü¡c tcrm implies the extra flow of vehicles on an improvcd facility ovcr.and-¡bove that whidr would h¡ve
bccn cxpccted from normal trcnds. Alternatively, on rn entircly ncw facility, it is taken to be thc cxtr¡
volu¡nc of traffic over-and-aboræ that which would have bccn cxpected to divcrt fiom cxisting routcr.
lÈithc¡ of thcæ is str¡ctly corrcct; the ttaffic on a new road or thc cxt¡¡ t¡¡ffic on an improvcd ¡o¡d c¡¡r
bo broken down into:

(Ð thåt t¡¡ff¡c'diver¡ed' to the new f¡cility, fìnding it morc convenient or ¡ttr¡ct¡vc
th¡n the former routc of travel;

(ü) that traffic which has made a change in .mode', 
c.g. from r¡it or air to road;

(¡¡i) tlut traffìc wtich is enti¡cly new and ncver cxisrcd before, and is asumed to bc
thc cffect of making certain areas more ¡ccessible to larger numbers of peoplc.

Strictly thc tcrm induced traflìc should bc rcserwd for (iii)E. [t is unfortunate that the thrcc
components are frequently lumped together. Or¡e røult of this practice is a tendency to rscribc to c¡ch
unit ofinduced trallc the same benefits as each unit ofexisting traffic; this is inco¡iect. (All but one of
the projects used in the analysis made this mistake). The benefìts to cach unit of induccd traffic should bc
t¡ken as one'half of those of e¡ch unit of existing traflìce. Even if benefìt calculations are correct, Gnors
in estimating iìnduced tralfìc can bc cxpected to h¡ve a considerable effect on the IRR sincc thc c¡angæ in
flow are often assumed to occur immediately after the road is improved. The extra benefits th.t rcault ¡rc
thus relatively unaftècted by the practice ofdiscounting ¡ll the benefits to their pres€nt value.

Assumptions concerning induced traffic cen be classified into one of two types:

(Ð Imme4iate increase rsumption. This asumes that {here is an immediate, once and for all,
ñrcasêjnÏãff¡s sõñäifiãnew facitity is opened, after which tr¡ffìc continues to grow
¡s before. (See, for example, project 2, Appendix l).

(ii) Umited time assumption. This asumes that for a number of years after the ímprovement -
usually two or, more rarely, three years - traflìc will grow at a faster rcte than was established
bcforc the improvement. After thc limited time pe riod has elapse d traffic is usually assumed
to g¡ow at the pre'imProvement rate. (See, for example, Project 10, Appendix t). This type
ofasumption is open to severat criticisms, but these are not considcred here for thc ¡e¡son
given in 1.2.

Using one Project (2) in *'hich the benefìts'to induced tr¡fÏìc were incorrectly taken æ cqual to tho¡c
ofcxisting trallìc, and one project (3) irr which the benc.fits ro induced t¡aftìc were correctty calculatcd
æ half those of cxisting traffìc, the induced traflìc asunrptions were tested as follows:

(Ð immedi¡te incrcase of20,40, 50,80 and t00 per cent;
(ii) incre¡se for 2 ycarr of I 0, 20, 30, 40 and 50 per cenr pcr year;

(iü) increasc for 3 years of I 0, 20, 30, 40 and 50 per cent pcr year.
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tnc¡chcascaensitivifyw:¡smeasuredrclslivelothevalueof thelRRwilhnoinducedrr¡ffic' Thismcthod

of testing was cdoptcd since cunsider¡ble unccrtainty surrounds present methods of estimrting induccd

f¡¡flic. Ñone uf thc reports uscrl in the analysis prorluced or quoled any evidcnce lo suPport the an¡ount

ofinducedtrafl-lcused. lnrhese circumstanccs,itseemsfairtomeasurethÈsensitivílyoflhelRRrelat¡vc
to what it would be if it were assumed that rhere w¡s no induced tr¡flìc. Thc ¡esults are shown in Fig.4.

ß n¡ght bc cxpcted in erch case the sens¡tivity ratio is higher for Project 2 which mrkes incorrcct

rrnrmptioniabout the b€nefits to induced traflic. Although the immed¡tte increas€ rssumption glves thc

lorcri¡cnsitivity r¡tioû, they are srill large ¿t bctwccn 0.37 ¿nd 0.52. Howcvcr, ¡hc s.ß¡tivity ratio¡ when

hdr¡c¿d tr¡ffic b ¡sumed to occur or., i*o and threc years range f¡om 0'74 lo I 'ó8' The magnitude of

thcsc v¡lucs gives causc for c¡ncern ar the prcscnt lack of knowledge concerning induccd tnffic in devclopin¡

oountrics. The estimation of induced tr¡ffic is clearly in urgent nced of ¡esearch.

3.5 Changes in t¡affic comPosition

Onc of thc projects used for this analpís rsruncß lh¡t thc proportion of heavy vchiclcs will incrcr¡c

¡¡rd one that it will fitl, Uut mosr, explicitly or implicitly, assume that the proportion will rem¡in const¿nt

with tir¡æ. This sccms unrealisric for, untes thcrc are arlifìcial ¡estraints on the penonal ownenhip of

rrhicles, it can Þ expected thar on ru¡al roads in developing countrics the ProPort¡on of hcavy vehiclcs will

fdl with timc.

In the carly stages of development, when ¡ country is being opened up by road communications,

pcrsonal ownership of vehícles is unco¡nmon and thc ubiquitous bus or multi'purpose lorry provides the

i-¡n r".n, of transport. Atso, the low st¡nda¡d of many roads deters all but the moct ruggedly constructcd

rchicles and the most deterrnined of operators - usually the commercial lorry and bus operators. At a latcr

rtage ofcconomic development the low standard roads are improved, ¡nd increased ownership and use of
light vehicles is made posible: þence the proportion ofheavy vehiclcs stcadily falls.

Vehicte rcgistration st¡tistics from a samplc of developing countries suggest that rnany developing

countries have pæsed or are prssing through thc stage described above (see Fig. 5). The number ofhcatry

whiclcshasbeencxpressed¿sapercentâgeof thetotat stockofvehicles. Generally,theproportionof

hcavy vehicles declines with time and in some cases (Afghanistan, Brunei, Ghana, l¿os, Sarawak) this is

quitc marked, Some of the counrrics in Fig. 5(d), however, show a sensibly constant proportion of heavy

rrhicles with timc, and, in the c..c of Nepal, an increasing trend is apparent. The latter is hardly surprising

rstheruggedterrainhas,untilrecently. limitedthedevelopmcntofroads. Thesetrendsare,ofcouræ,

only true nationally, and on individuill rural roads there will be conside¡able variation from them. Nonethc'

les, they do strongly suggcsr thst only on roads opening up new land and in the early stages of development

btheproporfionofheavyvehiclcslikc.lytoincreaseorremrinconstantu'itl¡tirne: theresultsfromarecent

,udy àf rh. compo6¡tion of rural tmfl'ic flows in Kenya indicated a similar tendencylo.

From the foregoing discussion, it seems that a reasonable meæure trf the sensitivity of the IRR to

rssumptions about chrnges in ¡rat'lìc composition is obtained by comparing the vllue of the IRR assuming

a.onritnt proportion ofhcavy'vr'hicles rvith that assuming th¡t the proportion ofheavyvehicles dcclines

by various amounts over the dcsign lile of each project. Fig. 6 gives the results.

With onc exception, thc. assurnprion of¡ constant instead ofa declining ¡rroportion ofheavy vehicles

wirhtimewill resuttinanincreasctllllR. (Thenegrtive signof theresultsfurProjcctl iscauGdbythe

romewhat unlikely assumption rlut the absolute operating costs of light vchicles exceed those of heavy

whicles.) ltc¡nbeseenthar.asnrsthr.c¡sewilhpresentlrrltìccomposition.(scùtion3.3)thesensitivity
of the IRR is d!.ternìincd by thc irrrtirl ¡roportion of heavy uehicles. Bclorv :rpproxinlately 50 per ccnt

hcavyvehiclcs,sensitiviryri¡ti(rsrr!'rtl.rtivclylorv,bcingk'ssthrn0.l. Onlyrvhentheproportionofheavy
rehiclcs excccds 50 pcr cent, do sr'nsit ivity råtios re¡ch moder3le values of 0. I 6 and 0.3 I .
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NOTE: Section 4
not deal with the

has been deleted because it does
subject of this publication.

5. DTSCUSSTON

Thcre ¡¡e two objectives in making a se nsitivity analysis of a planning decision: fìnt, to determine the eflcct
on the fìnal decision of changing the value of each of the variables involved in reaching it; sccondly, to catcut¡te
lhe probability that the esaimated values of the variables which c¿usc signifìcant changes ¡n thc rcsults will
occur.

The analysis has bcen concerned with the fìrst of these objectives, and it has been shown that cach of
the decisions conside¡ed is sensitive to the traffic data needed to make them. tt is much more diflìcult to
calculate the likelihood thet estimatcs of a given traffìc parameter will be subject to a specifÌed error. A rccent
rtudyt has provided confìdence limits for estimates of piesent daily traflìc fråm traffic counts of varying
duration' Evidencew¡salsopresentedinrheresultsontheconfidencelimitsofestimatesofthepresent-
proportionofdifferenttvpesofvehicles. However,theothertrafficparametersconsideredarebisedon
forecasts and very few studies of the accuracy of these have been made - as far as is known, none in the
developing countries. On the evidence of the methods being used (æe Appendix t ), it must be concluded
thetmostforecastsofrural traflìcindevelopingcountriesaresubjecttocànsideraúieerror: esindicated
rbove a figure of I 50 per cent is a likely minimum confidence inierval.

This Report emphasises the need to evatuate the consequence ofdecision errors, although no attempt
toquanlifythemh¡sbeenmade. Theconsequencesofimprovingornotimprovingaroad,orofover-
designing or under'designing it are diflìcult to predict. lf an inveirment is mide in-a road before conditions
iarrant' then the opportunlty is foregone of investing rhat money, posibly more profitably, elsewhere.
Egually' if an investment is made in a ro¡d after conditions warrant, then the benefits th¡t would have accrued
if the investment had been rnade at the optimum time will be foregone in favour of orher, and possibly lesser,
benelìts elscwhere. (Similar rersoning can be applied to rhe under-designing or over-designing ofa roaA.)
The magnitude of the effects of cither of rhese actions obviously varies with circumstances, bìt economically
lhey are both undesi¡rble and the causes of them should be eliminated if possible.

Thc results clearly show thal improved traffìc estimates could, in many cases, greatly increasc thc
oertaintyofplanningdecisions. Thisiscspeciallynotableinthecascofestimatesofinducedtraffic.

6. CONCLUSTONS

I . Âll of the three phnning decisions considered are sensitive to €rrors in estimating lhe trûmc par¡meterr
uscd in maliing them.
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2. Accuratc c5timates of present daily traffic ¡re of fund¡ment¡l importrnce both to cunent decisionr

lnd lo decisions rclying upon forecasts'

3. Thc vcry tarç scnsitivity ratio¡ rs¡ociated with catim¡t6 of induced traffìc uscd in thc Gconomic

r*r.o.lnt o1 road impiovemcnt¡ indic¡tc¡ thc need for urgent rescarch on thc ¡ocio+conomic chengcr

l¡duced by road improvements in developing countries'

1. thc results strcs thc necd for improvemenls in traffic cstimation methods and for fu¡thcr rcsc¡rch

into the fund¡mental charactcristics of rural road trafhc in developing countries.
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or 9. APPENDIX I

PROJECT CHARACTERISTICS AND ASSUMPTIONS USED IN TESTING THE SENSITIVITY OF THE
ECONOMIC JUSTIFICATION OF ROAD IMPROVEMENTS

hojcct
numbcr

IÞrl¡n
tifc

(yc¡n)

Coñtructlon
co8t

(t's l00o)

Irntth
of

project
(km)

Typc of
improvemenl

Tcrrain and
soil type

ADT
(vehicles)

Traffic growth essumptions Bencfì1 calculations

I

30 396 55 Eerth-gravel to
bitumen.

Flat to rolling
over sandy silt

with pockets
ofsilty clay.

220 l. Separate Srowth rrtes ¡$umed
for c¡rs: l0 per cent for fivc
yean, I per cent for five yeen,
6 per cent for lìve years.4 pcr
cent for five years. and 2 per

cent for ten ycars; and for
trucks: I 0 pcr cent for five yÊers,

I 2 per cent for five years. I 0 ¡rer
ccnt for anotheÌ fìvc years, and
5 per cent for lìfteen years.

2. Although not specilìcally
rnentioncd thc proportion of
heavy vehicles is increasirrg with
limc from 45.5 pcr cent,

l. Seprretc opcr¡ting co6l
srvings assumed for light and
hcavy vehicles with the formêt
cxceeding lhe lattcr.
2. Maintenance costs ¿re

¡ssumed to be ilrdependent of
thc tr¡ffìc flow.
3. lnduced benelìts mcnlloncd
but not quantifìcd.

2

20 880 ill Slightly im-
provcd tr¡vcl
rnd improvtd
grrvel to
bitumcn.

Flet through
rolling to
mounlainour
ovcr shallow
¡oils ove¡-
lying grrnitc.

¿l(}3 I. All whicles assumed to ln-
crcasc by 25 per cent for onc
ycar rnd 8.5 per cenl for thc
remaining nineteen yea13.

2. The proportlon ofheavy
vehicles is ¡ssumed to remain
constant with timô ¡t 34 per
ccn t.

l. sclr¡f¡le opefâtlnt cost Srvlngt
rsumed for light and heevy vehicler.
2. Fixed m¡intcnance srving inde.
pcndcnt of lraflìc llow.
3. lnduced benclìts discuscd but
not includcd.
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APPENDIX I . Continued

Project
numbcr

Design

life
(years)

Construction
coot

(t'¡ lmo)

lrndh
of

projc{t
(km)

Typc of
improvemcnt

Terr¡in rnd
rcil type

ADT
lchicles)

Trrfllc growth rrsumptlonr B¿nefit c¡lcuhtlon¡

3

20 2@ 36 lmproved track
to gravel.

Mountainou¡
over da¡k ¡ed
clays with red
humic top
soils.

237 l. All vchicle¡ assumcd to lncrcs$ by
14 per cent for two years, thcn by 9
pcr ocnt until thc ADT ¡cachet 600
vehiclcs, ¡nd then by 3 pcr ccnt till
the dcsign life is reached.
2. The ptoportion of hcavy vehiclcs
l¡ assumed to remain const¿nt with
time et l4 pcr cent.

l, Scparalc oper¡ting cost
srvings asrumed for light
and heavy vchicler.
2, Fixed mainlcnance ¡¡ving
indcpendcnt of t¡affìc flow,
besed on routc shortening.
3. Simple beforc-and¡fter
c¡lculation of bencfits.

4

20 t3t7 t40 Unimprovcd
gravel to
bitumên.

Rolllng to
mounteinoùs
ovcr vc -anic
deposit3
covc¡ed with
black cotton
soil.

330 l. All vehiclcs asumed to lncrc¡¡c
by 25 pcr ccnt for one ycar tnd
4,5 pcr ccnt for the rcmaining
n¡nctcen yecrs.

2. The proportion of hcary vehlclcr
ls assumcd to remain conrt¡nt wilh
timc at 20 per ccnt.

l. Separatc open¡tint cort
srvings assumed for light
rnd heavy vehiclcs.
2. Flxcd måintcnancc r¡vint
lndcpendcnt of t¡¡ffic flow.
3. lnduced bencfìts discusscd
but not includcd.

5

20 426 40 lmproved track
to bitumcn.

Flat through
rolling to
mountainout
ove¡ volcanic
ashes and pumlcr

245 l. All vehlcles assumcd lo.incrc¿rc
by l9 per cent for two ycsß, thcn
by ó per cent until the ADT rcaches
60O vehicles, and then by 3 per ccnt
till thc deslgn lífe is r¿¡chcd.
2. The proportion of hcevy vchiclcr
i¡ ¡ssumed to remain conit¡nt with
timc rt 34 per ccnt.

l. Scparrtc opcr¿ting coßt
ovings assumcd for light rnd
hervy vehicler.
2. Fixcd maintcnrncc xvint
indepcndcnt of tr¡fIic flow.
3. Simple bcforc¡nd-efic¡
cdculation of bcncfìß.
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o APPENDIX I - Continucd

hoject
numl¡cr

Design
life

(yerrs)

Construction
cost

(t'r l00o)

L,cnglh
of

projcct
(km)

Typc of
improvemenl

Tcrrain and
soil type

ADT
(vehicles)

Traflìc growth âs$umptlons Benetìt calculalions

ó

20 2051 t49 Singlc lane bit-
umen and
gravcl to 2-
lene bitumen.

Rolling to
mounlainous
ove¡ ¡esidual
soils from
weathe¡ed
gneis! of the

basement
complex.

Five ¡oad
sections

to42
I l6l
ó53
2s6
274

l. Âll vehicles assumed lo increase by
l0 per ccnt for tcn ycars. then bY I
per cent for fìve Years, and 7 Per
ccnt for fìve years.

2. The proporlion ofheavy vchicles

Ic assunrcd to remain const¡¡nt wilh
timc.

l. Seplratc (|pcrrting cost

savirrgs lirr lrght rntl hc:try*

vchiclcs-

2. Gravcl an<J single lane

bitun¡en mrinlen;tncc costt
assunrcd pro¡rorlional ltr
lraffic flnw. 'Iwo-knc bitumen
rn¡intcnrncc cost fìrctl Per
kilonrctrc.

7

33 I 3ó5 203 Gravel to
bítumen

Fl¡t to
rolling over
non-calcareout
bl¡ck rcil¡.

t04 l. Very complex growth lrssumptitlns

for four scparrte Yehicle clarscs.

Trucks and pickups assumed to
lncrease by 3.1 end 4.0 Per cent res-

pective¡y over fìftccn ytars. and thcn
both by 3 per c€nt for n¡netccn yerrs.

Buses and cars are both assumed to
incrcase by 5.1 per ccnt for fìve years.

lhen by 5.9 and 6.3 pcr c€nl rcapective'

ly for ten years, and finally both by 3
pcr cent for nineleen Yeaß.
2. Thc ¡bove assumptlons result ln the
proportion of heavy vchicles dcclining
slightly with time.

l. Scprratc Qpcraling cost

scvings for light :rnd hcavY

vehicles,
2, lrlaintenance saving
proporrional to traffic flow
¡ssesscd on bcfore'antlqfter
basis.

3. lntluced benclìts mcntioned
but not quantilìcd.

oo
3oo
fg
c
3

õlx

æ(o

CO



(o

APPENDfX I . Continucd

Projecl
numht r

Design

life
(years)

Const¡uction
cost

(f's lo00)

L,cngth
of

project
(km)

Type of
improvcment

Terrain and
soil type

ADT
(vchicles) Trafllc growth rsumptlonr Bcncfìt cdculations

E

t5 197 t3 Gravel to bitu-
men.

Flat over
alluvlal
gravels.

242 l. Complex assumptions discuscd
resulting in thc use of¡ stand¡rd
'vehicb unit'¿nd r s¡mplc constrnt
trowth rate of 6 pcr cent,
2. Tlre proportion of heavy vehictcr
is implicltly asumed to ¡emain con-
stlnt with tinì¿.

t. Complex opcrating ccts ctl.
culated lbÌ it¡ndard vchiclc to ¡llos
for the dcte¡io¡ation of the ro¡d
w¡thout improvcment.
2. Fixed maintcnance cdt on cxlstlnt
rold assumcd, but cort as¡umed to y¡ry
rlightly with flow on improved bttumcn
road.
3. lnduccd benefits ln tcrmr of ln-
creascd egricultural productlon and thet
forcgone if the toad ll/cre not improvcd
form the main iustifìcation fo¡ thê ðrñíêct

9

1) 2020 lu Gravel to bitu-
mcn.

Fl¡tt to
rolling ovcr
sand with
underlying
granitc.

275 l. All vehicles ¡srumcd to lncrcasc
by l0 per cent for one year and 9
per ccnt fo¡ thê rcmainlnt twcnty-
onc yee¡¡.
2. Thc proportion ofhcavy vehlctcl
is assumcd to lcmain constant \r,ith
liñe al 27 .4 per cent,

I . An avcragc ofrcr¿ting cost lìgurc is uscd
for both lighr and hcavy vchiclcs.
2, ilaintcn¡nce costs are rssumcd to bc
indcpcndcnt of rhe t¡¡flìc flow;
1280 per km ftrr gravel and
13l0 per km for birumen.
3. No intluccd bcnctìrs con¡ldarcd.

t0

20 1295 96 Cravcl to bitu-
rncn.

Flât to
rolling over
¡ed loam
and gavels.

lt5 l. All vehicles assumed to incrersc
by l0 pcr cent for thc lìrst tf,,o
ycars, and 7 pcr ccnt for the re.
nninlng eightecn years.
2. The proporrion of hc¡vy vehlch¡
b rssumed to fall f¡om 60 per cent
rt the timc of conrtruclion to 4O
per ccnt ¡t the cnd of thc design llfc.

I . Separatc operrting cost revingr rscunrcd
for light and heavy vclúclo.
2. Maintenance cost3 afe rlsurncd lo bc
ln direct proporllon to rnfflc ftow tnd torct
rt ¡ll flows on bitumcn rod¡ th¡n on gnwl
or c¿rth surfaccd r0ad3.
3. No induccd bcnefìt¡ con¡idcrcd.
4. Benelìts arc c¿lculrted on ¡ bcforcrnd¡ftc¡
improvement basis nthcr th¡n ¡ with.$d.
without b¡rir.
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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

bibliography. lt is used in the compendium index
but should not be used when ordering
publications.

(b) Title: This is either the title of the complete
publicatron or the title of an article or section
within a journal, rePort, or book.

(c) Bibliographic data: Thrs paragraph gives
names of personalpr 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. ln some
reierences, the paragraph ends with an order
number for the publication in parentheses.

B¡bI ograf ía

La siguiente bibliografía contiene dos series de
referencias. La primera serle conslste en una re-

ferencia para cada texto seleccionado que apa-
reció en la parte anterior de este compendio. La

segunda serie consiste en referencias a publi-

caóiones adicionales que fueron mencionadas
en los textos seleccionados o que se asocian ín-

timamente con el material que se presentÓ en la
vista general y los textos seleccionados. Cada
referencia tiene cinco partes que se explican y
se ilustran abajo.

(a) Número de referencia: este número indica
la posición de la referencia dentro de esta bi-

bliografía en particular. Se utiliza en el índice del

comþendio pero no deberá utilizarse al pedir
publicaciones.' (b) Título: el título de la publicación completa
o el título de un artículo o secciÓn dentro de una

revista, informe, o libro.
(c) Datos biblìográficos: este pârraÍo da los

nom'bres de autores personales u organizacio-
nales (si hay alguno), el nombre del editor y su

dirección, la fecha de publicaciÓn, y el número
de páginas representadas por el título en la
parie (O¡. En algunas referencias el párrafo ter-
mina con un número de pedido para la publica-
ción en paréntesis.
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Bibliograph¡e

La bibliographie qui suit contient deux catégo-'
ries de références. La première catégorie
consiste en une référence pour chaque texte
choisi qui est inclus dans la partie précédente
de ce recueil. La deuxième catégorie contient
des références pour des documents qui ont soit
été cités dans les textes choisis, ou soit sont
étroitement associés avec des écrits qui sont
présentés dans I'exposé ou les textes.choisis,
bhaque référence est composée de cinq parties
qui sont expliquées et illustrées ci-dessous:

(a) Numéro de la référence: ce numéro indi-
que la position de cette référence dans cette bi-

bliographie. Ce numéro est indiqué dans I'index
du recueil mais ne doit pas être utilisé pour les

commandes de Publications.
(b) Titre: cela indique ou le titre du livre en-

tier, ou le titre d'un article ou d'une section d'une
revue, un rapport, ou un livre.

(c) Données bibliographiques: ce paragraphe
indique les noms des auteurs personnels
(quand il y en a) ou des auteurs collectifs (orga-
nisation), le nom de l'éditeur et son adresse, la
date de l'édition, et le nombre de pages qui sont
incluses sous le titre dans (b). Certaines réfé-
rences se terminent par un numéro entre paren-

thèses qui indique le numéro de commande.



(d) Availability information: This paragraph
tells how the referenced publication is available
to the reader. lf the publication is out-of-print but
may be consulted at a particular library, the
name of the library is given. lf the publication
can be ordered, the name and address of the

organization from which it is available are given.
The order should include all information gilen in
parts (b) and (c) above.

(e) Abstract: This paragraph contains an
abstract of the publication whose tiile was given
in part (b).

(d) Disponibilidad de la información: este pá-
rrafo indica la disponibilidad al lector de la pu-
blicación referenciada de una de dos formas
como sigue, (1) La publicación está agotada
pero puede ser consultada en la biblioteca indi-
cada, donde se sabe que se posee una copia, o

(2) la publicación puede ser pedida de la orga-
nización cuyo nombre y dirección están indiða-
dos. El pedido deberá incluir toda la informacion
dada en /as parfes (b) y (c).

(e) Resumen: este párrafo es un resumen de
la publicación cuyo título se dió en la parte (b).

(d) Disponibilité des documents: ce paragra-
phe indique les deux façons dont le lecieur þeut
acquérir les documents: ('1) L'édition est épui-
sée, mais une certaine bibliothéque détient ce
document et il peut être consulTé. (2) Le docu-
ment peut être commandé à I'organisation dont

le nom et I'adresse sont indiqués ici. L'ordre de
commande doit inclure toutes les informations
données dans /es parties (b) et (c).

(e) Analyse: ce paragraphe est une analyse
du texte dont le titre est cité dans la partie (b).
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Reference number
Número de referencia
Numéro de la réfórence

Bibliographic data
Datos bibliográficos
Donnôes bibliograph iques

(d) Availability information
(dl Disponibilidad de la información
(dl Disponibilité des documents

(el Abstract
(e) Resumen
(el Analyse

The order should include all information given in parts (b) and
(cl above.

El pedido deberã ineluir toda la información dada en las partes
(b) v (cl.

L'ordre de commande doit inclure toutes les informations
donnêes dans les parties (bl et (cl.

Rcference 5
A REVIEW OF HIGHVAY DESIGN PRACT¡CES TN
DEVELOPING COUNTRTES

Cron, Frederick V. Vashington, DC: lntcrnational
Bank for Reconstruction and Developmenti 1975 May.
57 p.

Ord€r from: International Bank for Reconstruction and
D_ey_e-lopment, l8l8 H Street, N.W., Wash¡ngton, DC
20431.

-T.hc 
deçfqn standards of some 150 highway projccts

financed by the International Bank tor É,ccoirsiruåt¡on
and Dcvelopment b€tween 1960 and 1970 are re
viewed, and areas of agreement b€tween the stand_
ards of the 63 countries studied are identified:
practical Nghway standards based on these ..eas oi
atreement are sketched for the guidance of planners
in.developing countries. The rõads discussåd here,
fall into three funct¡onal categories: a small group oi
cxprcssways, freeways and toll roads carrviñc láree
volumes of traJfic; a very large group bt -2_lañe
Nthways carryint a wide range of tratfic volumes
servint both local and long diìtance traffic; and a
smaller troup of low-traffic tertiary or special
purposc roads existing pr¡marily for lmd service.
L;omments are made on the problem of classilvinq
highway standards, and on ttri compà.ison ot 

-si-äd
ards. _ Condusions regarding stàndards for the
capac¡ty- re¡ated elements of design and standards
for the yelocity-re.tated elements of-design (rad¡us oi
curvature, stopping sight distance, passinc siEht
distancc) are discused, as well as the horizon-tal ãnd
vertical clearances for bridges. The standârd live
loadings for bridges, the -structural capacity oi
pavements and legal load limits are covèred, and
condusions relating to pavement design, ósirn
standards lor Z-lane highways, - -rncremcnä'
development of highways, anã ¡eie¡ of service-a¡i
presented.

lllustration (du Recueil 1)
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SELECTED TEXT REFERENCES discusses the importance of maintenance Ps it applies
to low-volume ioads in develop-ng countries. The
decision to Pave versus the use of local atgregate to
surface roads is discussed, and a method of esti-
mating maintenance and costs as developed for a

üansÑrtation system planning activity in the Sudan

is presented. The report notes that the total cost of
thè economy in areas of limited road systems varies
with the mileage of roads of a partlcular surface lype
to be maintained. The third rePort describes a
procedure for simulation modeling of highway main-
ienance operations. A mowing model was developed
that lacititates decision making related to mowint
operat¡ons; the program developed for the model is a
uiility program tñat can be extended to other
highúay maintenance operations. Three other rePorts
deicribe the evaluation of equipment utilization and

management within the Virginia Department of High-
waysf an instrument for detecting delamination in
coriciete bridge decks, and the detection of bridge
deck deterioration.

Rcfcrence I
ECONOIúIC AND FINANCE COMMITTEE REPORT

Permanent tnternational Association of Road Congress-
GSc Paris, France¡ L979¡ 6L P. (XVIth Vorld Road
Congress, iienna, September 16-21, 1979).

Order from¡ Permanent lnternational Association of
Road Congresres, Secretariat, British National Commit-
teer St. C-hristopher 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 èommunity by the destruction of
buildings or oPen sPaces of high value, as well as the
effects- oI dislocation. The second paper' The
Economic Issues of Highway Maintenance (Setected

lext No. l), links the level of maintenance to traff¡c
volume by. economically balancing the extra costs
associateã with improvement in service against the
extra benefits. The approach described in the paper

ls designed to determine the correct level of expendi-
ture fo-r maintenance, the standards to be achievedt
and an appropriate assessment method. The third
oaoer is iitteã. Ctto¡ce in Roao Investment and lts
Ëxtcution in Dãveloping Countries, 81'Reference, to
Costs in Hard Currèrcy, EmploTment and the Stan-
dard of Technology in the Count'y. The fourth paper

corsists of threeþarts: general asPects of operations
in highway explôitation, applying c"lculations of
viability tó the oPerat¡or's of highwáy exploitation,
and mêthods of-calculation of the viability of
operations in highway exploitation. Illust-rative ex-
aärples based onlxperiences in France are induded'

Referencc 2
HIGHVAY AND BRIDGE MAINTENANCE:
oPEÂ,ATION5, COSTS, AND MODELING. 6 REPORTS.

Hishway Research Board, Vashington DC¡ 1973; 62p.
(póparè¿ for the J2nd Annual Meeting; Highway Re'
searèh Record Number 451).

Order from: Transportation Research Boardr Publi-
cat¡ons Office, 2l0l Constitution Avenue, N.V.,
Washington' DC 204IE.

The first report in this publication addresses the
problem of inventoryint the road system and main-
iaining low-volume tracks in the SuCan' The survey
of Sudan roads attempted to obtain inlormation on
soils, drainage' aSSretate availability, and vehide
operating costs. The report emplirsizes the survey
piocedurè, the related problemsr and the evaluation
ôt the technique. The rePort alìo discusses mainte-
nance techniques for extendinS, the useful life of
cxisting tracks into the rainy seiu¡on and providing
all-season vehicular transPort to central and northern
Sudan. The second report Maintenance Costing
Method for Low-Volume Roads (Selected Text No. 2)

Reference 3

MAIN ROAD MAINTENANCE COSTS

Ministry of Public Works, Transport and Urban DeveþÞ
ment, itepublic of Upper Volta; 1977i 14 p- (Pan

Atrican Conference on Highway Maintenance and Reha-
bilitation, Ghana, November 1977).

Order from: TransPort and Road Research Laboratoryt
Overseas Unit, Crowthorner Berkshirer RGll 6AUr U.K.

The papcr describes earth road and asphatt-surfaced
road'mâintenance procedures in the Upper Volta and
includes detailed costs for manual maintenance in-
cludìng the filling of road surface depressions and
potholès, clearing of ditches and ¡emoval of under-
growth from the right of way, resurfacing, major
icshapingr minor reshapingr and special anti-
corrugation maintenance. Information is given on the
statf required per unit of work, together with details
of the equipment needed for both manual and
mechanized maintenance and the nrterials to be used
in the operation. Costs are given in each case,
leading to the calculation of unit costs and total costs
for each type of work. This PaPer rePresents the first
step in the process of tne econornic evaluation of
maintenance procedures.

Referencc 4
EVALUATING THE ECONOMIC PR¡ORTTY OF
HIGHWAY MA¡NTENANCE

Harral, C.G.; Fossberg, P.E.; Vatanatada, Thawat'
Vashington, ÚC: Internãtional Bank for Reconstruction
and Dãvelopment, TransPortation Department; 1977;

7l p. and annexes. (Pan African Conference on Mainte-
nance and Rehabilitation, Ghana, Novemberr 1977).

Order from: Transport and Road Research Laboratoryt
Overseas Unit, Crowthorne, Berkshire RG I I 6AUr U.K.

Thc method for determining the economic impact of
different levels of the maintenance effort is de-
scribed, as rvoll as the Hithway Design and Mainte-
nance 3tandards Model (nOut) (see -Reterence 221¡

which was used in the study. The method is based on
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the theory that economic benetits 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, ånd reduc_
tion or prevention of the economic loss due to road
closures. The effect of the original surface design,
material types, volume and axle-l,oad configuration-oi
traffic and climate are all evaluated algainst the
lncremental maintenance levels through ãn assess_
ment of road deterioration. Three case studies are
presented that describe the determination of (a) ttre
most economic grading and regravelling policies for
unpaved roads, (b) optimum timing land traffic
volume) at which to pave an unpa...ed ioad, and (c) the
most eèonomic pavement desig.r, maintenance and
rehabilitation strategies over a 20-year life cycle of a
heavily trafficked pãved highway. The stúdy con_
firms that the economic relurr,s are very hígh for
levels of maintenance rlell ab_,ve those- curiently
practiced in most developing countries.

Reference 5
ENG¡NEERTNG 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; ppl, ZSVZiA
(Transportation Research Record 202).

Order from:-, Transportation Research Board, publi-
2oo i,*ärr"ÎjtåË:*ltlt constitution Avenue, N.v.,

This paper presents a methodology for the economic
evaluation of maintenance proÀrams for unoaved
roads with low traffic volumes-(under 250 uË¿), 

"situation coñrnonly encountered in rural areas'in
developing eountries. The technigue, drawing heavily
on the road deterioration and user cost relaiionshipi
developed in the IBRD/TRRL Kenya Road Transooit
Cost Study (see References 17 and lg), involves a
dynamic model that relates vehicle operáting costs to
traffic-induced road deterioration. The -proposed
methodology requires a two-step procedure: 'first, 

to
determine economically optimai ãnd technicaüy ãp-
propriate maintenance strategies; and seconå, io
apply these strategies to assesslhe economic value of
the global road máintenance program. The incremen-
tal economic analysis used in tÉe methodology per-mir the differentiation of benefits ¡n the fäm of
vehicle operating cost savings between routine peri-
odic maintenance. The usJof the evaluation tLch_
nigue is demonstrated by application to a road
ma¡ntenance program. Although the proposed method
requ¡res the use of multiple ieg,¿rrion'analysis and
elementary calculus, graptricat ã,ethods can'be used
as an alternative.

Reference 6
EFFECT OF STMPLE ROAD TMPROVEMENT
MEASURES ON VEHICLE OPERATING COSTS IN THE
EASTERN CARIBBEAN

Hide, H.; Keith, D. Low Volume Roads¡ Second
International Conference. Vashington, DC: Transpor-

tatiol Researc_h Board; l?79; pp. 269-276 (Transporta_
tion Research Record 702).

Order from-¡-. Transportation Research Board, prrbli-
cat¡ons Oftjce, 2l0l Constitution Avenue, N.V.;
Vashington, DC 20418.

The paper describes the effect on vehicle operating
costs of a simple labor-intsnsive me, hod of iehabilil
tating and maintaining badly deteriorated bitumen-
surtaced roads in the Eastern Caribbean. The
technigues developed for the rehaor¡itation and main-
tenance of the roads are described, and the equi¡
ment, materials, and manFower required are lijted.
The rehabilitat¡on and ma¡ntenanðe system is a
lipplu one restricted ro providing adequaie drainage,
filling the potholes in 

-the 
.oa?, anä providing- á

minimum seal over the whole road suiface. ïtre
reduction in vehicle operating costs resulting from
the- improvement in the riding quality of thã road
surface is shown to be suffiðient tó recover the
rehabilitation costs in a very short time even at flows
as low as 100 vehicles per ðay. The majority of the
roads included in this scl"emê are of lów sirength,
have low geometric standarCs, anci have traffic flówó
ranging frorn i0 to lr0û vehicles per day. All the
roads have been trafficked for at least one- year since
being. rehaöilitated and scme for two years. During
this time little or no damage to the suriace has taken
place.

Reference 7
OUTLTNE OF A GENERALIZED ROAD ROUGHNESS
INDEX FOR VORLDWIDE USE

Hudson, V.R. Low-Volume Roads¡ Second Internationat
Conference. Vashington, DC : Transportation Re-
sçarcl¡ _Board; 1979; pp. Zq9-Zj9 (Tranjportation Re.
searct¡ Record 702).

Order from: Transportation Research Board, publi-
9gti9J¡s Cffice, 2l0l Constitution Avenue, N.V.,
Vashington, DC 2041E.

The solution to the problem of providing uniformity in
roughness Jneasurements requiies a mùltifaceted ãp
proach. The approach outlined in the paper is äs
tollows: (l) develop a Generalized Rouehnäss Index
(GRD that has a sound basis and can p.o"iäe 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 valuer.problems, and utility; (3) apply
thc..concept of a standard rating panel to providè'añ
aJaitjglal methodology for defiiring and råproducing
the GRI in countries-all over the úorld wii¡¡out ttrõ
cost of purchasing a stable profilometer, such ¿rs the
General Motors device; (4) evaluate the use of rod
and level surveys and recommend field equipment to
sim.plify. and speed up_such surveys for åsiablishing
calibration points on a GRI. It is récommended that ã
GRI be implemented to test these concepts. Cooper-
ation will be needed among several côuntries and
agencìes. Particular atteniion should be given to
coordination of research data from the Kenya] Brazil,
end India projects in which t re World Bank ii
involved.



Rcference t
A REVIEW OF RURAL TRAFFIC COUNTING
METHODS IN DEVELOPING COUNTRIES

Howe, J.D.G.F. Great Britain Road Research Laborate
ry, Tropical Section; 1972. L0 p. Plus tables and graphs
(Road Research Laboratory RRL Report LR 427r.

Order from: Transport and Road Research Laboratory,
Crowthorne, Berkshire RG I I 6AU, U,K.

This report reviews methods of rural traffic countint
current¡y used in developing countr¡es and examines
the accuracy of the resulting flow estimates. The
results of a questionnaire survey among a sample ol
developing countries suggest that decisions on the
durationr frequencyr and timing of counts are at
present arbitrary. Consequently, estimated daily
traffic flows can rarely be expected to lie within t30
percent of the true value averaged over the whole
year. Although repeating counts at intervals through-
out the year increases the accuracy of traffic
cstimates, this is achieved only at a disproportionate
increase in cost. It is concluded that for any
appreciable increase in the accuracy of rural traffic
cstimates much more neeCs to f'e known about the
magnitude and causes of the varr¡tions in flow. This
reguires that automatic traffic counters be used on a
wider scale than at present.

Reference 9
THE SENSITTVITY TO TRAFFIC ESTTMATES OF ROAD
PLAT{NNG TN DEVELOP¡NG COUNTRIES

Howe, J.D.G.F. Great Britain TransPort and Road
Research Lðboratory, Overseas Unit; 1973; 15 p. plus
graphs (TRRL Report LR 516).

Order from: Transport and Road R-esearch Laboratoryt
Crowthorne, Betkshire, RGll 6AU, U.K.

This report analyzes the sensitivity to traffic esti-
mates of rural road planning decisions in developing
countries. Consideration was given to <jecisions
concerning the ar¡nual amorlnts sPent on mainta¡ning
each sect¡on of roadr the econornic .iustification of
road improvements, and th: selection of road design
standards and hence construction costs. The report
shows how each of these decisions is sensitive to the
traffic parameters used in rnakin3 them. Many of the
traffic parameters are sho'vn to be subject,to large
crrors due to the estimating methodl currently in use.
This is pêrt¡cularly the case with estimates of
induced traffic likely to result -'rom road improve-
ments and the forecasts made of all ft¡ture traffic for
planning and designing road ¡mprovements. The
analysis stresses the need fcr imprcvements in traffic
cstlmation methods and for furthe¡ research into the
fundamental characteristics of rural traffic in devel-
çing countries.

ADDTTIONAL REFERENCES

Reference l0
GoNSEQUENCES OF DEFERRED MAINTENANCE

Transportation Research Boardr Vashingtonr DC: 1979;

24 p. (National Cooperative Highway Research Program
Synthesis of Highway Practice 58).

Order from: Transportation Research Board, Publi-
cat¡ons Cffice, 2l0l Constitution Avenue, N.W.t
Vashington, DC 20418.

This synthesisr which will be useful to maintenance
engineers and highway administrators, presents infor-
mation on the economic, energy, estheticr and safety
impacts of deferring mainterance on highway facili-
ties. New management concePts are evolving and
factors important to highway administrators in for-
mulating maintenance strategies are noted. Recent
studies have at¡empted 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 guantify deferred maintenance. A
distinction can be made between (a) deferring physi-
cal maintenance that is cumula¡ive and ultimately
must be done if the facility is to be restored to good
condition and (b) deferring, reducing, or eliminating
maintenance activit¡es that affect primarily esthetic
or functional characteristics of the highway. An area
that requires research is that ol maintenance vs.
reconstruction and, specifically, the costs and bene-
fits of various levels of maintenance. Four different
renabilitation strategies for pavement evaluation in
Utah are discussed. An erample of a maintenance
impact assessment procedure applied to structures
was provided by a Minnesota study. Impacts on
drainage, services, energyr and d:sign are also dis-
cçsed.

Rcference ll
RECORDING AND REPORTING METHODS FOR
HIGHWAY MAINTENANCE EXPENDITURES

Transportation Research Board, Washingtonr DC: 1977.
35 p. (Nat¡onal Cooperative Flighway Research Program
Synthesis of Highway Practice 46).

Order from: Transportation Research Board, Publi-
cations Office, 2l0l Constitution Avenue, N.V.,
Vashington, DC 2041E.

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 shr'.¡ld contain data recorded at the field
level and reports generated by computerr 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 by
ll 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 inlormation, and the parallel recording
system, which uses separate reports for this informa-
tion. Their respective advantages and diiadvantages
are noted. Recording of work location (by milepost
or highway segment) would allow maintenance data to
be correlated with other data systems induding
condition surveys, sk¡d studies, photologging, etc.
The recording of time (in man-hours), eguipment, and
material quantities are also discussed. Among the
recommendations are (a) a recorClng and reporting
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Reference 12
MA¡NTENANCE SYSTEMS:

t_yltem must provide for internal rranagement needs;
(b) the system should furnish maintenãnce informa-
tion to the pavement marì¡rgement ¡nd other manage
ment systems; (c) the recõrding .jystem must stress
accuracy; (d) reports for distriã ¡nd central offices
must be made monthly; (e) a standing crmmittee on
maintenance standards or maintenance management
should exist in every state.

This record reports a maintenance management work-
shop that discussed problems and solutlons to proÞ
tems encountered in implementing and utilizing man-
atement reporting systems, maintenance levels, per-
formance standards, organizational structures, and
training. Amcng 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 systern rnust be conceived as a team effort. An
outstand¡nt problem is the turn-around time needed
to process the data into a meaningful report. The
methodology of setting and evaluating roadway ser-
vicc levels is discussed. The legal ramifications of
formalized maintenance levels that affect safety
were discussed. The relationship of maintenance
levels as a variable to other fixed components of a
maintenance management system is described. The
skillful use of interdisciplinary experts, a statistical
gpproach to the method of measuring the quality of
highway maintenance, and the development of quality
standards are also covered. A British method to
rne¡¡sure praductivity is described, and it is noted that
program budgeting in maintenanc: can be made into a
practical manatement process i.' performance stan-
dards are used. A project is beirg developed by the
Highway Research Board [NCl¡ltP Project 19-2(4)]
based on the use of a unique card system tor
controllint allocations of resor¡rces in conjunction
with the use of a work order fo¡,1 to control
expenditures. The impact of improved communica-
tions on hierarchical organizational structures is
cxamined, and programs in Louisiana, Wisconsin, and
Pennsylvania are described.

Referencc l4
PERFORMANCE BUDGETING SYSTEM FOR H¡GHWAY
MATNTENANCE MANAGEMENT

fllShwaf Research Board, Washington, DC; 1972i 2L3 p
(Nationd_ 

. 
Cooperative Highway Research eiograrir

Report l3l).

Order from¡ Transportation Research Board, Publi-
catioru Office, 2l0l Constitution Avenue, N.V.,
Washington, DC 20.rlE.

A complete model system for highway ma¡ntenance
budgeting and management is described. Ttre model
consists of the fotlowing interrelated elements:
maintenance program developmeni, budget prepara-
tion and evaluation; fiscal authorization-, work pro-
Srams authorization and operations control, and fiscal
Control. The model system presents basic concepts,
procedures, and relationships within which there are
numerous options for selection of specific criteria
and standards and alternatives as to techniques and
procedures. The model system was developed 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 to serve the budget system; and
simplicity and economy of installatioi and operation.
This report provides background infor.r¡ation on cur-
rent practices and developments ¡n p€rformance
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

ESTIMATING
MATNTENANCE COSTS, SOLID-WASTE D;SPOSAL
SYSTEMS, MAINTENANCE STATION LOCATIONS,
MANAGER TRAIN¡NG, AND EQUIPMENT
MANAGEMENT. 7 REPORTS.

Highway Research Board, Washington, DC; 1972i 5l p.
(prepared for the 5lst Annual Mleting; Highway Ri
se¡¡rch Record Number 391).

Order f rom: University Microfilms International,
3ll North Zeeb Road, Ann Arbor, Michigan 4E106.

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 eguipment needs, and developing a
regional approach to the problem of solid-waste
disposal at recreational facilities anC along highways.
The first report, Predicting Ma¡ntenance Cost for Use
in Trade.Off Analysis, suggests that ¡t is erroneous to

2OZ me¿u¡ure highway ma¡ntenance costs without refer-
ence to other factors and ¡hat mair,tenance costs are
directly related to design and operation 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, trañsporting, 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
stet¡ons can most economically be located is dis-
cussed in the third report. A sanding and plowing
model is given, and it is sutgested that this technique
could be applied successfully to otler måintenance
functions. Two abridged reports discuss the general
applicability of systems logic to maintenance pro-
trams and the training protram frr highway mainte-
nance managers. A detailed st-dy of equipment
management is presented in the seventh report. The
eighth report, Repair Shop Work Reporting Proce-
dure, notes that employee morale and productivity
were improved by applying performance standards to
repair shop activities.

Rcfcrence 13
MA¡NTENANCE PLANNING AND SUPERVISION.
32 REPORTS.

!!!ghway Research Board, Vashington, DC; l97l; 229 p.
(Highway Research Record Number 347).

Order from: University Microfilms International,
300 North Zeeb Road, Ann Arbor, Michigan 48106.



explanation of the aPPl¡cation of the model system to
a irighway agency' inctuding procedures.-for. develop-
meni anã iãrplementation, problems likely to be

encountered, and potential benefits ro be derived.

Reference 15

QUANT¡FICAT¡ON OF ROAD USER SAVINGS

De Weille, Jan. Vashington, DC: International Bank
for Reconstruction and Development¡ 1966; 93 p.
(World Bank Stalf Occasional Papers Number Two).

Order from¡ International Bank for Reconstruction and
Development, l8l8 H Streetr N.W., Washingtonr DC
20433.

This paper attemPts to Sive a generally accepted and
more homogeneous approach to the problem of
calculating vehicle operating costs. The study deals
with road user savings resulting from an improvement
in the quality of a road. The diffe¡ence between road
user costs if the road construction were undertaken
and those if it were not undertake4 constitute road
user savings for each vehicle concerned. Total road
user savings resulting from the rcaC improvement are
calculated by applying esti'nater of the number of
vehicles of diflerent categor¡ee. The technical
relationships relevant for the ult!mate determination
of unit road user savings focus lar3ely on the type of
vehicle, the tyPe of road surface, and the running
speed of the vehicle. Attention is also given to the
rise and fall and the curvature ol the road. Repre-
sentative types of vehicles were selected for the
study and oPerating costs were broken into the
following: fuel consumption, engine oil consumptiont
tire wear, depreciation and interest, maintenance,
and occupant's (or driver's) time. "Indicative" prices
were estâb[shed for the various cost items. Basic
tables present physical or technical relationships
rJetermining road user costs under various conditionst
as well as the "indicative" prices. These data are
then combined in an overall view of road user costs
and savings as they relate t: the 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 studyr as well as

çatificatiors that attach to the study resultsr are
<iiscused (see Reference 2l).

Reference 16
TECHNIQUES FOR MEASURING VEHICLE
OPERATING COST AND ROAD DETERIORATION
PARAMETERS TN DEVELOPING COUNTRIES

Abaynayaka, S.V. Low-Volume Roads. Trarspo-r-tatio-n
Reséarèt¡ Board, Vashington, DC; 1971 pp.302-310.
(Special Report 160).

Order from: .Iransportation Research Boardr Publi-
cations Office, 2l0l Constitution Avenue, N.V.,
lVashington, DC 20418.

Field investigations into the behavior and operating
characteristics ol traffic and the behe.vior and deteri-
orat¡on Patterns of the road require the use of
instrumeñts to make and record measurements for
analysis. This paper describes scre available tech-
niquLs for measuring vehicle oPeratinS cost and road

deterioration parameters with scggestions tor simpli-
fying the measurement techniqut in the l¡ght of the
tãchiological resourcesr manpowerr and facilities
avaitablJ 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 ¡s descriired, and methods of
measuring the variable features r.'suiting from traffic
and the changing pavement condition are discussed.

Reference 17
THE KENYA ROAD TRANSPORT COST STUDY:
RESEARCH ON VEHICLE OPERATING COSTS

Hide, H.; Abaynayaka, 5.V.; Sayer, l.; Wyattr R.J.
Great Britain Transport and Road Research Laboratoryt
Overseas Unit; li7 5. 70 p. plus charts. (TRRL

Laboratory Report 672).

Order from: Transport and Road Research Laboratory,
Crowthorne, Berkshire RGil 6 AU, U.K.

This report describes an irivestigation undertaken in
Kenya to examine the effects of various roadt
vehicle, and environmental parameterì on some com-
ponents of vehicle oPerating costs. The investigation
was undertaken jointly Jith the In:ernational Bank
for Reconstruction and Dev':loPmer,t. The field work
was carried out in two Part:; -- an erperimental study
of vehicle speed and fuel corrsumlrtion and a road user
survey. The two studies are 'ePo¡ Ùed in separate
sect¡onsr and the results are corrbined to produce a

set of relationships for estimatin.l the etfects of road
geometry, surface condition, and vehicle age on the 203
ðomponents of vehicle oPerat¡ng cost. All comPo-
nents are defined in either quantity or non-
dimensional terms, and the actual :ost is obtained by
applying the appropriate unit cost prevailing et .a
pàiticut,ar tirne. The relationships derived from this
study have been incorporaied in the.Road Transport
Investment Model. (See Reference 5.)

Reference lE
THE KENYA ROAD TRANSPORT COST STUDY¡
RESEARCH ON ROAD DETERIORATION

Hodges, J.W.; Rolt, J.; Jones, T.E. Great Britain
Transoort and Road Research Laboratoryr Overseas

Un¡t¡ i97r; 56 p. (!RRL Laboratory Report 673).

Order from: Transport and Road Research Laboratoryt
Crowthorne, Berkshire RGll 6AU' U.K.

This report describes a study of the performance of
paved 

-and 
unpaved roads that was undertaken in

kenya as part of a larger study designed to provide
ruitåble rèlationships for ¡ße in a ccmputer model
capable of estimating the ccnstructiort costs, mainte-
naäce costs, and roaã user costs throughout the life
of a road in a developing countr¡¡ The paved-road
sample consisted of 39 sections located on surface-
dresied roads with c€r¡eñi-stabtirzed bases and l0
sections located on asphaitic concrete roads with
crushed stone bases. The u¡¡Paved-road sample
consisted of 38 test sections ,ocated on properly
engineered Rravel roads (lateritic, quartziticr volcan'
icånd coral-) and eight sections on earth roads. The
deterioration of the surface of the paved roads was



$¡antified in terms of surface ro.rghness, amount of
crackint, and depth of ruts. Íhese parameters
together with the transient deflections and ihe CBR
and the moisture content of the various pavement
tayers were monitored for a period of up to four
ye¡¡rs. The deterioration of unpaved roads was
$¡antified in terms of surface roughness, depth ofrgFl depth of loose surface material, and the
thickness of the gravel layer. These parameters were
nonitored for a period of two years. The deteriora-
tion of the roads was related to the traffic loading,
the original design and crrnstruction standard of thé
roads, the maintenance pol;cy in use, and the environ-
mental conditiors.

Reference 19
A ROAD TRANSPORT INYESTMENT MODEL FOR
DEVELOPING COUNTRIES

Robinson, R.; Hide, H.; Hodges, J.W.; Rolt, J.;
Abaynayaka, 5.W. Great Britain RoaC Research Labo-
ratory, Overseas Unit; 1975; 63 p. plus charts. (TRRL
Laboratory Report 674).

Order ^from: Transport and Road Research Laboratory,
Crowthorne, Berkshire RGI I 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 foi developing
lmproved techniques for road investment appraisal.
The model calcu¡ates the construct¡on cost of a road
and predicts the condition of the road as time passes
and vehictes travel along it. Having predicted the
condit¡on of the road, the model estimates the costs
of road maintenance and the cost of operation of the
vehicles for each year. All these costs are then
discounted bac! to the base year and summed over
the life of the road to obtain the total cost. All
estimates are made in terms of physical quantities
ürd costs are obtained by applying unit rates to these.
The model is very flexible and can be used to study
the economics of varying state construction alterna-
tiyes.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 dèterioration,
road user cost and road maintenance suÞmodels and
then looks at a c¡¡se study oi a roal in Kenya.

Reference 20
TABLES FOR ESTIMATTNG VEH¡CLE OPERATTNG
COSTS ON RURAL ROADS IN DEVELOPING
COUNTRIES

Abaynayaka, S.V.: Hide, H.; Morosiuk, G.; Robinson, R.
Great Britain Transport and Road Research Laboratory,
Overseas Unit; 1976¡ J9 p. (TRRL Laboratory
Report 723).

Order from: Transport and Road Research Laboratory,
Crowthorne, Berkshire RG I I 6AU, U.K.

Tables are provided for estimating vehicle operating
costs by component on free-flowing low volume rural
roaô 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, mainienance
parts and labor charges, tire wear, dëpreciation, crew
costs, and standing charges. They are estimaled on a
quantity or non-dimensional basis so that costs can be
determined for any monetôry system or environment
by, applying the appropriate set of unit rates. Oper-
ating costs may be est¡mated for different ioad
geometries, surface cond¡tion, and altitude and for
vehicles of different types with dilferent 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 lor paved, gravel, and earth road surfaces.

Reference 2l
AN TMPROVED DATA BASE
VEHTCLE OPERATING COSTS
COUNTR¡ES

FOR EST¡MATING
IN DEVELOPING
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Hide, H. Great Britain Transport and Road Research
Laboratory, Overseas Unit¡ 1976; 2J p. (TRRI 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 Reseãrch Laboratory iñ
cooperat¡on with the International Bank for Recon-
strust¡on and Development 0BRD) in Washington to
cornpêre the data base of the vehicle operatiñg cost
relationship derived in the joint TRRL/IBRD Renya
road transport cost study with that of the Vortd Bank
Staff Occasional Paper No. 2 "euantrfication of Road
User Savings". (See References lj, lZ, tE.)

Refercnce 22
HTGHVAY DESIGN AND MATNTENANCE STANDARDS
MODEL¡ MODEL DESCRIPTION AND USERS
MANUAL

International Bank for Reconìtruction and Develo¡
ment. Vashington, DC; June 1979. Variable paging.

Order from International Bank for Reconstruction and
Development, fransportation, Vater and Telecommuni-
!ìations Department, lEt8 H Street, N.W.,
Vashington, DC 20+33.

The Highway Design and Maintenance (HDM) model
predicts the costs of different highway design and
maintenance options, induding difÍerent time-itaging
strateties, either for a given road project or a
lPecific alignment or for groups of links oi an entire
highway network. It can quickly estimate the total
costs for large numbers of altern¿:tive project designs
and maintenance policies on a ye.rr-bv-year basis tor
up to 30 years and thus be useC to search for the
alternative with the lowest total r:ost. The model can
evaluate, in the same computcr run, up to 20
different road links, each wiih up to l0 segmènts with
different design standards and environmèntal condi-
tions. Each link can have a differ:nt traffic volume.
Up to eight different maintenance poticies can be
implemented on each setment of the road. Each link
Or seS,ment can be upgraded at anyt¡me in the life-



cycle 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-
tenarìce costs are internally estimated by the model
as a lunction of the road design and maintenance
standards, traffic, and environmental conditions.
Vithin the model framewcrk and the limitations of
the underlying empirical relationshipsr'the model can
be employed in a variety of applications ranging from
project-level pre-feasibility and feasibility studies to
highway sector resource-allocation planning. The
model, which is coded in Fortran IVr requires basic
software features available in most major Fortran IV
computers. This manual provides a detailed account
of the underlying empiricai relatiorships and com-
putational procedures employed in the model. A
detailed description is also provided of the prepara-
tion of input data and the different kinds of rePorts
generated by the model on economic analysis resultst
tinancial expenditures, road user costs, road surface
condtiors, and maintenance quantities performed and
co6ts. (See Relerence tl.)

Reference 23
ROAD NOTE 40; A GUIDE TO THE MEASUREMENT
OF AXLE LOADS IN DEVELOPING COUNTRIES USING
A PORTABLE TYEIGHBR¡DGE

Great Britain Transport and Road Research Laboratoryt
Crowthorne, U.K. 1978; 19 p. plus photographs.

Order from: Her Majesty's Stationary Office' 49 High
Holborn, !.ondon VCIV 6HB, U.K.

This note gives guidelines for using the Overseas Unit
Yeighbridge 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 corìsists
of an aluminum alloy weighing platformr reading unitt
and a l2-volt car battery. The complete system has a
measuring range of 0-10 000 kg and, under field
cond¡tions of use, has an overall accuracy of + or - 2
perccnt of full scale. The equipment is not adversely

affected by high temPeratures or humidities. TNs
note discusses the selection of the survey siter the
installation of the equipmentr and the various stePs of
the survey including traffic counting and axle weigh-
ing. A computer protram to analyze the results is
described.

Reference 2tl
ROAD NOTE 3l: A GUTDE To STRUCTURAL DESIGN
OF BITUMEN-SURFACED ROADS IN TROPICAL AND
SUBTROPICAL COUNTR¡ES

Great Britain Transport and Road Research Laboratory.
Crowthorne, U.K.; t977; 26 p. (Third Eciition).

Order lrom¡ Her Majesty's Stat¡onary Office, 49 High
Holborn, London VCll'6 llB' 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 E200-kg (18 000-lb) axles to be corried during the
design life of the roads. Thus, this guide may be used
to design pavements for traffic florvs with widely
different axle-load distributions and gives the design-
er treater flexibility in selecting the design life of
the pavement. The guide emphasizes the importance
of detailed consideration ol the infl,rence of tropical
dimates on moisture conditions in road subgradest
and the desirability of adopting a state construction
approach to road building \r'here traffic Srowth rates
are high, or long-term predictions are uncertain. The
details are given of the threc ¡^nain stePs to be
followed in designing a new road Pavement! esti-
matint the amount of traff ic (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
state-construction approach in selecting the most
ecohomical cornbination 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 tils publication is
available.
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lndex

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

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 of
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 which the term
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lndice

El siguiente índice es una lista alfabética 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 bibliografía. Los vocablos del tema que
aparecen en el índice 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 minúsculas. Los
nombres personales que aparecen representan
los autores de los textos seleccionados y otras
referencias dadas en la bibliografía, pero tam-
bien pueden representar a personas que de otra
manera están conectadas a los temas del com-
pendio. Los nombres personales aparecen con
el apellido seguido por las iniciales. Las organi-

zaciones nombradas son las que han producido
información sobre la materia del compendio y
que siguen siendo fuentes de información sobre
la materia. Por esta razon se dan las direcciones
postales de cada organización que aparece en
el índice.

Los numeros que siguen a un vocablo del
tema, nombre personal, o nombre de organiza-
cion son los numeros de página del compendio
donde el vocablo o nombre aparecen. Los nú-
meros romanos se refieren a las páginas en la
vista general, los numeros arábigos se refieren a
paginas en los textos seleccionados, y los nú-
meros de referencia (por ejemplo, Ref . S) indi-
can referencias en la bibliografía.

Algunos vocablos del tema y nombres de or-
ganizaciones estan seguidos por la palabrasee.
En tales casos los numeros de pagina del com-

lndex

Cet index se compose d'une liste afphabétique
de mots-clés, noms d'auteurs, et noms d'organi-
sations qui paraissent dans une section ou une
autre de ce recueil, c'est à dire dans I'exposé,
les textes choisis, ou la bibliographie. Les
mots-clés sont ceux qui sont le pfus élémen-
taires à la compréhension de ce recueil.

Les mots-clés qui ne sont pas des noms pro-
pres sont imprimés en minuscules. Les noms
propres cités sont les noms des auteurs des tex-
tes choisis ou de textes de référence cites dans

la bibliographie, ou alors les noms d'experts en
la matière de ce recueil. Le nom de famille est
suivi des initiales des prénoms. Les organisa-
tions citées sont celles qui ont fait des recher-
ches sur le sujet de ce recueil et qui continue-
ront à être une source de documentation. Les
adresses de toutes ces organisations sont inclu-
SCS.

Le numéro qui suit chaque mot-clé, nom d'au-
teur, ou nom d'organisation est le numéro de la
page où ce nom ou mot-clé parait. Les numéros



or name appears. Roman numerals refer to
pages in the overview, Arabic numerals refer to
pages in the selected texts, and reference
numbers (e.g., Ref . 5) refer to references in the
bibliography.

Some subject terms and organization names
are followed by the word see. ln such cases, the
compendium page numbers should be sought

under the alternative term or name that follows
the word see. Some subject terms and
organization names are followed by the words
see a/so. ln such cases, relevant references
should be sought among the page numbers
listed under the terms that follow the words see
a/so.

The foregoing explanation is illustrated below.

pendio se encontrarán bajo el término o nombre
alternativo que sigue a la palabra see. Algunos
vocablos del tema y nombres de organizaciones
están seguidos por las palabras see a/so' En

tales casos las referencias pertinentes se encon-

lrarân entre los números de página indicados
bajo los términos que siguen a las palabras see
a/so.

La explicación anterior está subsiguiente-
mente ilustrada.

écritsen chiffres romains se rapportent aux pa-
ges de I'exposé et les numéros écrits en chiffres
ãrabes se rapportent aux pages des textes
choisis. Les numéros de référence (par exem-
ple, Ref. 5) indiquent les numéros des réfé-
rences de la bibliograPhie.

Certains mots-clés et noms d'organisations
sont suivis du terme see. Dans ces cas, le nu-

méro des pages du recueil se trouvera après le
mot-clé ou le nom d'organisation qui suit le
terme see. D'autres mots-clés ou noms d'orga-
nisations sont suivis des mots see a/so. Dans ce
cas, leurs références se trouveront citées après
les mots-clés qui suivent la notation see a/so.

Ces explications sont illustrées ci-dessous.
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lllustration (from Comp. 1)

Sslected Tsxt pagê numberssslected I sxt pagê numDen
Números de página en los T

Seleccionados
Numéros des pages des Textes Choisis

llustración (del comp. 'l) lllustration (du Recueil 1)

Subject term and see a/so terms
Vocablo del tema y términos see a/sa

(ver también)
Mot-cló et see also

Organization name and address
Nombre y dirección de la organización
Nom et adresse de I'organisation

Overview page numbers and
reference numbgr

Número de página en la Vista
General y números de referencia

Numéro des pagps de l'ExPose et
numéros des références

Sub¡oct term and see term

Mot-clá 6t see

mountainor¡s terrain (sce also degree of curvature;
desim speed; maxiññ-lndient¡ radius of curva-
n¡rel stróutOer width): ll, 17, Yt, 35, )t, 173, 17 5,

2l7 r zttt, ztt
National A¡sociation of Austrdian Statc Road Author-

¡tlca(P.O. Box Jl4l, Bricldield HiU' N.Sw. 2000,
Ar¡strdid:
prblicatioru, xxiii' Ref. t' Ref . 9

no-parsing markings and signs: 31r95,132

non-parsing sight distancc, see stopping sight distance

Odier' L.: Ref.3

Oglesby, C.H.: 23 t, 2tt, 234, 2t9, 240, 241, 242' Rcf . l4

1
I
I SetecteO Text pago numbers and reference
I number
l-Números de Págin¡ en lo¡ Texto¡

Seleccionados y número de roforencia
*' -'ffi 

,fåTärdesnrextos 
c hoisis et
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Abaynayaka, S.W.: Ref. 16, Ref. 17, Ret. 19

ADT, see average da¡ly traffic (ADT)

aggregate road maintenance: 2l

aid from international agencies (see also tnternational
Bank for Reconstruction and Dffiopment (IBRD)):

xv

alignment: l3E

anticorrutation maintenance: xx, ttl-t13, Rcf. 3

asphalt surfaced roads (see also bitumen surfaced
roads): xx

averat_e ¿aily traffic (ADT): xvii,70, g3, gj, ll3,
I 56-t65, 17 È17 3, 187-190

and regravelling, xxiv, xxvi, 2l
breakeven, 77, ll4, ll7
errors, xxx, l)4-158, l6l-16j, 17I

a¡de loads: Ref. 23, Ref. 2¡l

Belgium, classification for Nghway maintenance in:
8, 13

benefit/cost analysis: xxvi, E4, l13, ll4, llt-I16, l17

benefits (:Cg_êl¡q rate of return): xviii, xxiii, 9, lO, ,1,sg<G-ss. 82, t4-EJ, toe, lll,'rit; iij, ri¿l, '
ll5, l16, l17, Ref. l, Ref.4, Ref.5, Ref. l0

bitumen surfaced roads (see also resurfacing): xx,
xxvü,- 18, 23, 33ì 4r,j8;60;61 ) 62,99,90, lzt_131,
Ref. 3, Ref.6, Ref. lE, Ref. 20, Ref. 24

blading frequency, see grading

BPR roughometer: xx¡x, l3g, l4O, l4l, l4Z

Brazil¡ xvi, 55,140, 142,145, Rcf. Z

Carribbean¡ xvi, xxvii, l2!131, Ref.6

CHART: 8

Chloe Protilor¡Êter: xxix, 139, 142

climate: xix, 19, 35r4Lr 58, Ref.24

Colombia, rural traffic flow in¡ 166

cornputcr protrams (s.u_al* Highway Design and Maintenance
Standards Model (HDM)): xxü, ,6, Ref. 23

construct¡on costs: x¡v, 19r 561 57, Ref. 9, Ref. lg,
Ref. l9

cost-cffestivcness: xiv, xxvü, 109, l¿?-lSl

crushed rock surfaced roadsz 21r 22r 23

Cyprus, rural traffic tlow survey in: 166

data bases þgg_g¡lg maintenance manatement information
systems):frìiïI, Ref. 2l

deferred ma¡ntcnance: Ref. l0

defleqtotraph! 8

discount rates: 91,92r97, ll4

ditches, clearing (see atso drainage clearance): xx,
xxvi, 34, l12 

-
dragging: xxvi, 23, 60, 63, 65, 72, tO, lt2
drainage. clearance (seg_also ditches, clearing): xxiii,

47vir 7, 10, 12, 13, llr, 18, Zl, ,.8, 60, $; 6j, ll¿,
124, Ref. 3, Ref.6

earth roads (lgg_4!9 unpaved roads): 26
maintenanffi-x, xxiv, xxvi, zor Z2r 23, 33, t4Jt3,

60,61,98, l0Fl17, Ref. 3, Ref. 18, Ref.20
upgrading, Ref. 19

economic evaluation: xiii, xiv, xvii, xvüi, xxii-xxviii,

'-14,5f104,109-117, 
Ref. 3, Ref.4, Ref. 5,

Ref. 14, Ref. 22

emertency maintenancez 8, 28, 65, 72

equipment: 19r 33, )5, t6,3lr 3Br qO, 41, 42, 43, 44,
64, Ref. 2, Ref. l2

packatint, xxi, 19-22,23,24r 261 2gr 2g

Ethiopia, rural traffic flow in¡ 166

expenditures for maintenance (see also maintcnance
costs): xviii, xx, 5r Z, t, tO, lSZl, 25, ,9, 67,

Ref. I, Ref. 22

Faiz, Asif: Ref. 5

Federa.l Republic of Germany, classification for highway
maintenance in: 8, 12

Finland: 9

Fischer and Porter recording counters: 153

foreign exchange expenditures: 27

Fossberg, P.E.: Ref. 4

France: Ref. I
dassification for Nghway maintenance, g, 13, Ref. I

fuel consumption: 5t, ll0, Ref. 15, Ref. 17, Ref. 20

fund allocations: xü, xv, 5, E

General Motors prof¡lometer! t42

General Roughness Index (GRI): xxix, l3Z-147, Ref. 7

Ghana: xx, xxii
rural traffic flow survey, 167

goods veilcles, see heavy commercial vehicles

gradin^g (:Sgþ blading freguency): xxiii, xxvi, 5g,
60) 65,72, 109, ll2, Ref. 4

freguency, xxiv, xxvi, 6j48r7>8lr 9g, lt2-t 13, ll7

trass cutting: 7,10,12,13, 14

gravel roads_(ggþ regravelling): xxiv, xxvi, 19, Zl,
22, 

-26,_54, 56, 90, 61, 65, 100, l0t_l 02, log_1 i7,'
Ref. lt, Ref. 19, Ref.20

gravclling Gee dsg regravellin$: I lll l4

GRI, see General Roughness lndex (GRI)

Harral, Clell G.¡ 2T27, 146,Ret.4



HDM, see Highway Design and Maintenance Standards
Model (HDM)

heavy commercial vehicles¡ 5E' 59,70r71, ll0' 126'
195, 196

Hide, H.r Ref. 6, Ref. 17, Ref. t9, Ref. 2l

Highway Design and Maintenance Standards Model
(nou): xxii, 54, 5tsE2, lo(Ft04, Rcf.4, Ret. 22

Highway Research Board (now Transportation Research
Board) (see also Transportation Research Board
(TRB))¡ ffii. 2, Ref. 13, Ref. 14

Hodges, J.V.: Ref. l8' Ref. 19

Howe, J.D.G.F.: Ref. E

Hudson, V.R.: Ref. 7

hydraulic shaker tablc¡ 142

irnprovements: xviii, xxvüi, xxxi, LzyL3l, 180-1 65,
lE7-190' Ref. l, Ref.6' Ref. 9' Ref. 15

incremental maintenance: xxiiir 79, E% 87

incremental values of maintenance activities: xvür 51,
109, I I I' ll2' ll3, I 16' Ref. 5

India: xvi, 55' l45r Ref.7

induced traffic: 182-183' lE5' 194

interdisciplinary teams¡ Ref. l3

Internal Rate of Return (lRR): xxxi' l8fl8l' 19l,
193, 194, 196

International Bank for Reconstruction and Development
0BRD) (1818 H Street, N.V., Vashington' DC 20Ð3lz

xxii, 17, 27 
' 
,1, 54r 9Er 99, 109, l4J' Ref, 4, Ref. 5'

Ref.7, Ref. 15, Ref. 17, Ref. 20' Ref.2l' Ref. 22

inventoryint the road system: Ref. 2

investments: Ref. I
model, Ref. 19

lran, rural traffic flow survey in: 167

lRR, see Internal Rate of 'Return ûRR)

Jonesr.T.E.: Ref. l8

Keith, D.: Ref. 6

Kenya: xvi, xxii, xxiii, xxvi, 27t r}t r5r 100, ll0r l40t
145, l5l-173, 179, lEO' lt3' Ref. 7, Ref. l/,
Ref. lt' Rel. 19, Ref. 20' Ref. 2l

labor-intensive opcratioru: rxvir 27 , 99, l2Þ131, Ref . 6

Lesotho, rural tralf¡c flow survey in: 167

tevel of scrvice: xtiirTtã)

loss of material: 56
gravcl,100, 102

maintenance budgeting: Rcf. l4

maintenance costint: 17491 5543, Ref. 2

maintenance costs (¡gg elso expenditures for maintenance¡
maintenance costi:ñEE-xi-xii, xüi, xv, xtx, 61 3T-t+6,

72r74r76't4-t5' t9, 9l' 92' 125, l7t-lt0' Ref. I'
Ref. 2, Ref. 3, Ref. 4, Ref. 18, Ref. 22

equationsr 2l
estimation, xix, xxir 17-29, Ref. 12

maintenance decision making (see also maintenance
policies): xii, xv, xvii, xxiv, xxx, 7, ll-Lzr 27, 51t

54,98, 184
management information systemr Ref . I I

maintenance funding, see fund allocations

maintenance levels (see also incremental maintenance):
xviii, xxiv, g, n,il. t, Ref. 4, Ref. 10, Ref. 13,
Ref. 14

economics of, xxii-xxvi, 50-104

maintenance management information systemsi Ref . I I

maintenance policies (ggg-also maintenance decision-
making): xvi, xxiv, 26, 27 r 29, 58t 5Ft2, Ref . 12

maintenance rating systems: 8

maintenance standards: 7 r 9r 26, 53, 681 69r t0, 90t
Ref. ll, Ref. 13

maintenance strategies (see 
"tso 

maintenance policies):
27,53,54' lL2-114, Ref. l3' Ref. 22

Malawi, rural traffic flow survey in: t67

manual maintenance: xx, 33, 34r 36t 4F16, Ref. 3

Mauritius' rural traff¡c flow survey in¡ 168

Mays, Meter¡ xxirr l39r 142

Ministre des Travaux Publicsr des Transports et de
IUrbanisme (8.P. 7004 Building Þng-Lamizana'
Ouagadougou)¡ Ref. 3

models: Ref. 2, Ref. 12' Rcf. l4' Ref. l8

National Road Maintenance Condition Survey: ll
Niger: 179,180

Nigeria: lt0
traffic flow, 170

nor¡recordint counters, SYX{RL: 153, L59

Pan African Conferencc on Highway Ma¡ntenanc€
and Rehabilitat¡oni xx, xxü, Ref. 3' Rel. 4

patcilnt: xx,58, 60,120

paved roads, see bitumen surfaced roads

PAVMO: l0

PCA Roadmeter: xxix, 139

periodicmaintenance: l8r 28r 611 109, ll2r llSr l16

Permanent International Association of Road Congresses
(Brit¡sh National Committee Secretariat,
St. Christopher House, Southwark SÙeetr London
SEI OTE): Ref. I

personnel: 33, t6r 17r 39r 40' 42r 4t, ll2' Ref. 3, Ref. l3
training, xxvii, ll2' Ref. l2
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Poland, classification for highway maintenance in:
t, l4

potholes: xx, xxvi, 7, l2r Zl,14r 60, ll2, 124, Ref. 3,
Ref. 6

prcsent daily traffic ltl, ltr, l9l, 193

profilograph: xxix, 139, Ref. 7

rate of.return (see also benefits¡ lnternal Rate of
Return (lnn))lläl-tt i, n7

Rating Panel, see Standard Rating Pancl

recording and reporting maintenance act¡vities: Ref. 10,
Ref. 13, Ref. ltl

refcrences: xxxü-xxxüi, ?4, ll7, t27,146-147, 160,
t8'-tE6

rcgravelling (ggg-also gravcl roads): xxiv, xxvi, 18, 51,
,t, 65, 6æ7, 6t, 74 73, 7 5, 7 6, 77, 79, 79, 96,
96,9t, 109, ll2, I 16, I 17, Ref. 4

rehabilitationl xxvü, 61, 12Þ131, Ref. 6

repair shops: Ref. t2

reshaping: xx, xxiii, )4r 3>361 3Hlr 61, Ref. 3

resurfacing: xx, lt, 2t, yt-35,37-39r rE, l12, Ref. 3
costs, 2l-23

riding comfort index scalq 143

21O riding gualityr xvi, txyüi, 123, 143, Ref. 6

road dosures, economic loss due tot 59,64,75, Ref. 4

road design: xixr27r r0,53,54, Ref. ll, Ref.9, Ref. 10,
Ref. 22, Ref. 24

and corstruction costs, 56
standards, 26

road deterioration (see also road roughness; ruts):
xxiii, xxvi, g, zffi¡e-i4 6ir3o, toi>to+,
t09-lll, l17, Ref.4, Ref.5, Ref. 16, Rel. lE,
Ref. 19

road roughness: xvi, xxvi, xxviiir iE, 100, l0l, 109,
125-126,128, 137-147, Ref. 18

measuring, xvi, xxix, 123, 139, l4flf 3, Ref. 7

road surface condition (seg-alg road roughness): xvi,
xx, Ill, Ref.20, Ref.22

road surface profile: xvi, l3t-147

Road Transport lnvestment Model (RTIM): xxiii, 50, 56,
100, Ref. l7

road user costs: xiii, xxiii, xxviii, 26,27, 51, ,6, 57, 58,
59, 109, lt7, 140, Ref . lt, Ret. 5, Ref. 15, Ref. 18,
Ref. 19, Ref. 22

road vidth: 75, t7

roadside maintenancct lt, 2l

Robinson, R.¡ Ref. 19

rod and level surveyst 137¡ l4hl43¡ Ref. 7

Rolt, 3.: Ref. lt, Ref. 19

routine ma¡ntenancr: xxyi, lt,ztr rtr 601 63, t0, 109,
l12, ll4, lI.}-116, l17, Ref. 5

cost¡nt tor, 17-29

RTIM, see Road Transport Investment Model (RTIM)

rural areas: Ref.5, Ref.20
traffic flow and counting, l5l-173,177, lt3, Ref. E,

Ref. 9

ruts: xxv¡, t, 5E, 100, l0l, 103, 109, Ref. lt
Saycr, l.l Ref. 17

Scrim: E

SDP, see surface dynamics profilometer

scnsitivity analysis: l16-l17

sensitivity to traffic cstimates: xxxi, 177-196

serviceability indices: 143

shoulder maintenance: xxiii, l8r 5E,601 63

sign cleaningz 7,10,12, l), l4rZl

solid-waste disposal: Ref. 12

Staffin¡, Edgardo: Ref. 5

stated corìstruction: tlt4, Ref. 19, Ref. 24

Standard Rating Panel: 143

striping: l9

Sudan: l7-29rRe1.2

¡urface dressing (see also rcsurfacing): 124-l2i

surfacc dynamics profilometer (SDP): 142, l15

SYX-RRL norrrecordint counters¡ 153, l5g

Tanzania: ltO
rurd traff¡c rurvey, l6E
tratt¡c flow, 179

Texas calibration course¡ 142

Thailand, rural uaffic flow survey in: 168

topography: xix, 19

total transport cost: xiv, xy, xvi, xvü, 19r 24, 25

tracks: ll0, Ref. 2

trad+offs: xvi, xvü, xxr27, Ref. l2

traffic control device maintenar¡ce: 19

traffic counts! xxx, l5l-173, Ref. t
traffic flow (see also averetc da¡ly traff¡c (ADT}

rural areasf trEÍ¡õ counts): 179, Ref. 6, Ref. t,
Rcf. 24

traffic growth: ltl, lt7-190, 192, Ref.2lr



traffic volume (lgg_also averate daily traff¡c (ADT);
traf fic flow): ffiii, xvii! ,E, 86, 94,95r 97,

Ref. 4, Ref. 9' Ref. 22
and maintenance, xxiv, 24r 661 67r73, Ref. l, Ref. 5

and maintenance costs, 23, 9L, 93, 96
breakeven, 66, 78, 83, 84r 85, 95t 96t 97, ll3

Transport and Road Research Laboratory (TRRL)
(Old wokingham Road, Crowthorne, Berkshire,
RG I I 6AU' U.K.h xxiii' xxx, 27, 54, L09, 137, lttL,

152, Ref. 3, Ref. 4, Ref. 5, Ref. 7, Ref. 8' Ref. 9'
Ref. 17, Ref. lE, Ref. 19, Ref.2l, Ref. 23' Ref. 24

Transportation Research Board (TRB) (210t Constitution
Avenue, N.W., Vashington, DC 20418): xxv, xxvii,

xxix, 140, Ref.5, Ref. 6, Ref.7, Ref. l0' Ref. ll,
Ref. l6

trucks (see also heavy commercial vehidesl¡ 70r71

Turkey, rural traffìc flow survey in: l6E

Uganda, rural traffic flow survey in: 168

undergrowth removal (s.. 
"l* vetetation control):

xx, 34, Rcf. I
United Kingdom: t7t

classilication for highway ma¡ntenancer tr l4
maintenance survey, I I
traff¡c counts' 157, 158-159' 170

United States of America, rural traffic courts in:
t59

unpaved roads (gþ earth roads; gravel roads):
xxiv, 58, 60, 64-104, 140, Ref.4, Ref. 5, Ref. 18

upgrading (see also improvements): xiii, xxviii, Ref. 19,
Ref. 22

criteria for, F

Upper Volta: 41, Ref. 3

vegetation control Gee also. grass cutting; undergrowth
removalh xxiii, xxvi, 58, 601 6tr 6rt ll2

vehicle characteristics: 70,71r tEr l26t 138

veNcle depreciation: 58

vchicle mainter¡ar¡ce costs: 58

vehicle operating costs: xiv' xv, xvi, xviir xxiir xxiii'
xxvii, xviii, ¡t, 50r 53t 56, 57 t 59, 64, 66, 67 r 85,
88, 92, t09, I lrl I I, I13, I15, I17, Lzyltr,
140, Rel. 2, Ref. 5' Ref.6' Ref. 15, Ref. 16'
Ref. 17, Ref. 20, Ref. 2I, Ref. 22

veNcle speed: 26, 53, 57, 58r 641 65' ll0' Ref. 22
predicting, 56

Venezuela: 180
traffic flow, 179

VOC, see vehicle oPerat¡ng costs

Vatanatada, Thawat: Ref. ll

weighbridge, portable: Ref. 23

de IVeille, J.: Ref. l5

Vorld Bank, see International Bank for Reconstruction
and DeveloFment (IBRD)

Vyatt, R.J.: Rel. 17

Zambiä: lt0
rura.l surveyr 169
traffic flow, 179
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