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Project Description

The development of agriculture, the distribution
of food, the provision of healtr: 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 5to
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 jor rural re-
gions of developing countries can be greatly en-
hanced with respect to economics, quahty, 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

Descripcion del proyecto

En las regiones rurales de paises en desarrollo,
el desarrollo de la agricultura, la distribucién de
viveres, la provision de servicios de sanidad, y
el acceso a informacion por medio de servicios
educacionales y otras formas de comunicacion,
dependen en gran parte de los medios de trans-
porte. Aunque en ciertas areas los medios de fe-
rrocarril y agua desempenan un papel impor-
tante, existe una necesidad universal y domi-
nante de crear sistemas viales que provean un
medio asegurado pero relativamente poco cos-
toso para el movimiento de gente y rnercancias.
La mayor parte de esta necesidad se soluciona-
ria con la construccion de caminos de bajo vo-
lumen que gensralmente moverian Unicamente
de 5a 10 vehiculos por dia y que pocas veces
moverian tanto como 400 vehiculos por dia.

El planeamiento, disefio, construccion y man-
tenimiento de caminos de bajo volimen para
regiones rurales de paises en desarrollo pueden
ser mejorados, con respecto ai costo, calidad, y
rendimiento, por el uso de la tecnologia de ca-
minos de bajo volumen que se encuentra dispo-
nible en muchas partes del mundo. Mucha de
esta tecnologia ha sido producida durante las
épocas de desarrollo de lo que ahora son los
paises mas desarrollados, y alguna se produce
continuamente en estos paises asi como en los
paises menos desarrollados. Parte de la tecno-
logia se ha documentado en disertaciones, arti-
culos, e informes que han sido escritos por ex-
pertos en el campo. Pero mucha de la tecnolo-
gia no estd 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
developpement, I'exploitation agricole, la distri-
bution des produits alimentaires, I'acces aux
services médicaux, 'acceés aux matériaux et aux
marchandises, a 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 réle impor-
tant dans certaines régions, un besoin dominant
et universel éxiste d'un réseau routier qui puisse

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

L'utilisation des connaissances actuelles en
technologie, qui sont accéssibles dans beau-
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undocumented and exists mainly in the minds of
those who have developed and applied the
technology through necessity. In either case,
existing knowledge about low-volume road
technology is widely dispersed geographically,
is quite varied in the language and the form of its
existence, and is not readily available for appli-
cation to the needs of developing countries.

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

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

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

rrollado y aplicado la tecnologia por necesidad.
En cualquier caso, los conocimientos en exis-
tencia sobre la tecnologia de caminos de bajo
volumen estan grandemente esparcidos geogra-
ficamente, varian bastante con respecto al idio-
may su forma, y no se encuentran facilmente
disponibles para su aplicacion a las necesida-
des de los paises en desarrollo.

En octubre de 1977 el Transportation Re-
search Board (TRB) comenz6 este preyeclo es-
pecial de tres afios de duracion bajo el patroci-
nio de la U.S. Agency for International Develop-
ment (AID) para mejorar el transporte rural en
los paises en desarrollo acrecentando la dispo-

nibilidad de la informacién en existencia sobre
el planeamiento, disero, construccién, y man-
tenimiento de caminos de bajo volimen. Con el
consejo y direccién de un comité de iniciativas
para el proyecto, el TRB define, produce, y
transmite productos informativos a través de una
red de corresponsales en paises en desarrollo.
Las metas generales para el impacto final del
trabajo del proyecto son la promocion del uso
efectivo de la informacion en existencia en el
desarrollo econémico de la infraestructura ce
transporte y de esta forma mejorar otros aspec-
tos del desarrollo rural a través del mundo.
Ademas de la recoleccion y distribucion de la

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

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

En octobre 1977, le Transportation Research
Board (TRB) initia ce projet, d'une duré de 3 ans,
sous le patronage de I'U.S. Agency for Interna-
tional Development (AID), 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 a faible
capacite. Avec le conseil, et sous la conduite
d'un comité de direction, TRB définit, produit, et
transimet cette documentation a l'aide d'un ré-
seau de correspondants dans les pays en voie
de developpement. Nous espérons que le résul-
tat final de ce projet sera de favoriser I'utilisation
de cette documentation, pour aider au dévelop-
penent economique de l'infrastructure des tran-
sports, et de cette fagon mettre en vaieui d'au-
tres aspects d'exploitation rurale 4 travars le
monde.



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

Steering Committee

The Steering Committee is composed of experts
who have knowledge of the physical and social
characteristics of developing countries, knowl-
edge of the needs of developing countries for
transportation, knowledge of existing transporta-
tion technology, and experience in its use.
Major functions of the Steering Committee are
to assist in the definition of users and their
needs, the definition of information products that
match user needs, and the identification of in-
formational and human resources for develop-
ment of the information products. Through its

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

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

Information Products

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

informacion técnica. se provee acciones reci-
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 comunicacion.

Comité de iniciativas

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

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

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

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

Productos informativos

Se preparan tres tipos de productos informati-
vos: los compendios de la informacién docu-
mentada sobre temas relativamente limitados, la
sintesis del conocimiento y practica sobre temas

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

Comité de direction

Le comité de direction est composé d'experts
gui ont a 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 & I'utilisation pratique de cette
technologie.

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

de documentation, et d'identifier les ressources
documentaires et humaines nécessaires pour le
développement de cette documentation. Par I'in-
wermediaire des ses membres, le comité pourvoit
a 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 l'inte-
raction avec les usagers.

La documentation

Trois genres de documents sont oreparés: des
recueils dont le sujet est relativement limité, des

vil
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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. In summary, this project
aims to produce and distribute between 20 and
30 publications that cover much of what is
known about low-volume roag technology.

Interactions With 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 trarismitted 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.

un poco mas amplios, y los expedientes de
conferencias de caminos de bajo volimen que
estan totalmente o parcialmente amparados por
el proyecto. El personal de proyecto prepara los
compendios a razén de unos 6 por ano; se utili-
Zan consultores para preparar las sintesis a
razon de 2 por afo. Se publicard por lo menos
Un expediente de conferencia durante el pe-
riodo de tres anos. En breve, este proyecto pre-
tende producir y distribuir entre 20 y 30 publica-
ciones que cubren mucho de lo cue se conoce
de la tecnologia de camincs de bajo volimen.

Interaccién 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-

yeclo en cada edicion de la Transportation Re-
search News. Se transmiten, con los productos
informativos, formularios de retroaccién para
que los recipientes tengan oportunidad de decir
cémo benefician los productos y como pueden
ser mejorados. A través de visitas semianuales a
los paises 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 especificos. Surgen oportunidades adicio-
nales para la interaccion con los usuarios a tra-
vés de conferencias internacionales y naciona-
les en donde participa el proyecto. Finalmente,
Se organizan didlogos con estudiantes de pai-
Ses en desarrollo que estan inscriptos en uni-
versidades norteamericanas.

syntheses de connaissances et de pratique sur
des sujets beaucoup plus généraux, et finale-
ment des comptes-rendus de conférences sur
les routes 3 faible capacité, qui seront organi-
sées complétement ou en partie par notre projet.
Environ 6 recueils par an sont preparés par no-
tre personnel. Deux synthéses par an sont écri-
tes par des experts pris a I'extérieur. Les
comptes-rendus d'au moins une conférence se-
ront écrits dans une période de 3 ans. En ré-
sumeg, I'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 a faible capacité.

Interaction avec les usagers

Un certain nombre de mecanismes sont utilisés
pour assurer l'interaction entre le personnel du

projet et la communauté d'usagers. Un bulletin
d'information est ¢ .olié dans chaque numéro de
Transportation Research News. Des formulaires
sont joints aux documents, afin que les usagers
aient l'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 personne! obtient de premiere
main des suggestions sur le bon fonctionnement
du projet et peut aider a résoudre sur place cer-
tains probiémes techniques spécifiques. En ou-
tre, des conférences tenues soit aux Etats Unis,
soit a I'étranger, sont I'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 Jes universités
américaines.
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Overview

Background

Highway maintenance is generally defined as
the preservation of roads. It represents an ongoing
expense that increases in magnitude as a

road network increases in size. The yearly cost
of maintenance represents a small fraction of the
construction replacement cost of the road net-
work (approximately 1-3 percent). Howcver, 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 develuping countries to
fund new road construction at the expense of
proper maintenance.

Historically, both developing and developed
countries have made a continuing major effort to
upgrade the complex decision methodology
used in the planning and constructing of new
roads. Maintenance programs have sometimes
been considered a necessary evil and not
worthy of serious study. Thus, two approaches
to maintenance decision making evolved. Both
substituted extremes for rational evaluations.
First, proper maintenance consisted of keeping
the roadway in “like-new" condition. Experience
soon showed that no economy is strong enough
to keep all roads this way. Second, road preserva-

Vista General

Antecedentes y alcance

La conservacion vial generalmente se define
como la preservacion de caminos, y representa
un continuo gasto que aumenta a medida que
aumenta la red vial. El costo anual de conserva-
cion es aproximadamente 1-3% de los costos de
construccion de reemplazo de la red vial; pero
representa un desembolso considerable de los
fondos de la agencia, muchas veces un 50% o
mas del presupuesto vial total. Estos fondos de-
beran utilizarse cuidadosamente y con buen cri-

xi
terio para proteger la inversién original. Los gas-
tos de ccnservacion no se presentan en forma
dramatica ni obvia a los ojos de la persona
media que no dispone del criterio necesario
para evaluar los distintos niveles de conserva-
cion; y por esta razén algunos paises en desa-
rrollo apoyan la construccién de nuevos cami-
nos, a costa de una correcta conservacion.

Historicamente ha sucedido que los paises 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 depense constante dont le montant
augmente en méme temps que le réseau routier
s'aggrandit. Les dépenses annuelles d'entretien
representent une petite fraction du codt de la
reconstruction du réseau routier (approximati-
vement 1 a 3 pour cent). Toutefois, le colt an-
nuel total de I'entretien représente une mise de
fonds importante de la part de I'organisme rou-
tier, souvent 50 pour cent ou plus du budget
routier total. Ces fonds doivent donc étre dé-

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

Historiquement, les pays en voie de dévelop-
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tion was viewed as relatively insensitive to the
maintenance effort expended. This concept can
lead to the use of maintenance budgets to
redress construction fund deficiencies in times
ot 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. It also did not evaluate the adequacy of
funds previously appropriated for maintenance.
The next step was to substitute a subjective
evaluation of empirical resulis 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

mejora de la compleja metodologia de decisio-
nes utilizada en el planeamiento y construccién
de nuevos camincs. Los programas de conser-
vacion se consideraban a veces como una ne-
cesidad inevitable pero no dignos de cuidadoso
estudio. De esta forma se desarrollaron dos mé-
todos en el proceso de hacer decisiones con
respecto a la conservacion. Los dos emplea-
ban medidas extremas en vez de evaluaciones
razonables. El primero fué mantener el camino
"como nuevo”, que rapidamente demostrd que
no hay una economia lo suficientemente fuerte
para soportar todos los caminos de esta forma.
El' segundo i ropuso el concepto de que la pre-
servacion del camino es relativamente insensi-
tiva al esfuerzo de conservacion expendido, y
por lo tanto se pueden utilizar los fondos de
conservacion para reparar deficiencias en los
fondos de construccién durante eépocas de
restricciones fiscales. Pero los caininos han de

deteriorar sin alguna conservacion, adn cuando
no son utilizados.

Una vez establecida la necesidad de conser-
vacion surgié el problema de la distribucion de
fondos. Primeramente se distribuyeron los fon-
dos histéricamente asignados a la conservacion
en forma directamente proporcional a la exten-
sion del camino involucrado. Este criterio no to-
maba en cuenta que el medio ambiente, restric-
ciones en el material, y el t-ansito todos pueden
afectar el costo de conservacion de distintos
caminos en distintos grados; ni tampoco evalué
la suficiencia de los fondos ya consignados a la
conservacion.

El préximo paso fué el de utilizar una evalua-
cion subjetiva de resultados empiricos para lle-
gar a una decisién. Los costos histéricos 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 ur: 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 matiére d'entretien
se sont donc formées. Ces deux approches ont
remplacé I'évaluation rationnelle par I'extré-
misme. Tout d'abord, on a pensé qu'un entretien
adeéquat consistait en la tenue & 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 fagon.
Ensuite, la théorie a été que la conservation rou-
tiere était relativement insensible & I'effort d'en-
tretien dépensé. Ce concepte peut conduire a
I'utilisation du budget allou¢ a I'entretien pour ré-
tablir le manque du budget de construction en

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

Une fois que la nécessité d’entretenir les route
fat établie, il se produisit le probléme d'alloca-
tion des fonds. Les premieres méthodes d'allo-
cation distribuaient des fonds dérivés histori-
quement en proportion directe a la longueur de
la route en question. Ce critére ne reconnaissait
pas le fait que I'environnement, les exigences de
matériaux e! de circulation, peuvent affect . : les
colts d'eniretien de routes différentes a des de-
grées différents. Il ne prenait pas non plus en
compte si les fonds alloués anteridurement
étaient -.uffisants ou non.

On prit ensuite comme instrument de déci-
sion, et comme substitution & ces méthodes,
I'évaluation subjective de résultats empiriques.
Les couts historiques furent divisés en deux



the additional traffic-induced costs on a road-
way. This method also neglected the evaluation
of the adecquacy 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-
thesis 1, Maintenance of Unpaved Roads (see
back cover).

Rationale for This Compendium

The economic evaluation of maintenance and

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

Finalmente se llego a incluir el concepto de
nivel de servicio y el impacto sobre los costos
para el usuario del camino en la determinacion
de fondos a fin de evaluar la suficiencia de
aquellos fondos. Ultimamente se est4 utilizando
la evaluacion econémica de cuénta conserva-
cion es necesaria, como base para una decision
racional en lo que respecta a las actividades de
conservacion y mejora.

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

de conservacion es mds provechoso para la
economia total de una nacion. El uso de esta
evaluacion econdémica no sélo ayuda a determi-
nar el nivel efectivo de conservacion en lo que
respecta al costo, para cada camino, sino tam-
bién indica el momento correcto para cada acti-
vidad de mejora (colocacion de grava o trata-
miento de superficie). La administracion de los
programas de conservacion de caminos dg bajo
volumen y la mejora de lds operaciones de di-
chos programas, se examir.an en otra publica-
cion del proyecto— Sintesis 1, Conservacion de
caminos sin pavimentar (véase el interior de la
cubierta posterior).

Exposicion razonada para este
compendio

La evaluacion economica de las actividades de

éléments. Le premier était une constante repre-
sentant le colt de base de I'entretien nécessaire
pour que la route ne succombe aux dégrada-
tions dues a I'environnement. Le deuxieme él¢-
ment etait le traffic journalier multiplié par une
seconde constante représentant le co(t addi-
tionnel causé par le trafic. Cette méthode négli-
geait elle aussi I'évaluation de la suffisance des
fonds alloués antérieurement pour I'entretien.

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

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

nomie d'une nation. L'évaluation économique
des opérations d'entretien non seulement dé-
termine le 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
opeérations d'entretien des routes économiques
sont discutés dans une des autres publications
de notre projet— Synthése No. 1: L’entretien
des routes non revétues (voir la derniére page du
recueil).

Obijectif de ce recueil

L'évaluation économique des travaux d'entretien
et d'amélioration, est basée sur le principe que
le réle de I'entretien n'est pas purement de
conserver la route. C'est plutdt de maintenir la
condition de la surface routiére de telie fagon
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upgrading activities is based on the premise that
the role of maintenance is not merely to preserve
the road. Rather, it is to keep the road surface in
a condition that will permit vehicles to operate at
the cost level at which the total transport cost is
lowest. Total transport cost is the sum of the
construction, maintenance, and vehicle operat-
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 transpoit
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 hard-to-
quantify costs and benefits associated with re-
gional development programs, which often serve
as the economic justification for the construction
of associated low-volume roads, affect the total
transport cost only to the extent that they deter-
mine the volume and type of traffic on the road
or system being evaluated.

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

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

conservacion y mejora se basa en la premisa de
que la conservacién no es solamente para pre-
servar el camino, sino que es para mantener la
superficie del camino en tal condicién que per-
mita la operacion de vehiculos a un nivel de
costo en donde el costo total de transporte es el
mas bajo. El costo total de transporte es la suma
de los costos de construccion, conservacion y
operacion de vehiculo.

La evaluacion econémica del costo total de
transporte es un poco menos complicada que el
analisis econémico que se utiliza en los estudios
de posibilidades viales. Es asi porque el costo
total de transporte evalla los costos de opera-
cion de vehiculo y no el impacto del camino
sobre el ambiente econémico social y genera!
del area afectada, de la regién, y de la nacién.
Muchas veces se utilizan los costos y beneficios

dificiles de medir de los programas de desarro-

llo regionales como justificacién econdmica para
la construccién de caminos de bajo volumen
asociada a tales programas; pero estos costos y
beneficios Yinicamente afectan al costo total de
transporte en que determinan el volumen y tipo
de transito sobre el camino o sistema gue se
est4 evaluando.

Hay tres factores que han demorado el uso en
gran escala de la evaluacion econdmica de las
actividades de conservacién y mejora en los
paises en desarrolio:

1. La posicién que muchos funcionarios
toman con respecto a la naturaleza abstracta de
las evaluaciones econémicas, y el hecho de que
los gastos periddicos de conservacion general-
mente han sido excluidos de apoyo econémico
por préstamos con bajo interés o subvencién di-
recta da agencias internacionales de ayuda. Ha
estado faltando, entonces, una persuasion para

qu'elle permette aux véhicules d'opérer au prix
auquel les deépenses totales de transport sont les
plus basses. Les dépenses totales de transport
sont la somme des colts 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 l'analyse économique utilisée pour les étu-
des de factibilité routiére. Cela s'explique car le
calcul des dépenses totales de transport consi-
dere le colt d'e» ploitation des véhicules plutét
que l'impact de la route sur I'économie sociale
et genérale du secteur proche, la région et la na-
tion. Les codts et avantages, difficiles a chiffrer,
associés avec les programmes de développe-
ment regionaux, qui souvent servent de justifica-
tion économique de la construction d= routes a
faible circulation, affectent la dépense totale de
transport seulement en ce au'ils déterminent les
volumes et types de trafic sur la route ou le ré-

seau que l'on est en train d'évaluer.

Trois facteurs ont retardé I'adoption générali-
sée de la méthode d'évaluation gconomique de
I'entretien ou I'amélioration routiers dans les
pays en voie de développement.

1. Lattitude de beaucoups d’administrateurs
envers la nature abstraite de I'analyse économi-
que et le fait que les dépenses périodiques
d'entretien ont généralement été exclues du fi-
nancement & bas interét ou subventions directes
par les organismes internaticnaux d'assistance.
L'encouragement & investir dans des études
economiques, comme critére de prise de déci-
sion en matizre d'entretien routier, & donc été
absent.

2. Le manque de volonté d’accepter le colt
d'exploitation des véhicules (CEV) comme étant
I'affaire du governement, ce qui empéche
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 ind.icement
to invest in economic studies as criteria tor main-
tenance decision making has therefore been
lacking.

2. The unwillingness to accept vehicle operai-
ing cost (VOC) as a government concern, which
prevents the adoption of the total transport cost
coincept. 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
nongoverninental benefits to determine *1e
feasibility of thc nriginal 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 econdmicos como criterios
en las decisiones sobre conservacidn.

2. Una desinclinacién para aceptar el costo
de operacion de vehiculo (vehicle operating
cost: VOC) como asunto gubernamental, lo cual
no permite la utilizacién del concepto del costo
total de transporte. Aunque se acepta que los
costos de construccioén y conservacion son la
responsabilidad del gobierno, algunos funciona-
rios formulan que las reducciones de VOC bene-
fician las empresas privadas y no deberan for-
mar parte de criterios de inversion de los fondos
publicos. Esta actitud contradice el uso de
beneficios no gubernamentales para determinar
la posibilidad de la construccién original del
camino.

3. La falta de una base firme de datos para

calcular las necesidades de conservacién, cos-
tos, y el impacto sobre usuarios del camino asi
como el deterioro futuro del camino. La conser-
vacion esté formada por una variedad de com-
ponentes, a veces imprevisibles. Contindian en
forma indefinida y son extremadamente dificiles
de marejar eficientemente. Engendran mucho
trabajo y dependen de la productividad de la
mano de obra local. Por eso, los costos de con-
servacion son mas dificiles de pronosticar que
los costos de construccién. EI método comtin de
utilizar previos costos totales de conservacion
nacionales, ajustados para la expansioén de la
extension total del sistema y para la inflacion, es
insatisfactorio porque (a) no toma en cuenta las
variaciones de costo de camino a camino de-
bido al trénsito, materiales, y diferencias en el

naisse responsable des colts de construction et
d'entretien, certains officiels soutiennent que les
réductions du CEV sont un avantage pour les
entreprises privées et ne devrait pas constituer
un critére d'investissement des fonds publics.
Cette attitude dément I'utilisation d'avantages
non-gouvernementaux pour déterminer la factibi-
lité premiére de la construction de la route.

3. Le manque d'une banque de données so-
lide pour estimer les besoins, les codts 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
operations continuent indéfiniment et sont ex-
tremement difficiles & gérer efficacement. Elles
demandent I'e mploi intensif de main-d'oeuvre et
sont dependar..2s de la productivité de la
main-d'oeuvre locale. Ce qui explique que le
cout de I'entretien e:st plus difficile a prévoir que

celui de la construction. La méthode ordinaire
qui est de se servir du total des dépenses natio-
nales d'entretien des années précédentes, en
tenant compte de I'accroissement du kilomé-
trage et de I'indexation due & l'inflation, n'est pas
satisfaisante car (a) elle ne tient pas compte des
variations de codt d'une route a I'autre, causées
par le trafic, les matériaux et les différences de
I'environnement, et (b) elle ne fournit aucune as-
surance que les opérations d'entretien antérieu-
res etaient 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
cout aux usagers, n'ont été mesurés scientifi-
quement qu'e recemmen.. 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
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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 India and the
Caribbean are designed to provide a primary
data base for estimating cost trace-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

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

Es tnicamente recientemente que se han me-
dido cientificamante los impactos de distintos
niveles de gastos de conservacion sobre la
condicion del camino (y el subsecuente dete-
rioro), y por lo tanto sobre los costos del usuario
del camino. Tales relaciones no han sido bien
establecidas para la variacion completa de acti-
vidades de conservacion, transito, y condicio-
nes del medio ambiente encontradas en distin-
tos paises. Algunos de los textos seleccionados
(Nums. 4 y 6) del Compendio 11 describen un
esfuerzo importante por parte de varias organi-
zaciones para desarrollar una base de datos a
utilizarse en paises en desarrollo. Los estudios

en Kenya y Brasil, y mas recientemente en la
India y el Caribe, han sido disefados para
proveer una base primaria de datos para el
estimado de trueques de costos para distintas
normas de disefio y conservacién para una gran
variedad de condiciones. También se estan
desarrollando los ajusles y técnicas necesarios
para transferir estas relaciones a otros paises.
Estas investigaciones claramente establecen
que aun los cambios mas pequenos en los cos-
tos de operacidn de vehiculos tendran gran im-
portancia en la determinacién de la politica de
conservacion 6ptima. En el concepto de costo
total de transporte, los costos de conservacion y
operacion de vehiculo se relacionan a través de
dos variables vitales: (a) la condicién 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 Indes et dans les Caraibes, sont congues
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
neécessaires pour leur transfert aux autres pays
sont en train d'étre développées.

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

optimum. L'entretien routier et le cout d'exploita-
tion des véhicules sont apparentes, dans le colt
total du transport, par deux variables maitres-
ses: (a) la condition de la surface de roulement,
particuliérement 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 definir comme étant la somme des deplace-
ments verticaux (oscillations) d'un véhicule par
rapport a son chassis en réponse aux variations
du profil de la surface de roulement quand ce
veéhicule est conduit & un vitesse specifique pour
une distance spécifique. Les systémes de me-
sure de I'uni sont trés varigs et vont de
I'évaluation qualitative par l'ingénieur, a I'estima-



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

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

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

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

(b) el volumen y caracteristicas del transito que
lo utiliza a través de su vida econdémica.

La rugosidad del camino podria definirse
como la suma de los desplazamientos verticales
(oscilacion) de la carroceria de un vehiculo, con
relacion a su chasis, como reaccion a variacio-
nes en el perfil de la superficie de camino al ser
manejado a una velocidad especifica sobre una
distancia especifica. 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-
luan 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 medicion
para la evaluacion del rendimiento del camino
y las necesidades de conservacién ha es-
timulado ultimamente mucha investigacion para
desarrollar sistemas simplificados mejorados
para utilizarse en los paises en desarrolio. El

Texto Seleccionado N° 7 es el que resume los
conceptos fundamentales y el trabajo que hasta
el dia se ha realizado en esta area.

Los valores incrementales de varias activida-
des de conservacion y los criterios para la me-
jora de valor éptimo o valor “sin ganar ni per-
der”, se basan sobre volimenes de transito
pronosticados o corrientes. Los dos Ultimos tex-
tos seleccionados indican que aunque los eco-
nomistas pueden razonablemente determinar
estas relaciones entie costos si los costos son
correctos, los volumenes de transito, corrientes

o pronosticados, son muy dificiles de determinar ;i

con exactitud.

Se deber4 generalmente basar la metodologia
de decisiones para conservacién y mejora viales
sobre trueques econdémicos, para asi obtener el
costo total de transporte mas bajo. Son muy di-
ficiles de determinar los tres elementos mas im-
portantes de la evaluacién econdmica (costos
de unidades de conservacion, operacién de

tion de la qualité de roulement par une équipe
d'experts, ou a des bump integrators montés sur
I'essieu et bon marché, jusqu’aux analyseurs de
profil en long, trés compliqués et trés chers.
L'importance de ces mesures pour controler le
comportement de la route et pour jauger les be-
soins d'entretien a stimulé beaucoup de recher-
ches récemment pour développer des systémes
ameliorés, 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
critéres de valeur & I'optimum et au seuil de ren-
tabilité pour I'amélioration, sont basés sur les vo-
lumes de trafic actuels ou prévus. Bien que
I'économiste puisse déterminer de fagon raison-
nable ces rapports entre les colts si les codts

utilisés sont justes, les deux derniers textes
choisis indiquent que les volumes de trafic, ac-
tuels ou prévus, sont trés difficiles a8 évaluer
avec précision.

Une méthodologie de décision pour I'entretien
ou I'amélioration des routes devrait générale-
ment étre basée sur des compromis économi-
ques pour assurer ic plus bas prix total de
transport. Les trois éléments principaux de I'éva-
luation économique, aprés que la construction
soit finie — colts unitaires de I'entretien, co(t
d'exploitation des véhicules, et traffic moyen
journalier— sont difficiles & estimer avec préci-
sion. Cependant, chaque effort fourni pour amé-
liorer la banque de données et les techniques
d'évaluation economiques, conduiront & une
meilleure méthodologie de prise de décision.
Méme les évaluations & l'ordre de grandeur
conduisent a une meilleure estimation des priori-
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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 methedology for maintenance and upgrad-
ing can lead to a redirection of maintenance-
planning resources into those activities that will
eventually permit the development of more
cost-effective programs.

Discussion of Selected Texts

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

presents an economic perspective of highway
maintence. It links the level of maintenance to
traffic volume by economically balancing the
extra costs associated with an improvement 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. It should be noted,
when evaluating the percentages of mainte-
nance budgets allocated to road surfaces in this
text, that the roadways referenced here are ba-

vehiculo, y transito diario medio), que vienen
después de la construccion. Sin embargo, cual-
quier esfuerzo para mejorar la base de datos y
tecnicas de evaluacién econémica mejorara la

metodologia de decisiones; y aun las evaluaciones

de orden de magnitud llevan a un mejor asesora-
miento de las prioridades de conservacion, que
lo que daria una pura suposicion. Es cierto que
muchos paises en desarrollo no poseen el personal
entrenado ni los recursos financieros necesarios
para inmediatamente implementar la evaluacion
econdmica de conservacién como herramienta
en la toma de decisiones; pero un entendimiento
comprensivo de los componentes de esta me-
todologia de decisiones puede llevar a un reali-
neamiento de los recursos para conservacion y

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

Presentacion de los textos seleccionados

El primer texto, The Economic Issues of High-
way Maintenance (Los problemas econdmicos
de la conservacion vial), fué extraido del Eco-
nomic and Finance Committee Report, XVith
World Road Congress, Vienna (Permanent Inter-
national Association of Road Congresses, 1979).
Presenta una perspectiva econémica en la con-
servacion vial. Balancea los costos extras aso-
ciados con una mejora en el servicio con el au-
mento en beneficios; y asi relaciona el nivel de

tés d'entretien, que les simples conjectures.
Beaucoup de pays en voie de développement
n'ont ni I'effectif spécialisé, ni les ressources fi-
nanciéres pour instituer immédiatement l'analyse
economique 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 étre conduit &
redistribuer le budget prévu pour I'entretien vers
les opérations qui permettront le développement
de programmes plus efficaces par rapport au
cout.

Discussion des textes choisis

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

des routes), est extrait du Economic and Fi-
nance Committee Report, XVith World Road
Congress, Vienna (Permanent International As-
sociation of Road Congresses, 1979). Ony pré-
sente une perspective économique de I'entretien
routier. On réunit le niveau d'entretien au volume
de trafic en compensant le cout économique
supplémentaire associé a une amélioration du
service par les avantages stipplémentaire qui en
decoulent. 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 Jde
conception en matiére d'entretien, (b) les pro-



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

The second text, Maintenance Costing
Method for Low-Volume Roads, appeared in
Highway Research Record 451 (Highway Re-
search Board, 1973). It presents a method of de-
termining maintenance costs where there 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. It also
notes that the availability and quality of con-
struction materials, the climatic conditions, the
topography, and the road design also affect maint-
enance costs. Therefore, two roads in different
locations will incur different maintenance costs
but will provide the same level of service to the
same traffic volumes. A process is recom-
mended of estimating maintenance costs. This
method is similar to that often used to estimate
construction unit prices in developing countries
with no major construction experience (i.e., the
selection of a package of construction equip-

conservacion con el volumen de transito. Este
anélisis econémico, que luego serd estudiado
mas ampliamente en subsiguientes textos, satis-
face la necesidad de determinar (a) el nivel co-
rrecto de gastos en la conservacion, (b) las
normas a las cuales se quiere llegar, y (c) un
método apropiado de asesoramiento.

El texto habla sobre (a) conceptos econdmi-
Cos erroneos sobre la conservacion, (b) alguncs
de los problemas técnicos que hoy en dia ocu-
rren en la conversion de la evaluacion econd-
mica de conservacion, a la préctica, y (c) algu-
nos de los corrientes desenvolvimientos al apli-
car una disciplina econémica total a la conser-
vacion vial. Al evaluar los porcentajes de presu-
puestos de conservacion asignados a las super-
ficies de camino en este texto, se debera notar
que los caminos a los cuales aqui se refiere son
basicamente 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 Roads (Método de calcu-
lar el costo de conservacion en caminos de bajo
volumen), aparecié en Highway Research Rec-
ord 451 (Highway Research Board, 1973). Pre-
senta un método para determinar los costos de
conservacion donde no existen antecedentes
de conservacion sobre los cuales basarse.
Cualquier evaluacién econémica del nivel de
conservacion deberd basarse en costos; pero el
uso de costos pasados para trazar costos futu-
ros no asegura ni la suficiencia ni la distrihucién
correcta de los fondos de conservacion.

El texto reconoce que los costos de conser-
vacion son una funcion del volumen de transito,
y ademas nota que también son afectados por
la disponibilidad y calidad de los materiales de
construccion, las condiciones climaticas, la to-
pografia, y el disefio del camino. Por lo tanto,
dos caminos en distintas ubicaciones incurriran
distintos costos de conservacion pero proveeréan

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

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

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

Ce texte reconnait que les colts d'entretien
sont fonction du volume de trafic. On y remar-
que aussi que la disponibilité et la qualité des
matériaux de constructinn, les conditions clima-
tiques, la topographie et le dimensionnement de
la route influencent aussi les co(ts d'entretien.
Donc, deux routes situées en des endroits diffé-
rents, auront des frais d'entretien différents, mais
fourniront le méme niveau de service au méme
volume de trafic. Un procédé est recommandé
pour estimer les codts d'entretien. Cette mé-
thode est similaire a celle qui est souvent utilisée
pour estimer les prix unitaires de construction
dans les pays en voie de développement qui
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ment and the determination of the output versus
the cost per time unit of that package). The
maintenance cosis 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-
cliture 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 text, Main Road Maintenance Costs,
is @ paper presented at the Pan African Confer-
ence on Highway Maintenance and Rehabilita-
tion in Ghana (United Nations Economic
Comrnission for Africa, 1977). It describes the
procedures adopted in Upper Volta for the main-
tenance of earth roads (with a surfacing of
selected material) and asphalt-surfaced roads.
The maintenance of earth and gravel roads in-
cludes detailed costs for (a) manual mainte-
nance, including the filling of road surface de-
pressions and potholes, clearing of ditches and
removal of undergrowth from the right-of-way;
(b) resurfacing; (c) major reshaping; (d) minor
reshaping; and (3) special anticorrugation main-
tenance. The maintenance of surfaced roads in-
volves manual maintenance as described
above. The exception is that the road patching

el mismo nivel de servicio al mismo volumen de
transito. Se recomienda un proceso para estimar
los costos de conservacion, el cual es similar al
que seguidas veces se utiliza para calcular los
precios unitarios de construccion en paises en
desarrollo sin gran experiencia en construccion
(es decir, la seleccién de un conjunto de equipo
de construccion y la determinacion de la
produccion versus el costo por unidad de
tiempo de este conjunto). Por lo tanto, para
tomar en cuenta los factores mencionados
arriba, \0s costos de conservacion pueden
variarse alterando la produccion por unidad de
tiempo.

Este texto asume un nivel de conservacion
que conservaria los caminos “como nuevos'.
Esta situacién no toma en cuenta los trueques
necesarios para satisfacer el nivel econémico
correcto de gastos para conservacion, como se
describi6 en el primer texto. La exposicion que
sigue al texto indica este problema y también
que no se incluyen en la presentacién algunos
de los detalles de evaluacion. Se presenta el
tex.o en este compendio por su valor concep-
tual. Se ha incluido en el siguiente texto una
presentacion mas detallada—un andlisis del
equipo, la rnano de obra, los costos de apoyo, y
la produccion total de los trabajos de conserva-
cior.

n'ont pas beaucoup d'expérience de construc-
tion (c'est a dire la sélection d'un “assemblage”
de matériel de construction adéquat et la déter-
mination de la production de cet assemblage
par rapport au cout par unité de temps). Les
couts 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 mongétaires
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 I'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
aans le texte suivant.

Le troisieme texte, Main Road Maintenance
Cost (Colts 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).
Ony décrit les procédés adoptés en Hau-
te-Volta pour I'entretien des routes en terre (avec
addition de certains matériaux) et des routes
avec revétement asphaltique. L'entretien des
routes en graviers et des routes en terre
comprend le détail des colts: (a) de I'entretien
manuel y compris le reflachage, le traitement
des nids de pouie, i2 curage des fossés et le
debroussaillement de I'emprise: (b) du rechar-
gement; (c) du reprofilage important: (d) du petit
reprofilage; et (e) des mesures spéciales d'en-
tretian contre la tle ondulée. L'entretien des
routes revétues comprend I'entretien manuel



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

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

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

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

El tercer texto, Main Road Maintenarice Costs
(Costos de conservacion de carainos princi-
pales), es una comunicacion presentada en la
PanAfrican Conference on Highway Mainte-
nance and Rehabilitation en Ghana (United Na-
tions Economic Commissicn for Africa, 1977).
Describe los procedimientos adoptados en el
Alto Volta para la conservacién de caminos de
tierra (con una capa superficial de material se-
leccionado) y caminos con superficie de asfalto.
La conservacion de caminos de tierra y de
grava incluye costos detallados para (a) conser-
vacion manual, incluyendo el relleno de depre-
siones y baches en la superficie del camino,
limpieza de zanjas y eliminacion de maleza de
la calzada; (b) renovacion de la superficie; (c)
grandes reformaciones; (d) pequenas reforma-
ciones; y (e) conservacion especin! anticorruga-
tiva. La conservacion de los camiros pavimen-
tados cnnsiste en lo manual presentado arriba.
La excepcidn es que el bacheo del camino con-
siste en la aplicacion de asfalto rebajado con un
distribuidor de aglutinante y la colocacién y arro-
llado de gravilla de superficie.

Este texto presenta un ejemplo especifico del
concepto del “conjunto” de equipo de cons-
truccion como se describié en el texto anterior:
pero no detalla los costos para distintas condi-
ciones geograficas niindica la frecuencia de
cada operacién como funcién del voluimen de
transito. Por esta razon no es posible determinar
el nivel de servicio que se provee. Pero si pre-
senta los costos basicos de las actividades de
conservacion que se describen. Si se conocie-
ran los volimenes de transito, los principios
descritos en los siguientes dos textos se podrian
aplicar a estos costos, para determinar un pro-
grama economicamente eficiente para las ope-
raciones de conservacion. Este texto, entonces,
representa el primer paso a tomarse en el pro-
ceso de la evaluacion econdmica de los proce-
dimientos de conservacion.

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

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 exemiple spécifique du concept de "“I'assem-
blage” du matérie! de construction que nous
avons decrit auparavant. Mais il ne donne pas
en detail les couts suivant la géographie et n'in-
dique pas la fréquence de chaque opération
comme fonction du volume de traffic. Il n'y a
donc pas moyen de déterminer le niveau de
service donné. Mais il donne quand méme les
colts 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 étre appliqués
a ces colts pour déterminer une stratégie d'en-
tretien qui serait de bon rendement au point de
vue éccnomique. Ce texte représente donc le
premier pas du processus total de I'évaluation
géconomiques des opérations d'entretien.

Il sera trés dithicile de comparer ces prix a
ceux donnés en dollars dans le texte prochain,
pour la bonne raison que I'on ne donne pas la
date a 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+ dollar
U.S. Cette conversion permettra des comparai-
sons d'ordre de grandeur entre certains coits
en Haute-Volta et les chiffres de la Barique
Mondiale, basés sur le Kenya.

Le quatriéme texte est extrait de Evaluating
the Economic Priority of Highway Maintenance
(Evaluation de la priorité économique de I'entre-
tien routier) et est une autre communication pré-
sentée au Ghana a 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 colts unitaires
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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+. This conver-
sion will allow order-of-magnitude comparisons
between some of the costs in Upper Volta and
the Kenya-based World Bank figures.

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

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 conclusiors 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

de francos C.F.A. 1976 a ddlar::s ccio sigue:
50 francos C.F.A = 1 franco francés = US$0,23+
Este cambio permitiria comparaciones de 6rden
de magnitud entre algunos de los costos en Alto
Volta y las cifras del Banco Mundial en Kenya.
El cuarto texto fué extraido de Evaluating the
Economic Priority of Highway Maintenance (Eva-
luacion de la prioridad econémica de la conser-
vacion vial), otra comunicacién presentada en la
Pan African Conference on Highway Mainte-
nance and Rehabilitation celebrada en Ghana
{United Nations Economic Commission for
Africa, 1977). Presenta la metodologia para de-
terminar el impacto econémico de distintos nive-
les de esfuerzo de conservacion. Los costos de
conservacion por unidad que se utilizan en este
tipo de evaluacion pueden determinarse utili-
zando los métodos descritos en los textos pre-
vios. Los costos para e! usuario de vehiculo en
este texto se desarrollaron inicialmente en Ke-
nya. Los verdaderos calculos 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 disefio
y conservacién viales) del Banco Mundial. Se
pueden obtener copias del Programa de Com-
putadora HDM y de la documentacion pertene-
ciente a ella del Banco Mundial (véase Referen-
cia Adicionial N° 22). Otro modelo, el Road
Transport Investment Model — RTIM, desarro-
llado por el Transport and Road Research Labo-
ratory, se describe en la Referencia Adicional N°
19.

La metodologia se basa en la teoria de que
los beneficios econdmicos de los gastos de
conservacion vial se componen de tres cosas
pasicas: (a) disminuciones en los costos del
usuario {principalmente los costos de operacién
del vehiculo en paises en desarrollo}; (b) dismi-
nuciones en los costos futuros de conservacién
y rehabilitacién necesarios para proveer el

d’'entretien utilisés dans ce genre d'évaluation
peuvent étre déterminés en utilisant les métho-
des décrites dans les textes précédents. Les
couts d'exploitation des véhicules, dans ce
texte, ont été développés initialement au Kenya.
Les calculs eux mémes, sur lesquels les conclu-
sions de ce texte reposent, fdrent développés
en se servant d'un ordinateur et du logiciel HDM
de la Banque Mondiale “Highway Design and
Maintenance Standards Model (HDM)" (Modele
pour les normes de dimensionnement et d'entre-
tien routiers). On peut obtenir des copies de ce
logiciel HDM et de la documentaticn pertinente
en s'adressant a la Banque Mondiale (voir refe-
rence no. 22). Un autre, le Road Transport Invest-
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 codts aux usagers (prin-
cipalement des colts d'exploitation des véhicu-
les dans les pays en voie de développement),
(b) réduction des futurs codts d'entretien et de
réfection nécessaires pour fournir le méme ni-
veau de service, si l'entretien préventif est fait &
temps, et (c) réduction ou prévention des pertes
économiques dues & 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 cle la route, des genres de maté-
riaux, du volume et de la charye par essieu du
trafic, et du climat, est evalué par rapport aux



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

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

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-
titted Maintenance Policy Analysis for Unpaved

mismo nivel de servicio, si se realiza conser-
vacion preventiva oportunamente; y (c) disminu-
cion o prevencion de la pérdida econdmica de-
bida a clausuras de caminos. Las evaluaciones
se realizan utilizando niveles de conservacion
incrementales para determinar el beneficio in-
cremental que provee el nivel éptimo de ingre-
sos. El efecto del diseno original de superficie,
los tipos de material, el volumen y configuracion
del peso de eje de!l transito, y el clima se eva-
ldan en comparacion con los niveles incrementa-
les de conservacion a través de un asesora-
miento del deterioro del camino.

Ya que este agente de evaluacion todavia se
esta desarrollando, la base de datos emplrica

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 validas para el clima y los
tipos de superficies de camino que se encuen-
tran en Kenya. El préximo texto seleccionado
presenta el mismo tipo de evaluacién para
Africa Occidental (Chad). El programa que se
describe en este texto y en el Texto Seleccio-
nado N° & también asume que la conservacién
rutinaria (es decir, limpieza de desagues, con-
servacion de los bordes, y control de la vegqeta-
cion) es normal y que la nivelacién y reforma-
cion extremas no proporcionarian beneficio
adicional en comparacién con la nivelacién

methodes d’entretien différentielles par l'inter-
médiaire de |'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 routiére sont vala-
bles pour le climat et les types de surface rou-
tiere communs au Kenya. Le texte choisi qui va
suivre présente le méme genre d'évaluation
pour I'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 a dire assainissement, entretien des
accotements, contréle 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 premiére est intitulée Mainte-
nance Policy Analysis for Unpaved Roads (Ana-
lyse de la stratégie d'entretien de routes
non-revétues); la deuxiéme s'appelle Economic
Analysis to Determine When to Pave an Unr.a-
ved Road (Analyse économique pour déterminer
le seuil de bitumage). Bien que ces études doi-
vent étre interprétées avec beaucoup de circon-
spection, & cause de la banque de données qui
est limitée, elles représentent néanmoins la base
fondamentale de la prise ce décision quantita-
tive sur le niveau optimal, la composition et la
fréquence de I'entretien routier. La premiére
étude affirme aussi que des niveaux peu élevés
d'entretien des routes a faible capacité produi-
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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. It further
infers that regraveling of roads with low average
daily traffic (ADT) rates may have a lower rate of
return than providing higher grading frequencies

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
Fanefits, which by themselves are sufficient to
e.onomically justify a high level of service, may
conceal possible deficiencies in the individual
components.

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

normal.

Las porciones del texto que se reimprimen en
este compendio incluyen dos estudios. E! pri-
mero se titula Maintenance Policy Analysis for
Unpaved Roads (Andlisis de la politica de con-
servacion en camings sin pavimentar); el se-
gundo es Economic Analysis to Determine
When to Pave an Unpaved Road (Andlisis eco-
nomico para determinar cuando pavimentar un
camino sin pavimentar). Aunque estos estudios
deberan interpretarse cautelosamente por la
base limitada de datos que se utilizo, presentan
los fundamentos bésicos de la toma de decisio-
nes en la administracion cuantitativa sobre el ni-
vel, composicion, y programacion éptimos de
los trabajos de conservacion vial. El primer es-
tudio también afirma que niveles minimos de
conservacion de caminos de bajo volumen rin-

den ingresos economicos extremadamente altos.

Ademas, infiere que la recolocacion de grava en

caminos con niveles bajos de transito diario
medio (ADT) podria tener un nivel mas bajo de
ingresos que el proveer nivelaciones mas fre-
cuentes en los caminos de tierra con voluimenes
de transito comparables, en las areas donde no
se encuentra disponible la grava. Por eso hay
que examinar cuidadosamente los componentes
individuales del programa total de conservacion.
Los grandes beneficios econémicos, que por si
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 0 pavimentar con un tratamiento
bituminoso de superficie doble. El primer crite-
rio es el volumen de transito de "sin ganar ni
perder”, definido como el ADT del afnc base en
donde el valor actual neto de pavimentacion
iguala el dejar el camino con superficie de

sent de trés importants profits économiques. De
plus on infére que le rechargement des routes
qui ont un bas trafic journalier moyen (TJM) peut
avoir un taux de rentabilité inférieur & celui qu'on
obtiendrait en ayant une fréquence de reprofi-
lage plus éleveée pour les routes en terre qui ont
le méme volume de trafic, dans les endroits ou
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-mémes seraient suffisants pour justifier un
niveau de service élevé, peuvent cacher des dé-
ficiences dans les composantes individuelles.
Le deuxieme cas d'étude présente deux crité-
res économiques pour déterminer si une route
en terre devrait continuer a étre entretenue, ou si
elle devrait étre revétue (avec un enduit superfi-

ciel bicouche). Le premier critére est le volume
du trafic au seuil de rentabilité, défini comme le
TJM de I'année de base auquel le bénéfice (ac-
tualisé) de revétir la route égale celui de la lais-
ser en terre. Le deuxiéme critére est celui du vo-
lume optimal de trafic, défini comre étant celui
au dessus duquel le bénéfice (actualisé) de re-
Vétir la route ne peut pas étre augmenté en
ajournant la construction. En autres termes éco-
nomiques, ceci serait le point ou le “bénéfice net
annuel uniforme équivalent” {calculé en additio-
nant au colt annuel uniforme équivalent, un fac-
teur de revenu ou d'avantage) ne peut étre
augmenté par 'ajournement, ou le point ou, soit
le “colt annuel uniforme équivalent” (qui
combine les colts d'investissements et toutes
les dépenses annuelles en une seule somme
annuelle qui est équivalente a 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
defernng the pavement construction to a later
year. In other economic terrninology, 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 text, Engineering Economics of the
Maintenance of Earth and Gravel Roads, was
published in Transportation Research Record
702 (Transportation Research Board, 1979). It
describes a practical application of the methog-
ology for the economic evaluation of maintenance

grava. El segundo criterio es el voiumen de
transito “optimo”, definido comn <l volumen de
transito por sobre el cual e! valor actual neto de
pavimentacion no puede ser aumentado por la
postergacion de la construccién del pavimento
hasta otro afno. En otra terminologia econémica,
éste seria ei punto donde el ingreso neto anual
uniforme equivalente no puede ser aumentado
¢on un& postergacion, o el punto donde el coste
anual uniforme equivalente o el valor actual de
Ccostos no puede ser disminuide por posterga-
cion.

Este texto recomienda el uso del segundo cri-
terio. Los volumenes de transito de “sin ganar ni
perdei” y optimo son muy sensitivos en Io que
respecta a tantos de descuento normales y COS-
tos de construccion de pavimento. Por eso los
valores dados en el texto no son transferibles de
una economia a otra. Los principios de andlisis
son validas si se les aplica los datos correctos.

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

nomia politica ingenieril de la conservacion de
caminos de tierra y de grava), fué publicado en
Transportation Research Record 702 (Transpor-
tation Research Board, 1979). Describe una
aplicacion practica de la metodologla para la
evaluacion econdmica de programas de con-
servacion para caminos sin pavimentar con
bajos volimenes de transito, como se presento
en el primer estudio del texto previo. Afirma la
teoria de que, con tal que los parametros de
geometria vial y del medio ambiente permanez-
can fijos, los parametros de deterioro de la su-
perficie del camino (rugosidad media, profundi-
dad de huella, y espesor de capa del material Xxv
suelto) y el costo del usuario del vehiculo pue-
den reducirse a un denominador comun, el vo-
lumen de transito acumulativo (T). También
afirma que las frecuencias éptimas de nivela-
cion deberan modificarse wara desarrollar un
balanceo técnico apropiado entre la frecuencia
de nivelacion y otras operaciones de conserva-
cion rutinarias pero esenciales, especialmente

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

Dans ce texte, on recommande I'utilisation du
second critére. Le volume de trafic au seuil de
rentabilite et le volume optimal de trafic sont tres
sensibles au taux d'actualisation rormal et aux
colts de constructior: du revétement. Denc les
valeurs données dans le texte ne sont pas tran-
sposables d'une économie a une autre. Les
principes de I'analyse sont valables si I'on utilise
les dorinées correctes.

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

que de la méthodologie pour |'évaluation éco-
nomiques de programmes d'entretien des routes
non-revétues a faible circulation, telles celles qui
ont eté présentées dans le cas d'étude no. 1 du
texte précédent. On émet la théorie que les pa-
rametres de dégradations de la surface de la
route (rugosité moyenne, profondeur des ornié-
res, et profondeur de matériau désagreégé) et le
cout d'exploitation des véhicules peuvent étre
réduits a un dénominateur commun — le volume
de trafic composé (T) —- & condition que les pa-
rametres routiers de géométrie ot d'environment
restent fixes. On reconnait aussi que les fré-
quences optimales de reprofilage devraient étre
modifiees pour développer un équilibre techni-
que adéquat entre les fréquences de reprofilage
et les autres opérations d'entretien périodique
essentielles, particulierement quand il s'agit do
routes en terre. Une éiude de rentabilité est utili-
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programs for unpaved roads with low traffic
volumes as presented in Case 1 of the previ-
ous text. It 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 geomeltric and environmental
parameters remain fixed. It also acknowledges
that the optimal grading frequencies should be
modified to develop an appropriate technical ba-
lance between yr«ding 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-

para los caminos de tierra. Se utiliza un andlisis
de beneficio/costo para evaluar varias alternati-
vas de colocacion de urava para distintos valo-
res de transito diario medio. El criterio utilizado
es el volumen de transito “sin ganar ni perder”
Elagregado y alisado de los datos provenientes
de Kenya limitan este andlisis a la busqueda de
las tendencias principales. Estas tendencias, sin
embargo, pueden servir de reglas empiricas en
otrcs sitios. Las Unicas decisiones variables gue
se concideran son la nivelacion, espesor de la
grava (en el momento de recolocacion de
grava), y si es 0 no necesaric colocar grava en
un camino de tierra.

El programa de conservacion 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 vegetacién, y recolocacion
de grava en &reas pequefas con herramientas
manuales. Las operaciones rutinarias de con-
servacion tales como nivelacién, compactacion,
y arrastre de neuméticos con tractor son reali-
zadas mecénicamente. Los requerimientos fisi-
cos para el programa incluyen equipo, repues-
tos, talleres, y oficinas. Ademas, se han incluido
(como inversién de fondos) los costos prorra-
teados de una actividad de entrenamiento que
se considero necesaria para implementar la
nueva estrategia total de conservacion.

El sexto texto, Effect of Simple Road Improve-
ment Measures on Vehicle Operating Costs in
the E_astern Caribbean (E! efecto de medidas
sencillas de mejora de caminos sobre los gastos
de explotacion de vehiculos en el Caribe Orien-
tal), fué también publicado er. Transportation

sée pour évaluer différentes alternatives de ma-
tériaux graveleux pour différents TIM. Le critére
utilice est le seuil de rentabilité (volume de tra-
fic). L'agrégation et I'égalisation des données
provenant du Kenya limitent cette analyse a la
recherche des tendances principales. Ces ten-
dances toutefois peuvent étre 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 revétir de
graviar une route en terre.

Lit stratégie d'entretien évaluée est similaire
sous beaucoup d'aspects & celle décrite dans le
troisieme texte. Des équipes d'ouviiers remplis-
sent les nid- de poule, curent les fossés et les
ponceaux, sontrélent la vegétation, font la répa-
ration des flaches par point & temps. On utilise
I'emploi intensif de la main-'ceuvre pour ces

opérations. Les autres opérations d'entretien
courant (reprofilage, compactage et passages
au tracteur tirant un traineau de pneus) sont en-
tierement mécanisés. Les besoins matériels du
programme d’entretien comprennent les engins,
les pieces 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 sixiéme texte, Effect of Simple Road Im-
provement Measures on Vehicle Operating
Costs in the Eastern Caribbean (Effet de simple
mesures d'amélioration routiére sur le codt d'ex-
ploitation des véhicules en Caraibe de I'Est), est
tiré aussi du Transportation Research Record
702 (Transportation Research Board, 1979). On
décrit I'évaluation économique utilisée pour dé-



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

The sixth text, Effect of Simple Road Im-
provement Measures on Vehicle Operating
Costs in the Eastern Caribbean, was also pub-
lished in Transportation Research Record 702
(Transportation Research Board, 1979). It de-
scribes the ecoromic 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. It describes
(a) a suc,cessful attempt tc develop a rehabilita-
tion program within the severe financial con-
straints of a developing country's limited budget
and (b) the evaiuation icchnigues used to de-
termine the economir; viability of that program.
The rehabilitation e+ aluation is representative of
the current state ci analyses for rehabilitation
and maintenance programs.

Research Record 702 (Transportation Research
Board, 1979). Descrihe la evaluacion econdmica
utilizada para determinar el factor de eficacia,
en lo que respecta al costo, de un método senci-
llo (realizado por mano de obra) de rehabilita-
cion y conservacion de superficies bituminosas
muy deterioradas en la isla de San Vicente del
Caribe Oriental. Este texto presenta los resulta-
dos de una conservacion atrasada en caminos
pavimentados de bajo volumen. Describe (a) un
esfuerzo que resultd en buen éxito para desarro-
llar un programa de rehabilitacién dentro de los
severos limites financieros del presupuesto con-
finado de un pais en desarrollo, y (b) las técni-
cas de evaluacion que se utilizaron para deter-
minar la viabilidad econdmica de ese programa.
La evaluacion de la rehabilitacién es representa-
tiva del estado actual de los analisis para pro-
gramas de rehabilitacion y conservacion.

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

grama de conservacién o mejora; y evalda la
magniti.d de costos periédicos de drenaje en un
programa de conservacién de caminos pavi-
mentados. Después de este proyecto de rehabi-
litacion los fondos de conservacién designados
al drenaje son tres veces més 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 operacién de
vehiculo se relacionan directamente con la re-
duccion de le rugosidad. La evaluacién econd-
mica del proyecto se basa en reducciones me-
dibles de la rugosidad de la superficie por
medio de su rehabilitacién, y reducciones en el
costo de operacion de vehiculo debido a la me-
jora en la calidad de rodadura del camino.

Las cifras monetarias en este texto se dan en
ddlares del Caribe Oriental del afio 1978. Los
costos de! texto deberan dividirse por 2,7 para
llegar al valor en délares Norteamericanos de

terminer la rentabilité d'une méthode simple, a
I'aide de I'emploi intensif de main-d'oeuvre, pour
réhabiliter et entretenir des routes bitumées sé-
rieusement détériorées dans l'ile de Saint Vin-
cent. Ce texte expose le résultat d'une politique
d’'entretien différé sur des routes revétues a fai-
ble circulation. On y décrit (a) une tentative, cou-
ronnée de succeés, de réhabilitation routiére
dans le cadre des séveres 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 I'état actuel des analy-
ses de programmes de rehabilitation et d'entre-
tien routiers.

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

gramme d'amélioration ou d'entretien. On évalue
aussi l'ordre de grandeur du colt périodique du
drainage dans un programme d'entretien de rou-
tes revétues. Les dotations pour 'entretien,
aprés ce programme de réhabilitation prévoient
presque trois fois plus d'argent pour I'entretien
du systéme 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 colt d'exploitation des véhicules
sont rattachées directement a 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 cu colt d'exploitation
des véhicules, dde a 'amélioration de la qualité
de roulement de la route.

On utilise le dollar local (Caraibe de I'Est) pour
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The text emphasizes the necessity of provid-
ing proper drainage as the first step in any main-
tenance or upgrading program. It also evaluates
the magnitude of recurring drainage costs in a
paved road maintenance program. The mainte-
nance funding after this rehabilitation project in-
cludes aimost 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 givenin
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 Flesearch 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 Roughness Index for Worldwide Use (Es-
quema de un indice generalizado de rugosidad
de cam:rio para uso mundial), fu¢ también pu-
blicado en Transportation Research Record 702
(Transportation Research Board, 1979). El texto
previo indica que los costos de operacion de
vehiculo son una funcion de la rugosidad del
camino. Los costos del usuario se relacionan
especialmente a la rugosidad en caminos muy
fragosos. En este momento existen varios méto-
dos de medir la rugosidad de la superficie pero
no hay una escala comun de rugosidad para
uso mundial.

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

gosidad, es decir la integracién mecéanica yla
matematica. La integracién mecéanica, que es €l
método mas comun, consiste en el uso de un
instrumento mecénico para automéaticamente iil-
trar y resumir los datos de rugosidad de camino.
Los instrumentos més utilizados corrientemente
incluyen el perfilégrafo (Profiiograph), el medi-
dor PCA (PCA Roadmeter), el medidor Mays
(Mays Meter), el rugosimetro Chloe (Chloe Profi-
lometer), y el medidor BPR (BPR Roughometer),
inclusive una versién que ha sido modificada
por el TRRL del Reino Unido. La integracién ma-
tematica, el segundo método, involucra el andli-
sis matematico de una serie de distintos puntos
hallados por un deslinde con vara y nivel topo-
gréficos.

Estos distintos an4lisis de rugosidad no son
compatibles actualmente porque se han utili-
zado distintos tipos de dispositivo y ha habido

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

Le septieéme texte, Outline of a Generalized
Road Roughness Index for Worldwide Use
(Schéma d'un indice généralisé de I'uni d'une
chauseées, d'emploi universel), est aussi publié
dans le Transportation Research Record 702
(Transportation Research Board, 1979). Le texte
précédent nous a indiqué que le cot d'exploita-
tion des véhicules est fonction de I'uni de la sur-
face. Les couts aux usagers y sont particuliére-
ment rattachés lorsque les routes sont trés
mauvaises. Acutellement, il y a plusieurs
methodes pour mesurer '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
decrit les deux procédés utilisés généralement

pour analyser les composantes, c'est a dire
lintégration mécanique et I'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
mecaniques et les résumés, comprennent le
prefilographe, le PCA Roadmeter, le "Mays
meter, le profilométre Chloe, et le rugometre
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 a analyser mathématiquement une
serie de points discrets obtenus avec la mire de
nivellement.

Ces méthodes d'analyse ne sont pas
actuellement compatibles. C'est & 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
operaling 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
roughnes s, but there is no common roughness
scale for worldwide use.

The text defines roughness and its compo-
nents. It describes the two techniques com-
monly used to analyze the components of
roughness, namely mechanical integration and
mathematical integration. Mechanical integra-
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
or this. This text proposes the development of a
General Roughness Index to serve as a basis for
comparison between individual mechanical de-
vices and different types of mechanical devices.
Such an index wnuld enhance the use of surface
profiles or roughness measurements throughout
the world for (a) construction quality control; (b)
location of abnormal changes in roads due to,
for example, drainage or subsurface problems;
(c) systemwide allocation of pavement mainte-
nance resources; and (d) identification of pave-
ment serviceability-performance histories.

The eighth text is A Review of Rural Traffic-
Counting Methods in Developing Countries

problemas de calibracién entre unidades del
mismo tipo. Por eso los resultados de un pais no
tienen relacion cuantitativa o significado para
otro pais. Este texto propone el desarrollo de un
Indice General de Rugosidad que sirva como
base de comparacion entre los dispositivos me-
canicos individuales y entre distintos tipos de
dispositivo. Tal indice aumentaria el valor en uti-
lizar perfiles de superficie 0 medidas de rugosi-
dad en todo el mundo para (a) el contrdl de ca-
lidad en la construccion:; (b) la localizacion de
“:ambins anormales en el camino debido a, por

ejemplo, problemas de drenaje o subalveas; (c)
dislribucién de recursos para la conservacion
del pavimento a través del sistema: y (d) identi-
ficacién de antecendentes de la utilidad y ren-
dimiento del pavimento.

El octavo texto es A Review cf Rural Traffic-
Counting Methods in Developing Countries (Un
repaso de los métodos de conteo de transito
rural en los paises en desarrollc, Transport and
Road Research Laboratory, U K., 1972). Se ha
incluido porque la tercera entrada principal de in-
formacién en la evaluacion econémica de las es-

pays. Ceci a cause de I'utilisation de différents
appareils et de problémes de calibration entre
certains du méme type. Ce texte propose le
developpement 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 & travers le
monde pour (a) le contréle de qualité en
construction; (b) la localisation de changements
anormaux de la surface routiere dis par
exemple & des problémes de drainage ou de
Sous-sol, (c) les dotations pour I'entretien des
chaussées de tout le réseau routier, et (d)
lidentification des antécédents de viabilité et de
rendement des chaussées.

Le huitiéme 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 troisieme
composante principale de I'évaluation économi-
que des stratégies d'entretien, est le nombre et
le genre de véhicules utilisant la route a entrete-
nir. (Les deux autres composantes étant le cout
de I'entretien et le colt d'exploitation des véhicu-
les.) En dépit des avertissements donnés dans
le texte choisi no. 2, que la détermination du
codt d'entretien varie d'un endroit & l'autre, et
pour différents niveaux de service, et ceux du
texte choisi no. 4 que la base de données empi-
riques concernant le cout 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 étre ine-
xacte.
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(Transport and Road Research Laboratory, U.K.,
1972). Itis 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.) In spite of the warnings given in
Selected Text No. 2 thal the determination of
maintenance costs varies from place to place
and for various levels of service and in Selected
Text No. 4 that the empirical data base concern-
ing vehicle operating costs is somewhat limited,
none of the previous texts address the possibility
that determination of the base traffic volume may
be inaccurate.

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

mates from random counts are a function of the
following:

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

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

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

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

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

trategias de conservacion es la cantidad y tipo
de vehiculos que utilizan los caminos a conser-
varse. (Las otras entradas son los costos de
conservacion y los de operacién de vehiculo.)
Aun cuando el Texto Seleccionado N° 2
menciona que la determinacion de costos de
conservacion varia de lugar en lugar y para los
distintos niveles de servicio, y el Texto
Seleccionado N’ 4 nota que la base empirica de
datos respecto a los costos de operacion de
vehiculo es algo limitada, ningun texto previo
menciona que la determinacién del volumen de

transito base posiblemente sea errénea.

Este texto repasa los métodos de conteo de
transito rural en los paises en desarrollo en 1970
y examina la precisién de los estimados de flujo
resultantes. Aunque la duracién, frecuencia, y
programacion de los conteos de transito varian
en los distintos pafses estudiados, todas Ias
técnicas de conteo producen muestras al azar
de volimenes de transito en lugar de un verda-
dero ADT. Los errores de estimados de ADT
calculados a base de conteos al azar son una
funcién 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 I'an-
nee des comptages de trafic varient pour les dif-
ferents pays étudiés, toutes les techniques de
comptage produisent des comptages de traffic
faits au hasard plutét 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 a de plus grandes er-
reurs que les volumes de trafic trés importants).

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

3. La répétition du comptage (les erreurs pro-
venant de comptages répétés sont peu prés
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-
ferentes varient, a différents degrés, du TIM
exact).

Le neuviéme texte est extrait de The Sensitivity
to Traffic Estimates of Road Planning in Develop-
ing Countries (La sensibilité de la planification
routiére aux calculs de trafic dans les pays en
voie de développement, Transport and Road
Research Laboratory, U.K., 1973). On évalue
Fimpact, 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 Internal Rate
of Return (IRR) to changes in the estimated
present daily traffic and traffic growth, is tested
against 10 road projects in developing countries.
The analysis shows that the IRR is generally very
sensitive to errors in estimates of present daily
traffic an 1 is somewhat less sensitive to errors in
traffic growth. This is due, perhaps, because the

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

2. la duracién del conteo (la exactitud de los
estimados resultantes de ADT aumenta mas o
menos en proporcién a la raiz zuadrada de la
duracion),

3. larepeticion del conteo (los errores de re-
petlidos conteos son aproximadamente propor-
cional a la inversa de la raiz cuadrada de la du-
racion total del conteo), y

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

El noveno texto fué extraido de The Sensitivity
to Traffic Estimates of Road Planning in Develo-
ping Countries (La sensitividad de planeamjento
vial en paises en desarrollo a los estimados de
transito, Transport and Road Research Labora-
tory, UK., 1973). Evalua el impacto del proceso
de toma de decisiones en el planeamiento de

conservacion vial, y la diminucién de errores de
conteo examinados en el texto anterior. Este
texto asume que el costo total de conservacion
por ano por largo de unidad es igual a una cifra
fija mas ADT multiplicado por un constante. Se
ha demostrado en los textos anteriores que esta
suposicion del estimado del costo de conserva-
cion como funcién lineal del trénsito es anti-
cuado. Sin embargo nos permite desarrollar una
relacion simplificada entre volimenes de tran-
sito y costos de conservacion. La relacion del
cambio de porcentaje en el costo de conserva-
cion al cambio de porcentaje en el nivel de flujo
de transito se define como la relacién de sensiti-
vidad.

La sensitividad de criterios utilizados para la
justificacion econdmica para mejoras viales,
como es representada por la sensitividad del
Coeficiente de Ingresos Internos (Internal Rate
of Return —IRR) a cambios en los estimados ac-
tuales del transito diario y el aumento de tran-

xxxi

avons discutées dans le texte précédent. Ce texte
assume que le codt total annuel unitaire de I'en-
tretien est égal & une somme fixe, plus le TIM,
multipliés par une constante. Le fait d'assumer
le codt d'entretien comme fonction linéaire Gu
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 cout
d’entretien. Le rapport du changement en pour-
centage du codt d'entretien, au changement en
pourcentage du niveau de flux du trafic, s’ap-
pelle le rapport de senc ibilité.

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

ral trés 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 du, peut-étre, & ce que
I'actualisation des avantages des améliorations
routieres, réduit I'effet de incertitudes a long
terme.

On évalue aussi la sensibilité du IRR: (a) a 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 derniére projections de trafic est
incluse.

Bibliographie

Les textes choisis sont suivis d'une bréve biblio-
graphie contenant ies données de référence et
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discounting with time of the benelfits 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) induced traffic, and (c)
changes in traffic composition with time. Itin-
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 9 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.

sito, se ensaya en 10 proyectos viales en paises
en desarrollo. El andlisis indica que general-
mente el IRR es muy sensitivo a errores en los
estimados de transito diario actual, y algo
menos sensitivo a errores en el aumento de
transito. Esto es debido, quizas, a que con el
paso del tiempo la disminucion de los beneficios
de mejoras viales, reduce el efecto de lo incierto
a largo plazo.

El texto tarnbién evalua la sensitividad del IRR
a (a) la compusicién actual de transito (la sensi-
tividad aumenia a medida que aumenta el por-
centaje de vehiculos pesados), (b) transito in-
ducido, y (c) cambios en Ia composicion del
transito al pasar el tiempo. Incltye una seccion
que habla sobre errores comunes en la determi-
nacion de las dos ultimas proyecciones de tran-
sito.

Bibliografia

Al final de los textos seleccionados el lector en-
contrara una breve bibliogre fla 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
articulos, informes, y libros que podrian nom-
brarse, no es el propésito de esta bibliografia
mencionar todas las posibles referencias gue se
relacionen con el tema de este compendio. Con-
tiene Unicamente aquellas publicaciones de las
cuales se selecciond texto y publicaciones ba-
sicas que se habrian seleccionado si no hubiera
un limite al numero de paginas en este com-
pendio.

les analyses de 24 publications. Les 9 premiéres
s'en référent aux textes choisis. Les 15 autres
décrivent des publications apparentées au
theme des textes choisis. Bien qu'il y ait beau-
coup darticles, rapports et livres qui pourraient
étre inclus, I'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 &
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 in the selected text have
been reproduced in the compendium itself.

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

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

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

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

Textos seleccionados
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B. THE ECONOMIC ISSUES OF HIGHWAY MAINTENANCE

Introduction

1. 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 expenditure; in Great Britain
for instance, expenditure on maintenance is running at about £500m per
annum, approaching a half of all hi. hway expenditure. To consider the
subject as being a problem is therefore appropriate,

2. “Highway Maintenance” is not easy to define precisely. In fact, it is in
practice very difticult to separate completely highway 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,
strictly, road work 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 decentraliced activity. Central Goveinment only has direct
responsibility for maintaining trunk roads and motorways, albeit that
these are the most heavily trafficked part of the network and incur about
15% of total expenditure. Local authorities are responsible for all the rest
in the sense that they spend the money, decide the work to be carried out,
and the particular maintenance standards to be airned at. Local authority
roads represent over 95% of the total network. But a large part of local
authority maintenance work is funded by Central Government grant, the
distribution of which is determined in discussion with the authorities’
associations. It is in this context, and particularly to help local authorities
in deciding their own priorities for maintenance, that there is an urgent
need to determine in economic terms the correct level of expenditure for
maintenance, the standards to be aimed at, and appropriate assessment
method.

Economic Perspective and Issues

4. We adopt in_this sub-report an economic perspective on highway
maintenance. Economics is concerned with the allocation of available
resources between alternative uses. In this context, we are concerned
particularly with the efficient allocation of resources, questions
concerning the distributional effect of allocations between various sectors
of the community being here of lesser concern.
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5. Given this perspective, a number of issues can be immediately identified.
Some of these relate to misconceptions concerning the application of
economic principles to highway maintenance; others to general
difficulties of putting into prectice a fully economic approach, at least at
the present time. We deal with these in order.

6. Issues involving misconceptions from an economic point of view are as
foilows:

i. There is a fairly widespread belief, among both engineers and
members of the public, that highways should be perfectly
maintained. For instance, it is believed that access should always be
maintained, implicitly under evasn the worst winter conditions (and
by ‘“worst” here we ought perhaps to interpret the desire
statistically, as say 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 recognizes the exiremely high cost
of seeking perfection in such matters (for instance, the cost of all the
extra equipment needed for the worst winter). It seeks instead simply
to balance the extra costs associatc | with an improvement in service
against the extra benefits yielded.

ii. Closely related to this is a belief, held particularly by engineers, that
a road is a national asset, the maintenance of which is therefore
justified in its own right. This is erroneous because if 4 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 traffic 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, any preconception, such as is sometimes. held by
finance ministries, that maintenance costs should be minimised, is
also erroneous. It is wrong to imagine that in matters of riaintenance
the ideal is to get through a year having spent the leas( possible. Less
maintenance means a lower quality of service give:n in the course of
the vear.

iv. We wrote above of the traffic level as being the main determinant of
value and thus maintenance expenditure. But we recognise
additionally that road maintenance has a general beneticial effect on
the environment or “‘quality of life”. For inspance, decisions are
positively taken to maintain better 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 of 1% of the cost of constructing it. From the above
however, any argument for more maintenance based on the
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smallness of this percentage is irrelevant ~ although of course the
absolute magnitude of the consequences may dictate priorities.

vi. Level of service criteria are commonly employed for maintenance
decisions, as well as for new construction: simplicity of approach
makes this desirable. If benefits are related fairly directly to level of
service, this is obviously reasonable from an economic viewpoint as
well. But the corresponding cost must always be considered, as our
extreme winter example indicates. Moreover, the pressures on
public expenditure now are such that a common level of service
cannot be afforded for everyone on an equitable basis. This can
readily be agreed for another extreme example: a man who takes
himself off 10 live on Mont Blanc and demands, on cquity grounds,
that he is given the level of service in terms of road access tha. is a
proper expectation in a modern society. This example raises some
difficult distributional issues: but its general message is clear. There
is some general recognition of this problem but at the same time
there is some general expectation of equity.

vii. Finally, a frequent argument for increased maintenance funds is that
their shortage will lead to the need for increased expenditure later,
because roads will then be in worse condition. This argument is
valid in principle; but its correctness depends on the increase in
expenditure involved in delay and the discount rate applicable in
comparing present and future expenditures.

A strong warning is thus necessary against a number of conceptual errors that
are commonly made on the subject of highway maintenance,

7. We now turn to general issues in purting into practice a fully economic
discipline for highway maintenance activities. These arise both from the
highly disaggregated and from the amorphous nature o. highway
maintenance: firstly, many individual maintenance activities are
extremely small in scale (consider again pothole repair), so that the
control of all individual activities cannot be centralised; and secondly,
many operations, particularly those of a *“‘cyclical” character such as sign
cleaning, gully emptying and grass cutting, are amorphous in nature,
This has meant that it is very difficult for a government authority to
know what is going on in highway maintenance as a general picture; it is
furthermore difficult to establish standards for maintenance - both
standards to aim at in repair and also intervention standards ~ that have
any uniformity of application in all the variability of local circumstances,
including particular local resource constraints. There is in fact a
considerable tension between the whole concept of such engineering
standards, intended for a uniformity of application, and a fully economic
approach in which what is done should depend ideally on the particular
benefits that are expected from the individua! maintenance activity, the
particular cost of the work involved, all subject to both national and local
resources constraints in terms of expenditure and manpower.




Compendium 11

Text 1

— 32—

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

8. This problem also appears in a different guise in the relationship between
the overall expenditure budget available for highway maintenance, either
national or for the particular area, and the myriad of individual
maintenance activities on which this expenditure is incurred. Properly,
ine 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 resource, available are such
that all this is beyond current capabilities. Resource budgets, both
national and local, naturally tend to have a strong stability in their own
right. Conversely, the short lead time of maintenance works makes them
a favourite focus for short-term changes in central government policy
with regard to expenditure or employment. Both these factors may
cbviously be contrary to a truly efficient allocation of resources.

Some Current Technical Problems

9. At the present time, we cannot therefore say that the approach we
advocate has been successfully translated into practice. There are also the
following current problems of a rechnical nature that have to be overcome
or resolved before we can be assured thar highway maintenance
operations have an efficient basis:—

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

b. Standard measures of actual road condition have to be identified and
agreed (eg rut depth, degree of cracking); in highway maintenance, a
major problem is that there are few in the way of obvious, single
measures to adopt. The use of machines, such as the Deflectograph
for measuring pavement deflection to indicate residual life, and
Scrim to indicate the coefficient of friction, may be desirable. This
problem has naturally led to the adoption of comprehensive
mwinlenance rating systems, such as the British CHART,
aggregauing the deficiences of a stretch of road in some weighted
points rating, but which are nevertheless neither fundamental
physically nor essentiaily economic;
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There is also a need for definition of the basic structural
characteristics of existing roads, because the appropriate solution to
an obvious deficiency is often dependent on “‘what lies beneath the
surface”, and, particularly in the case of older, more minor roads,
this latter is frequently unknown, The establishment of a road
inventory for road maintenance purposes is a frequently expressed
objective.

In the case of a pavement, it is presumably economic to re-surface
rather than to await the need for a complete reconstruction. But the
correct timing of resurfacing operations can be critically dependent
on tie rate at which a pavement deteriorates after the initial warning
signals. There is still too little knowledge about rates of pavement
deterioration, especially for the older, “undesigned” roads;

In Great Britain, at least, there is as yet insufficient available in the
way of unit cost information for maintenance operations eg a
[ ” . .

standard” cost for pot-hole patching. Obviously we cannot analyse
a maintenance situation to determine the most efficient strategy if we
do not know the costs of carrying out one type of operation compared
with an alternative;

We know relatively little about the benefirs of maintenance, for
instance: reductions in speed with road conditions; rates of vehicle
deterioration; accident rates. In this ignorance, the full cost benefit
analysis approach cannot be applied. But we do know, if we accept
that the prime purpose of roads is to carry traffic, that maintenance
expenditure should be directly related to the traffic flow, and
therefore not necessarily simply to the class of road. This does lead
to the possibly useful concept of a maximum maintenance value for a
particular road, corresponding to the maximum value of the benefits
realisable by it;

In the absence of the complete cost benefit analysis, there must be
resort to using engineering standards for maintenance operations.
But such standards must be related to economic considerations;
experience has shown that otherwise they will be impracticably
luxurious. Standards must define both an intervention and a
restoration level. Some countries already carry out their maintenance
operations fairly consistently according to a national set of standards
eg Finland;

Accepting its proper importance in determining maintenance
decisions, the counting of traffic flow for the purpose is by no means
straightforward. Traffic flow sensibly varies from link to link: it
should therefore be identified for each link, which is a major task.
Moreover in terms of damage, as opposed to benefits, it is heavy
traffic, specifically heavy axles, which is responsible for pavement
damage; there is currently no satisfactory, standardised way of
carrying out heavy axle counts simply and comprehensively over the
complete network;
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i. The focus of the above remarks has been pavement maintenance,
which typically constitutes a substantial fraction of the whole,
However, there are many other types of maintenance operation,
typically of a “cyclical’ character, such as grass cutting, sign
cleaning, gulley emptying. Any objective, economic analysis of these
in the above terms is obviously more difficult still.

Some Current Directions of Development

10. The difficulties of applying a full economic discipline to highway
maintenance are thus very considerable, far greater than in the highway
construction field. In the state of affairs identified above, it is at least not
clear that resources are being used efficiently cn highway maintenance -
with the problems exposed, and in the absence of better knowledge, it is
only sensible to assume that much needs to be done before we have the
assurance that the overall expenditure incurred on highway maintenance
is too high; but also possible that it is too low. The total amount of public
expenditure involved, and the resources it represents, justifies a
considerable concern.

11. 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 and local
government working in consort. The principle generally accepted is the
economic one outlined in this paper, as far as it can be given sufficient
realisation. It is thus seen that maintenance expenditures should be
related to the resulting benefits over time, taking into account the
appropriate discount rate. This has been given expression in a formal
economic model called PAVMO, which is focused on optimising
expenditure decisions on particular stretches of road, by comparing cost
streams with benefit streams. In some, but not all, situations, it could
well be that decisions are appropriately taken on the basis of minimising
the total discounted stream of costs and ignoring user benefits such as
time savings and comfort. But further work needs to be done to make this
model operational, particularly on the engineering inputs, as already
indicated. One plan to provide such information is to carry out ¢ series of
site experiments in order to assess the user and maintenance costs
associated with alternative maintenance strategies and treatments; but the
very nature 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 difficulties in the field of highway maintenance is that of
obtaining pictures at a national level of what is going on, as already
mentioned. But at the national level, a relatively straightforward way of
endeavouring to judge the size of the national highway maintenance
expenditure is from a knowledge of the trend of national road conditions
over time. A time series of conditions on an adequate national sample of
sites should at least indicate whether things are getting better or worse
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(although it will be recognised that this is not the fully economic
approach propounded above.) Such a survey has been established in
England, called the National Road Maintenance Condition Survey,
which is now in its third year, in which specific road defects are
identified and measured on a large number of sample sites. Here the
problem currently being faced is how to combine all these separate
measurements tc give a simple, overall indication of condition, the
problem of Paragraph 9b. Also, as a separate piece of work, a regular
analysis is carried out by central government of maintenance expenditure
by sub-head for all local authority areas, using regression analysis with
independent parameters such as traffic levels, kilometres of road in the
area by class, etc, in order to see whether any clear pattern emerges
between different authorities’ spending on this relatively simple basis,
This regression analysis is fairly sophisticated, although the need for
further development is recognised, and it is not yet fully accepted by all
concerned.,

Final Remarks

13. Our whole address is directed towards an eventual, rational answer to the
maintenance engineer’s question: “What should I do?”” Expenditure on
highway maintenance is such that it is economically important, and
severe financial restraints are likely to continue on it: thus the major
determining factor is already economic, and we believe that it is only
rational that the economic decisions on the use of the funds available
should be economic as well. Much has been done in recent years, but
much remains to be done, as we have seen. The alternative is that we
must accept the need to forego the rational approach advocated.

14. A number of issues of principle has been identified in this sub-report, all
of which in the end relate to the level of maintenance. The general
answers to these issues — such as the concept of perfect maintenance —
are clear enough, even if they as yet need to be given more detailed
expression. A number of issues has also been identified in the general
application of rational, economic methods, relating to the problem of the
disaggregate and amorphous nature of highway maintenance work.
These problems included those of specifying an appropriate information
and control system, in identifying maintenance standards, and ensuring
that the latter are economically sensible. There is a number of more
detailed technical problems still to be overcome in the field before there
is satisfactory progress: these include the difficult question of physical
measurement for highway maintenance, the provision of adequate
information in the form of a road inventory if it is considered desirable to
g0 in this direction, a better understanding of the structural performance
of pavements over time, and relating maintenance work in a rational
manner with actual traffic flows.

15. In final summary, perhaps the complication of the whole subject of
maintenance raises fairly acutely the issue of the simple hierarchical

concept of management and decision-making. For instance, what degree

11
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of freedom of action should be given to the foreman of a maintenance
Bang equipped to repair pot-holes? Is the foreman to be given discretion
over which pot-holes he fills in, discretion which is justified because he is
the “man on the spot”, and because it is his responsibility to keep the
resources in his charge utilised? But such freedom of action may be
contrary to a more efficient treatment of the deficiency indicated by the
pot-hole — for instance, an overlay might be a more desirable treatment.
Similarly, the full feasibility of the hierarchical concept is questionable at
the level of decision on the overall maintenance budget for the coming
year. In text book terms this should be resolved against information
representing the aggregation of all the separate, foreseen needs. In
practice, such aggregation is weis nigh impossible: for instance, what
measures does one use at the different levels in the aggregation process to
keep a proper indication of the relative severity of need; and more
generally, is such a perfect hierarchical process administratively feasible?
These are important questions, determining the nature of the technical
information required for decision making, as well as the organisation of
maintenance and responsibilities within it.

FEDERAL REPUBLIC OF GERMANY
Accounzs Furnished by a Road Maintenance Centre

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

(on average)

Maintenance of Carriageway 14.9%

Maintenance of Structural Works 2.5%

Maintenance of Installations of Drainage, Verges, Banks,

etc. 11.2%

Maintenance of Trees, Bushes, Shrubs, Grass etc. 18.3%

Maintenance of Panels, Signs, Installations for Hazards,

including Road Markings 8.6%

Cleaning of C: rriageways, Pavements, Cycle tracks,

Verges, Banks, Ditches, Parking areas 3.0%

Winter Maintenance, including Meteorological Hazard

Signs 16.8%

Traffic Safety Measures by Inspections of Road Sections,

Accident Works, Diversions 5.2%

Maintenance and Reparation of Equipment and Vehicles 13.0%
. Traffic Surveys, Land Surveys, Inspection of construction

works 6.6%

100%

This only concerns productive costs of maintenance activities, i.e. time lost by
illness, holidays, etc., have not been taken into account.
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BELGIUM
Road Maintenance Expenditure 1976
State Highway Network
Expenses % of t0tal

(Million F.) |expenditure
Major Carriageway Works
(Reconstruction, Haunching & Resurfacing)]  847.836 21.70
Surface Dressing and Special
Skid Treatments
Patching and Minor Repairs 1.559.915 39.92
Drainage and Gulley Emptying
Structural Works (Bridges and
Remedial Earthworks) 73.021 1.87
Grass Cutting and Hedge Trimming 195.224 5.00
Sweeping and Cleansing 80.227 2.05
Traffic Signs and Pedestrian Crossings 44.270 1.13
Road Markings 174914 4.48
Other Highway Works
(Footways, Cycle Tracks, Kerbs,
Fences and Barriers) 95.711 245
Wiater Maintenance 371.058 9.50
Stree. Lighting 465.034 11.90
Total 3.907.210 100.00

FRANCE

Maintenance Programme 1978

Main Stations

Carriageways and Side Roads MF %
Coordinated overlays 498 31
Ordinary Motorways 177 11
Preventive Maintenance of National

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

agreed budget 134
major repairs 40 174 11

Structural Works 59 4

Maintenance of Equipment 63 4

Car parks and Service areas 39 2.5

Winter Maintenance 74 4.5

Various 37
Total Maintenance 1515
Marking (exploitation) 70 5

13
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Total Maintenance Expenditure for all roads in England
1976/27 (Nov. 1978 Prices)
Local Authority | Motorways & Trunk
Roads Roads
Operatioas Expendi- % of [ Expendi- % of
ture (£m) | Total Exp. | ture (£m) [ Total Exp]
Major Carriageway Works
(Reconstruction, Haunching
& Resurfacing) 83.1 22,4 13.60 30.7
Surface Dressing & Special
Skid Treatments 23,5 6.3 1.01 23
Patching & Minor Repairs 4.5 12.0 2,95 6.7
Drainage & Gulley
Emptying 18.5 5.0 2.26 5.1
Structural Works (Bridges &
Remedial Earthworks) 8.5 23 3.65 8.3
Grass Cutting 8: Hedge
Trimming 19.3 5.2 1.34 3.0
Sweeping & Cleansing 26.7 7.2 2.35 5.3
Traffic Signs & Pedestrian
Crossings 16.2 4.4 3.54 8.0
Road Markings 6.0 1.6 1.19 2.7
Other Highway Works
(Footways, Cycle Tracks,
Kerbs, Fences & Barriers) 42.3 11.4 3r, 7.0
Winter Maintenance 19.0 5.1 4..8 9.4
Street Lighting 63.4 17.1 5.10 11.5
Total 371.00 100.00 44.25 100.00
POLAND
Maintenance expenditures for public roads from
State Government Budget
Estimation
%
Major carriageway works
reconstruction, haunching and resurfacing 41,5
Surface Dressing and minor maintenance works and repairs 16,0
Drainage and Gulley Emptying 4,9
Bridges repairs and maintenance works 2,8
Grass, trees and hedges maintenance works 2,6
Traffic signs and road markings 2,7
Sweeping and cleansing 0,5
Winter maintenance of roads 26,6
Other works 2,4

100,0
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MAINTENANCE COSTING METHOD
FOR LOW-VOLUME ROADS

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

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

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

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

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

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

Publication of this paper sponsored by Committee on Maintenance and Operations Costs.
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factors that cause maintenance costs to vary from highway section tc 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 little or nothing is available for new roads of new design.

This paper describes a procedure developed to predict maintenance costs of a pro-
posed road system in Sudan. The procedural concepts may have utility for estimating
highway maintenance costs on systems in other portions of the world.

IMPORTANCE OF MAINTENANCE

It must be emphasized that the failure to provide adequate support for highway main-
tenance results in decreased quality of service and deterioration of the initial invest-
ment. Once a highway facility has been constructed, any change in maintenance pro-

is further complicated by the fact that the quantification of this interrelation has not as
yet been established.

As road facilities are extended and improved, maintenance commitments accumulate,
The magnitude of this is often not realize.. In the feasibility study of any one facility,
the annual maintenance charge, in absolate ter.ns, will most likely be smaller than the
annual construction costs or user costs. However, for 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 costs are a 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 probable costs
indicated. Too often, maintenance is done as needed or as funds are available. The
fact that mainterance needs to be initia*2d upon termination of construction is seldom
noted. Deferring of such maintenance can mean the deterioration of the leve] of ser-
vice, necessity for higher future expenditures, and possible loss of investment. Thus,
the planning for maintenance should have an important position in the development of
low-volume road systems.

When this is done, the developing countries will necessarily realize that it is im-
portant to construct a system to a level within the countries’ ability to properly main-
tain it. The availability of skilled and semiskilled personnel and financial considera-
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 the 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 schedule emergency mainte-
nance factors. These are due to unusual occurrences caused by flooding, earthquakes,
military action, and so forth. Because of the relatively rare occurrence of these needs
and the conditions under which the work is performed, there is little information con-
cerning their costs, Therefore, this type of maintenance is not considered in this
paper,

The periodic resurfacing of roads includes the addition of gravel or the addition of
a bituminous surface treatment, which is required on a relatively 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 initial construction 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 conducted on a continuing basis, This can be subdi-
vided into the following operations: surface and shoulder maintenance, maintenance
of drainage facilities, maintenance of the roadside, maintenance of traffic control
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devices, and maintenance of bridges and other major structures. Discussions of each
of these as related to gravel versus paved surfaces can be found in the literature (1).

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

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

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

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

MAINTENANCE COSTING METHODOLOGY

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

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

Because the various items that make up the maintenance cost change depending on
the location of the road as well as the road design, the total maintenance cost will vary
from area to area within a country even if traffic volumes are equal in each area.
Therefore, the first step in the maintenance costing procedure is to divide a region
into areas of similar pavement design with equal cost of maintenance materials and
maintenance equipment,

For Sudan, the equal cost areas were defined based on information gathered by the
fleld team und on laboratory tests concerning soil characteristics, construction ma-
terial availability, and water avallability. The northern section of Sudan was divided
into 13 areas as shown in Figure 1. Each area, A through M, displays homogeneous
characteristics that tend to cause all construction and maintenance activities and costs
in the area to be similar. Thus, within each area it was assumed that the distance be-
tween wells is constant, the distance between gravel sources is constant, and the phys-
ical design of the pavement structure is constant. Because each area is distinct, it
follows that the construction and maintenance requirements in each area are different
from those in other areas.

Preparation of Construction Equipment Packages

Knowing the areas of similar cost, our next step was to actually determine the costs
associated with each area. The subject of road maintenance costing is only rarely dis-
cussed in the literature. Apparently nothing factual has been written concerning de-
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 maintenance costs, most studies have
used a fixed cost per mile for all maintenance on roads of a certain design. At the
same time, planners have used relatively accurate costs for vehicle operation on the
road. Actually, the analysis problem is as sensitive to changes in construction and
maintenance costs as it is to changes in vehicle operating costs, Fixed cost-per-mile
estimates lead to serious errors in the analysis because there is considerable economy
of scale. For example, the cost of maintaining 1 mile of gravel road might be $2,500,
whereas the cost of maintaining 40 miles of the same road might be $1,100 per mile.
Within certain limits, which vary from project to project, the larger the project is
the lower the unit price is. This cconomy of scale is most noticeable at the low pro-
duction rates prevalent in most underdeveloped countries that can only afford to build
and maintain a few miles of road each year. In light of this, it was concluded that
maintenance cost formulation that considered the economy 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 resolved by
using the normal bidding procedures utilized by contractors for road maintenance proj-
ects. The procedure entailed determining the pavement design prevalent in the area,
selecting a package of construction equipment required to handle the maintenance tasks,
and costing the maintenance price per mile for projects of varying length,

For each homogeneous cost area shown in Figure 1, a package of construction equip-
ment necessary to complete the maintenance activities was selected. This was done by
selecting appropriate equipment units and then combining the units into groups termed
equipment packages. For example, an equipment package for maintenance of an earth
road could coneist of two dump trucks, one rubber-tired roller, one water truck, one
front-end loader, and one motor grader,

Next, the total hourly cost to own and operate each paclage was computed. This
procedure involved obtaining hourly owaership and operating costs for each unit in the
package and summing the indlvidual costs to compute the total hourly costs. Severe
depreciation rates recommended either by the Association of General Contractors
Ownership and Expense Manual or by equipment manufacturers were utilized.
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In most cases, a single package was not suitable for handling a wide range of pro-
duction rates on a project. Large-sized units of equipment can be used to maintain a
small project, but they cannot be used economically. Therefore, each package was
customized to fit a specific 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 units 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-
low 25 ADT, and the size of the package was increased as the traffic volume on the
road increased. Typical packages suitable for maintaining unsurfaced roads in Sudan
are given in Table 1.

Formulation of Maintenance Cost Equations

It is a much simpler procedure to estimate costs of a maintenance project for 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 econoniic consequences of inefficient use of construction equip-
ment packages. As is shuwr in Figure 2, for a specific construction package the cost
per mile decreases as the production rate increases until the operational efficiency of
the package 1s exceeder, 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 expenditure. The equipment package requirements for routine mainte-
nance are different than the requirements for resurfacing.

Routine Maintenance Costs in Sudan

As previously indicated, the routine maintenance on aggrerate 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 sigms and
markings, and the general "housckeeping' of roadsides and drainage facilities. Figure
3 shows the expected typical relations between normal maintenance costs in Sudan and
traffic volume for an earth, rock road. The routine maintenance costs of bituminous -
surfaced roads operating at low-traffic volumes are relatively independent of traffie
volume. This cost was estimated at $1,200 per mile for a surface treatment, $1,340
per mile for a road mix, and $1,130 per mile for a hot-mix road,.

Resurfacing Costs

Gravel and bituminous surfaces require perfodic resurfacing in order to matntain
the standard of the roadway. The resurfacing vperations for both gravel and bitumin-
vus surfaces are essentially the same in emipment, material, and personnel as those
required for inftial construction, The costs prepared assume the optimum use of the
smallest particular construction package based on a 40-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 bee.use the period of resur -
facing is relatlvely short,

In the case of roads surfaced with crushed rock, it was assumed that the surface
would be rebullt every 6 years, and at that time 4 in. of new crushed rock weuld be
added. In the case of roads surfaced with gravel, it was assumed that the surface
would be rebullt every 6 years, and at that time 6 1in. of new gravel would be added,
The resurfacing cost was determined by prorating the initial construction cost, General
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. Aress of
homogeneous
construction and
maintensnce costs in
Sudan.

Table 1. Minimum
equipment packages
required for routine
maintenance of
unsurfaced roads.

Figure 2. Equipment
package cost-productivity
relation,
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TALODI O
i

Trallic Road Surface
Volume
(ADT) Earth Gravel Crushed Rock
0to 24 One 5-yd truck One 5-yd truck One 5-yd truck
Cne 2,000-gal water truck One 2,000-gal water truck One 2,000-gal water truck
Ove %-yd front-end loader One "4-yd front-end loader One %:-yd front-end loader
One motor grader One motor grader One motor grader
25to 49 Two 5-yd trucks One 5-yd truck Two 5-yd trucks
On=2 rolle: One roller One 2,000-gal water truck
One 2,000-gal water truck One 12-ton truck One ":-yd front-end loader
One '4-yd [ront-end loader One 2,000-gal water truck One roller
One motor grader One 1-yd front-end loader One motor grader
One motor grader
50 to 99 One 5-yd truck Two 5-yd trucks Two 5-yd trucks
Cne 12-ton truck Two 12-ton trucks One 12-ton truck
One 2,000-gal water truck Two roller: One 2,000-gal water truck
One roller Two 2,000-gal water trucks One roller
One 1-yd front-end loader Two 1-yd {ront-end loaders  One 1-yd front-end loader
One motor grader One motor grader One motor grader
100 to 399  One 5-yd truck Two 5-yd trucks One 5-yd truck
Three 12-ton trucks Three rollers Four 12-ton trucks
Twn 2,000-gal water trucks  Six 12-ton trucks Two 2,000-gal water trucks
Two 1-yd {ront-end loaders Three 2,000-gal water trucks One 1-yd front-end loader
Two rollers Two 1-yd front-end loaders Two rollers
Two motor graders Two motor graders Two motor graders
Yy
\\
\ SMALLEST
\  PACKAGE
\¢
MEDIUM
PACKAGE
\
¢ LARGEST
PACKAGE

HIGHWAY “MAINTENANCE COSTS, $/MILE

YEARLY PRODUCTION RATE MILES X
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Figure 3. Routine maintenance costs and traffic volume of esrth-surfaced road.
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loss is relatively constant for a moderate range of traffic volumes because the drag-
ging operation tends to have a greater effect on aggregate loss than does traffic per se.
The assumption that the Sudanese crushed-rock roads will lose only % in. per year
was based on the fact that the aggregate used in the construction has particle inter-
locking characteristics not found in natural gravel. Usually, natural gravels have
rounded particles that do not provide much mechanical particle interlocking. The
Sudanese crushed-rock aggregate will be highly angular, and it is therefore expected
that there will be a much higher degree of mechanical interlock between particles a. 1,
therefore, a decreased rate of loss. The different annual costs for certain areas for
resurfacing reflect the influence of the differential length of haul from aggregate
sources.

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

SUMMARY

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

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

The authors' paper has properly stressed the importance of maintenance for low-
cost roads, particularly as a factor in the planning 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
hichway expenditures was spent for maintenance {6). The type of road system they
discuss seems closer to the county-township type of 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 expenditures for state highway maintenance in the United States. Disregard-
ing 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 and 13 percent
for the low-volume states (6).

The authors were faced with the 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 maintenance 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, and 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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Figure 4. Maintenance axpenditures as percentage 120
of total stute highway costs.
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was included in their cost equation, i.e., as part of the equipment package or in support
of the equipment package. In developing resurfacing costs, the authors note that the
equipment package cost was based on a 40-hour week use assumption. No such nota-
tion is included for the maintenance equipment package. Therefore, the basis for de-
veloping hourly cost for the equipment is not clear. Some mention of the assumed
range of use would be helpful. Also, an indication of some of the other assumptions
wat must have been made related to frequency of equipment assignment to each mile
of road, treatment of supervisory cost, labor and material requireinents, and housing
and administrative costs would be useful additional information. However, it is as-
sumed that the equipment package generated a total cost that cou'1 be converted to a
per-mile maintenance cost by assuming a mileage in each homogeneous cost area. The
model shown in Figure 3 was apparently the result of plotting per-mile expenditures
from like areas of road design and mileage for different traffic volumes.

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

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

Better knowledge of road maintenance costs would be welcome in every country, but
the relative paucity of information and the need to examine various road design and
maintenance strategies in developing countries make better information on maintenance
costs particularly important in these countries. In the United States and Western
Europe, high traffic volumes, high values attached to motorists' time, and relatively
low cost of capital usually make it more economical to incur higher initial costs to con-
struct roads to higher standards to minimize road-user and maintenance costs. In de-
veloping countries, however, traffic volumes and values attached to motorists' time
are often much lower, and capital is8 much costlier, so that staged construction, with
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lower initial design standards and higher road-user and maintenance costs, may be the
optimum strategy. In some of these countries, relative labor abundance makes labor-
intensive methods of construction and maintenance more feasible, which has important
but relatively unexplored implications for road design and maintenance.

Thus, Bauman and Betz are quite correct in seeking to gain greater understanding
of road maintenance costs in developing countries and to develop methods for quantify-
ing and predicting them. Certainly, the approach they developed in Sudan, which 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 in 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 maintenance outlays in this manner implicitly as-
sumes a given maintenance policy, when in fact we want to investigate what mainte-
nance policy should be. If one is to examine alternative maintenance strategies, it is
necessary to distinguish the physical deterioration of the road from the response to
that deterioration. The effect of different maintenance standards 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 weli as the costs of the different maintenance routines. M, in
addition, one is to determine the best technology to effect a given maintenance standard,
it will be necessary to generate the whole set of alternative technologies specified in
terms of outputs achieved by a given set of inputs (equipment packages) and prices of
the various inputs,

Measurement of the physical deterioraticn of roads of different designs and the ef-
fect of alternative maintenance policies thereon ultimately requires some longer term
experimentation, which presumably was outside the 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 essily because deterio-
ration occurs rather rapidly if regular maintenance is withheld. A 2-year period of
study is quite sufficient to observe significant change in the condition of unpaved roads.
It is more difficult to establish deterioration relations for paved roads because deteri-
oration occurs much more -lowly. The only alternative to loneg-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 the effect of different maintenance
standards on road-user costs. A direct experimental approach, involving operation
of a fleet of instrumented test vehicles over experimental road sections where the con-
dizion of the road surface is measured, may provide accurate information on the effect
of different maintenance standards on vehicle speed and 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 maintenance, will yield additional information on vehicle depreciation and mainte-
nance costs.

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

We at the World Bank have been very much concerned with these questions, par-
ticularly the trade-offs between road design standards and maintenance costs and the
effect of different technologies thereon. Since 1969, we have been working in conjunc-
tion with other institutions to develop the methodology and empirical data necessary to
determine optimum highway design and maintenance 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 1971 on
road-user costs and road deterioration relations for alternative design standards and
alternative maintenance policies. We hope to have completed the initial field studies
of these relations by July 1973, but the study will have to be continued in order to gain
longer time-series observations on paved road deterioration. At the same time, we
are hopeful that similar studies may be undertaken in India and Brazil to capture a
wider range of physical and economic environments. The World Bank also has under
way studies on the technical and economic feasibility of alternative civil construction
technologies involving different combinations of labor and equipment. An initial survey
of existing evidence reached the conclusion that it i< technically feasible to use labor-
intensive methods of construction for most activities involved in constructing highways,
including higher standard highways, and that these techniques miy be economically
feasible under certain circumstances in labor-abundant economies. The next phase
of the study will concentrate on the adaptation of road design :o labor-intensive and
intermediate technologies and its implications for road design and maintenance strat-
egies and the problems of implementing changes in technologies, design, and mainte-
nance strategies,

Samuel F. Lunford, Arizona Highway Departmer*

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

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

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

These new maintenance management systems and the accompanying performance
budget methods of analyzing maintenance cost factors have been highly publicized and
reported in literature during the past 10 years. It was disappointing to find no mention
or consideration of these highly developed techniques in maintenance costing.
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In approaching the costing of maintenance operations in an environment without a
past history to relate to, the authors categorize maintenance into routine, emergency,
and periodic resurfacing. Emergency maintenance factors are immediately dismissed
as impossible to predict or schedule, Resurfacing maintenance is analyzed as essen-
tially the same as initial construction procedures and therefore costed in the same
manner. It appears, then, that the Important contribution this 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 investment,

Although emergency maintenance might logically be a minor cost factor, it should
be considered, especially with regard to the effects of natural occurrences on under-
designed 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 recognized 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 known
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 manner. Such an
approach offers a new opportunity to make further research and extend present con-
cepts of the state of the art.

Without a history base to quantify the many variables of maintenance activities, the
authors devised what might be called a system of common denominators, By grouping
similar environmental characteristics, a system of homogeneous cost areas was de-
veloped in which it can rationally be assumed that al) construction, maintenance, and
cost factors will be similar. This same rationalization is used by several states in
establishing regional performance standards for maintenance activities,

The second common denominator presented for evaluating costs was the construc-
tion equipment package. This approach is unique in concept, but it is not clearly de-
fined in the paper, especially 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
equipment package. The tolerance 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 equipment package 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 maintenance neces-
sary to support and protect the transportation iavestment,

The authors have injected an analysis consideration, which vrovides 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" adjustment to operational
data emphasized in this paper has been observed and considered in many construction
program cost estimates, but its application to maintenance cost projections may he 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, and
the approach to analysis was irnovative and unique. The importance of maintenance
costs to the total design consideration. 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 around issues concerned with assump-
tions used in the derlvation of the equations and with appropriate policies for mainte-
nance of a road system when funds are limited. Butler discusses the cost assump-
tions and ralses significunt questions concerning the methodology used in the derivation
of the cost equations. Harral discusses important policy issues. Laniord'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 ars . of concern seems to relate to the cost formulation process.
The process of deriving the cost formula for an equipment package was to assemble
the equipment units and manpower into a package, calculate all costs on an hourly ba-
sis, expand costs to an annual basis using number of work hours per day and number
of workdays per week typical in Sudan, estimate the maximum productivity of each
package in terms of number of miles of two-lane road per year, and develop cost
curves by holding annual equipment package costs constant and varying package pro-
ductivity, thus achieving a variable cost-per-miie output. The costs uced in each pack-
age were derived based on relations among hourly costs to own and operate the units of
construction equipment in each package, labor costs for equipment operators and su-
pervisory personnel, and material costs. The operational life of each unit of equip-
ment was computed in terms of total hours of life based on manufacturer's recommen-
datlons 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 as to maintain
all roads in their respective areas at a level sufficient to preserve the roadway in a
condition as close to the original as possible. This requived assumptions concerning
frequency of machining, daily productivity, and material replacement based on empir-
ical data from other studies. All assumptions are discussed in detail in the original
report (4). This meant that the maintenance policy proposed for Sudan assumed a high
level of service. At first glance, this assumption may not appear to be the most ap-
propriate policy for a country with low traffic volumes on neurly all its roads and with
limited funds. However. the policy for maintenance cannot be considered in an isolated
context. Instead. the policy for maintenance must be considered together with the pol-
icies concerned with design and construction. If stage design techniques are properly
used and a road is never overdesigned, a high level of service for maintenance appears
to be the appropriate policy.

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

ABSTRACT

The procedures adopted for the maintenance of earth rcads and surfaced roads is
descrided. Information is given on the staff required ‘per unit of work, together

with details of the equipment needed for both manual and sechanised maintenanoce,
and the materials o be used in the operation.

Costs are given in each case for staff, equipment and materials, leading to
the calculation of unit costs aend total costs for each type of work, udget
details are given for each type of maintenance work at 1976 prices and wages,
increased by quoted percentages to 1977 values.

The currencey quoted is the Franc CPA (Francs CFA 50 = 1 Prench Franc)
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1. MAINTENANCE OF EARTH ROADS
1.1 Introduction
The wurk on es~th roads involves both Danual and mechanized maintenance.

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

Mechanised maintenance consists of resurfacing, 1.e., the addition of
selected material to the road base which also serves as a wearing course, and of
reshaping operations, The reshaping can consist of major work on the carriageway
and a reconditioning of the ditches or it can ba 8 minor- operation involving the
levelling of local surface deformations (depresaions, corrugations) so as to
provide a better riding surface.

1.2 Basic data for calculating maintenance costs

1.2.1 Manual maintenance (by road sections) It is assumed that oae
maintenance worker i3 required per10 to 15 km of road. The number of xan
in a maintenance team is limited by the possibilities concerning their
displacement or local movement. A tipper lorry is allocated to each team
and the capacity of this vehicle determines the maximum nunber of men
available for work on a road section, On average these vehicles can each
carry three men in the cab, including the driver, and eight men plus their
eq.ipment in the rear. Thus a team consists ofs

1 ganger
1 driver
10 labourers

Totals 12 aen per temm

This team can maintain a total of 120 km of road for 1,870 hours ¢f werk
per year (170 hours per month for 11 months and 1 month paid leave),

1.2,2 MNechanised maintenance

1.2.2.1 Resurfacing The equipment used for resurfacing, given the
average transport distances involved (rarely exceeding 6 km) consists
typically of the followings
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1 bulldoser, 180 h,p.

1 greder, 120 h,p.

1 loader, 80 h.p.

2 tanker lorries, 220 h.p,, 10,000 1itres vapacity
! motorised pneumatic roller, 220 h.p., 15 ¢ wveight
! towable pneusmatic roller, 6t marimum load

! agricultural trector, 60 h.p,

4 tipper lorries, 10t capacity

1 tipper lorry, 6t capaocity

In principle two sets of the above equipment will be allocated to a
resurfacing site and inaddition the following will be available:

1 supervisory van
1 workshop trailer

The average progresa of a resurfacingsits is estinmated as 600 l3 of
additional compacted material laid on the road per 7 hour working day,

Allowing for bad weather it is estimated that the resurfacing teams
work for a total of 160 days per calender year,

1.2,2,2 Major reshaping Equipment for this operation oonsists typically of:

2 to 3 graders, 120 h.p.

1 towed pneumatic roller

1 agricultural tractor, 60 hepe

1 mupporting lorry, 3,5t capacity

The average progress for major reshaping is estimated s 5 km of
road per working day.

If we consider the atmospheric conditions that must apply for this
reshaping operation (the earth must be humid - not soaked or dry) and henoe
the need to work at ‘he beginning or the end of the rainy season and in any
case as allowed by iae frequency of the rainfall then it is estimated that
the major resurfacing teams work for a total of 60 days per calender year,

1.2,2,3 Minor reshaping The equipzent for this operation consists typically
of

2 to ) graders, 120 h,p. (the nuaber depending on the
width of the carriageway being treated)

1 supporting lorry, 3.5t capacity
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The average progress for minor reshaping is estimated as 20 lm of road
per working day with a total of 140 working days per calender year.

1.3 Costs of each item

1.3.1 Nanual maintenance (by road sections)

1.3.1.1 Staff

I-‘rancl[hour
Ganger 136
Driver 123
10 Labourers 851
1,110
Paid leave (1/12) 92,5
1,202.5
Social charges, eumployer's 222
contributions (18,5%)
1,424
Francs
Staff costs per year: 1,424 x 1,670 = 2,662,860
Site allowances (4%) 106,515
Total staff coats per year: 2,769,395
1.3.1.2 Minor equipment
5% of 2,662,600 133,144
1.3e1s3 Use of 3.5t SG4 lorry (40,000 km/yesr)
Prance
Depreciation 891,200
Repairs 1,086,000
Pued 526,400
Lubricants 130,000
2,633,600 2,633,600

TOTAL: 5,536,139

1.3.1.4 Cost per km of roed

Coat per ks j_.j%m - 46,134
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1.3.2 Resurfacing,
1.3.2.1 Staff

¥rancs/hour
1 bulldoser driver 132
1 grader operator 121
1 looder operator i21
2 tanker lorry drivers (2 x 129) 258
1 roller operator 16
1 agricultural tractor driur 116
4 tipper ).on? drivers (4 x 129) 516
1 supporting lorry driver 129
1 tally man 194
1 foreaan 150
2 lavourers (2 x 7) 1.8
2,001
lnnonMr

For a site having tvo teams: 2,001 x 2 = 4,002

1l site foreman 250

1 supervisory van driver 16

1 watchman 107

&b,475

Paid leave (1/12) '3712

&,87

Social charges, employers 896

contribution (18,5 %) —

5,73

Francs

Staff costs per year 1870 x 5,73 = 10,739,410

Site allowances (4 %) 429,576

11,168,986

Totel ataff costs per year: say 11,170,000
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1.3.2.2 Egquipment,

Costs in 10°P cPA
Use in Jm
Equipment or hours f:l:::;' Repairs Fuel :22- Totals
per year
Bulldoser 0960 h 2,923 4,080 1,056 N1 8,400
Crader 800 h 2,124, 2,222 705 320 5,31
Loader 1120 h 4,267 4,133 986 370 9,756
Tanker lorry 2 x
24,000 km | 20400 | 2462 | 1,550 216 6,628
Motorised
roller 640 h 792 ns 423 6 1,994
Towed roller 640 h 89 136 - 2 227
Agricultural
tractor 640 b a9 L8 32 60 751
4 tipperlorries 4 x
P 24,000 kn | “7% | 6,336 | 3,072 624 | 4,76
6t lorry 32,000 kx| 1,344 1,18, 704 160 3,392
Total 18,862 | 21,406 | 8,820 | 2,157 | 51,255
Total per site - (A) 37,724 | 42,832 17,640 | 4,31 | 102,510
(2 sets of equipment)
Supporting equipment
f:g”"“"y 40,000 kr. 468 580 470 56 1,57
Workshop
trailer 160 days 168 176 - 2 B 3
Total ~ (B) 636 756 470 58 1,920
Complete total = (A + B) 38,360 | 43,588 | 18,110 | 4,372 | 104,430
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1.3:2,) Total anmual axpenditure

Prancs
Annual staff costs 11,170,000
hnnual equipment costs 104,430,000
Total 115,600,000
1.3.2.4 Costs per w’

Output per year:

600 »° x 160 days = 96,000 "’
3, 115,600,000 _
Costs per m”; -25:360— = 1,200 F

143.] BReshaping The graders are used as follows:

1e3.3.1 Stalf costs - major reshaping

Francs/hour

3 grader operators (3x121) 363

1 lorry (6t) driver 129

1 foreman 150

1 towed rcller operator 116

2 labourers (2x7) 1,8

906

Paid leave (1/12) 75

981

Jocial charges, employers 181
contributions (18.5

1,162

1870 x 1,162 x 30%

3taff costs per year: =

Site allowances (4 %)

Total staff costs per year;

60 days per year for major reshaping, i.e. for 30 per cent of the total time
LU0 days per year for minor reshaping, i.e, for 70 per cent of the total time

Francs
Lancs

651,882
26,075

St— ——

677,957
say 678,000
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14343.2 Staff costs - pipor reshaping,
Francs/hour
3 grader operators 363
1 lorry driver 129
1 foresan 150
6,2
Paid leave (1/12) 55
695
Social charges, smplayers
contributions (18,5 5‘{' 1_23
823
ancs
Staff costs per year: 1870 x 823 x 2084 = 1,077,307
Site ullowances (4 %) 43,092
1,120,399
Total staff costs per year say 1,120,000
1.3.3.3 M-
3
Use in ke Costs in 10°F CFA
Bquipment nr hours
per year
2:{;::' Repairs Fuel 2::::' Totals
3 graders 3x1000 h 7,965 8,33 2,643 | 1,197 20,139
3.5¢ lorry 32,000 km 596 604, 421 75 1,696
Total 8,561 8,938 39064 1,272 21,835
Towed roller
plus towing 800 h 385 355 405 7 1,222
vehicle
Total - 8,946 9,295 3,469 1,249 23,057
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Total squipment costs per year:

Francs
Major reshaping 23,057,000 x 308 6,917,000
Minor reshaping 21,835,000 x 70% 15,284,000
1e3e3e4 Costs per im - zajor reshaping
Francs
Annual staff costs 678,000
Annual equipment oosts 6,917,000
7,595,000
Cost per kilometyre Z-LM 3 25,316
0 days x 5 km ’
say 25,500
1¢3.3.5 Costs per km - minor reshaping
Prancs
Annual staff costs 1,120,000
Annual equipment costs 15,284,000
16,404,000
Cost per Idlometre 16,404,000
140 days x 20 km : 5,858
say 6,000

1.4, Special anti-corrugation maintenance,

This is a previously established technique that was adopted and improved
for use in TPPERVOLTA commencing in 1972,

The technique 1s only applied in the dry season and on heavil
roada. A metal frame fitted with levelling blades is towed behind an
agricultural tractor so as to remove the early formation of any corrugations,
Two such equipments are required to deal with 80 km of road per day over a
carriageway width of 6m, These equipments are in use, on average, for 130
days per year,

This type of maintenance being unconventional has not been classified
with the more usual procedures considered in sections 1.1, 1,2 and 1,3,

1
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1.4¢1 Costs of anti-corruzation maintenance

1.4.1.1 Staf

Prancs/hour
Tractor driver 116
Paid leave 10
126
Socisl charges, employers 23
contribution (18.5 %) —
U9
Francs
Staff costs per year 18/0 x 49 = 278,630
Site allowances (4 %) 11,145
289,775
Total annual staff costs 269,775 x 2 3 579,550

(2 tractors)

1+4.1.2 Equipment

Costs in lO’F CFA

Bquipment [ 028 per year

Deprec- Repaira and Puel and Totals

iation replacement lubricants

parts

2 tractors 2 x 900 616 418 1,078 2,112
2 scrapers 2 x 900 360 216 - 576
Total 976 634 1,078 2,668

10
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1.4.1.) Costs per I of road

Frencs
Annual staff costs 579,550
Annual equipment costs 2,688,000
342674550
Cost per kilometre 267,550 1
130 days x 60 km i
say 320

2, MANUAL MAINTENANCE OF SURFACED ROADS

2.1 Introduction

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

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

2.2 Staff
Frencs
Annual cost (see seciion 1.3) 2,769,195
2.3 Minor equipment
Annual cost (see section 1,3) 433,000

1"
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2.4 Additionsl equipmont

-
Costs in 10’! CPA
Use in km Repairs
Equipment or hours
per year |Deprec- Lubri-
iation Replace-| Work- | FU°l | congs | Totals
mont skop
parts labour
Light lorry | 40,000 kn 891 803 283 527 130 2,63
Diatributar 700 h 165 95 36 185 21 502
Vibrating
roller 700 h 331 169 76 206 LA 816
Totals 1,387 | 1,067 395 918 185 | 3,952

2.5 Road building materials,

Costs: 80t !
800a
Total

2,6 Total annual expenditure

Staffr

Minor equipment
Additional equipment
Road building material

Total

80,000r
x 1,,500F

12

* Overseas department (Departement Outre Mer)

80 t/year

800 l’/]“l'

Prancs

6,400,000
11,600, 000

18,000, 000

—————

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

Chippings: 80t x 50 1itres/u’
5 ]

Annual costs (¥)

2,769,000
133,000
3,952,000
18,000, 000

say 24,854,000
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2,7 Cost per km of road.

as follows:

Wages

Social charges

Site allowances

Minor equipment
Depreciation
Replacement parts
Workshop labour

Fuel

Lubricants

Road building materials

13

2,85, ,000

120

Francs

18,999
3,515
901
1,13
1,n8
9,009
3,339
7,749
1,55,
152,082

210,000

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

Prancs

207,000
say 210,000

From the preceding calculations this cost per km can be broken down

Per cent

9.1
1.7
0.4
0.5
5.6
4.3
1,6
3.7
0.7
2.4

100,0

45
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EVALUATING THE ECONOMIC PRIORITY OF HIGHWAY MAINTENANCE

SOME CtXPLORATORY ANALYSES

L. Introduction

1.1 More than US$10,000 million is spent each year oo highway construc-
tion and maintenance by gdvernments in the developing countries in Africa,
Asia rnd Latin Aperica and the costs for vehicle operation borne by road
users is undoubtedly a much larger wmagnitude. The data do not perzit us to
discinguish how much of government outlay 1is spent on maintenance and how
such on sew construction, but it is clear that new construction is much
larger than maintenance in most African countries which sre scill developing
and upgrading their networks, while in some count:ies in Latin America and
Asia, vhere the existing network is already very large, maintenance expendi-
tures are iocreasingly overtaking new comstruction.

1.2 In North America and Europe high traffic volumes, high values
attached to motorists travel time savings and relatively plentiful capital
dictate high design standards and high paintenance standards. With several
thousand vehicles per day, even minute savings in operating costs of the
vehicle juscify very large expenditures to maintain the road in like-new
condition. Thus, until recently, very little attention has been given in the
scientific literature to t e problea of determining economic levels of road
maintonance. But circumstances in developing countries are different =-
traffic volumes are lov, facomes and values attached to travel time savings
are low, and ahove all there is a shortage of financial resources ino general
and foreign exchange in particular.

1.3 The severe competing demands for limited resources dictates that
African and other developing countries pay more atteation to the economic
design of highways and maintenance programs. But how are wve to estimate
the economic return on maintenance outlays? “hat is the benefit to soclety
of another dollar (or pound or franc) spent on maintenance cocpared to another
dollar spent on nev roads? -- or new investment in some other sector? 1Is
it more economical to spend a bit more money CO construct a stronger pave-
ment initially and thereby save future outlays on maintenance or, alterna-
tively should we follow a Stage comstruction strategy, economizing on the
initial construction and paying a bit more in the way of maintenance and
upgrading cost later on, when uncertaincies about traffic growth will have
been resolved? How auch, or heow little, should we spend to maintain paved
roads and how much to maintain gravel and earth roads? Does it matter much
if maintenance outlays are postponed during years of financial stringency?

1.4 Thesc are questions which urgently need answering., These are
questions to which we in the World Bank and our colleagues in the U.K.
Traansport and Rcad Research Laboratory, in the Kenyan Ministry of Works,

and at the Massachusetts Institute of Technology have been seeking answers
over the past decade. More recently further large studies on these catters
have been undertaken by the Goverament of Brazil with assistance from the
United Naticns Develcpnent Program and froa the University of Texas. Ale
though many of the questions cannot yet be answered in a fully satisfactory,
Scientific manner, I am glad that we can at least report some sigaificant
progress,
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1.3 Before 1 enter inco a decailed technical discussion, lat me sum~
marize some significant facts. In the World Bank ve are currently funding
some 20 to 25 highway projects per year. In the fiscal year ending June
30, 1977, 20 projects were approved involving Bank losns or YDA credit co~
talling US$6350 million, which on average constituted about 36 percent of
the total costs of the project so that the total coats of the project com=
sticuced USSL,800 million. 1/ Substantial highway maintenance components
vere irncluded in 10 of these projects, vhile the rezaining 10 projects were
consticucted primarily of new construction componants. 4n economic rate of
return vas calculated for 5 of the maintenance couponents snd for all of
the nev construction components. The rate of return for the maintenance
tomponents averaged 63 percent per annum with a range from 20 to 118 percent,
vhile the rate of return for new comstruction averaged 22 percent, with a
trange from l4 to 53 percent.

1.6 Such high rates of return should not be surprising. It 43 simple
comumon sense that the annual benefit which would yield a return of 22 per-
cent for new road construction costing, say, $250,000 per kilometer would
calculate as a much higher return on the ouch smaller amount of caintenancas
gecessary to keep that road functioning reasonably well once the investment
has been sunk. The inference that one draws =~- that maintenance activitcies
teud to have a much higher economic return than new construction —— is
absolutely correct so long as maintenance outlays are kept as low as they
have been in most developing countries. The further inference is that some
shifting of funds to road maintenance even at the expense of nevw investment
in roads or other sectors is of utmost importance if v~ are to obtain naxi-
oun benefit from available resources.

1.7 One need add only a few small words of caution. High overall

or average rates of returu can mask some cooponents which individually have
8 much lower or even negative recturn when one compares the incremental cost
with the incremental benefit. One such example is the regravelling of very
low volume roads where local conditions make this very costly —— we shall
exanine this case in soze detail below.

1.8 A furcher and more Izportant caveat is that najntenance activities
are difficult to administer. They are notoriously prone to inefficiency,
with a high percentage of the budget being Used to support administration
and the payrolls, and relatively littls of the budget actually meeting the
direct expenditures on the road itself. Is it any wonder that Finance Mipn-
isters are reluctant to see further moales allocated to highway maintenance
if they see that 60, 75 percent or even more is consumed in administrative
overheads? lnevitably one is forced to ask the question whether it is more
resources which are required or simply nore efficiency in the utilization of

1/ In addfcion, US$103.1 =illion of Bank financing was made available for
feeder roads costing a total of $233.8 aillion through agricultural sund
rural development loans.
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the existing maintenance budget. The correct ansver, [ believe, in the con-
text of the very linited maintenance budget in most African countries today,
1s that a good measure of both is required — both aore funds for maintenance
and greater efficiency in their utilization. In the following remarks we
vill limit ourselves primarily to the issue of evaluating the economic pri-
oricy of different maintenance activities, wvhile others will address the ia-
portant issue of how to improve the efficiency of maintenance operations.
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II. Anaslveical Framework
A. The State of the Art
2.} The basic probles in determining economic design and maintenanca

standards for a given road project i{s to predict, in a specified locationm,
total road transport costs — construction plus maintenance plus road user
costs -- as a function of the road design and maintenance standards which
may be adopted. The objective is to search out that conbination of standards
vhich result in minizum toeal costs to society, including the zosts to road
users as well as cthe costs borne by the highway authority. To have a gen-
erally applicable tool, one must know the eifects of different environments
(terrain, climate, traffic, driver behavior) on the different cost ccoponents.
To search many alternative design and maintenance strategies to determine

the most economic, there must be a capability for the rapid calculation of
alcernacive cost streams (which Day extend to twenty years or more).

2.2 Therefore in 1969 the World Bank, in conjunction with research
instictutions in the United States, United Kingdom and France, inftiated a
major progran of research to develop a new decision~making framework for
evaluating alternative design and maintenance strategies for low volume
roads. Phase I of the study, conducted by a resecarch group at the Mass-
achusects Institute of Teci._ulegy and completed 1n 197!, developed a con-
ceptual framework for inter-relating construction, maintenance and vehicle
operating costs so that total highway costs may be minimized. 1/

2.3 However, it wvas concluded from Phase I, vhich included an exten-
sive survey of the engineering literature, that sound eapirical evidence
was lacking for many of the cost relationships necessary to determine eco-
nowic design and maintenance strategies particularly for low cost pavement
designs, gravel aud earth roads. Consequently, subsequent efforcs have
focused largely on eapirical research imvolving field collection of pri-
malry information on the underlying engineering relationships, parcicularly
vehicle speed and road user costs, and road deterioration related to design
and maintenance standards., The first such study ccmmenced in East Africa
(Kenya) 1n 1971 and was completed in 1975. That study 2/ was conducted by

1/ F. Moavenzadeh, et al. M&ﬁ""—m%
World Bank Staff Workicg Paper No. 96 (January 1971), See the Report Series
on the Road Transport Planning Program for Developing Countries by the
Technology Adaptation Program at the Massachusetts Institute of Technology,

Camdridge, Massachusetts, for the Agency for International Development,
U.S. Department of State. Winter 1977,

2/ H. Bide, S. W. Abayanayaka, 1. Sayer and R.J. Wyatt, The Kenya Road
Transport Cost Studv: Research on Vehicle 0 2rating Coses. TRRL Report
IR 672, and J, W, Hodges, J. Rolt and 7. E. Jones, The Fenva Read Trang~-
port Cost Stucv: Research on Read Deterioratiosn, U.H. Deparszeat of the
Environoent TRKL Repor:z LR 6;3 (Crowthorne, Tramsport and Road Research
Laboratory, 1975)., (Hereinafter cited "Kenya Study").
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the U.K. Transport and Road Research Laboratory (TRRL) fn collaboration with
the Kenya Ministry of Work and the World Bank. The Kanya study has largely
succeeded in providing a nev decision-making framework and data base for
deteraining design and maintenance strategies for lov volume roads applicable
to Kenya, to other parts of Africa and elsevhere vhere couditicns are similar.

2.4 The Transport and Road Research Laboratory radaveloped and extended
the original MIT/IBRD model based on its research in Kenya aod elsevhere. 1/
The two nodels have salient features ia common but differ in detail. The
original MIT model and subsequent TRRL (RTIM) model were designed as tools to
evaluate tocal transport coscs on one route. The output formats are simply
in teros of cost and the models do mot include endogenous facilities for eco-
nowic conmparisons between alternacives. Therefore, a collaborative effort
vas undertaken {n 1976-77 to develop a unified Highway Design and Maintenance
Standards Model (HDM) to incorporate the best features of the MIT and RTIM
models. Except for the integration of the construction cost subnodel this
vork has now been completed, and the EDM provides a consistent model that 1is
flexible and easy to use. 2/ This model is now being used by governmnent
planning agencies and the World Bank to design maintenance prograns and
evaluace proposed projects in several countries. Possibly its most important
use will be ac the stage of the feasibility study where it can be used to
evaluate many alternative designs and cime staging strategies, It cao be made
available to government agencies and consulting groups. In common with

any large scale cozputer program, %t requires several man weeks of effort to
learn how to nake effective use of it. We are finding, however, that onmce it
has been mastered, subsequent applications are very quick and very economical,

2.5 Although we are at the preseat time using the model to analyze a
number of proiects fm South America as well as both West and East African
countries, the extent to which the resulets from Kenya are valid in other
regions {s oot clear. Research on road deterioration was linited to the
clinate and tvpes of road surfaces common to Renya: predominantly surface
dressings on cecent stabilized bases and four types of gravel roads (lateritic,
quartzitic, volcanic and coral). Very little informatiom was gained on the
behavior of earth roads nor anything on the type of sand-clay engineered
surfaces that are used in octher areas of Africa. Extreme geonetric condi-
tions were not studied, although further cooplementary studies im Ethiopia,
Scotland and Brazil will soon be filling this gap. The research also focussed
on low volure roads with free flowing traffic typicygl of Kenya. The effect

of vehicle flow interactions, imcluding non-motorized vehicles, on total costs
and the relatioaship of these to road width and geocetric standards was not

1/ R. Robiason, H. Hide, J. W. Hedges and J. Rolt. A Road Transport In-

- vestzent Model for Developing Countries. U.X. Department of the En-
vironaant, TRRL Report LR o7+ (Crowthorne, Transport and Road Research
Laboratory, 1975). (Yereinaiter cited "RTIM Model"),

2/ This work was perforzed by Prof. F. Moavenzadeh aad cclleagues of MIT,
in colisdboration with Dr. R. Robinson of the Overseas Unit, TRRL, and
the Transportation Departaent o the World 3ark.
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researched in the Kenya study; 1o Asia and much of Latin Azerica the voluwe
and ccmposition of ctraffic is quite different and a more {aporcant variable.
Since many of these issues are zore inportaat in non-African countries,
furcher research is being focused there. A large-scale study stailar in
purpose to the Kenya study vas initiated in Brazil ‘froc July 1975 Y/ and a
similar study is just getting undervay in India 2/ to develop the necessary
relationships appropriate to those environnments. However, in the incerim of
about two years before further research is compleced in these regions we
shall concinue to apply the zo0del based largely on the Kenyan relationship
supplesented by results of research elsevhere as they becoze available.

B. IThe Highwav Design and Maintenance Standards Model (EDM)

2.6 The HDM model is used to predict the costs of different highway
design and maintenance options, iocluding different tize staging strate-
8les, either for a given road project on a specific aligrnent, or for a
group of lipks or for the different links of an entire highway network.

It can quickly estimate the total costs for large numbers of al:ernative
designs and caintenance policy combinations on e year by year basis for

as many as 30 years or longer as required, and thus be used to search for
the alternative with the lowest total cost. In fact the model can evaluate
io the same cooputer run up to 20 different road links, each with up to 10
segzents with different design standards. Each link can have a different
traffic volume. Further, up to 5 different maintenance policies can be
implemented on each segment of the road. Each link or segrcent can be up~
graded at any tize in the life-cycle of the project (e.g., frcm earth to
gravel or from gravel to paved) and the paved road can be realigaed or
videned. All estimates of maintenance and vehicle operating costs are
first made in physical quantities, and then prices and unit costs are
applied to determine cthe total narket and economic costs. Shadow prices
and rates may be applied if desired,

2.7 The model also gives the results of econonic analysis (total dis-
counted transport costs, rate of return, net present value and first year
benefits) for comparison of any combination of two alternatives as desired
by the user. Finally, the model has the capability to analyze seasitivity
of economic results for changes ino key variables such as construccion costs,
traffic growth rates, discount rates and value of passeagers’ cti=e. Thus
the wodel is very flexible and offers great computational power. The model,
however, does not provide a traffic forecast, which zust be specified by

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

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

2/ A project financed by the Government of India and the World Baak, to
be executed by the Central Road Research Institute of Nev Pelhi,
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value gdded benefits of feeder roads, nor the unit value of tiag savings,
uor accident costs, but {¢ does provide facility for these itens to be fed
in from separate estinates 1if desired.

2.8 It is the 1nterrelationships among coanstruction costs, road main-
tenance costs and road user costs, which are the Principal focus of the
analysis and these 1n:erre1ationsh1pa may be depicted as shown 1n Figure 1,

2.9 Road Design and Construction Costs. The horizoatal alignnent {s
Specified in terns of the average degree of curvature per kilometer and 1s
used for predicting vehicle Speed vhich thea affects vehicle operating costs,
The vertical alignmeat is used for Predicting vehicle speed and fuel cousump-
tion and also loss of material for gravel roads; the vertical alignaent is
also a major deterninant of earthworks cost, It can be specified in terms

of average rise and fall per kilometer or in the RTIM model as vertical curves
and the intersection Points of the tangent lines. If no vertical alignment

is available, one can be dasigned by the RTIM nodel usicg a method based on

2.10 For pavements up to six material layers may be specified. Each {s
identified by {rs thickness and materia} type. The strength of the subgrade,

coopressive strength; asphalt surfaces are defined by the strength coeffy-
cleat. Thnese are used to deterniane a Modified Structural Number which is
used as an index of pavezent strength. For gravel roads, only one pavement
layer is used and, for earth roads, there are no pavement layers. Shoulders
may be earth, gravel or Paved and are specified in the same vay as for the
main carriagevay,

2.11 Where there is elther new construction or reconstruction, con-
3truction costs may be specified éxogenously from available engineering es-
timates, or alternatively, the RTIM model has the capability for caleulating
an estimate of construction costs from given topographical data and speci-
fications for horizental and vertical geometry, geotechnical data and pave-
ment design standards and unit costs,

2.12 Road Deterforation and Maintenance Costs, The maintenance sub-model
perforas the importanc function of linking construction standards (and costs),
road maintenance standards (and costs), and road user costs through the

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

1/ R. Robinson. A Further Computer Method for Dusigning the Vertieal

Alignment of a Road: Prograxm Venus I11. Department of the Eovironment,
TRRL Report LR 458. Crowthorne, 1972 (U.K. Transport and Road Re-
search Laboratory).
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2.13 Road deterioration is a function of the original surface design,
caterial types, the voluoe and axls load configuration of traffic, climace

snd che 2aintenance policy specified. The icput data to the road maintenance
sub-zodel tacludes f{nittal road roughness and, for existing paved roads,
pavenent age and cumulative standard axles that the road has carried since new
(in the mosct heavily trafficked lane). In addition different maintenance
policles zust be specified. Maintemance options for paved roads include
pacching, surface dressing, overlayiag and reconscruction and for unpaved
roads, grading and regravelling, in addition to other routine zaintenance
(drainage, shoulders and Vegetation contzol). Tor each year that =ha road is
open to craffic, the model then predicts the deterioraction of the road syrface
as vehicles ctravel along it. Having predicted the conditions of the road, the
wodel calculaces the quantities for each of the zaintaenance tasks required

by the specified policy, and then applies unit costs cto determine ctocal
maintenince coscts for the given year, and sinilarly for each subsequent

year.

2.14 Road User Coscta. Road usar costs are deteruined for each year that
the road is open to craffic using the relacionships developed in the Kenya
study aand supplenencted by subsequent research. Travel time costs may also

be added cto these, 1f desired, and can be found from the product of the value
of passengers’ ctime, which way be input to the z=odel, and journey time which
is found from the road lengch and the average venicle speeds.

2.15 Both vehicle speed and fuel cousumption are calculated endogenously
for each vehicle type. Vehicle Speed i3 a function of averags rise and fall,
horizontal curvacure, and road width, aand, in additionm, for unpaved roads
surface roughness, zoisture content, and rut depth; for zedium and heavy
goods vehicles, it is also a functiog of pover/waight ratio. Fuel consump-
tion {s a funccion of speed, rise and fall, and for unpaved road, also rough=
ness and looseness; for zedium and heavy 3oods vehicles it is also a funceion
of the power/veight ratio, and in addicion of gross vehicle weight for medium
goods vehicles.

2.16 The cost of vehicle naintenance (parts and labor) is calculated us-
ing the new vehicle price, the discance travelled by the vehicle since new
and the roughness of the roads it has traversed. Tire costs are relatad to
the roughness of the road and, for heavy vehicles oaly, to the gross vehicle
veight.

2,17 For depreciation, there are two methods of calculacion, The firsc
method relates depreciation to average speed, annual kilometrage and vehicle
1ife, all of vhich oust be specified exogenously. In che second cathod, de~
preciation is a function of vehicle age and anaual kilcmetrage of which annual
kilometrage exogenously specified to the model and vehicle age i3 estimated
endogenously by the zodel based on the originally specified age distribution
of the fleat.

2.18 In addition, the codel calculates crew costs, interest charges on
capital {avested fn vehicles, and staanding costs using exogenously specified
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data on average annual crew hours, interesc rate, vehicle prices, and stand-
ing cost coefficieats. The model considers separately up to aight classes

of vehicles: passenger cars, light commercial vehicles, buses and up to five
classes of heavy commercial venicles. Markast and economic prices of vehicles,
tires, gasoline, diesel, lubricants, naintenance. labor, craw, value of tine
and sctanding costs are input to the model. For the five classes of heavy
vehicles brake horse powver, unladen vweight, average load, and equivalence
factors also are required as ioput data. Initial traffic volumes and traffic
grovwth rates are also input for each vehicle type. The future traffic fore-
casts can be specified in a variety of ways to allow any type of traffic
grovth function to be simulated.

c. The Econoaic Benefits of Alternative Maintenance Policies

2.19 The economic benefits of highway maintenance expenditures are coa-
prised of three basic cooponents:

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

(11) reductions in the level of future maintenance and re-
habilitacion expenditures which will be required to
maintain the same service standard if ma{ptenance is
not done in a tisely manner;

(1414) reduction or prevention of the economic lrss due to
road _closures.

2.20 Reductions in vehicle operating costs are normally by far the larg-
est component. Only under extreme conditions do other benefits approach the
same order of magnitude, e.g. where traffic volumes are of the order of 10
vehicles per day or less. Avoidable future maintenance and rehabilitacion ex-
penditures which vill be incurzed 1f preventive zaintenance is not done when
needed can become very large, however, in relation to aormal oaintenance - a
poignant example of the old adage that "a stitch ic time saves nine." Reduc-
tion or prevention of road closures is prinarily of concern with respect to
earth and low volume gravel roads where there i{s some question as to the
econonic feasibility of (re) gravelling to all-weather standards. Evaluat=
ing the econonic loss due to road closure gives rise to some interest!ng theo-
retical speculations, which strongly suggest that the losses are not of s
large order of magnitude from an economic perspective, since road use.a
stockpile goods to be tranaported and otherwise adapt their hehavior. But

we have no really satisfactory eopirical ceasures of either the econonic or
soclal costs of road closures.

2.21 Figure 2 depicts the benefits which arise from the different main-
tenance sctivities, first from an a priori conceptuaiization and second from
the type of relationships which have been derived or inferred frc field Te=
search and {ncorporated into the EDM model. It is to be noted that we cur-
rently have no definite, quantified relationships on the benefits of four
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Maintensance Activicy
A. Routine Maintenance

1.

3.

4,

s.

Drainage Clearance

Shoulder Maintenance

Vegatation Control

Dragging

Normal Crading
(no wetting or
compaction)

Patching of Cracks
and Potholes

PICURE 2: ECUONOMIC BENEFITS OF HICHWAY MAINTERARCE - CONCEFTUAL FRAMFUOKK

Surface Type

Paved, Unpaved

~do-

-do—

Lateritic
Cravels

Cravel, Barth

Paved

Impact: Idealixed

Rcduces water penetration of
road structure, decreating
deterioration of structural
strength und surface conditioa.

Reduces shoulder erosfon and
roughness, decreasing puve-
ment ravellin vehicle opera-
ting costs (VOC) and accidents.

Improves lateral visfon and
increases vehicle spceds.

Reduces roughness incceases
velhicle spceeds, reducea
velhicle operuting costu.

Tuproves surface conditlon
(roughnesa, rut depeh), in-
creases veliicle speeds,
reduces vehicle operating
costs.

(a) Reduces water penctration
of road structuce thereby
decrcusing deterforation
of structural strength,
rate of growth of road
roughness and liecnce velhi-
cle operating costs.

(b) Paiclhing fncrcases immediate
surface roughucss for sasll
cracks, but decreases
iaediate roughness for
severe cracking and potholes.

Impact: Current Model

None: assumes “normsl®™
asintenance.

~do~-

None, but could be arbitrarily
epecified as some fraction of
the effect of grading operatfoa.

Fully iacorporated as
measured by Kenya study.

Fully incorporated as measured
by Kenya aetudy and extrapolated
for extreme conditions.

No effect on immediate
level of roughness.
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Maintenance Activity

Surface Type

B. Periodic Maintenance
and Rehabilitation

1. lleavy Crading &
Reshsping (wetting
and compacting)

Gravel, Earth

2. Cravelling Cravel, Earth

3. Resealing (aingle Paved
or double titum.
surface dressing)

ImpactiTdealized

Restores shape, improves
drainage reducing rate of
deterforation, increases
vehicle speeds, reduces
vehicle operating costs.

(a) Creates higher strength,
reducing rate of surface
deterioratlion, increaaing
vehicle spceds and re-
ducing vehicle oporating
costy,

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

(c) Preservesa all weather
characteristica.

(a) Rcduces water penetration
etc. (uee Patching)

(b) May decrease slightly
immediate roughness of
badly par-hed surface,
but may increase slightly
roughness of smoothly
polished surfaces.

Impact: Current Model

No additional benefit com
pared to normal grading.

Fully incorporatecd as measured
by the Kenya study for gravel
roads; earth roads srbitrarily
agsumcd to have rate of
deterioration (roughness)

15X faster than gravel roads in
the absencu of sny evidence.

Assumes same fmmediate '
roughnese after grading for both};
earth and gravel roads '
(=3250 wa/km).

Doee not calculate estimate

of economic losa due to rosd
closuree but exogenous estimate:
may be specified.

Fully incorporated,

No effect; thought to be
negligible in affect on
vehicle apeeds and operating
costs.
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Maintenance Activity

4. Asphale Overlays

S. Reconstruction

Surface Type

Paved

Paved

Impuct:Tdealized

(a) Reduces water penetration
etc. (see Patching).

(b) Restores/increases struc-
tural strengeh, reducing
rate of detertorction to
new conditfon.

(¢) Reduces fnmedfate rough-
ness to new asphale con-
crete level,

Similar effects to overlay
éxcept reconstruction witch
lighe bicuminous vurface
1ikely to have different de-
terioration including
greater susceptibilicy to
cracking and water pene~
tration than heavy asphalg
concrete overlay.

Impact: Current Model

Fully iacorporated.

Fully incorporated from
AASHO Illinofs Tesr results
and Auphalt Instfcute.

Fully fncorporated frow
Kenya study,

Assucses same behavior a3
auvphalt conerecee overluy
vith equal struciural number.

-t!-
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of the basic routine nainterance operations: drainage clearance, shoulder
maintenance, vegetation control and surface draggicg. It is, of course,
8asy co conceive what type of iapact either lover or higher levels of ex-
pecditure on these ccaponents =2ight have, but ve do not have any credicable
measureaeants. Thus, for the present tine, we are forced siaply to assume
that a certain level of expenditure for these routine items is required as a

part of the overall caintenance policies, and it is not possible to predict
the optimum level,

2.22 In the folloving three chapters we shall exanine applications of
the HDM model to esctimate the benefits of different maintenance activicies.
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III. Case Studv T: Maintenance Policy Analvsis for Unpaved Roads

A. lotroduction

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

B. Basis of the Analvsis

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

C. Soecification of Inouts

3.3 The base fnput cata employed, which are similar in level of detail
to that required for the typical road maintemance feasibilicty scudy, fall
into four major categories:

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

(11) ZTraffic Data: traffic composition, present volumes, and growth
rates (Table 3,2)

(114) Vehicle Data: technical characteristics, ugilizacion apd
capital costs of the different vehicles and prices of the
basic f{nputs in vehicle operation (Table 3.3)

(iv) Maintenance Cost Data: unit costs of the various maintemance
activicies, capital costs and productivity of equipment (Table 3.4)

3.4 In analyzing 2 road miintenance program on a country wide or net=
work basis it is necessary to reduce zhe input data to a size manageable to
the analyst as well as che computer progras. In this study the data sizpli-
fication vas done by aggregating the road sections into few (less than 20)
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classes by surface type, geometric characteristics, and traffic volume =-
each class represeated by average characteristics., The tiaing of major opera-
tions (e.g., gravel riourfacing) == which would actually be spread over time
over small road sections =- was specified for a single average year., Such
data simplification enables an easier and more meaningful interpretation of
analysis results to be made. The acrual progranmiag of maintenance activities
€an @ore easily be done once the basic economic results have been established.

D. Sgecif{cation of Maintenance Policies

3.5 Maintenance policies for unpaved roads include drainage and vege-
tation control, dragging (with rubber tires, chains, or small trees), emergency
repairs for washouts and weak spots, grading, and gravel resurfacing. Grading
and regravelling, which typically constitute the 2ajority of an unpaved roads
maintenance program, were analyzed explicitly using the HDM model. As noted

in Section II it 1is not possible to evaluate other routine maintenance activi=
ties separately; but since they are essential to road serviceability, their
costs were included in the total,

3.6 Even after the entire road network has been reduced to a few
classes, it 13 scill difficult to explore maintenance policy alternatives for
all classes exhaustively. The approach taken in this study was therefore to
single out some "typical" maintenance strategies for detailed analysis., In-
sights gained from the prototypical cases would serve to guide the development
of alternative maintenance policies for the entire road system.

3.7 The following paragraphs present the results of detailed policy
analysis perforzed for Road Section 1, actually a 8roup of engineered,
laterite road links totalling 480 kms,

E. Findings

3.8 Grading Frequencies. The effect of more frequent grading is to
improve road surface condition and thereby increase vehicle speeds and de-

crease vehicle operating coscs at the expense of some increase in maintenance
costs. Table 3.5 summarizes results of three grading frequencies for Road
Section 1, with regravelling and without. With regravelling, the road was
assumed to retain its lateritic surface throughout the planning horizon; with-
out regravelling, the road was assumed to revert to ao earth road with the
(ouch more rapid) deterioration characteriscics of non~clay earth material
(see Annex l). With the exception of the grading frequency, ail cases in-
clude the same amount of routige daintenance and 30 rubber tire dragging
Passes per year. A first observation is that the econonic returns of any

of the grading policies are generally high and are positive even at traffic
volumes as lov as 10 vehicles per day, as indicated by the ratios of net
present values to maintenance outlays ranging from about 2 to 7 in the vith-
out regravelling case. Second, the relative econcnic benefits of different
grading frequencies are very similar, implyinog a wide range of substituta~
bility betveen naintenance and vehicle operating costs, The "flatness" of
the optimal blading trequencies (at which the net present value is maximized)
is depicted in Figure 3.1, 1In both wvith aad without regravelling cases, the
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opcinal blading frequencies expressed in the number of vehicle passes per.
blading operation is essentially conscant for 30-90 vehicles per day base
year traffic--aicer allowing for tize-dependent road deterioration as de-
scribed {u Annex l. At less thn 30 vehicles per day tine-depe :dent road
deterioration begins to take effect and slightly increases the optimal blad-
ing frequency for laterite surface.

3.9 The frequeacy of one grading ia 7,000 vehicle passes, vhich is
optizal for lateritic roads, ioplies oune grading every 140 days (roughly
every five months) for a base traffic of 50 vehicles per day, but only one
grading in 350 days (or once per vear) where traffic is only 20 vehicles
per day. Also as expected, when the "without regravelling" cases are com-
pared to the "with regravelling" cases, Lt i3 seen that the optinal grading
frequency is generally twice or wore for the former case, indicating that
increases in grading costs offset savings in regravelling costs to some
extent when the road reverts to earth standards.

.10 Regravelling. The effect of regravelling is to provide a riding
surface which can withstand traffic better tham that of natural terrain and
peraic all-veather usage. Withholding regravelling was assumed in the
analysis to cause a gravel road to lose the surface material and ultinacely
revert to a non-clay earth road vhereupon vehicle operating costs and grad-
ing costs rise much faster. Recognizing the fair-weather-only service
characteristics of an earth road, a crude estimate of the ecounomic losses
due to road closure under the withholding tegravelling policy was made based
ou the storage and interest costs arising from the necessity to store the
doods vhich would otherwise be transported without delay; the magnitude of
the costs for storage facilities is a function of the maximum lengeh of
closure.

3.1 Table 3.6 summarizes the resulcs of the analysis of regravelling for
varying road widchs, including allowances for economic losses due to road
closure, alternatively, for one-month and two-month maxiaum closure periods,
The "optinal” blading frequencies of 7000 and 3000 vehicle passes per blading
vere used for the with and without regravelling respectively. For the given
Ptice of S11.06 per cubic meter for regravelling, the dreakeven traffic volumes
(vhich are the mintmum traffic volumes over which regravelling can he economi-
cally justified) under different assumptions are sucmarized below:

Breakeven Traffic Volume
(base year ADT)

7-meter wideh more than 90
6-nater widch 50-60
S-meter width 40-50

Note, hovever, as discussed in Chapter IV below, the breakeven traffic cri=-
"eilon will alvays iadicate regravelling should take place earlier (i.a. at
a lover craffic volume) taan is economically optimal,
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. 12 Figure J.2 shows the graphs of maintenance costs for regravelling
and no regravelling, broken down into regravelling, and blading and other
activities, plotted against traffic volume. It is seen that alchough the
total maintenance outlay is greater under regravelling, the cost of blading

is substantislly lower. In Figure 3.3 the breakeven traific voluce is plotted
against che unit cost of tegravelling per cubic meter for regravelling widths
of 5, 6 and 7 meters, and at 10 and 20 percent discount rates, vith a 2-gonth
stockpiling period used in all cases. As illuscrated in Figure 3.4 the dif-
ference in Fotal net present value between regravelling and no regravelling
(as compared to the net present value relative to doing no maintenance at all)
is not very sensitive to the traffic volume. This suggests that from the
econonic efficiency standpoinct, the choice of whether to withhold regravelling
is not extremely crucial over a substantial range of traffic volume where
neither the cost of regravelling nor the opportunity cost of capital is ex-
cessive, since the increase in vehicle operating cost savings are about
equally offset by the savings in the cost of regravelling. However, under
severe financial stringencies where capital budgets imply opportuunity costs

of capical at much higher rates, or where local conditions make regravelling

4 very expensive operation, regravelling of very low volume roads will mot be
economical,

3.13 In reducing the width of regravelling ounly the savings in regravell-
ing cost (in direct proportion to width) have been reflected in the economic
benefits. In fac:, the traffic intensity is expected to be greater over a
narrover road widch, thereby causing zore rapid deterioration (rutting in
particular and gravel loss to some extent). There would 1ikely be a marginal-
increase in road grading costs and possibly a small increase in vehicle
operating costs which have not been incorporated in Table 3.6 or Figure 3.3.

F. Comparison of Alternative Policies for Regionwide Maintenance Program

3.14 Based on the results of parametric analysis of basic caintenance
policies discussed in the preceding section, four alternative maintenance
policies were specified for the entire unpaved road network, as summarized

in Table J.7. The alternatives were developed for widely different levels

of maintenance expeaditures. Policies | and 2 include regraveliing on some
sajor road sections whereas policies 3 and 4 do nor. Two levels of blading
frequencies are compared each for the regravelling and vithout-regravelling
Cases; we have in the regravelling case the “optizal" blading freqiency and a
frequency twice ine optiual, and in the without-regravelling case the optimal
and one-half the optimal frequency. (Note that Policies 2 and 3 are idenct~
cal for Road Sectons 5-12),

3.15 The "optinal" blading frequencies in Policies 2 and 3 (in moaths
between successive bladings) were derived based on the results of previous
analyses which indicated that the optimal number was spproxicately 7000,
5000, and 3000 vehicle passes between bladings for the lateritic, sand-clay
and earth surface paterials, respectively. The blading intervals vere
computed by rounding off as showm in Table 3.7C. For the low traffic level

(6 vehicles per day), the tioe-dependent weathering effect becaze significant
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and a somevhat higher blading was specified. Because of the "flatness" of
the optima, the rounding errors would not have significant effect on the net
benefits cooputed.

3.16 The summary of results in Table 3.8 shows that all policies have
high positive net benefits relacive to their naiacemance outlays. Policy

3, for which the discounted maincenance cost is about one~half and two-thirds
those of Policies 1 and 2, respectively, has a total uet present value ex-
ceeding those of the other policies by greater than 10 percent. This suggests
the importapce of examining a wide range of altarnative policies in order ko
obtain a reasonably cost-effective road naintenance program.

F. Con:lusions

.17 Notwirhstanding the limitations i{n the methodologies, the results
fron the policy analysis of unpaved road maincenance have led to the following
principal conclusions:

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

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

(111) The economic return to achieving ainimum scandards of rou=
tine naintenance (specifically grading) tend to exceed the
returns to regravelling by wide margins.

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

(v) The purpose of road maintenance program economic evalua=
tion should be not only to justify a project proposal but
als> to search for a reasonably cost-eifective solutiom,
ir. an incremental, systematic manner over a wide spectrum
of alternative policies. There is a need to exanine care-
fully che individual components which nake up the total
maintenance program, since the high total economic bene~
fics, which are themselves sufficient to economically justify
the program, 2ay conceal nany possible deficiencies in the
individual conponents.
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TABLE 3.1

CASE STUDY I -~ Erude de Cas I

INITIAL ROAD CHARACTERISTICS
Caraczirisciques initiales ge la route

Base Initiai Sur?

Surface Year |Widsh of Wearicg | Thickness ¢

Geometric Material Lengch ADT Course (mecers) Epaisseur

Standard 3/ Matdriaux fla)  |T2M de | Largeur de la initiale

Section Classification de couche de Leagueur J1'anned | couche d'usure de 1ls couche

géomecrique a/ roulement (k) |de base| (mecres) roulement
1 Engineered Lateritce 431 45 7.0 2.0
2 Etudieé Latérice 190 20 7.0 2.0
3 ix - M3lange_i 131 45 1.0 2.0
4 Engineered 1/3 Sand ~ Sabi 53 20 7.0 2.0
5 Etudieéd 2/3 Clay - Argild 190 6 7.0 2.0
6 Partially fmg. | Cheiith 79 45 5.0 2.0
7 Partially Eng. [ix = Mélange 132 45 5.0 2.0
8 Etudie& par-  |1/3 Sand -~ Sable| 150 20 5.0 2.0
9 tiellement 2/3 Clay - Argild 259 6 5.0 2.0
10 Natural 210 45 5.0 -
n Track = Piste Terraia 753 20 5.0 -

Terrain naturel| 2503 6 S.0

a/ Bacause of lack of daca the following geometric standards vere assumed for each road
section:
Average rise and fall = 32
Average horizontal curvature = 175 degrees/km

a/ Due ag zanque de donnefs, les hypothises suivantas ont &cé faites pour chaque section
routiere:

Pente ooyenne » 3%
Dagré de sinuosicé = 178 degrés/ia
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TABLE 3.2
Tahlesw 2.2

CASZ STUDY. I = ==::da de Cas I

3ASE YEAR AVERAGE DARLY TRAFTIC 37 VEHICLID VRS al a
Trafic journaiier zoyen de l'accee d. basa DAk =vDe ce vahscule =

Light
Traffic Goods 13-conze 27-tonne | 38~-tonne
Level Vehicle Truck Touck Truck Total
Volume du Camion- Canion Camion Camion
Izafic narrs 11 = 7.r 8 =
A 16 9 11 9 45
B 7 4 5 & 20
c 2 1 2 1 &

a/ For each traffic level and each type of vehicle the annual percencage

growth of 2 perceat was assi=ed.

2/ Un accroissement annuel de 2 pourcent a &cé admis pour chaque volume de

trafic et chaque type da véhicule;
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TABLE 3

.3

TABLEAU 3.3

Etuda de Cas II

VENICLE CIIARACTERISTICS AND COSTS

Caractéristiqucs tcciiniques et cout des véhicules

Light 13-Tonne 27-Tonne J8-Tonne
{Goads Vehicld Truck Truck Truck
DESCRIPTION Duscripzion
Camionnecte Camion Camion Camion
PUYSICAL CUARACTERISTICS AND UTILIZATION Donnfes techniques et 1'utilisation
Brake Horse Pover 8 130 160 250 Pulesance aw frain
Payload (Tonnos) 1 7 ) 1) 24 Charge utile (tonnes)
Cross Yehtcle Veight (Tonnes) 2.7 13.0 22.0 38.0 Polds tocel en charge (tonnas)
ruel Tree prirolll I R U U RS
Annual Opersting Hours 800 800 1200 1200 Nombre ‘:'Qg:;’gf":"};":;““’
Annusl Crev Uoure 2000 2000 2000 2000 “g:bzsnsl'llla::rleug-'neuonn.I
Annual Kiloweterage 25000 25000 25000 “33000 Kilosttrage annuel
Average Vehicle Life (years) 4 6 6 6 Durde de vie du véhicule fans)
UNIT COSTS Prix et colc unitaire en us}
Mew Vehicle Cost ($/vehicls) 5763 18184 31143 49486 Prix d'un vihicule neut
Tive Cost ($/ctire) 69.1 395.5 295.5 395.5 Piix d'un teain de pcwsatiques
Malntenance Lebor Coat ($/hour) 0.41 0.41 0.41 0.41 Collt horaire du personnsl ¢'ea-
Crew Cest ($/hour) 0.49 0.42 0.42 o.42] g ezaire du persoanel de cou;
Peal Cest (§/1icre) 0.3} 0.33 0.33 0.33 Colit du carburant (1icre)
Lubricating Oi1 Ceet ($/1ictre) 1.54 1.54 1.54% 1.54 Colit du lubrifiant (litre)

¥4
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TABLE 3.4 = Tableau 1.4

CASE STUDY I - Zrude de Cas I

T UNIT MAINTENANCE COSTS
Colits unitaires d'entratien

Maintenaoce Operation ~ OQpérations d'entracien "Unit Cost - Colit unitaire
Regravelling Laterite - Latérite $11.06 Per cubic
Rechargement 10 cm thickness - 10 cm neter in

d'&paisseur place
Par m3 mis en
1
Sand-Clay 15(cm) thickness $ 8.63 p-ace
Sabla=-Argile = 15 cm d;epais-
seu

Dry Grading - Reprofilage $91.00 der lm of
blading
Par km remise au
Grading with Compaction = Reprofilage (avec compact- $439.00 profil -
age)
Spot Emergency Repairs - Point 2 temps $§ 6:89 Per cubic

meter in place
Par n” mis en

place
Rubber Tire Dragging = Gratte tdle 3 pneus $ 2.%7 Per km of
dragging
Par km tralné
Ceneral Productivicy of one mafnteyq, $107.0 Per km
Routine  Iatretien| maintenance unit (km} 150 $147.0 per year
Mxintenance Courant| Rendement d'une unité 100 $214.0 Par km/an

d'entsetien (km/an)

Notes:

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

(14) Except tor regravelling and general routine oaintenance, 35 percent of the

unit costs were assumed to be equipment amortization.
(111) The regravelling costs are estimates for work done by contractors.
Notes:
1) Ces colits coxprennent les colts d'exploitation,les frais géaléraux, 1'amortissement
du matériel, wa’s pas les colts d'atelier ¢: de formation du personnel, lesquels
.. Ube diffirenc pas sensiblement d'une méthode 3 1'autre.
(i1) A 1'excéption das opérations de rechargement et de 1'encretien courant, 35% des
colts unitaires des opératiors ont &té considérés atre 1'amortissement du matériel;
(111) Las cofics de rechargemant correspondent 2 1'éstization de travaux qui seroat
effectuds par des entreprises de travaux publics.




TABIE 3.5 * Tablesu 3.5

CASE STUNY 1 - Etude de Cas

Discounted Benefita and Costs for Various Grading Frequenches
and Traffic levels foc Regravelling and lio Regravelllng

Avantages et coilts actualisés pour différcntes fréquences de seprofilage
et diffcrents voluscs du trafic, avec et sans rechargescat

LY

Discount Rate = 10 percent - Taux d'actuallisatfon = 10 pourcant

Dlscounted Coats 8/

GradTag ¥requency
No; of Velicle
passes/Llading

Bise Year Aversge Dufly Traftic
*Tratic journalier moycn de 1'anned de Lase

Avantages/colts
actuallsés 8/

B te (S milllon quenc i
eneflts (S millfon) i::i"_“ﬂi.:n."; .‘-f'.‘.’.': 10 30 0 1) 0 70 50 (3 millica)
‘Jt d;;::.l caled .
Hith Regravellfug = Avec te chargement
Vehicle Opersting 4000 3.69 18.95 26,30 | 36.28 | 40.91 48.07 | 61.08 Econvales sur 1o colt
Cost Savinge 2 7000 3.50 18.¢ 25.8) 31.69 40.29 46.91 | 61.0% da functivnncment Jas
10000 227 1843 25.31 331,14 39.64 46.84 § 6D 06 véhicules
Matntensnce Costs 4000 4.50 7.33 7.68 8.20 . 10.03 | 11.1)
7000 4:3) 6.85 7.02 7.36 7.7 8.87 9.64 Codts 4'entrecion
10000 _4,27 6.65 6.23 2.0) 7-33 8.40 .§.94
et Present Valus 4000 -0.21 11.60 18.62 26.08 32.19 38.04 { s0.78
7000 -0.8) 1184 18,81 26.3) 32.56 38,50 | $1.41 Yaleur sctuallecd nettc
10000 -0,99 11,78 18.38 26,11 32.01 38,24 § s1.12

Hithout Regravelling - Sang rechargement

Vehicle Operatipg 2000 4.18 17.07 24.26 31.92 18.26 43.30) 38.13 Lconsmlar sur ie colc
Costs Bavings & 3000 3.54 16.5) 2).50 30.97 37.15 43.8} 36.49 de fonctivnnesent des
5000 3. 24 15.42 21.98 29.i0 34.93 41.231 53,21 véhicules
Maintensace Coets 2000 2.03 3.10 .88 4.63 3.4) 6.20 2.1%
3000 1.0 2.32 2.85 3.36 3.8 4.40 5.4) Colc €'entretien
5000 1.09 1,21 2.02 2.3) 2.64° 2.95 3.9
Mot Precent Velue 2/ 2000 2.1) 313.97 20.38 27.27 32.8) 38.90] 30.30
3000 2.24 14.21 20,43 27.61 32.27 39.41] 31.06 aleur actwalisel matce
3000 2,138 °~  13.726 19.9% 26.272 32.29 18,280 49.64

8/ Relative te the do-nothing (sare asiatensnce) cese.

8/ Pac ceppert aw cas de "ne riem falre” (eacrecian zaro),

€L
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PICURE.3.1

CASE STUDY I - Etude de Cas 1

EFFECT OF BLADINC FREGUENCY ON VEHICLE OPERATING
Bffets de la fréquence de la remise au profil sur les &conomies relatives

COST SAVINGS AN MATNTENANCE COSTS
aux colits d'exploitation des véiiicules et aux coiito d'entretien

(Base Year ADT=§0; 10Z intercst)
(TJM dea i'anneé de basze = 50; taux d'intéréc 101)

Legend - Légend¢ —— regravelling = rechargement

USP milli —_— " n0 regravelling~ pss de rechargescat
millions
sdiscounted)
(actualisé)
A

VOC Savings -~ Economics CEV

—— e—
T S—— —— C— a——

VOC Savings - Economies CEV
0.0
Net Present Value - Valeur actualiseZ nette

S ———

-cz-

Nat Preaent Value - Valeur lctualhcé.nctu
20.0}

10.0 |—
Muintenance Cost - Coiit d'entretien

- W d'entretien
0 2 1 1 1 1 1 2 1 L
—V 2 i} 4 3 6 7 8 9 10

Crading Frequency (thousands of velificle passcs per blading)
Frequence de remiss au profil (en wmilliers do pussages du véhicules par remise au profil)

Y
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TABLE 3.6
TABLEAU 3.6

REGRAVELLING VS. NO REGRAVELLING: EFFTCTS OF RCAD WIDTH
AND ROAD CLOSURE PIZRIOD CN NET PRESTNT VALLE

RECHARGEMENT PAR RAPPORT AU NON RECHARGIMENT: EFFETS DE LA LARGELR DE LA ROUTE
ET DES PERIODES DE FERMETURE 4 LA VALEUR ACTUALISEE NETTE

(Road Section 1: Engineered, Latérite, 480 kn)
(Section Routidre |: Etudige, Latérice, 480 im0

Net Present Value (3 million)
Valeur actualisée necte ($ =illion)

Case / Base Year ADT 30 40 50 60 70 90
Cas / TIM de l'anneé de
base
RG1: Regravelling over
i T-meter width 11.84 18.81 26.33 32.56 38.50 50.41

. Rechargement sur
') 7 m de largeur
R2: Regravelling over
| 6~aeter width 12.40 19.66 26.91 33.15 39.10 51.13
Rechargement sur
6 m de largeur
9G3: Regravelling over
S5-meter width 12,97 19.95 27.49 33.74 39.71 51.86
Rechargement sur
5 m de largeur

NGl: No regravelling;
assuming 2-month

stockpiling 13,60 20.04 27.00 32,66 38.80 50.45
Pas de rechargement);

supposant 2 mois de

stockage
[NG2: No regravelling;

assuming l-month

stockpilin L 13.90 20.34 27.30 32.96 39.10 50.75

Pas de recgargenent
supposant | mois de
stockage

PG3: No regravellings
assuming no road

closure 14,21 20.65 27.61 33.27 39.41 31.06
Pas de rechargement

supposant pas de
fermature de la
route

!
Note: Under regravelling, dry blading 1s done every 7000 vehicle passes; under no
regravelling, every 3000 vehicle passes,

Note: En cas de rechargement la remise au profil est effectufe tous les 7C00 passages
de veliic.les; en cas de non rechargesent,tous les 3000 passages de véhicules

et t———— e e e o e o
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FICURE 1.2

CASE STUDY II -~ Etude da Cas II

BREAKDOWN OF MAINTENANCE COSTS FOR REGRAVELLING AND NO RECRAVELLING
Decomposition du cofit d'antretien avec et sans rechargement

CoQt actualisé €¢discounted over 16 years at 10%)
Discountad Costs (actualiseé sur 16 ans a 102)
US$ aillions
o>
A Coiit du rechargement (largeur 7m) g\\"$
Cost of Regravelling (7-m width) . ®
>
4.0 |
= L}
3
-~
3.0 L '
.nt)
- rrement
~C c th\\a
.entrcciG“ (ave
o ceacint,
o R
.1 et des ““ff:: (regravel
. Ptoixc\\-‘et ‘cgivi
» Sus ©
l.o SN
1 1
30 40 50 60 70 ao 90

Baze Year ALT
TIM de 1'annéc de base
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PIGURE 3.3

CASE STUDY I - Etude de Cas I

BREAKEVEN ADT vs, UNIT REGRAVELLING COST
IJM seuil de rentabilité contre cout unitaire du rechargement

{2-month stockpiling)
(stockage 2 mois)

TJM seuil de rentabilité 7-a (20%)
Breakeven ADT
ﬁ / 7-m (10%)

70 L 6-n (203)
6-n (10%)
5-m (20%)

60 L.
S5-m (102)

50 |

40 je

30 |

20 |

oA L1y

Unit regravelling cost (S/cu.m.)
Colt unitaire du rechargement (§/m”)
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JIGURE 1.4

Reduction de la valeur actualisée nette due
3 la selection d'une nethode moins éconooy ue
REDUCTION IN NET PRESENT VALUE DUE 1O
SELECTING LSS ECONCMICAL SOLICY

Regravelling vidth = 6 o
Llargeur du rechargement = 6 o

Stockpiling period = 2 mouths
Stockage = 2 mois

Discount rate = 10 percent
Taux d'actualisation = 10 pour ceat

Reduction de la valeur actualiseé nette
(en pourcentage de la valeur actualisée nette
de la méthode choisie)

Reduction in Net Present Value
(in percent of net present value of preferrad policy)

}

10
s L
6L /
T |
T l

1 ‘. [ [
° - % N 50 | 6:) 70 80 >

90
!

Breakeven
Traffic Voluze

Base Year ADT

TIM de 1'année de base
Seuil de rentabilicé
{Volume du trafic)
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TABLE 3.7-= Tableau 3.7

CASE STUDY I - Etude de cas I

A. Summary Description of Increrental Maintenance Policies

Description sommaire des méthodes diffarentielles d'entretien en ordre décroissant
Policy Maintenance Level Surmary Description
Méchode Niveau d'entretien Description sommaires

1 High Regravel only Sections 1 through 4, first {n year 3
and thereafter when needed (at minimum depth of 20
me); double grading frequencies in Policy 2.

1 Eleva Rechargement seulement sur. sections 1 2 4, pour la
premiére fois i 1'an 3 et aprés quand pécessaire
(épaisseur minimum 20 ©m); frequences doubles des
reprofilages pour la méthode 2,

2 Medium High Regravel only Sections 1 through 4 as in Policy 1;
grade at "optimal" frequencies.

2 Assez Elevé Rechargement seulement sur sections | 2 4 comme pour
la méthode 1, reprofjlages 2 fréquence "optimale".

3 Medium low No regravelling; grade at "optimal" frequencies same
as Policy 2 for Sections 5 through 12).

3 Moyen Pas de rechargement; reprofilage i fréquence "optimale
(comme pour la méthode 2 sur sections 5 ¥ 12);

4 Low No regravelling; halve the grading frequencies in
Policy 3;

4 Bas Pas de rechargement; r§duit de moitif les fréquences

de reprofilages de la méthode 3;

oo continue

79




80

Compendium 11 Text

-31 -

TABLE 3.7 (continued)

<TABLEAU 3.7 (continuation)

B. Summarv of Mainteanance Standards for Incremental Policies

B. Sommaire de critiyes d'entretien pour les =sthodes différentielles en
orcre decrolssant

Road Section Grading Frequency |Spot Rubber Routine
Section routiére (monchs between Repairs Tire Maintenance
Base Year | grading) (cu. m/km/| Dragging | (kem/unit/
Section | Description ADT Fréquence des ver.c) (pass/yr) |year)
reprofilazes Poiat 2 Gratte-t3l. Exretien
Section | Description oM de nombre de mois tecps 2 pneus courant (lez/
1'acnee entre reprofilaees (:3/k:/an) unita/an)
de base Policy All Policies
Méthode Toutes les méthodes
1 2 3 4
1 | Engineered 45 A2 s 2 4| - 30 150
Etudiée
2 Laterite 20 6 12 6 12 - 20 200
Latérite
3 | Engineered 45 al 48l 2 4| - - 100
Etudiée
4 Sand-clay 20 @/ gal ¢ 12 - - 150
Sable~argile
5 6 6 12 12 2 - - -
6 Partially Eng. 45 1 2 2 4 50 30 150
Etudiée partial.
Lacerite
Latérite
7 Partially Eng. 45 1 2 2 4 50 - 100
Etudi&e partial,
8 20 2 5 5 12| 50 - 150
9 Sand-clay 6 6 12 12 2 50 - -
Sable~argile
10 45 1l 2 2 4 25 - 150
11 |Track 20 2, s 5 12| 25 - 200
Piste
12 6 6 12 12 2 - - -

4/ One pass of grading with watering and compaction for every 2 passes of dry grading.
3/ Un reaprofilage avec arrosage et cowpactage pour 2 passages de reprofilage 2 cac.

.+ continue
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TASLE 3.7 (Continued)

TASLEAU 3.7 (Continuation)

Derivation of "Optional" Blading Frequencles for Increzental Policies

Décternination des fréquences faculcatives de remise au profil pour méthodas

differentielles en ordre décroissant

Laterite

Approximately optimal number of

vehicle passes per blading 7000
Nombre optimal approximacif

de passages de vehicules par

remise au profil

Base Year Traffic = 45 vpd

Trafic de l'anneé de base = 45 vpj

(a) ¢+ (45 vpd x 30) 5.2
vpl
Rounded Value 5

Valeur srrondie

Base Year Traffic - 20 vpd

Trafic de l'anneé de base = 20 vpj

(a) = (20 vpd x-30) 1.7
L] wi
Rounded Value 12

Valeur arrondie

Base Year Traffic = 6 vpd

Trafic de l'anneé de base = 6vpj

(a) = (6 vpd x 30)
vp)

Sand-Clay

Sable-Argile

3000

8.3

Tarth
Terre

3000

2.2 moe

a"

s.o "

16.7 "
12
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TABLE 3.8 - Toblasu 1.8

CASE BTUDY I « Ztuda de Cas

DISCOUNTED BENEFITS AND COSTS FoR INCREMENTAL MATNTEMAMCE PNJCI!Si,

Avantages et colica sctuslisde dos méthodes différentiellen 4°

XOAD SECTION WMmER Nppr2 97 Jp gc- [ 3 T « 1 s 3 i_ ] 8 19 10 [ u_ ] 12
Engineered loterite] Engineered Sand - Clay Partlally Eng, Sund-Clay . Al
DESCRIFPTION . Descripeion Latérite étuties Sable - Argile i:udll'a_ 1Y S'E:Q::ﬂ:jm::lt"”d Track - Fiste :,:;:::;':
9 . . .8
Ba3E YEAR AUT  TJN Jo 1'anned de 45 20 s 20 6 4s 45 0 3 45 20 . Sectlons
1LHETH On) = Longueur (ka) Polt 481 190 111 53 190 79 132 150 259 « 210 73] 250) 118
olic
VEUTICIE OPERATING COST SAV- H"\hos. 268.80 4.05 8.24 1.22 0.70 &.58 8.0) 3.72 0.96 15.16 18.38 13.45 106.47
Hes laci do-~|
e Silllon (oot 36 | 3.9 1807 [ 109 [oee fade | 765 o0 [oos [aeas [12as | izaw | rons
teveosies sur Je coit de
tonctionnemcnt des vihicules 3 26.56 .57 7.60 1.06 0.64 4.36 7.63 J.10 a.88 14.45 17.18 12.18 99.2)
(rar rapporc au cm™ne tien
[airea™ (3 willlon) & 2).88 J.o00 6.84 0.88 0.52 3.9 6.38 2.49 a.N 13.03% 13.82 9.66 83.66 .
[T,
!ollex =1
Méthode [l
MAINTFHAMCE COSTS (8 1 71.5% 2.25 3.17 0.82 0.30 1.02 1.7 1.03 0.9 2.4) .51 3.9 28.6)
(3 =illion)
s 2 6.64 2.10 2.47 0.68 0.15 0.638 . 0.725 Q.70 1.44 2.67 1.96 21,32
Coits d'entretien
(3 million) b ] 3.04 0.52 0.86 0.15 0.15 0.65 .11 0.75 0.™ 1.6 2.67 1.96 14.00
& 1.7 0.7 0.55 .11 €.0? 0.46 0.80 0.59 0.59 0.95 1.9) 0.9%8 9.0
Follicy
VEIICLE OPERATING COST SAV- | Méthods
INCS MINUS MAINTENANCE 1 21.26 1.80 5.07 0.40 0.40 .56 6.30 2.2% 0.06 12.7) 14,43 9.52 77.84
CasTS
2 2}).52 1.83 5.60 0.351 0.49 a.n b.s54 2.35 0.18 13.00 14.31 10.22 80.47
Econmies sur e collt de
tonctfvnaesent Jdos véhicules 3 2).32 3.0% 6.76 0.7 0.49 .n 6.56 2.3% 0.18 13.01 14,51 10,22 99.2)
wotns cuilts d'entrecien
& 21.98 2.6) 6.29 0.77 0.45 J.46 6.08 1.%0 0.12 12.10 11.89 8.68 76.33

‘gl All fuur pelicy epticns include allowancas for toutlne mafntenance.

A/ Las quatr mfthedes prévelent deo délovts pour 1%antretiom courant.

b/ rarcially engineersd laterite.

b/ lozérice Studlia parciellamint.

Ll wnipusdwo)
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IV, Case Studv: Economic Analvsis to Detarmine YWhen to Pave an Unpaved Road

A. [Economics of Staged Construction

4.1 A problem which often arises in the development of Bank-financed
road maintenance prograns is the question of whether a gravel road should
continue to be maintained or should it be paved. The effect of paving a

road is, of course, to upgrade the riding surface, thereby reducing vehicle
operating cost and the amount of routine caintenance -~ wuich also alleviates
maintenance managexzent problems in many developing countries. In some cases
improvements {n road geometry are also provided at the tise of construction.
In this study we will focus only on paving. But it should be emphasized that
paving and gecmetric upgrading should be examined in a step-vise manner, 3o
that any possible economic deficiencies in each step can be detected.

4.2 One economic criterion for deciding whether to pave {s that of
"breakeven traffic volume". Here, the breakaven traffic voluze is defined
as the base year ADT at which the net present value of paving just equals
leaving the road in the current gravel status. If the base year ADT exceeds
the breakeven traffic volume the relevant internal rate of return would be
greater than the discount rate used in the net present value computation,
and the construction is therefore economically justified. However, the
breakeven criterion is not the best criterion to rely on, since it is
pocsible in most cases to defer construction to some future time at which
the cost savings ia maintenance and vehicle operations ioregone in the
years before construction are =ore than offset by the savings in interest
on the construction capital. This is particularly done in cases vhere
traffic volumes {ncrease with time, so that at the breakeven traffic volume
the early smaller benefits, which by themselves do not justify imrediate
construction, are "subsidized" by the larger benefits in later years.

4.3 The preferred decision rule is the "first year bemefics" criterion.
The first-year rule says that the road should be paved when the ratio of the
net first-year benefits to the construction cost equals the relevant interest
rate or "opportunity cost" of capital. In a situation where the budget 1is
strictly limited the relevant interest rate is in fact the return on the 2ar-
ginal highway project which oust be foregone, which may be several times the
market rate of interest. Certain conditions are needed to ensure that the
first-year rule will yield the correct solution: but these are ordinarily
met by road paving projects 1/. Normally the breakevea traffic volume falls

1/ Conditions required to ensurs that the first-year benefits criterion
yields the correct solutioas for optimal iraining are: (1) the con-
atruction costs do not change over tize ralative to other costs (but
equi-proportionate inflation of construction, maintenance and user costs
would not matter); (1i) the benefits due to construction depend only on
calendar time and are not dependent on the time at which the investmant
ia made; and (1ii) net benefits in the first year after construction
are greater than in the preceding years and less than in the subsequent
years; and (iv) net benefits in subsequent years after constructicn com=
tinue indefinitely. Although these conditions appear very restrictive,
relatively oinor violations are not likely to affect the solution.
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below the volume st which immediate construction is jusctified under che
first-year rule. That is, the breakeven criterion alvays suggests earlier
construction although considerations of economic efficiency (and often budget
constraints) suggest ochervise.

B. Jhe Case Sctudv

4.4 In the following section a single road section will be examined
in some detail to illustrate the method of analysis to deteroine breskeaven
traffic voluoe, and the "optimal" traffic volume under the first-year rule,
and the relationships of these two criteria to the costs of construction
and regravelling at different discount rates.

4.5 The inputs, which are in the same form as in Case Scudy I, are
suomarized in Tables 4.1 - 4.3 for road and traffic data, vehicle data and
maintenance and construction cost data, respectively.

C. ITime Streams of Benefits and Costs
=== oticams O benefits and (osts

4.6 In using the first-year rule the extension of the benefits and
cost streans beyond 20 years is essential to ensure that conditions for

use of this criterion are satisfied. 1/ For this case study the net present
value of paving was computed as follows:

19
. 5 B - % &+ s

t=0 (1+r)‘ (1+r)T (1+r)19

where B ¢ net benefits for year t (savings in vehicle operating and
maintenance costs)

r = discount rate
Co- initial conmstruction cost
T = construcetion year (Note: Bt = 0 before construction year)

§ = "salvage value" of the project in the project’s final year
(assuming a 20~-year planning horizon)

The salvage value, S, was estimated using the following sinmplified formula:
(oo
S = 2: B19 -C

T v
t=19 (1+4r)

1/ Specifically condition 3 as given footnote 1 to para. 4.3,
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vhere Bl = net benefits for year 19; and C,= cost of an overlay. The first
cern L:p?iel that the strean of net benefits bevound the planning horizon is
constant and equal to the project’s last-year net benefits. The second term
ioplies that an overlay is provided immediately after the planning period, 1/

D. Findings

4.7 In the follovwing paragraphs two basic policies will be examined,
paving and no paving. Under the paving policy, unless noted otnerwise,
pavezent comstruction is assumed to be provided f{n the first year of the
planning horizon. Under the no paving policy, the road is assumed to re-
2ain unpaved chroughout the planning horizon, with gravel replenishment pro-
vided vhen needed. The maintenance standards of these two policies are
specified in Table 4.4. In this study, no generated traffic due to pave-
oent construction is assumed; therefore the policies can be compared on

the basis of the total discounted costs, which consist of vehicle operating
costs, and maintenance costs, and, for the paving policy only, the initial
capital outlay. (If there were significant additional traffic generated
from paving the road, then these benefits -- approximately equal to one-
half of the operating cost savings per vehicle -- would be added in.)

Behavior of Maintenance and Vehicle Operatine Costs

4,8 Figure 4-1 shows graphs of total discounted maintenance costs

for paving and no paving plotted against the base year traffic volume (for

4 given set of maintenance and construction costs, at l12 discount rate).

The maintenance costs under both policies vary virtually in a linear fashion
with the traffic voluce. The maintenance costs rezain relatively constant
over a wide range of traffi- volumes under the paving policy but not so under
the no paving policy. As evpected, except for traffic volumes under 100
vehicles per day (vpd), the unpaved road maintenance costs are greater. Over
200 vpd per day the maintenance costs for unpaved surface are twice those of
paved surface. However, nalrntenance costs represent a very small proportion
of total outlays. As illustrated in Figure 4.2, the ratio of maintenance
costs to vehicle operating costs decreases very rapidly as the .traffic volunme
increases. Vehicle operating cost savings are the dominant factor in the
paving decision,

Deternining the Breskeven Traffic Volume

4.9 The breakeven traffic volume can be deteruined graphically by plott-
ing the discounted total costs for both policies against the base year ADYT,

&5 shown in Figure 4-~3 for a given set of construction and maintenance costs
at 113 discount rate. The intersection of the curves, where the ner praseat
value of paving just equals the no paving strategy determines the breakeven
treffic volume. The eifect of a higher interest rate is examined below.

1/ Ao examination of results indicated that no ovcrlay would be needed
during the 20-year planning for the traffic range of interest. But
a terninal overlay is assumed for sizplicity nevertheless,
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Determining the Optizal Traffic Voluze

4.10 We define the opcimal trasfic volume as the traffic voluce above
vhich we caonot increase the net present value of paving by deferring con-
struction to a later year. As illustrated in Figure 4-4, ve can graphically
deternine the optimal ctraffic volume by plotting the net benefits {n the year
immediately after constructiom o1 the first-year net benefits (expressed in
percent of the initial construction cost), against the base year ADT. Accord=~
1og to the first-year criterion, 113 discount rate the optimal traffic volumes
are 301, 447 and 592 vpd, respectively. It should be noted that since ve have
assumed a l5-cm gravel surface thickuess initially, no regravelling costs are
reflected in the first-year net benefits. As a result, in this particular
comparison, the optimal traffic volun{ are unaffected by regravelling cost.

Comparison of Breakeven and Optisal Traffic Volunes

4.11 The optimal and breakeven traffic volumes are coopared by plotting
them against the discount rate, regravelling cost and pavement constructionm
cost,. as shown in Figure 4-5, &4=6, and 4-7.

4.12 As discussed in para. 4.3, the optimal traffic volumes are substan-
tially higher than the breakeven, Teaning that it is alvays preferable to
defer construction until traffic reaches the optinal level. Referring back
to Figures 4-3, and 4-4, the breakeven volume of 308 vpd corresponds to the
447-vpd optimal volume. This ioplies that if the base year trafiic volume is
308 vpd and growing at 7%, the best time to pave would be year 6, not year

1 as suggested by the breakeven criterion. Postponing comstruction to year

6 would forego the savings in (discounted) vehicle operating and maintenance
costs during the first five years equal to US$I.14 million. On the other
hand the interest savings gain in deferring capital investment of US$6.0
million by 5 years amounts to US552.44 nillion. Therefore, the net prezent
value of construction deferment equals US$0.31 million.

4.13 If the base year traffic volume is 447 vpd, i.e., the optimal
volume for the given set of costs at 117 interest, then paving icpediately
would yield savings in (discounted) vehicla operating and nmaintenance costs
of US$8.49 aillion relative to not paving; with the construction cost of
US§6.0 nillion the met present value of the project equals US52.49 aillion.
Although this net present value is only less than 4% of the total discounted
costs of either alternative it is quite substancial relative to the capital
outlay.

4,14 As Figure 4=-5 illustrates, both optimal and breakeven traffic
volumes are extremely sensitive to the discount rate within the range of §
to 202, As expected, high opportunity cost of capital tends to discourage
capital iavestment as reflected in hiph optimal and breakeven traffic vol-
umes corresponding to high discount r::es.

4,15 In Figure 4-6, the breakeven traffic volume 13 shown to be rela-
tively insensitive to the uzit cost of regravelling over a range of US$3.0
to 11.00 per cu. w., while Figure 4=7 shows both breakeven and optizal
volumes to be very sensitive to the pavecent construction cost.
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TABLE 4-1

ROAD, ENVIRONMENTAL AND TRAFFIC CHARACTERISTICS

A. Road Characteristics

Before After
Construction Construction
Length 6.8% 6.85 I
Surface Width 8.0 7.0 neters
Shoulder Width 0.0 2.2 neters
Average Rise and Fall 4.0 4.0 percent
Average Horizontal Curvature 120.0 120.0 degrees/km
Surface Material Laterite double bitumenous surface
treatzent (DRST)
Surface Thickness 15.0 3.0 ca
Subgrade CBR - 8.0 present
Initial Roughness 3250 3250 oo/ km
Initial Structural Number - 3.r
B. Environmental Characteristics
Altitude 500 meters
Wet Season Length 6 months
Dry Season Length 6 zonths
Annuai Rainfall 800 millimeters
C. Traffic Characteristics

Traffic Composition: Passenger Cars 65 percent

Light Goods Vehicles 4 "

Buses 6 "

Trucks-11 tonne 8 "

Trucks-22 tonne 1L "

Trucks-42 tonne 3 "

Traffic Growth Rate: 7 percent annum for all vehicle types
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Caracterlsthnls et colivs_des vehicules

TABLE 4-2

- Tableau 4-2

CASE STUDY II - Etude de Cas 11

VENICLE CIIARACTERISTICS AND COSTS

(U.S. dollars - dollars U.S.

Passenger Light Goods 11-tonne 22-tonna 40-tonne
Description Cars Vehicle Bus Truck Truck Truck
Voiture Camiounctte Autobus Camion 11 t¢J Camion 22 ¢, | Camion 40 ¢,
Phyaical Characteriestics ard Utilization
Caractériatiques physiques et utilisation
A: essence essence gus-oil | gas-oil gas-oil . Bas-oil
1. Fuel Type Casoline Cusoline Diesel Diesel Diesel Diese]
2. Uraoke horsepover 920 140 240 16) 217 307
3. Gross veight (tonnes) 1.5 7.5 15.0 15.0 22.0 40.0
4. Axle equivalency factor Apprx. O 0.11 2.55 2.55 2.46 11.66
S. Aversge crew hours 560 3,600 4,800 3,840 4,800 4,800 s
6. Average operating hours 320 1,500 2,000 1,000 2,000 2,000 w
7. Annual kilometerage 13,000 64,000 64,000 | 64,000 64,000 64,000 ®
8. Average vehicle 1ife (years) 6 S S S 5 S '
Unit Costs =~ Coflirg unitaires
B.
1. New vehicle cost ($/vehicle) 3,250 9,020 40,1350 14,250 21,340 50,000
2. Tire cost ($/tire) 24 60 165 150 188 202
3, Haintenance labor (§/hour) 9.30 6.85 6.15 6.15 6.15 8.55
&4, Crew cost ($/hour) 2,45 3.10 2.70 2.45 4.90
5, Fuel cost ($/11ictre) 0.37 0.37 0.19 0.19 0.19 0.19
6. Lubrication ofl cost/$/litre) 1.19 1.19 1.19 1.19 1.19 1.19
7. Ouverhead (I of operating cost) 15 15 15 15 15 15
8. Ratfo of spare parts to new
vehlcle cost 0.72 0.86 0.85 0.85 0.85 0.85
A 1. Carburant 7. Xilom2trage annuel :- gzgtjel :l::?:::;:-::f?::::;
§. :uE;la:::n;ue:rzfzr v connes 8. Dureé de vie moyenne du véhicule (ans) 7 Fr.:sﬁ;en:raux (¢n pourcent
. Poids iarge, B 1. Cot d'un véhicule neuf s, de fOuLLlOﬂﬂL-L“l)

Facteur d'equivalence psr essieu

: Muycnne d'beuten du cernonnel de conduite
"

2. Coiit d'un pncunathue (s

Mard n—ot $orene

pncu)

;S/v!hlculo)

Coiit des g eces dg r:chln;c
PAr rappott au cout du
véhicunle ncuf.

L1 wnipuadwo)
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Remise au profil

Point @ temps (rechargement localisé)
Rechargement en grevier

Entretien courant

Point a temps
Enduit superficiel
Tapis d'enrobés
Entretien courant

TABLE 4-3 -~ Tableau 4-3

CASE STUDY II - Etude de Cas II

UNIT MAINTENANCE COSTS
Cout unltaire d'entretien

A, Unpaved Road
Routes en terre

Grading Uss 34.9
Spot regravelling uss 8.9
CGravel resurfacing USS3;5-10.5
Routine maintenance US 175.0

B. Paved Noad
Routcs Revétues

Patching uss 4:38
Surface dressing uss 0.89
Overlay uss 87.0

Routine mafntenance USS 687.0

per h-
per cu,
per cu,
per km,

per sq.
per sq.
per cu,
per km,

pass,
n.

n,

per year

..
n.
n,
per year

par
par
par
par

par
par
par
par

k, pass.
3

[
»
km/an

-‘t-

Ll wnipuadwo)
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TABLE &4-4 Tableau 4-4§

CASE STUDY II - Etude de Cas JI

MAINTENANCE STANDARDS - Niveaux d'entretien

A. Unpaved Road ~ Routes en terre

1. Grade every 6000 vehicle passes. 1. Remise au profil tous les 6009 passages de vEhicules.

2. Replace 30L of gravel loss bit not more than 100 cu, m, 2. Remplacer 30%_du gravier perdu par usure, mais pas
per year, plus de 100 w” par km/an.

3. Resurface when gravel thicknesa reaches 5.0 cun. using 3. Rechargement quand la couche de roulement est réduite
lateritic gravel to a restored thickness of 15 cm, 3 5,0 cm. en utilisant gravier latéritique afin

d'atteindre une dpaisseur compactée de 15 cm.

-o'-

4. Provide routine wain.enance which includes drainage, vege- 3. Entretien courant relacif au drainage, b la vigécation,
tacion, shoulder ana miscellaneous activities; Qux accotements et travaux accessoires;

B. Paved Road = Routes revétues

1. Patch SUZ of unpatched cracks but not more than 700 1. Point & temps de 50X dcs dégradacions localisecés, mais
8q. m,./km/year, pas plus de 700 a2/km/an;

2. Surfzce dress when unpatched cracks exceed 302 road 2, Enduit superficiel quand les dégradations localiseés
surface srea; dépasscnt 30X de la surface du revétement.

J. Overlay wvhen roughness axceeds 3750 mm/km using 3. Tapis d’enrobfs de 5.0 cm. d'i&nlnlcu: quand la
asphalt concrete paving of 5,0 cm, rugosicé dépasse 30X de la surface du rcvétcment.

4. Provide routine maintenance. 4. Entrctien courant.

LI wnipuadwo)

b Ixal
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PICTAE 4.1

IV PT - T da r1q

DISCOUNTED MAINTENANCE COSTS vs: TRAFFIC VOLUME

Colits d'antretien acrualisés oar rappor: aux volimaes du trafic

Discount Rate = !13
2egravelliag Cosc = CS$ 1.0/=3
Paving Cost = US$ 60,000/xa

Taux d'actualisacica = 117 3
Colit du rechargecsnc = US$ 7 O/a
Coit du tevécenent = US$ 60,000/

Discounced
Maincanacce Costs
(US$ =aillionm)
Cniit d'entretien

ac:ulltsl
5.0 }=—
4.0 |}
3-0 pr—
2.3 —
Route revitue
e Paved
100 mnd
o.o L 1 ] 1 1 i >
0 100 200 300 400 5Co 600

Sase Year AT
1M da 1'année ds base
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FICURE 4.2

CASE STUDY I - Erude de cas IT

RATIOS CF DISCCUNTED MAINTENANCE CCST§ T2 DIScoLNTE
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FIGURE 4,3

CASE STUDY II - Etude de Cas II

DISCOUNTED TOTAL CCSTS vs: TRAFFIC VOLUME

Colits totaux actualisés par rapport aux volimes du trafic
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FIGURE 4.4
DETERMINING OPTIMAL TRAFFIC VOLUMES
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FIGURE 4.5

BREAKEVEN ANTI OPTIMAL TRAFFIC VOLUMES vs. DISCOUNT RATS
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FIGURE 4.6

BREAKZVEN AND 0PTIMAL TRAFTIC VOLLMES vs, REGRAVELLING COST

Voluzes du trafic, 2 l'opcizuz e au seuil de reatabilicé par rapoort au colit de rechar:

Base Year

TJM de l'année
de base

500 -

400 P

300

200 L.

-

Discount rate = 112
Paving Cost = US$ 60,000

Taux d’actualisation = 11%
Colt du revétement = US$60,000

Optimal
Optimal

Seuil de rentabilicé

Breakeven

5.0 10.0

: Regravelling Cost
(US$/cu. m.)

Colit du Techargement
(dollars/ad)




Compendium 11 Text 4

=

.47 -
FIGURE 4.7

BREAREVEN AND OPTIMAL TRAFFIC VOLCMES vs; CONSTRUCTION COST

Volumas du trafic, 3 1'optizum et au seuil de rentabilicé par rapport au coilt de constructic
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VI. Conclusions
6.1 It must be reccgnized that the basis for quantitative Tanageneat

decision making about the optimun level, composicion and :iizing of highway
maintenance activities has heretofore been very lizited, acd cthere are very
mangy ioportant gaps in the scieatific data base today. Thus one should not
attach too much precision to the results presented above, which aust be in-
terpreced vich considerable caution. Nonetheless some strong coaclusions

do exmerge and ocher rather interesting hypotheses ars suggested which warrant
further consideration.

6.2 Firset, it is quite clear that the return to ainiaum levels of high=
vay maintenance, generally well in excess of current levels in 20st African
countries, yield extremely high econcmic returns. 1In fact, ecocomic recurns
for increased maintesance outlays in this range greatly exceed recurus for
new investments in roads and virtually every ocher sector of the econowy.
Only outlays for maintenmance of other existing infrascructure approach the
same levels.

6.3 As a consequence of this fact the World Bank and increasingly other
lending agencies are focusing first priority atteacioa on the development of
effective maintenance programs. We aust all recognize that it znakes no sense
to iovest in new roads if the existiag roads are deterioraticg prematurely=——
a fraction of the resources required for new construction can maintaino the
existing infrastructure adequately and avoid the necessity of costly, pre=-
mature rehabilitation. This conclusion is quite firm and will survive any
uncertainties in the data basis.

6.4 Sows-further very interesting ideas have been advanced, but amust ba
considered more tentative since cthey may be sensitive to easurement errors
in che underlying engioeering relatiocnships, or the assunptions we have had
tn employ where there is in fact no scientific data base. Oue of these is
the jroposiction that the (re) gravelling of low volume roads will typlecally
bave i1 much lower return than providiag higher grading frequencies for earth
roads >f comparable volumes. In fact where financial stringencies are par-
ticularly acute and/or local conditions dictate very high costs for regravel-
ling=~-as in several regions of Africa--regravelling of roads will nmot be
economical, Becter let them revert to earth roads and proviie a somewhat
higher grading frequency, or possibly a higher level of labor-intensive
maintenance.

e e e o e e e - e e e e e G e G e e - e G e e R G e e e e e Ee S e Em

. e e e e e e e e e G e G e T e e e e Ee S G e e B S G - e S G A= e e -

NOTE: The deleted section deals with paved
roads and traffic volumes which are beyond
the scope of this project.
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6.6 Finally, I vould 1like to close thase remarks on a slightly different
sote. I am glad that the issue of naintenance management--how to do more
saintenance for less money--is to receive much attention at this conference
fron other speakers vho are better qualified to addrass this issue. However,
there {s one izportant dizension that I want to introduce which has been the
subject of another large research undertaking in which we have been engaged:
the issue of appropriate technology. then we recently reviewed performance
under past highway projects financed bv the World 3ank in 43 countries ve dis-
covered that a uniform problem in alzost all zaintenance activities has been
the poor utilization achieved from expensive, imported equipment. Not only
does it require large amounts of scarce foreign exchange to purchase equip~-
ment, and usually a substanctial amount of foreign technical assistance before
local fanscitutions can be developed, the inportation of fuel and sSpare parts
is often blocked altogether so that ve have tha specter of expensive equipment
sinply lying idle for long periods of time; in one country no more than 60
vorking days per year is being achieved, due in large measure to immediate
coustraints on the supply of fuel and spare parts. Increasingly the question
has been raised as to whether these heavily capital-inotensive, heavily for-
eign-exchange-dependent technologies are not inappropriate %o the needs of

the developing cuuntries. The results of research done over the past six
years scrongly indicate that labor-intensive or intermediace technologies can
be techrically and econoaically Zeasidie for the principal taskes of civil com=~
struction aad zaintenance in those countries where labor i{s abuadant provided
that due attention is paid to effective organization and 2anagement, t. the
use of propar tools and to the healch and nutrition of the work force. Only
the tasks of loug discance haulage (generally 5 kiloseters or oore), and high
quality compaction and finishing (as in asphalt concrete suriaces) ara neces-
sarily oore econonical by equipment-intensive cethods. Of course, this pre~
sents no surprise to most of you in this audience wno have seen road maiate=
nance in Africa done over the years by manual methods under the cantonnage

and length man systeas. What is perhaps gore surprising is that zajor earth-
vorks, and zaterials production and handling tasks (both gravel quarrying and
production of crushed stone to 2acadan size) are likely to be done more eco-
nomically today by labor-iatensive =echods in those countrits where labor
vages are below about US$1.00 or even $1.50 per day (in 1976 prices). This
will include some 20 countries in Africa and about an equal nucber in Asia

and latin Azerica. &tven as vealthy a country as Mexico, where unskilled

labor wages of abouc $3.00 per day were paid, more than 75,000 kilometers of
rural access roads were constructed since 1970 at an average cost of $12,500
per kilcoeter, which was said to be equal to the costs at which these roads
would have been constructed by local contractors. Of equal {nportance, more
than 80,000 can-years per vear of productive eaployzent were creatad. Thus
the World 3ank is now actively exploring ways and ceans to facilitate the use
of labor-intensive nethods in civil coustruction and maintenance where it
8ppears these uethods would be economically efficient. We are slready wvorking
vith soze izporzact pilot prograz=s initiated by goveranental agencies in Keunya,
Lesotho, B3enin, and Caad and would be pleased to work with other councries

vho zay be interested in developing prograas or {aproving existing programs

to use labor-intensive nethods efficiently.
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Page 1
ROAD DETERIORATION RELATIONSAIPS IN THE HDM MODEL
1. Vhile extensive research has been conducted in North Ar-vics,

Europe and Australia into the performance of high standard pavexents and
the effects of different axle loads thereon, .nly limiced rasearch has
been carried out on low standard pavements, zad to our knovledge, no com-
parable research on physical deterioration relationships for gravel and
earth roads has been undertaken heretofore. Thus, the Kenya study (Ref. 7)
constituted a major step forward in this field and provides the basis from
vhich further research in Brazil and elsevhere is proceeding. Uuntil the
results of those further studies are available, the Kenya study relation-
ships nust serve as & basis to represent a vide range of conditions and en-
vironnents that in some instances will be quite different from those in
Kenya. For this reason certain modifications have been introduced into

the Kenya relationships. This note records the current road deterioracion
relationships employed in the HDM model. Subsequent modificactions will be
made as nev research results become available.

A. Unpaved Road Deterioration Relationshivos

2. Deterioration of unpaved roads is measured in terms of surface
roughness, rutting, depcth of loose suriace material and also, for gravel
roads, loss of gravel. Deterioration is causr! by two factors, viz. traffic
and time related weathering effects; the latter is like'y to be a major
factor primarily in the case of extremely low volume roads and/or severe
climatic conditions particularly vhen cocbined with :evere terrain (steep
gradients) where erosion is difficult to control. Tae Xenya study did not
succeed in isolating the time Telated weathering effect from the traffic
effect, axcept for the effect of rainfall on gravel loss. Consequently,

an arbicrary adjustoent has been made to reflect these effects in the HDM
model; however, this effect i{s sigaificant only at extremely low traific
volumes. The Kenya study also was able to give only very lizited attention
to earth roads, and as a consequence no serious scientific information is
yet available which permits prediction of earth road deterioration. Until
such information becomes avallable, the HDM model, like the TRRL RTIM model,
siaply assumec the relationships ccajectured by the original MIT research
effort. These assume that predocinaatly clav roads deteriorate approximately
four times as fast as laterite roads, and other earth roads deteriorate
approximately 16 cimes as fast.

3. We list in Tables | and 2 below the detarioration equaticns as
employed by the RTIM aodel, which have been subsequently modified for tine
related weathering effect, We note that in Kenya the TRRL observed that
unpaved roads were becocing izpassadle as surface roughness approached 14,000
pm and the maxioum rut depth was about 75 z@. Ia the KEDM 2odel these limfits
are assuded to be the conditions for total road failure for both paved and
unpaved roads.
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Table 1

Deterioration of gravel roads

Surface roughness

Lateritic, quartzitic and volcanic gravels

(1 R = 3250 + 84 T = 1.6 T2+ 0,016 T°

Coral gravals

(2) R = 6500 + 58 T - 1.0 T + 0.017 1°
where

R » mean roughness in the vheel-tracks measured in um/kn
by a fifth-wheel bump integrator toved at 30 km.p.h.

T = cumulative traffic volume in both directions which has
used the road since grading, measured in thou.ands of
vehicles.

101
Rutting
Lateritic gravels
(3 RD = 11 +0.23 T ~ 0.0037 T2 + 0.000073 T°

Quarczitic, volcanic and coral gravals
(4) RD = 17.5 +0.73 T
vhere

RD = rut depth measured in nillimeters under 2 meter straight
‘d‘c.

T = cumulative traffic volume in both directions which has used
the road since grading, measured in thousands of vehicles.
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vhere

TA -

RL-

VC =

GLA-

ANNEX 1
Page )

Jable 1 {continued)

Gravel loss 2

T
(5)  GL =t A (4.2 +0.092T + 3.5 I: +1.88 VC)
! ™ 4 50 A

A

f = 0,94 for lateritic gravels

= 1,1 for quarczitic gravels

0.7 for volcanic gravels

1.3 for coral gravels

annual traffic volume in both directions measured {n
thousands of vehicles.

annual rainfall measured in meters.

rice and fall (vertical curvature) expressed in meters per
kiloreter.

annual gravel loss peasured in millimeters.

Surface looseness

(6)

(7

(8)

wvhere

Roads graded in moist conditions

Lateritic and coral gravels
w - 1.0

Quartzitic and volcanic gravels

=5e0BT,

1.5
Roads graded ia dry conditions
Lateritic, quartzitic, volcanic and coral gravels.

-0.23T .

LD = 14 e 1.5

LD = depth of loose material zeasured ia ai{llimeters.

T = cunulative traffic volume i{in both directions which
has used the road since grading, teasured in thousands
of vehicles.
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ANNEX |
Page 4

Table 2

Deterioration of earth roads

Surface roughness

for roads other than clay
(9) R = 3250 + 1255 T
for clay roads
(10) R = 3250 +3141T
wvhere
R = nean roughness in mm/km.
T = cucmulative traffic volume in both directions

which has used the road since grading, measured
in thousands of vehicles.

Rutting

(11) RD =14 +1.2 T
103

where

RD = rut depth measured in millimeters under a 2 meter
straight edge

T = cumulative traffic volume in both directions
which has used the road since grading, measured
in thousands of vehicles.

Surface looseness

Roads graded in moist conditions

(12) =537,

1.5
Roads graded in dry conditions

(13) LD =14 03T,

1.3
vhere
LD = depth of loose material measured in millimeters.
T = cumulative traffic volume in'both directions which has

used the road siace grading, ceasured inm thousands of
vehicles.
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Rage §
4. Tize-related road deterioration. Since no experimental data are

available on the pure effect of clinate on unpaved road deterioration, the
folloving tentative relationship has been ezployed:

R = 2000 ll

vhere R = annual increase in surface roughness (an/ln) dve to weather alone;

and R, = annual rainfall in mecers. This equation is bssed on the subjectiva
Judgzent that for 2000 =m average aonual rainfall, a newly graded road with-

out any traffic loading should last about five years,

C e e me e e e e e = e - A e e e e e e e e e e e e E e e e e e oem o e

-__._._.-__.___.._._.__.__._.—_.-____.—_—____-_____

—-_——_—————-—_——.—.—_——.————_—_

!
" NOTE: The deleted section deals with paved |
| roads and traffic volumes which are beyond :
I the scope of this project. !
|

—————_—.————__—.—.._——__.——..———

Text 4
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TRANSPORTATION RESEARCH RECORD 702

Low-Volume Roads:
Second International
Conference

Proceedings of a conference conducted by the Transportation
Research Board, August 20-23, 1979
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ENCINEERING ECONOMICS OF THE MAINTENANCE OF EARTH AND GRAVEL ROADS

Asif Taiz and Edgardo Staffin{, The World Bank, Washington, D.C.

This paper presents a methodology for the sconomic
svaluation of maintenance programs for unpaved
roads vith lov traffic volumes (under 250 vpd),

4 situation commonly encountered in rural areas
in developing countries. The technique, drawing
heavily on the road deterforation and user cost
relationships developed in the 1BRD/TRRL Kenya
Road Transport Cost Study, involves a dynamic
model that relates vehicle operating costs to
traffic-induced road deterforation. The proposed
sethodology requires a two-step procedure: first
to determine economically optinal and techaically
appropriate maintenance strategies; and second to
apply these strategies to assess the economic
vslue of the global road maintenance program.

The {ncremental economic analysis used in the
mathcdology permits the differentiation of bene-
fits, 1in the form of vehicle operating cost sav-
ings, between routine and periodic maintesance,
The use of the evaluation technique i{s demonstra-
ted by application to a road maintenance program.
Although the proposed method requires the use of
multiple regression analysis and elementary cal-
culus, graphical methods can be used as an alter-
native.

Cost-effective road maintenance practice is becom-
ing a priority objective in most countries of the
vorld since relatively nominal maintenance expendi-
tures (about US$100-1000 per km in case of unpaved
roads) can extend the life of existing infrastructure
and postpone the need for its renewal, Although the
econonic value of road maintenance is manifest, its
quantification {s necessary to determine econoaicslly
efficient levels of maintenance expenditures. Tnten-
sive research by the World Bank over the last decade
suggests that the largest benefits of highway mainte-
nance accrue in the form of vehicle operating cost
(VOC) savings and that these are often the dominant
factor in reaching economically optinal highway
naintenance policy chofces. In fact, vehicle opera-
ting coste on an unpaved road surface in good condi-
tion can be about 10-40% lower than {f the surface
wers not sdequatelyv cafntained.

The traditional spproach to quantification of
benefits due to good road maintenance takes tha form
of e static econocis model that assues fixed and
often srbitrary levels of VOC under "good" and "poor"
road maintenance conditiona; the VOC difference com-~

prising the benefite from good maintenancs., This
subjective method of snalysis often results in sub-
optimal investment decisions relative to the scale
and intensity of maintenance oparations, such as the
frequency of grading operations and the periodicicy
of gravelling(8).

The proposed method of analyzing road maintenance
programs for unpaved roads is based on a dynamic
analysis that relates vahicle operating costs to road
surface conditions as thay are affected by traffic
and modified by maintenance operations. Traffic-~
induced road deterioration is defined in terms of
roughness, rut depth, and depth of loose material.
The corresponding vehicle speeds and VOC are also
ustimated as & function of surface condition nara-
maters, because the road geometric and eaviron.antal
factors influencing VOC remain unchanged under normal
maintenance operations.

The Analytical Framework

The mathematical models that relate road surfsce
condition and vehicle operating costs to traffic vere
developed under the IBRD/TRRL research progras in
Kenys (2, 3, 5). A review of tha background refer-
ences 1is necessary for an understanding of the matho-
dology presented in this paper as limitations of
space preclude a thorrugh discussiry of these rela-
tionships.

Road Deterioratidn Relationshipe

Lateritic Gravels Roads

3250 + B84 T - 1.62 'rz + 0,016 1'3 Q1)

11 +0.23 T - 0003777 + 00000737  (2)

8

L w15+ 1k 0T (3)

.
CL, » 0,9b—8— (4,2 + 0.0927T, + 3.5 R 2
a ,‘f . 50 a l],

+1.88 vc) (s)
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d-Clay Earth Roads

R = 3250 ¢+ 7857 (s)
R sl ed,27 {6)

W =1.5+ 1,“-0.231‘; under dry grading vith

LD > 10.0 mn, (1)

LD = 1.0; under wvet grading {8)
acks

R = 3250 + 1255 T (9)

R =iel.27 (10)

LD = 1.5« 1,‘.-0.23‘1'; vith LD > 10.0 mm.  (11)

wvhere!
mean roughness (mm/iom)

rut depth (ma)

depth of loose materisl (mm)

cumulative traffic volume in both directions
since last grading (thousands of vehicles)
annual gravel loss (mm)

annual traffic volume in both diractions
(thousands of vehicles)

annusl rainfall weasured in meters

Tise and fall, vertical curvature (X)

s JS'a -pE”

Vehicle Operating Cost Relationships

In the Xenya Study relationships, {f certain phy-
sical characteristics of the road (such as geometrics,
altitude and moisture regime) are fixed vehicle speeds
and consumption of fuel, tires, spart parts, snd
maintensn. - labor can be estimated as a function of
surface condition descriptors, R, RD, and LD (4). The
average road geometric and environmental characteris-
tice assumed in estimating speed and VOC components
were: moisture content, 3%; average rise, 30 w/km;
everage fall, 30 w/knm; average horizontal curvature,
173 degrees/km; and aversge altitude, 375 m. 01l

Table 2. Vehicle operating coet equatiocas

consumption vas alec estimated from the resulte of
the Kenya Studv while for vehicle ‘depreciation and
crev costs the method recommended in de VWielle's
vork (1) vas used, Composfte VOC, obtained by adding
the individual costa of VOC coaponents, wers calcula-
ted for the four representative vehicles--1ight goods
vehicle (VL), single-unft truck (C4S), medium truck-
trailer (CMR) ard heavy truck-tratler (CLR)-~used in
the exanple demonstrating the spplication of the
proposed analysis method to a road masintenance pro-
gram, The physical characteristics and costs of
thesa vehicles are shown in Table 1.

Tadle 1. Vahicle characteristics and costa

Light  Single Nedive Resvy
Coods Unit  Truch- Truck-

Yehicle Type Yehicle Truck Trafler Tratle
) [5;13] (G3) lCLITE

Phyatcs! Characceriatica

and Uttlfeation

Brake Noree Power [ 13 130 10 250
Payload (t) 1 ? 4 n
Croes Vehicle Waight (t) 2.3 1) 27 »
Puel Typa Cas. Dfesel Diesel Dissel
Annual Operating Niure 800 800 1,200 1,200
Annual Crev Hours 2,000 2,000 2,000 2,000
Annual Kilooeterage 23,000 23,000 128,000 3s,
Aversge Vehicle Lite (yr.) 4 (1 [

Unit Costs (net of taxes)

Mev Vehicle (USH/eeh.) 3,765 10,183 31,143 49,483
Tires (USH/tire} [1] 19 393 b2
Matntensoee Labor (US§/br.) 0,40 0.40 0.40 0.40
Crev Coat (US$/hr.) 0.30 0.40 0.40 0.40
Yuel (US#/11tre) 0.2} 0.3 0.3 0.0
Lub. Of) (Us$/1ftre) 1.40 1.40 1.8 1.40

Unified Road Deterforation snd Vehicle
Operating Cost Relationships

A reviev of Xenya Study relationships showed both
road surface deterioration parazeters (R, RD, LD) and
VOC could be reduced to # comon denominator--cumula~
tive traffic volure (T), provided that road geometric
and environmental parameters remained fixed. This
special characteristic of the two relatfonships vas

Moad Surface Standard Cpper Sonnd

anq Smber of Lrror of Lisit oa VOC
Vehicle Type VOC Estination Equation Max{ma T° Observations " Cotimate (USS Equivaleat)
Lnnlu.
Light Coods Vehtcle VOCu213, 3240,009413 100 19 0.98% 1.8 3o
Single tnit Truch VOC=292,4440.021618 100 19 0.991 b3 610
Medium Truch-tratler VOC* 692, 9840.042217 [ [} 10 0.90¢ .3 1020
Wesvy Truck-tratler VOC=861,91¢0,053772 0 1 0.90 10.93 1228
Sand-Cley®
Light Coods Vehtcle VOC®207,02412,871-0, 249617 30 1 0.9 en o
Siagle Unit Truck VOC»85.96018,367-0. 266017 30 n 0.994 °©L» o
Medium Truch-tretler VOCe476.29434, 717-0.03(572 » 17 0.9% Je. % 1%
Wesvy Treck-tratler YOC28)).63451,401-0. 194 132 b 17 0.1 22,4 1413

ach

Sht Coods Vehicla VOC™206.86921.51T-0.805117¢0, 00314 30 n 0.906 Y.42 3
Siagle Uit Truch VOC®384.,34¢11,047-1,039172¢0, 004 T4 3 1 0.991  10.32 1o
Mediue Truck-tratler VOC®675.07438,377-1,91981240, 00T 0 1 0.997  19.2% 1330
Beavy Truck-tratler VOC*8)1.15486.49T-1.05271200. 01274 » 17 0.9%0 20.99 1013

& TeCumilative traffic volume between
< Applies to gravel roade vith at feast 2 co of loterite aurfoce,
Applies to esrth roace and rrevel rosds with less then 2 ¢m of Jeterite surfacs.

Pete: VOC = wehicle operating cost (US$/1,000 ka)

geadings In both directions

(1000 vehtcles),
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Table ). Vehicle eperating costo as & function of Lralfic and vesd surface characterintice

YOC Cetimated
Boed Susface 1 [} w w s [1,7)

Craw] Rogd: 0 0 1L0 15,3 102 INLAE 6988 861.9)
Waterita Surface) 1M L2 M1 13D N6 €91.02 86198
I IME 100 .8 214,27 IK.60 697,20 867.49
¥ W10 K1 L6 217,09 401.09  70%.06  684.20
0 474 163 L3 22181 ML 710,86 91230

0 M00 2.4 1.3 236.89 44651 79548 1001.11

80 7% 4Nl L3 270.67 53089 M).0%  1218.24

100 11430 70.0 1.3 307.61 804.7% . .

» .

Naxima YO 310,00 410.00 3020.00 1223.00

i Roadt ® 3130 1.0 15,5 207,20 385.96  616.29 83182
fami-Clay Sutface) 14003 15.7 1.1 2i%.es 40423 71058 884.78
S NMIY 20,0 10,1 245,08 47.11  839.07  1079.89

10 11700 26.0  10.0  310.74 Sah.03  919.92  1304.11

20 14000  38.0  10.0  )64.33 43073  1196.23 1343.38

30 16000 $0.0  10.6 31047 70607 1323.18  1639.38

Masima voc® 3713.00 710.00 1350.00  1673.00

Bareh Track: 0 3230 140  15.3  206.86 384.34  €15.01 83113
14303 15,2 11,0 222.37 41482 DI.51 916.88

39315 20,0 10.0 19681 S13.3)  919.43  1188.0)

10 14000  26.0  10.0  Je4.45 393.12 1072.97 1402.98

A 14000 1.0 100 )60.80 6<e.98  1187.27 1305.71

30 14000 0.0 10,0 IIN.47 706.87 1325.81 1659.38

Mazima vOC* 315.00 710.00 135000 1673.00

® ventcle operating cost sstimate (USH/1000 m),
b Mastmm YOO corresponds to as aversge speed of 10-13 km/hr,

used to formulate & unified relationship that would
pernit direct VOC estimation as a function of cumula-
tive traffic volume (T), bypassing all intermediate
steps requiring estimation of vehicle speed and VOC
components a8 a function of surface condition para-
meters, The unified VOC estination equations were
obtsined by regressing composite VOC with cunulative
traffic (T), for three road surface types (Table 2).
The intersaction among cumulative traffic, road sur-
face condition varifables and the related VOC {s shown
in Table J.

Estication of Beneffts due to Reduced Vehicle
Operating Costs

Vith the use of VOC equations shown in Table 2,
savings in vehicle operating costs during a given time
period (normally one year for purposes of discounting)
can be estimated directly as follows:

1. Calculate an average VOC equation by weiphting
the VOC equatfons for different vehicles by thelr
respective percentages in the traffic distribution,

1. Use the average VOC equation to:

(a) suz the operating costs of vehicles accumulated
betveen gradings during one year, for a given main-
tenance otrategy (e.g. 2 gradings per year and other
required routine caintenance);

(b) sua the operating costs of vehicles accunulated
betseen gradings duting one vear, fcr an alternate
maintenance strategy (e, g. regravelliny, 2 rradings
per vear and other required routine ~.aintenance),

). Determine fncrecental benefits (A\OC savings)
due to the alternate rafntenance str trov as the
diffetence betveen the sunred VOC fo  t(he twvo main-
tenance strategies.

Mathenstically, this can be expressed as:

VOC Savings * ”(T)ld'l' - 'l('l)zdr (12)

vhere: l(‘l’)l = VOC equation corresponding to mainta-
nance strategy 1
l(T)z = VOC equation corresponding to slternate
maintenance strategy 2

This procedure sinplifies the calculstion of benefits
and does not equire discrate addition of vehicle
operating costs. For example, VOC benefite from two
gradings per year, as compared to one grading per
year on a sand-clay earth road, for a traffic stresm
containing only light vehicles (VL) can be axpressed
1k

B= 1000'2 (207.02 + 12.87T - 0.24961°)4T

- 2(1000)'3/?(207.02 * 12.87T - 0.24961°)aT

- 1000(12.81(’,:‘,2 - Ez) - 0.2L96(’5‘3 - f;)) (13)

vheret x = accumulated number of vehicles per year in
thousands
B = VOC spvings in US$/1000 lm,

Application to Fconomic Analysis of &
Haintenance Frogran

The foregoiny, analytical procedure vas spplied to
evaluate the economic value of &8 maintenance progras
for & netverk of 5,100 kn of unpaved rosds and tracks
tn West Africa, lhc sres covered by the maintenance
progran {s characterfzed by a dry climate vith an
averave rainfall of shout 1,100 wm per year. The
sverage sltftuic fs about 375 w with & flat to roll-
ing terratn., As deposfts of good lsterftic gravels
are not plentiful, a mechanically stabiilised sand-
clay mixture has been used as the wearing courss on
sose unpsved poadn.

1M
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The Maintensnce Program

The maintenance program vas designed to cover both
routine and pertodic maintenance (regravelling) activi-
tiss, Tully mechan{zed routine maintenance operations
conststed of grading, compacting, and draggtng with
tractor-drawn tires. Other operatiors such as filling
potholes, clearing ditches and culverts, vepctation
control, and spot regrevelling were plsced under the
responsibility of road gangs. Each gong consisted of
25 laborers under the direction of a sector chiefl with
responsibility for a road maintenance sector covering
100-200 k.

The phyveical requirements for the maintenance pro-
gram {ncluded provision of equipment plus an initial
stock of spare parts, workshop equipment, construction
of equipment sheds, ioprovements te the workshops, con-
struction of spare parts store, offices for equipment
inventory control and {nspection, and buildings to
serve as administrative centers for the road sectors,
To meet the requirements [or mechanics, operators, and
other skilled staff, a comprehensive training program
including technical assistance and equipment for a
training center wvas {nstituted. Senior administrative
and technical staff needs were met by provision of a
technical assistance team, vhose functions included
training of local staff and development of the neces-
sary capability for equipment maintenance, and planning
and execution of road maintenance works,

Sequential Economic Evaluation Procadure

The evaluation of the maintenance program followed
a sequential procedure involving -lassification of
roads included in the maintenance program, determina-
tion of appropriate maintenance astrategies and the
overall econonic assessment of the maintenance program.
After the road netwvork wss categorized broadly sccord-
fng to {its engineering and traffic characterisctics, sn
appropriate maintenance strategy vas determined for
eaach road surface type by calculating the incremental
VOC savings associated with the improved maintenance
oparations. This was followed by determination of
overall economic benefits (VOC savings), which vere
then compared with maintenance costs to evaluate the
econonic returns for the routine and periodic mafnte-
nance components of the maintenance progrsm.

Table 4. Classification of roed network for economic
analysis of the malstensoce progras

Base
Betwork Length  ADT  Dietribution of Traffic
Category () (vpd) IVL 0 IOM Ak

Cravel foads® 11} @ 8 B 1

Crove. Rosds 1 b1 I TRRTY [ I T
Crovel Moade me 19 4% 18 3 18
Rarth Rosds® 3] [ IS S | ) 23 1y
Barth Roads 1m0 b TR TR 1] 0o
Larth Rosds 1 1T 4 30 0 23
Rarth Rosds 1] LR T T 13
Larth Roads 150 1 e 1y 31
Larth Rosds F1Y) 10 4y )0 1Y
Mejor Tracke® 1] b S T ¥ ) o
Mejor Teocks (11} 17 4 3 I
Major Trache n 13 43 39 ° °
Wesr Trachs 1311 3 4 9 ° °
Winer Tracks 1130 | A P T 1n 1
LT

th rosds have s vearing course of a mechante
colly otabilised pond-clav nis,

¢ Moet trachs follow the natural ground profile and
|8y heve a fev drofnsge sttuctures,

Classification of the Road Metwork

The unpaved road network of about 3,300 km, varied
from all-westher gravel (laterite-surfaced) roads to
tracks. The base-level average daily traffic (ADT)
on the network ranged from about 50 vpd on the late-
rite-surfaced rosds to less than 10 vpd on the tracks,
As the road network had not been functionally clasai-
fied, 1t wae categorized according to {ts engineering
and traffic characteristics (Table 4). An average
treffic growth rate of )X per annum wee assumed over
the analysis period.

Determination of Maintenance Strategies

Maintenance policies for unpsved roade f{ncluded
drsinage and vegetation control, dragging (vwith rubber
tires), energency repairs resulting from washouts and
veak spots, grading, and resurfecing with gravel. As
no definite, quantified models are svailable to ava-
luate benefits from four of the basic routine mainte~
nance operations--drainage clearance, vegetation con~
trol, shoulder maintenance and surface dragging--it
was spsumed that & certain level of expenditures for
these routine itemn was required as part of the over-
8l1]1 maintenance policies. For grading and gravelling,
which consituted the major maintenance operations it
was necessary to determine: (1) appropriate grading
strategies for various classes of roads {ncluded in
the maintenance program; and (11) the traffic lavel
st vhich surfaci{ng with gravel would be economically
Justified.

Crading Frequency

The effect of more frequent grading {s to improva
the condition o. the rosd surfsce and thereby lower
vehicle opera.ing costs. The vehicle operating coste
corresponding to various grading frequencies for a
given type of road surface vere obtained by

’I/N

IvoC =N £(1), 91 (14)

wvhere!

IVOC = cusulative vehicle operating costs in
one year corresponding to a grading
frequency, N/year (US$/im)

x = cusulative nusber of vehicles during one

year in thousands;

grading frequency (oumber of bladings/

year); and

I(T)v = average VNC equation obtained by thetr
respective ehare in the traffic stresm,

The incremental benefits (reductions in vehicle
operating costs) due to sdditional grading were
obtained as:

4VOC = IVOC - IVOC,,, (13)

vheres
4VOC = Jncremental reduction in vehicle uperat~
ing costs (USS/km)
:voc' = Cusulative VOC per snnum for a grading
frequency, N/yesar (US$/year)
=Cusulative VOC per annum for a grading
frequency Nel/yesr (US$/year),

Ivocml

By equating the increme¢ntal benefite associsted vith

progressively increasing grading frequencies with the
increrentsl unit cost of grading (US130 kn); optimal

grading frequenciee wvere established for various
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Toble 3. Blifuct of grading frequency on vahicle operating coste
for lateritic nravel roads

Cumiloative Vehicle Incremental Beductics

carried out for earth roade with a sand-clay surface
and earth tracks; tha results are summarized in

Table 6. The optimsl grading [requency from am ecomo-
mic standpoint is defined as the breakeven point
where {ncremental reduction in vehicle operatiag
costs due to an additional grading (or grading with

Ceading Frequemey  Operating (osts, IVOC in VOC, EVOC
{ausb11/y0ar) (V38/year) (UsH/yenr)
a!: . !0 !l! v
1 1,470,00 -
] 1,649.60 [ ] speration.
AT * )0 vpd
1 3,020.04 -
H 3,011.38 066
APT = 30 vpd
1 8,400.9¢ -
? 8,360.0% 40.1)
ADT o 10 vpd
) 11,00).2¢ -
1 i,nnn 110.12
3 1,102.78 20,39
APT = 90 vpd
1 13,377.%0 .
1 13,10).47 m.0)
) 13,038.0¢ 4.8
ADT = 120 vpd
20,774.7¢ -
? 20,219.14 335,62
] 10,114.2% 102.99
4 10,000.2¢ 36.02 120 vpd.
ADT = 130
26,409.0) -
? 23,404,1% 1,083.18
) 13,20).19 100.9¢
4 23,132.84 70.3)
ADY = 200 vpd
1 34,019,460 -
1 M,040.0 1.8
] 3),768.9) 470,40
4 3),604.26 164,47
] 33,322.00 80.17
ADT & 250 vpd
1 40,4%8.01 -
1 4),412.04 s, on.
) 42,401.87 230,37
4 43,130.04 313.4)
3 42,008.02 150,12
(] 41,923.48 n.e
? 802,02 30.6)

levels of base ADT. Where increment.. benefits vere
larger than US$400/km (the cost of grading with con-
paction), the grading operatfon vas supplemented with
compaction. The fncremental (marginal) reduction in
VOC with {ncrease {n grading frequency for a lateritic
gravel surfece ts shown {n Table 5 with levels of base
ADT varying {rom 10-250 vpd. A similar analysis vae

Tadie &. Qconoeically optisal frequency of grading operstiona

Optirsl Crading Frequency(Cradinge/year)
With

Moad and ADT Vithout

Sutlece Type (vpd) Cowpaction® Compactlond Totel
Cravel Raga: 10 1 0 1
(leterite) J0 1 o 1
30 1 [ 1
" 1 1 ?
[ -2 1 1-)
110 ) 2 3}
130 4-3 3 )4
100 H } ]
3 ) } ]
areh Reod 10 1 0 1
sead-cley) 10 ? ) 4
30 [} } !
1 [} 4 11
0 ' 3 n
1314 10 ? 1"
}uﬂ: 3 1 [ 1
oerih) 10 H 0 3
» ‘ ] )

® Dafy Coot of prading o LSVI0/2a
Duit Cont ef groding viih conpsction ® L'90400/0n

tion) operation is equsl to the imcremental
cost of one grading (or grading vith compactiom)

It wae found that at least one gradisg
per year vas economically justified on all of the
three surfaces vhenever the base ADT was mors than

S vpd, vhen compared vith the mull alternative (no
grading at all). The frequency of grading, however,
is s function of surface type and level of traffic;
8 laterite (gravel) eurfsced voad requiring a con~
siderably lover frequency of grading than s sand-
clay (ssrth) road or sn sarth treck, for the sams
level of traffic intensity, The optimal grading
frequency on gravel rosds was found to be less sensi-
tive to traffic, changing from 1 to 6 gradings/year
with ADT varying fros 10-250 vpd. Yor an earth road,
the optimum varied from 1 grading/year at an ADT of
10 vpd to sbout 17 gradings/year for a base ADT of
The optimal grading frequencies obtained
by the preceeding analysis vere usad as benchmarks
and, vhere varranted, wodified in the light of local
experience and climatic conditions to arriva st ope-~
rational routine raintenance strategiee that main-
tained an appropriste technical balance betveen gra-
ding [requency and other essential routine mainte-
nance operstions, particularly for earth roads. As
a ;saulr, the grading frequencies for gravel roads
were slightly increased vhila those for earth rosda
and tracks were reduced (Tablae 7).

Cravelling

Surfacing an earth road with gravel provides s
riding surface vhich can better withetand the dele-
terious effects of traffic and environment, thereby
permitting all-veather usage. The serviceability of
the road {a considersbly enhanced, while roitine
maintenance requirements become less stringent. In
addftion, the better surface quality results in low-
er vehicle operating coste.

In order to deternine the breakeven traffic
vlume at vhich surfacing an earth road with gravel
ur resurfacting an existing gravel rosd would be aco-

nomfcally justifted, a benefit/cost analysie vas
carried out comparing the cost of four gravelling
slternatives with benef{ts resulting from differences
in VOC on gravel and earth surfaces vith base ADT
ranging from JO to 90 vpd. The gravelling alterns-
tives considered wvere:

Alternativel
A = 10 cm thickness; 6 m width with 0.3 » ehoul-
ders. ’
B - 10 cm thickness; 7 m vidth with 0.5 = ehoul-
dere.
C - 13 cm thickness; 6 » vidth with 0.3 » shoul-
ders
D 15 cm thickness; 7 m vidth vith 0,3 = shoul~
dere,

Routine maintenance stiategies shovn in Table 7 were
assumed for the two surface types sn required, Bene~
fite at o given bres ADI vers then calculated ast

113
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vhere!

= present velue of difference in vehicle
oparating costs betveen gravel and
earth aurfaces summed over a period of
one regravelling cycle (US$/km);
analysis perfod * regravelling cycle
(years);
. cumulative number of vehicles during
yesr "a" in thousande;
grading frequency for earth surface
(nusber/year);

.,

'G = grading frequency for gravel surface
(aumber/yeasr);

f(Tl) = average vehicle operating cost equation
for earth road;

f('l'c) s average vehicle operating cost equation

for gravel road; and
pvf‘(i.n)- present worth factor for period a,
dfecount rate 1, and analysis period n,

Yor this analysis, the average VOC equations for gravel
and aarth roads are given as!

VOC = 437,39 ¢ 0.026417 an

VOC, = 443,20 ¢ 24.97T - 0.380612 (18)

Tedls 8.

243
todle 7. Boutine ssintenance streteptes edcpted for the maintensnce progrem
teed Type Cravel Roals Tagth Prats _Trache
Base ADT {wvpd): 10 Y0 S¢ tu v3 106 30 30 10 %° 3 10 30

ey Croding
(operations/yest) 1 2 ! ¥ 1) ) 21102
Crading vith Compaction
(operations/yesr) - = e = = « 1 1 1 2 = = =
Spet Rapairs
(a)/ba) - e = = = <« 23 3% % 3 - - 23
Light Boutine Matntensace®
{m/year/eector) - 200150 100 30 - 3130100 50 30 - - 200
pregetas®
{(Be. of oporstions) « 20 30 30 M « = o o o o o =
. Tilliag potholes, drainage and vegetation control, shoulder maintenance, ste,

Vith tractor-drave tires.

’x.INE ‘l.lNG
L™ 0 £(Ty) dT ~ N, 0 £(7;) dT] pwf, (1,n) (16)

Besefit cost anslyeis te determine breshevea ADY for gravelling

wvith 45 VL, 15% CMS, 253 OMR, and 152 CLR with VOC
expressed in US$/1000 km. The details of the analy-
sis are presented {n Table 8.

The regravelling cycle fn years, obtained by
dividing the thickness of the gravel surface by the
average annual gravel loss, vas taken as the snalyefs
period. Discounted VOC savings vera obtained as the
present value of the difference in vehicle oparating
coste betveen gravel and earth surfaces over the
anslysis period as given by Equation 17. The net
present value, then, vas given as the difference
betveen VOC savings and the corresponding cost of
gravelling. The breakeven ADT for the four gravell-
ing slternatives vas taken as the ADT at which the
net present value becomes zero. At a discount rate
of 121 (assumed to be spproximately equsl to the
opportunity cost of capital), it wvaa shown that
regravelling alternstive B was econonically justified
for all roads vith a base ADT of at least 47 vpd.
Accordingly, 195 k= of gravel roads vith an average
base ADT of 4B vpd (Table 4) were {ncludrd for gravel
surfacing in the maintenance progrsm; the design
standardas for regravelling comprised a ’m vide run-
ning surface, 0.5 vide shoulders, snd a 10ca thick-
ness.

Repravelling Cycle Cost of Cravelling

Present Velue of YOO

A ] [ ]
Bresheven AD1: g 0 % u

Base  Aversge Annu:l for Crave] Thickneas {Ut4/hn) Bavings (USH/km) at Set Present Vales
]m v (yesre) Alternatives 112 Dlecount Rste [($11{1))]
vpd ) {cm) 10 cm 13 tm A ] [4 [ AD Cc,b A ) [4 []
» 0. 10 13 1183 0,263 10,743 12,400 3,210 3,00 =3, 083 -4,993 -6.70) -0,440
" 1.2 [} 12 7,143 0,265 10,743 12,400 0,500 10,19 1,193 33 -333 2,000
T 1.40 ? 1 7,163 0,243 10,743 12,400 9,843 12,000 2,000 1,300 1,108 “o
” 1.54 [} 10 7,303 8,243 10,743 12,400 10,000 14,930 3,683 2,343 4,208 2,9%
Altornative:r

.
N Traflte growth: )T pot annum.
Trem squation & with Pyt blegvoeL,
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Economfc Evaluation of the Maintenunce Program

The economi:z evaluation of the maintenance progras
consfsted of an engineering-economic assessment of the
condition of the road network and the associated vehi-
cle operating costs with and without the maintenance
program, Without the ca{ntenance program, it was
estimated that effective road maintenance would dec-
Tease systematically amd eventually cease in about
four years. Maintenance output for with and vithout
maintenance program conditions is given {n Table 9.

Teble 9. taintenance output with and vithout maintenance

program

Witheut Metntenance Progeam

Routine Matntenance

With Maintenance Program

The incidence and magnitude of vehicle operating
costs and related bencfits as a function of accumu~
lated number of vehicle passes and level of road
maintenance with and without the ms{ntenance program
is demonstrated fin Figure 1. Although the proposed
wethod of economic analysis requires the use of stat-
fstical regressfon analysis and elementary calculus,
to estimate VOC savings, it can be seen from Figure 1,
that such VOC estimates can be alternately determined
by preparing templates consisting of graphed average
VOC curves and then measuring the area under these
curves for given maintenance atrategies.

Benefit/Cost Analyais of Routine Maintenance

Costs for routine maintenance included ({) capital

' Larth Koutine expenditures for maintenance and workshop equipment,
_Moads Fosdp Jracks Total Palntensnce® Regravellin an initial supply of spare parts, buildings, and re-
Yesr (wn)  (im () (km) (kn) —JLTGB-—J lated (echnlcgi Zsslstsnce.pand il‘) recugrent wain-
tenance expenditures for fuel, spare parts and labor,
1 L2 161 963 1,600 - - incremental to the amount spent without the mainte-
2 A 16} 363 1,200 1,800 100 nance program. Using procedures discussed in the
: :;3 162 163 :83 ?;:: :gg preceding sections, benefits vere calculated in terma
3 - ,:,15 9 of reduced VOC resulting from improved routine main-
] - s, 18 - tenance, The benefits were accumulated over the 14
! - 5,118 - classified sections and grouped in three categories,
: it ?::: - The economic life of equipment was estimated to

[]
Distribution of roads and tracks as shown in Table 4.

The economic rates of return for the maintenance pre
gran (separately for routine and periodic maintenancs
components), vere calculated by relating the {ncremen-
tal cost of equipment and other malntenance inputs to
the corresponding incremental benefits {n the form of
reduced vehicle operating coscts, resulting from
{mproved road maintenance brought about during the
economic life of the equipment,

Tigure 1t

average about 8 years while the salvage value of
buildings at the end of the analyais perifod was esti-
mated at 507 of {nftial cost, Other than the roads
to be regravelled under the maintenance program at
the rate of about 100 km per ennum during the first
four years of the maintenance program, gravel roads
with lesa than 2 cm of laterite surface wvere treated
ns earth roads for purposes of tha economic analysis
of routine maintenance, The results of the benefit/
cost analyais are presented in Table 10. The econo-
mic rate of return for routine maintenance operations
under the maintenance program was estimated at 74%

ECONOMIC BENEFITS FROM MAINTENANCE

o T T T T T Y T
| Bame ADT « 48vnd. Uit Length « 1 Km B - Your Promct Lity
" Vet <y Dirtribution » 45 VL, 15% (M3 2SN CMR 18N CLA 1
Trattic Groweh o 1% Dur Annum
L1 of . ————
LT 3 o
o

ore

"

bt
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- o aae
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mrecsesscencincanencas(0ITS (ISH Billtrn)accecaamecsnracran.
Cayital lnvestmery Recurrent Maintenan. e st

semeemeee BINIFITS (US) millioR)eameeccsene

L) ! ~1a)_VOC Savings

Bquiper..; & Technical WVith Vitheut  Incte al Cravel Roads larts xoads  Trachs Total
Year Spave Parte Bulldings Aselstance Project Project Coatn? (150 km) (057 km) (3691 ha) (3018 ka)
1 1.4 0.708 0.6
? 2.94% L4l 0.421 0.493 0.49) - 0,227 0.1 1.149 1.40?
3 8.421 1.479 0,410 1.01) 1.11¢ 1,338 1 .50
4 1.479 0.410 L.on 1,098 1.0 4.1%) 1.407
] L1.479 0.2460 1.2 1,019 1.694 4,328 .19
[} 1,478 0.244 1.236 1.331 2,091 4,000 9.030
? 1.4 0.2:5 1.23 1.8 2.960 4.007 9.670
[ ] 1.479 0.248 1.238 2.006% ).028 4 10.871
] ' 1.47¢ 0,244 1.2 .M 2.901 3.000 11.210
10 ~1.082 l.479 0.244 0. 742 2,212 .110 3,461 1%

IR = 24,17
p/C 8128 e 3,17

® Salartes for pernanent road maintesance staflf,
Salvege value of buildings.

corresponding to a benefit/cost ratio of 3.17 at a 12%
discount rata.

Benafit/Cost Analysie of Perfodic Maintenance
(Regravelling)

The cost of periodic maintenance included expendi-
tures for equipment snd technical assistance, and
operational recurrent costs over the 4-year regravell-
iog program. The sverage regravelling output was
estimated at about 100 km per year with a total output
of 395 km. A 501 salvage value vas applied at the end
of the regravelling program, because equipment would
hae been used for only one-half of its B-year econo-
uic 11fe. Since the regravelling cycle was calculated
t~ be about 8 ycars, while only sbout 100 km would be
regrcve  ed each yesr, the residual thickness of the
gravel at the end of the analysis period vas also
sssigned a terminal value. The annual gravel loss wvas
estinated to be about 12,6 ms per annun. The bene-
fits from regravelling were taken as the incremental
reduction in vehicle operating costs, sdditional to
the reduction effected under routine nsinterance,
and expressed ast
ap = (VOCZ - VOCqy) ~ (vOC) - vocq) (19)
wvheret
4B  » Incremental benefits from regrevelling
(Us$ millon).

VOCo w Vechicle operating costs under the null
slternative--one grading/year and other
routine maintenance operations for inittal

Table 11, MNearavellion - benefit/cost analysis

three years of the program; no maintenance
thereafter (US$ million).

‘lOC‘l = Vehicle uvperating costs under msintenance
alternativa '1',--2 gradings/year and
other routine maintenance operations over
an 8-year period (US$ million).

VOC2 = Vehicle operating costs under maintensnce
slternative '2',—~regravelling at 100 km/
year over & years, 2 gradings/year and
other routine maintensnce over an 8-year
period (US$ million).

Thea,

VOC) - VOCp = VOC savings under maintensnce
slternative '1',
vocz - VOCq = VOC savings under maintenance
alternative '2°,
or,
48 = VOC, - VOC1

The results of the analyeis are presented in Table
11. The incremental rate of return for regravelling
operations was estimatad at 17, corresponding to a
benefit/cost ratio of 1.26 at a discount rate of 12X,

Sensitivity Analyeis

The specific risk elements related to the main-
tensnce program vere increase in costs snd possible
shortfalls in the projected maintenance output., A
sensitivity analysis wvas carried to evaluate the
effect of these paraveters on the economic return of
the maintenance program components (Tablae 12),

If routine maintenance wers confined to the most

Costs_(US) sillfons)

YOC Savy

L LA LT S——
nis (USY mitlfons)

$ajvare Value
Techmical Mecurrent of Remaining Alternstive Alt
Teat Bquipment Assfstance Uapenditure Craval Surfece

Ket Incrementsl
Bexefite
Alt. 1 - Ale, 2

ersative

1 L

3 0.080 0.484

] 0.080 0,484

4 . 040 0.464

: «0.914 0.000 0.464

?

[

’ «0.379
e e 12,21

8/C 8 12t » ‘1,26

0.002 2.0
1.0)0 0.2
1.200 0.3M4
1.61) 0.020
).082 1,014
3.10) 1.049
3.0 1.1
.99 1.201




Compendium 11

Text

68

Teble 12, Semattivity saslyeis

m (1)
4. Boytise Matinteussce - IRA*14,0%; B/CB121°).17
Rllect of Reduced Malntensace Oyipyt
tvorh Kaintessace!
-t .1
4).0
H.e
.l
1).0
n.;
Bflect of Cout lncresses
tease ia Coste:
K N.)
102 .9
1 43.4
01 0.8
Rifect of tncvesss in Benefi
b1 7.9
jo n.e
5. Regravelling - TRR=17.21; B/CHI2Ye1.2¢
Blfere of Reduction in Annuel Output of
illuulllr.i
Kilommters fegravelled per Year:
100 ka® 17.2
80 12,4
Rffect of Incresse in Cost of Regravelling
acresse tn Conts:
N 16.1
101 15.0
! 13.0
Rlfect of Incresse in Bene(tty from Regravelling
lacresse 1o Beoelite:
F14 18.4
101 19.5

® Ae assumed under the mafntenance progras,

dmportant road links (about 3,500 km of roads and
tracks), it would have an economic return of about 63%.
If the trafning program failed to produce sufficient
personnel to expsnd maintenance operations, or 1if a
shortage of recurrent funds limited maintenance to
current levels (about 1,800 km), routine maintenance
would yield an estimated economic return of about 27%,
The econonic return for routine maintensance wan rela-
tively insensitive to reduced equipment life and the
corresponding reduction {n raintenance output during
the lster years of the program, showving only & 3 per-
centage point drop in the rate of return with equip-
ment life reduced from 8 to 6 vears, A 207 increase
in costs would lower the economic return to 613 while
a 52 increase {n benefits, a distinct possibilitv
resulting froo a probable traffic growth {n excess of
the assumed 31 would raise the economic return to 782.
Relative to regravelling operations, a 203 reduc~
tio: in the annual regravelling output from 100 km to
80 ‘v would lower the economic return to 157 while
s 101 ipncrease in benefits wvould raiee 1t to 202.

Conclusions

An attenpt has been made in this paper to present
an improved econonic analysis method for the evalua-
tion of road naintensnce prograns for unpaved roads,
The method ez=ploys some of the latest research find-
ings related to traffic-{nduced deterioration of un-
paved roads and ite effect on vehicle operating costs.
This evaluation technique renoves auch of the subjec-

tivity from estimation of vehicle operating costs as
they are affected by the quality snd scale of mainte-
mance operations and provides ths analyst a tool for
determnining economically optimal levele of routins

and periodic maintenance. The snalysis can ba carried
out with a portable hand calculator without recourse
to expsnsive and time-consuming computer-based models.
Some of the salient conclusions of the msintensnce
program exasple described in the paper avet

1. Efficlently executed routine maiatenance
operations yield a very high economic returm and cen
help to offset the need for early renswal of the road
infrastructure.

2. Once sn earth road is surfsced with gravel,
youtine maintenance requirements become less string-
ent and require s lowver frequency of grading opera-
tions.

3. The optimal grading frequencies resulting
from economic analysis should ba used only as guide-
lines in the deaign of maintenance programs; whers
necessary, they should be modified to reflact actual
operationsl conditions.

4, The minimun breakeven ADT at which gravel
surfacing of earth roads becomas economically justi-
fied varies from about 45-60 vpd, depending upon the
design standards used.

References

1. Jan de Weille, "Quantification of Road User Bav-
ings", World Bank Staff Occasional Paper No. 2,
Anpex 1, World Bank, Washington, D.C., 1966,
pp. 45-72,

2. Abaynayaka S.W, "Techniques for Measuring Vehicle
Operating Cost and Road Deterioration Parameters
in Developing Countries", TRB Special Report 160,
1975, pp. 302-330.

3. Robinson, R. et al, "A Road Transport Investmeut
Model for Developing Countries™ TRRL Laboratory
Report 674, Crawthorne, Berkshire, 1973.

4, Abaynayaks, 5.W. et sl "Tables for Estimating
Vehicle Operating Costs on Rural Roads in Develop-
ing Countries TRRL Laboratory Report 723, 1976.

S. Hide, H. "An lmproved Dats Base for Estimating
Vehicle Operating Costs on Rural Roads in Develop-
ing Countriea' TRRL Laboratory Report 223 UC,
1976.

6. Rolt, J. and Abaynayaks, S.W, '"Revision 1 of the
Road Transport lnvestment Model" TRRL Supplemen-
tary Report 246, 1976,

7. MHoavenzadeh, F. and Brademeyer, B, "The Road
Investment Analysis Model: Ceneral Framework for
Link Evaluation” TAP Report 77-53, MIT, Winter
1977.

8. Harral, C.G., Fossberg, P., sud Watanatada, T.
“Evaluating the Economic Priority of Highway
Maintenance' Pan-Africa Conference on Highway
Maintenance and Rehabilitation, Ghana; United
Nations Economic Cotmission for Africa, Hovember
1977,

nz


http:1/01121,).17

118

Project Correspondent Luiz R. Soares, Past Presiden: Associacio Rodoviaria do Brasil, Brazil,




Compendium 11 | Text 6

TRANSPORTATION RESEARCH RECORD 102

Low-Volume Roads:
Second International
Conference

Proceedings of a conference conducted by the Transportation
Research Board, August 20-23, 1979

119

TRANSPORTATION RESEARCH BOARD

COMMISSION ON SOCIOTECHNICAL SYSTEMS
NATIONAL RESEARCH COUNCIL

NATIONAL ACADEMY OF SCIENCES

WASHINGTON, D.C. 1979




Compendium 11 Text 6

Conients

o T |

THE CRAFT OF HIGHWAY ENGINEERING
Ray Millard ..... T |

APPROPRIATE TECHNOLOGY FOR LOW VOLUME ROADS
G. A Edmonds ., ....... Ceeteen I | |

APPROPRIATE TECHNOLOGY AND LOW COST TRANSPORT
I J Barwelland J. D. G. F. Howe . . ....cvvuevrenananess 33

A METHODOLOGY FOR EVALUATION OF RURAL ROADS IN
THE CONTEXT OF DEVELOPMENT
Janet A. Koch (Rossow), Fred Moavenzadeh, and
KeatSoon Chew ... .....covcvnvene T )

DESIGN THICKNESS OF LOW-VOLUME ROADS
Jacob Greenstein and Moshe Livieh . .. .. .viveerrennonoeee W

SOME ASPECTS OF PAVEMENT DESIGN AND PERFORMANCE
FOR LOW VOLUME ROADS IN NEW ZEALAND
Robin J. Dunlop..... I 14

AN ALTERNATIVE TO THE DESIGN SPEED OONCEPT FOR
LOW SPEED ALINEMENT DESIGN
John McLean..... O

OPEN GRADED EMULSION MIXES FOR USE AS ROAD SURFACES
120 R. G. Hicks, David R. Hatch, Ronald Willlamson, and
JohnSteward ...ovvvuvereneenn Cheeasaen veesraesenss B4

LOW TRAFFIC PORTLAND CEMENT CONCRETE PAVEMENT ON
THE TURTLE MOUNTAIN INDIAN RESERVATION NORTH DAKOTA
DeWayne E. Storley . ... iieiereneennna resessssanss 13

PORTLAND CEMENT CONCRETE OVERLAYS OF EXISTING
ASPHALTIC CONCRETE SECONDARY ROADS IN IOWA
Carl F. Schnoor and E. J. Renier ..... tesessesrsssssacse 15

OPTIMAL TIMING FOR PAVING LOW-VOLUME
GRAVEL ROADS
Anll S, Bhandariand Kumares C. SInha. . ... .cvvecevsvoeees B3

A PROGRAM OF BRIDGE INVENTORY, INSPECTION AND
RATING FOR A LOCAL ROAD SYSTEM
Bill Wade and Melvin larsen . ... cveeevecsnscsnnvannenss 88

LOW WATER CROSSINGS
Gerald Coghlanand Nell Davis . . ... vv v vevencoronvonsens B8

EVALUATION OF THE STRUCTURAL ADEQUACY OF
BITUMINOUS PAVEMENTS FOR COUNTIES AND
MUNICIPALITIES |4 MINNESOTA
Eugene L. Skok, Jr. and Erland O, Lukanen .....cecov00.00..108




Compendium 11 Text 6

tv

GEOTECH!ICAL ASPECTS OF LOW VOLUME ROAD DESIGN
AND CONSTRUCTION IN NORTHEASTERN THAILAND
Teeracharti RUEnkralrergsa . .....uovovvveveennverrcsnnssesssdll

USE OF SOIL SURVEYS FOR PLANNING AND DESIGNING
LOW VOLUME ROADS
James A. Scherocman and H. Raymond Sinclalr, Jr. .. ... 0000 en... 128

DO EARTHWORK IN THE COLD WEATHER?
Wayne A. Bleganousky and C. W, Lovell . ... .o vvevvnnsonnesas o

USE THE GEOTECHNICAL DATA BANK!
Cary D. Goldberg, C. W, Lovell, and R. D. MileS........0000...140

UTILIZATION OF SULPHUR-TREATED BAMBOO FOR
LOW-VOLUME ROAD CONSTRUCTION
H Y. Fang.......... Cer et rtesanen P L Y

THE OPTIMUM USE OF NATURAL MATERIALS FOR LIGHTLY
TRAFFICKED ROADS IN DEVELOPING COOUNTRIES
M. F. Mitchell, E. C. P. Petzer, and N, vanderWalt ...,........158

DESIGN OF EMULSIFIED ASPHALT-AGGREGATE BASES
FOR LOW VOLUME ROADS
Michael I. Darter, Steven R. Ahlfield, Patrick L. Wilkey,
Alols J. Devos, and Richard G, Wasill ...... cesenssencssnees o164

S0IL-CEMENT-A CONSTRUCTION MATERIAL
E. Guy Robbins and R. G, Packard...... S Y £ |

MIX DESIGN CRITERIA FOR CEMENT MODIFIED EMULSION
TREATED MATERIAL
K. P. George ...... F T 1+ 3

EFFECTS OF COMPACTION DELAYS AND MULTIPLE 121
TREATMENTS ON THE STRENGTH OF CEMENT
STABILIZED SOIL

Michael J. Cowell and Lynne H, Irwin. . . .o v eivvnnnseesenssosdBl

POZZOLANIC ACTIVITY AND MECHANISM OF REACTION
OF RED TROPICAL SOIL-LIME SYSTENG
Joe G. Cabreraand Charles A, NWakanma. .. .4 oevvevoseccesesslff

INNOVATIONS IN DESIGN AND CONZTRUCTION OF A LOW
VOLUME LOW COST ROAD ON WINDBLOWN SANDS
P. J Straussand F. Hugo ........... P 1]

POREST SERVICE EXPERIENCE WITH IN-PLACE REDUCTION
OF OVERSIZED ROCKS IN UNSURFACED ROADS
Martin C. Everitt and Ernest L. Hoffman ... ...i0eeneeocesess218

AN INTEGRATED NATIONWIDE RURAL ROAD SYSTEM
FOR THE GAMBIA
Paul E, Conrad and John G. SChOOR . . v v vvvevennocornosonssesobus

ROAD NETWORK ANALYSIS FOR TRANSPORTATION INVESTMENT
IN EGYPT
Brian Brademeyer, Fred Moavenzadeh, Michael J. Markow,
M El-Hawary, and M. OWals . ... uvuivvevrovonnanssoananes 229

EVALUATION OF HIGHWAY ROUGHNESS IN BOLIVIA
R. F. Carmichael 10, W. R. Hudson, and Cesar Sologuren F. ,......238

OUTLINE OF A GENERALIZED ROAD ROUGHNESS INDEX
FOR WORLDWIDE USE
W. R HudSON . oo vesvnnoeononnenseaasasososssoscceeas 340

ENGINEERING ECONOMICS OF THE MAINTENANCE OF
EARTH AND GRAVEL ROADS
Asif Faiz and Edgurdo SAfinl ., .. vvvvescensresnassasroes 300




122

Compendium 11

Text 6

** EFFECT OF SIMPLE ROAD IMPROVEMENT MEASURES ON

VEHICLE OPERATING COSTS IN THE EASTERN CARIBBEAN
H Hideand D. Kelth , . ... vvvvrertneesncenacsnssscncece 3

IMPLEMENTING A PAVEMENT MANAGEMENT SYSTEM IN THE
FOREST SERVICE
B. Frank McQuliough, Freddy L. Roberts, and Adrian Pelzner.......277

HIGHWAY SAFETY REQUIREMENTS FOR LOW-VOLUME

RURAL ROADS

John C. Glennon . ... vvveerueasnoennnsonvsaasoaconcsas 388
A DURABLE REFLECTIVE SIGN SYSTEM FOR LOW-VOLUME
ROADS

Tom Nettleton . . oo v vvivrotnnenrsostsescenscacosnacsens 298

A PRELIMINARY EVALUATION OF PAVED AND UNPAVED
ROAD PERFORMANCE IN BRAZIL
Alex T. Visser, César Augusto V. de Queiroz, Barry Moser,
and Leonard MOSETr . .......ivrssvvccnasnscsssacecocnss 308

THE EFFECT OF ROAD DESIGN AND MAINTENANCE ON
VEHICLE OPERATING COSTS—FIELD RESEARCH IN BRAZIL
Richard J. Wyatt, Robert Harrison, Barry K. Moser, and
Lulz A, P, de QUadroS . v oo vvsronnsavoctonoscoonnsosesasd1d

RELATING VEHICLE OPERATING COSTS TO LOW VOLUME
ROAD PARAMETERS IN BRAZIL
Bertell C. Butler, Jr., José Teixeira de Carvalho, and
Willlam R, HUdSOn. . . v oot evvtvenesonersosccosvesaneannes 320

FUEL CONSUMPTION RELATED TO VEHICLE TYPE
AND ROAD CONDITIONS
John P. Zaniewski, Barry K. Moser, Pedro José de Morals,
and Russ L. Kaesehagen ... ...ovvivnenocnnracsrseoccnsseses38

PREDICTING TRAVEL TIME AND FUEL CONSUMPTION FOR
VEHICLES ON LOW-VOLUME ROADS
John P. Zaniewski, Barry K. Moser, and Joffre D. Swalt, Jr. .......338




Compendium 11

Text

EFFECT OF SIMPLE ROAD IMPROVEMENT MEASURES ON
VEHICLE OPERATING COSTS IN THE EASTERN CARIBBEAN

H Hide, Transport and Road Research Laboratory, UK
D Keith, British Development Division in the
Caribbean, Barbados

The paper describes the effect on vehicle
operating costs of a simple labour-intensive
method of rehabilitating and maintaining badly
deteriorated bituwen surfaced roads in the
Eastern Caribbean. The techniques developed
for the rehabilitation and maintenance of the
roads are described, and the ejuipment,
materials and manpower required are listed.
The rehabilitation and maintenance sysiem is

8 simple one restricted to providing adequate
drainage, filling the potholes in the rcad
and providing a minimum seal over the whole
road surface. The reducticn in vehicle
operating costs resulting from the improve~
ment in the riding quality of the road sur-
face is shown to be sufficient to recover the
rehabilitation costs {n a very short time even
at flows as low as 100 vehicles per day.

The majority of the roads included in this
pcheme are of low strength, have low gecmetric
standards and have traffic flows ranging from
50 to 1500 vehicles per day, All the roads
have been trafficked for at least one year
since being rehabilitated and sone for two
years., During this time little or no damage
to the surface has taken place.

Introduction

This report describes the cost-effectiveness
of a simple labour-intensive method of rehabili~
tating and maintaining badly deteriorated bitumi-
ncus road surfaces,

The method used to improve the road surfaces was
developed in the Eastern Caribbean island of St
Vincent by one of the authors whilst Regional Pub-
1ic Works Advisor to the Britisn Development
Division in the Caribbean. Data on vehicle operat~
ing costs were obtained from an investigation into
vehicle operating costs being undertaken by TRRL in
the Eastern Caribbean and from an earlier study(1).
The cost-effectiveness of the operation is calcula-
ted by comparing the cost of the improvements with
the savings in vehicle operating costs resulting fros
the improved riding quality of the road surfaces.

PA525/13

All the roads included in the analysis are of
low strength having a modified structural number of
less than 342) and have high horizontal and verti-
cal curvature (at least )00 degrees/km and up to
100m/km respectively). They carry between 50 and
1500 vehicles per day and have all been trafficked
for between one and two years since rehabilitation.

As the improvements were carried out to the road
surface only there was no change in road geometry
but the riding quality of the road surface was
improved. Riding quality has been measured using a
vehicle mounted bump integrat~r unit. The rough=
ness values obtained were thei. converted to the
corresponding towed Sth wheel bump integrator
value{1l). The road surface roughness as measured by
this method reduced fram 7000mm/km before the
improvements to an average of 4000mm/km on comple-
tion of the restoration of the road surfaces.
Details of these roughness measurements for a
representative sample of the roads are given in
Table 1, and their locations are shown on the map in
rigure 1,

All costs are quoted net of tax in Eastern
Cariboean dollars (ECE2.7 » USE1: ECS 5.2 « 1
sterling).

The situation prior to the Rehabilitation Progr amme

5t Vincent has 320 kilometres (200 miles) of
bituminous surfaced roads and, with the exception of
24 kilometres {15 miles) which have been recon-
structed over the last 10 years, they had received
little if any surface maintenance since they were
first bituminised in the period 1950-1968. This
neglect had resulted in serious deterioration of
the running surface characterised by extensive pot-
holing and crazing, as shown in Figure 2, 1If &
'pothole’ is defined as having a minisum dismeter
of 150mm (6™) and a minimum depth of 25ens (1), then
by 1976 incidences of one pothole per linear metre
of road were commonplace, and in ®any casas the
vhole width of the road surface had been
broken up, forcing traffic to drive on the boulder
base, The method uf construction adopted when the
roads were originally bhituminised was basically
grouted macadam. A loose layer of 25m (1°) stones
was laid over a boulder bsse, dlinded with 1lwm 4*)
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stonss aad then penetrated with bitumen and
finished off with a layer of frm (%) to dust,
Whilst this method of construction provides a
ressonably waterproof finish initially, it has the
disadvantage that once water qains access through
the finished surface it easily penetrates the
porous 2%mm (1%) layer down to the base, lifeing
off large areas of surfacinqg,

Between 1968 and 1976 the St Vincent Govern-
ment, using grants from the UK Ministry of
Overseas Development, reconstructed 8 kilometres
(S miles) of the Leeward (West Coast} Highway and
16 kilometres (10 miles) of the Windward (East
Coast) Highway. In addition in 1978 the recon-
struction of a further 19 kilometres (12 miles) of
the Windvard Highway was started using funds pro-
vided by the European Development Fund. However
with reconstructior. costs of the order of
#$300,000 per kilometre (£4 million per mile) it
wae clear that because of limitations on funds the
remainder of the road network could not be recon-
structed in this way,

The amount avallable for maintenance of bitunen
roads in the Recurrent Annual Budget 1is only
$800,000 or 2500 per kilometre (84000 per mile)
approximately and the Roads Maintenance Department
found that these funds were sufficient only to
repalr the worst of the potholes with premixed
bitusinous macadam. It was not possible to under~
take a maintenance and surface dressing programme
sufficlent to arrest the decline of the road
surface conditfon. To alleviate this situation
the UX Ministry of Overseas Development in 1975
approved a grant to establish a Pilot Road Main-
tenance Unit on St Vincent to train iocal staff in
maintenance procedures and to develop a cheap,
labour-intensive method of rehabilitating the road
System {n order that {ts continued maintenance could
be financed within the recurrent budget allocatfon,

The Rehabilitation and Maintenance Programme

The rehabilitation and maintenance of a typical
broken bituminous road surface comprises the
following activities:

1. Clean and imprave side and cross dratnaqe,

2. Repair the potholes, bringing the road pro-~
file as nearly as possible to its original rhape.

). Surface dress or otherwise waterproof the
repaired surface.

4, Maintair the road so repaired by:~

(a) Keeping the drains clean.

(b) Repairing minor potholes as they appear and
befors they become major ones.

Drainasge

Since the side drains and road culverts had
become blocked and avergrown and numerous land-
slides had not been cleared, the initial cleaning
of the side dralns was carried out using a qrader,
a front end loader, and dump trucks, The cost
of this operation ranqged from 1250 to £2500 per
kilometre ($2000 to $4000 per mile), Thereafter
it has been possible to maintain the drains in good
order at a cost of $950 per kilometre ($1500
per mile) per year.

Repairing Potholes

The norasal method of repairing potholes is to
tzim off the eides, prime with NCO grade bitumen and

£111 with & premixed bituminous macadam. Thie was
the method most extensively used in St Vincent. 1In
order to make maximum use of labour the premix was
mixed by hand and this was found to be more effective
and cheaper than machine mixing, The cost of

hand wixed material is about 93 per cu, metre

(870 per cu. yard) as compared with 8113 per cu.
wetre (B85 per cu. yard) for material made by a
Spotaix machine and $142 per cu. metre ($107 per

Cu. yard) for material bought commercially, It

was found that 10 to 50 cu. metres of preaix were
required per kilometre {20 to 100 cu, yards per mile)
depending on the state of the road and {ts width.
The cost of providing and laying this material ranged
from $1240 to £6200 per kilometre (82000 to £10,000
per mile).

In order to reduce the costs of patching still
further a method of grout patching was evolved (Figure
J). This consisted of brushing clean &he area to be
repaired, priming with an RC 2 grade bitumen, fill-
ing the hole with a suitably graded gtone (the qrad-
ing being dependent on the size of the hole), grout-
ing with RC 2 bitumen and blinding with sand.
Although rather crude, this method was quick and
produced a watertight petch. It was also less extra-
vagant on materials since the hole was not squared
off and was therefore of smaller volume than when
filled with premix,

Burface Dressing

It was s00n found that roads repaired as des-
cribed above quickly deteriorated again, especially
during the rainy season. Water soon penetrates
to the road base through crazing {n the bitumen sur-
face, through small potholes which have not been
repaired, and through patches. For example the 8 xilo-
merre (3 mile) long Vigi Highway required the expen~
diture of the following sums for repairing potholes
over a twenty month period:-

Date Cost of repairing
8 kilometres

Mov,75 $10,000

Mar.76 #25,000

Oct.76 $#213,000

April/June 77* $18,000

*immediately prior to surface dresslng

Clearly the repair of potholes alone was
insufficient to arrest the deterioration and it was
hecessary to waterproof the road surface by some
inexpensive means, Accordingly a programme of sur-
face sealing was started in November 1976. After
axperimenting with various forms of gurface dressing,
including spray and chippings and slurry sealing, 1t
was found that the most effective method was laboug=~
intensive sandsealing. This had the folloving advan-
tages:;

1. It could be readily adapted to laboug-
intensive wethods,

2, It used an easily obtainable and cheap sur-
facing material,

J. It provided a dense, waterproof finish,

4. It caused the minimum disruption to traffic,

The method of sandsealing enployed is as follows:
1. BC 2 bitumen is poured on the road surface at

& rate of sppronimately 0.27 litres/sq, metre
10,2 gale/sq. yard),
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2. It is then spread with rubber squeejoes,

J. The bitumen is then covered with a layer
of sand 25 to )Oms thick,

4. The sand is then lightly rolled,

These steps are shown in Fiqures 4, 5 and 6 and
completed road in Fiqure 7, At normal daytime
teoperatures in St Vincent {over 70°F) the RC 2
does not necd heating and can therefore be poured
straight from the drums.

The cost for a kilometre of ).7 metre (12 ft)
wide road is:

RC 2 Bitumen 6000 litres €3J.42 per $2500

litre

Sand 100 cu-metres €£7.50 per 8 750
cu-metre

Roller 6 days 0315 per s 210
day

Labour 177 man days @27 per day $1240

Small tools etc 8 )00

Total $5000

or approximately $1.35 per sq. wetre (£1,10 per
sq.yd).

Reqgular Maintenance

Side Drainaje. As mentioned above the
recurrent maintcnance cost for keeping clear side
drains and culverts is approximately $950 per
kilometre per ycar, which equates to onc man per
1.6 kilometre () mile) per year plus a few hundred
dollars extra for emergencies. In some instances
the method adopted for this maintcnance is to giwe
one labourer the responsibility for keeping clear
one kilometre of road, but usually casual gangs are
employed to clear specific lengths, In efther
case the {mportance of keeping the side drains
clear to stop water from getting into the road base
cannot be over-emphasised.

Surface Maintenance, The object of the rehabili-
tation and surface dressing progranme is to bring
down the costs of reqular surface maintenance to
manageable proportjons and in this the programse has
succeeded, The first stretch of 8 kilometres (S
miles) to be sindsealcd on the Leeward Highway
has not required patching since it was scaled in
the period November 1976 to May 1977, The wore
heavily traffirked Vigi Highway was sandsealed in
early 1977 and to date (May 1978) has only required
minor pothole patching on one occasion at a total cost
of £)60,

A mabile patching gange of 8 men has been forwmed
equipped with niinor tools such as hand rammers and
a flat-bed truck four transport. This gang patrols
the sealed roads in a J-month cycle, patching
with preaix or grouting any small failures as they
occur.,

The cost ol this gang per day 1s as follows;

Materinls $150
Labour 8 80
Vehicle 3 45
Tools etc | ]

£160

Assuning a working year of 200 days the cost of
one Qang per year is $16,000. A gang can maintain 100
kilometres (70 miles) of rehabilitated road in this

m

way, hance three units will be tapable of covering
¢l]l the bituminous roads in the country at a cost
of 3108,000 per ysar when the 240 kilometres

(150 miles) included in the rehabilitation
programve has been sealud.

Cost of the Rehibilitation and Maintenance Programme

The average rehabilitation costs ere given
below but in practice they vary from road to road
as can be more clearly seen in Table 1.

1. Re-establishing earth $1900 per kilometre
side-drains (81000 per mile)

$4)00 per kilometre
{87000 per mile}

2. Patching potholes

#5000 per kilometre
fer 1.7 metre road
(48000 per mile for
a 12 ft, wide road)

3. Sandsealing

#6200 per kilometre
for a 4.6 metre road
(810,000 per mile
for a 15 ft wide
road)

Maintenance costs after rehabilitation are:-

£950 per kilometre
(81500 per aile)

. Drainage

2. Surface patching after Average $)00 per
rehabilitation kilometre
(8500 per mile)

ist year N{}

2nd year £ 60 - £ 190 per km ) Dependimg
(2100 - 8 300 per mile) on the

Jrd year £190 - 8 620 per km traffic
(£)O0 ~ $1000 per mile) volume

Puture maintenance costs are a matter of con-
jecture but the indications are that total
recurrent costs for maintenance when the prograsme
is completed will be:

Drainage )20 kilometres 6 § 950 = £)00,000
(200 miles ® £1,%500)

Surface 2 patching ¢ £36,000 =£108,000
patching unite

£40L3,000

This is vell within the annual maintenance
budget and leaves £400,000 for additional surface
dressing, widening and improvements.

The life of the sandseal cannot be predicted
with any certainty as the first stretch was only
completed in November 1976, However, observation
fndicates that on lightly trafficked roads a 1ife
of $ to 10 years can be expected.

The Effect of the Tmprovements on Sirface Roughness

The roughness of the roads included in this
programme was measured using a vehicle mounted
Rump Integrator Unil. Roughness measurements were
taken beforea during and after the rehabil}itation
operativns, Typical results, together with
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sehabilitation and surfacing costs, are ¢iven
tn Table 1,

On the worst roads on the island roughness of
nearly 10,000mm/km were recorded, whilat those
recently completely reconstructed gave readings as
low as 2500rm/km, It was found possible In the
rehablilitation programne to reduce roads from
7000mm/km down to 4500mn/km by patching, and to
achieve a further reduction to 400Uma/ka by sand-
sealing,

Derivation of the Vehicle Operation Costs

Msthodology

The method used to calculate the vehicle
operatirg costs for this evaluation is the same
as that used in the TRRL Kenya study(l) where the
various camponents of totsl vehicle operating
costs were considered separately on a quantity
rather than a cost basis: the cost at any particu-
lar time being obtained by applying the relevant
unit costs In operation at that time.

The camponents of total vehicle operating
cost used in compiling the figures calculated for
this study were as follows:~

1. Puel consumption.
2. OLl consumption.

), Spare parts,

4. Maintenance labour.
S. Tyre consumption.

As the geometry of the road system in St
Vincent is the main factor controlling the speed
of vehicles rather than the condition of the road
surface and distances travelled are short, very
little change in journey irimes between various
points on the island has occurred since the
road improvements, The average annual useage of
vehicles has also changed little and therefore
the value of time and overheads has been virtually
unchanged, although {n the case of the latter there
84y have been a slight reduction due to the fall
in vehicle maintenance requirements.

Vehicle Types Evaluated

Three types of vehicle were considared to be
sufficient for the purpose of this study to
Tepresent the overall vehicle population travell-
ing on the roads of St Vincent. They are:

1. A ®European type® saloon car with a
1600cc petrol engine, three years old and having
covered 12,000 kilometres (20,000 miles).

2. A large van with a 2000cc petrol engine
and carrying capacity of | tonne, three years
old and having covered 48,000 kilometres
(30,000 milen).

3. A 7 tonne carrying capacity truck with
a 3000cc engine, three years old and having
covered 64,000 kilometres {40,000 miles),

Vehicle Operating Costs for each Veh.cle Type

The following tables give the cost per kilo~
metre, net of tax, for the componenta of vshicle
operating cost included in the analysis both before
and after the improvesents to the road surfaces
at the unit coste prevailing in 1978,

1, 1600cc saloon car (European type)

before
after )

component] before | after | ratio s 1,65

fuel 0.06 0.06
otl 0,01 0.Ct
parts 0.09 0,04 | reduction » 0,11 per km
labour | 0,04 0,02 | in cost {#0.16 per
tyres 0,08 0.04 mile)

total 0.28 0.17

2., 2000cc 1 tonne van

before
component| before { after | ratio ateer " 1.65

fuel 0,07 0.07
oil 0.01 0.01
parts 0.12 0.06 | reduction = £0,1) per km
labour | 0.04 0,02 { in cost (80,21 per
tyres 0.09 0,04 mile)

total 0.3) 0.20

). 5000cc 7 tonne truck

before
component|before | after | ratio afrer " 1.42
fuel 0.1 o.1
oil 0.02 0,02

parts 0.1 0.07 | reduction * $0.1) per km
labour | 0,04 0.03 | in cost (80.21 per
tyres 0.16 0,08 mile)

total 0.44 0.31

The unit prices used in deriving these figures are:

Car Van Truck

Vehicle cost £20,000 | ¥25,000 | #45,000
Puel (litre) | 80.49 £0.49 £0.40
o4l (l1itre) | 0.67 £0.67 £0.67
Labour (hour) | £6 86 1
Tyres %72 112 £260

At these prevailing units prices the direct
savings in operating costs per vehicle kilometre
realised by upgrading the road surfaces so that the
surlace roughness is reduced from 7000ma/ka to
4000mm/km is $0.11 for a car, £0.1) for a
1 tonne van and $0.1) for a 7 tonne truck,

The relationships used to calculate the quanti-
ties of fuel, oll, spare parts and tyre consumption
and to estimate the number of malntenance labcur
hours, are given in the TRAL Kenya Btudy report(1)
and the Transportation fesearch Board, Special Report
160()) .

The Cost Effectiveness of the Road Iaprovesents

In order to assess the cost savings likely to
vesult from tho improvements made to the roads, it
18 necessary to take into account both the cost
of tha initlal rehabilitation and the likely future
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costes of maintaining the roads.

The averaqge cost of rehabilitating one kilooetre
of road 1s 811,200 {£18,000 per mile) made up as
follows:

improving drainage § 1900 per kilometre
filling potholes # 4)00 per kilometre

sand sealing £ 5000 per kilometse
total 511,200 per kilometre

This is a once and for all expeidlture provided
that the annual maintenance programme described
below is adhered to. The costs of this programme
are

clearing drains 8 950 per kilavetre
patching potholes £ 340 per kilometre
re-sealing #5000 per kilometre

The first two operations are carried out sach
year, but resealing {s only undertaken when
necessary, depending on the level of traffic on
each particular road, Although none of the reha-
hilitated roads have yet reached the stage vhere
further rescaling is necessary the condition of
those which have been trafficked for two years
since being upgraded suggests that further resealing
will not be necessary for at least another year
for the most heavily trafficked roads, Three
years has therefore bean taken as the frequency
with which the most heavily trafficked roads carry-
ing at least 1000 vehicles a day will require re-
sealirqg and four, five, six and seven years has
been assumed for roads carrying 600-1000,

200-600, 100-200 and less than 100 vehicles a
day respectively,

As stated above the savings in vehicle operat-
ing costs per vehicle kilometre resulting from the
upgrcding of the roads are £0.11, £0.1) and £0,1)
for cers, light commercial and heavy commercial
vehicles respectively. These Qive an average
figure of 20,12 for all vehicles on the basis of
the proportions of the different vehicle types in
St Vincent,

In the analysis the cost effectivensss of the
scheme is exanined at various levels of traffic,
The costs and benefits are discounted baczk to thw
base year in which reconstruction takes place and
the number of years it takes to recover the initfal
reconstruction cost is calculated, The presemt
best estimate of the rate of growth of traffic in
St Vincent and the discount rate cusrently being
used to assess road improvement schemes in the LDC'p
of the Eastefn Caribbean are both 108, Although
scme information exjisted on the cost of previous
naintenance on the Vigi Highway, there was
not sufficient to be able to include this gener-
ally i{n the analysis,

Table 2 compares the costs and benefits for each
traffic level considered, It can Le seen from the
table that the cost of rehabilitating any road with
traffic flows of more than JOO vehicles a day is
recovered through savings in vehicle operating
costs in the first year but it takes progressively
longer at lower flows (2 yesrs ¢t 200 veh/d, 5 years
at 100 veh/® until at 50 veh/q it takes 12 years,

Thin progression i illustrated more clearly
in the graph shown i Figure 8,

Sumnary

The sisple labour-intensive methods of roed
rehablliitation and maintenance described in tils
paper ware developed because of the necessity to

m

f£ind a cheap wvay of improving the roads of St
Vincent. Full scale reconstruction was too expen=
Bive to be applled to the majority of the 320
kilowetzes (200 miles) of surfaced roads in need
of rehabilitation,

The methods described will enable all the sur-
faced roads to be {mproved and saintained within
the present annual maintenance budget, leaving
some resources for improvenents to the gradient,
width and alignment of the roads each year. The
savings in vehicle operating costs dus to the
improvement in the condition of the road surface
equal the cost of the improvements to all the roads
included in the scheme within two years, and from
then on the net annual vehicle operating cost
savings will substantially exceed the apnual cost
of maintaining the roads.

The labour-intensive method of sealing which
has been asopted permits a very flexible approach
to the management of road maintenance, it being
possible to switch a maintensncr gang fros one
Area to another at a few hours' notice,

The maintenance technique sdopted has greatly
reduced the cost of operating vehicles in St Vincent
and at the saze time has {ncreased the amount of
work which can be carrifed out on the roads within
the fixed budget available to the Roads Department,
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Table 1
Rehabilitation costs and surface roughness of some individual roads
Rehabilitation costs® per ke Roughness (mm/km}
Reference Location of Length Vshicles
nusber rosd kus Drafnage | Patching | Sealing p::::::q p:::;tnq ':::::q per day
Vigi Righvay
1 (mesopotania [} #2500 #6200 #6200 7900 4300 3900 1540
= Arnos Vale)
2 Leevard Highway
(Layou - BarouallieN 6.5 | #2000 #2500 #5600 7500 4800 3800 250
) mMontreal Road 4 £1300 #6200 £5000 9100 5600 5400 560
4 Vermont Road 4 #1600 #3000 #5000 7500 4400 4200 140
H Calder Road b ] $2500 #6200 #5300 9300 4800 4500 180
] Clare Valley 2.5 | #1000 #2000 #5000 7000 4600 4300 110
*Rastern Caribbean dollars. 1978 prices.
Table 2
The time taken to recover rehabiljtation costs on low flow roads
(all costs are in EC dollars for | km of road)
Traffic Rehabili- Annual Annual {Net annual :.u'::'t:t
flow tation msajintenance voc savings recover
wen/ar | o6, w108 s a0 T3t iot, | renabiiseation
cost
400 0.0112 0.002) 0.0158 0,013 0.8
300 0.0112 0,002) 0,019 0.0096 1.2
200 0.0112 0.0022 0.0079 0.0057 2
150 0.,0112 0.0021 0.0060 0.0039 b}
100 0.0112 0.0021 0.0040 0,0019 S
30 0.0112 0,0020 0.0020 0.0000 12
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Figure 1. MAP of $t. Vincent showing the roads
fncluded in the rehabllitation scheme.
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I NOTE: Figure 8 was not included in TRR 702.

I It was subsequently reproduced in Transportation
: Research Circular Number 214, January, 1980,
I
|

as shown below.
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Effect of Simple Road Ioprovement Measures on Vehicle Operating Costs in the Eastern Caribbean
H.Hide and D.Keith

Insert Figure 8 on page 276
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Fig. 8 THE TI\E RIQUIRED TO AECOVER THE TOTAL COST
OF ALHABILITATION ON LOW FLOW AOADS
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OUTLINE OF A GENERALIZED ROAD ROUGHNESS INDEX FOR WOPLIWIDE USE

W. R. Hudson, The University of Texas at Austin

The solution to the problems of providing uniformity
in roughness measurements 1s not an easy one. No
perfect ansver exists, only a set of i{ntelligent
alternat{ves. It s vital, however, that some type
of framevork be set up so that coordination can
begin. A multifaceted approach is proposed as
follows:

1. Develop a Cenersl{zed Roughness Index
(GRI) which has a sound basis and can provide a
pseudo-standard for compar{son of all methods.

2. Evaluate the use of an artificial cal{-
bratfon method (such as developed by the Transport
and Road Research Laboratory) with a variety of
instrumente and cases to determine {ts value,
problems, and utility,

3. Apply the concept of a standard rating
panel to provide an additional methodology for
defining and reproducing the GRI in countries all
over the world without the cost of purchasing a
stable profilometer, such as the General Motors
device.

4. Evaluate the use of rod and level surveys
and recommend field equipment to s{mplify and
speed up such surveys for establishing calibration
points on a GRI.

It is recommended that a GRI be implerented to
test these concepts. Cooperation will be necded
among several countri{es and agenciea. Particular
attention should be given to coordination of
resesrch datas from the Kenyh, Brazil snd India
projects, in which the World Bank {s fnvolved.

Background

One of the primary operating characteristics of a
highway or pavement st sny particular time is the level
of service that it provides to its users. In turn,
the variation of this level of rervice, or service-
abflity, with timc provides s messure of the road's
performance. This performance snd the cost and benefit
implications thereof are the primary outputs of a
pavement sanagement system. User costs sre particular-
ly related to road roughness on very rougt roads. It
vas shown by Csrey and Irick (5) in 1960 that rosd
surface roughness was the primary variable needed to
explain the driver's opinion of the quality of service-
ability, or level of service, provided by a road

surface, e.g., its desirability for use.

Road roughness can be thought of in many ways.
some people talk about smoothness, others, service-
ability. The Canadians use riding comfort and
there are national committees in the United States
to evaluate “riding quality.” Still others talk of
surface profile. 1In the European comittees of
PIARC, the Permanent International Association .of
Road Congresses, the English term “roughness" has
come to be associated with surface texture and skid
resistance or hydroplaning. Herein, roughness and
smoothness can be defined as opposite ends of the
same scale. A general definition of roughness must
describe thuse surface characteristics of a road
vhich affect the riding quality as perceived by the
road user.

The avatlability of a roughness scale is
important in terms of evaluating a road and ite
performance, but it {s also very important in terme
of evaluating vehicle operation and user costs. A
common roughness scale for worldvide use regardless
of the level of roughness, ¢.2., gravel surface or
paved surface, is highly faportant.

Surface Roughness

Serviceability, or ride quality, {e largely a
function of roughness. Studies made at the AASHO
Road Test (8) showcd that about 95 percent of the
information about the serviceability of a road is
contributed by the roughness of its surface profile.
That 1s, the correlation coefficients {n the present
serviceability, or PSI, equstion studies {mproved
only about 5 percent when other factors wers added
to the index (B). Francis Hveem discusses this
problen {n several papers. He ststes that "there 1o
no doubt that mankind has long thought of road
smoothness or roughness as being synonymous with
pleasant or unpleasant."” Road surface roughness 1o
not easily described or defined, and the effects of
a given degree of roughness vary considerably with
the speed and characteristics of the vehicle using
the pavement.

Roughness C2fined .
Road roughness 1s a phenomenon present in o

voad surface that s experienced by the operator aad
Passengers of any vehicle travelling over that
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surface. Surface roughness is a function of the

road surfece profile and certain parameters of the
vehicle, including tires, suspension, body wounts,
scats, etc., as well as the sensibilitiea of the
passenger Lo acceleration and speed. All of these
factors undoubtedly affect the phenomenon of roughness.
Safety considerations also {nfluence our acceptance

of roughness. Hudson and Haas ()0) refer to “"pavemcnt
roughness™ as the “distortion of the pavement surface
vhich contributes to an undersirable or uncomforteble
ride." This defirition refers to the road surface

and divorces fturlf from other considerations. For
purposes of this paper, this definition invilving
surface distortion will suffice {n terms of "road
roughness."

Components of Roughness

To define completely a roughness function some
evaluation of the roughness of the entire surface
area of the pavement should be made. However, f-~.
practical purposes this roughness can be divided into
thrie components; transverse variations, longitudinal
variations, and horizontal variations of pavement
alignment. In other words, any functional rocdway
parameter which imparts accelerations to the vehicle
or to the riders must be examined. More particularly
of Interest are those functions which {nfluence the
comfort and safety of the rider and/or the deterior-
ation of the vehicle. Previous studies have shown
that longitudinal roughness is probably the major
contributing factor to undersirable vehicle forces
(B). The next greater offender is transverse
roughness (e.g., the roll component transmitted to
the vehicle). The horizontal curvature of the
roadway, which imparts yaw forces to the vehicle, 1s
considered to be the least offensive and the one
vhich {s normally handled by folloving good highway
alignment practices. Since most vehicles (approx~
imately 70 percent) travel in a well-defined wheel
path with their right wheel located approximstely
one meter (2-1/2 to 3-1/2 feet) from the outside lane
line ve conclude that measurements of longitudinal
profile in the two respective wheel paths 1.8) meters
(six feet) apart might provide the best sampling of
roadvay surface roughness., Furthermore, comparison
between the two whecl paths can provide some
measurcment of the cross slope or transverse vari-
ations which are alco {aportant.

A rider in a vehicle passing over s rosd surface
experiences a ride senration. This ride sensation is
a function of the road profile, the vehicle
parameters, and the vehicle speed. A variation of
any one of these three variables can make & rough road
profile appear smooth or vice versa, Therefore, we
might say that, from a passenger's vicwpoint, rough-
ness {s an unfortunate combination of road profile,
vehicle parameters, and speed. Riding character-
istics of airplanes are also affected hy the proper-
ties of the pavements and of the afrcraft. Acceler-
ations of sufficicnt magnitude to critically affect
safety of aircraft operations are somctimes obtained
over poor pavements.

Although some vehicles have hard suspension and
others soft, the vehicle parameters (tires, suspen-
sion body mounts, seats, etc.) do not vary sufficf:t-
ly to make a signiffcant change in passenger comfort.
With the limftation of rclatively fixed vehicle
paramcters it is apparent that ride scnaation is most
dependent .upon the car excitation gencrated by the
various combinations of road proffile and vehicle
speed. Most drivers have experienced the sensation
of efther slowing down or speeding up to improve their
ride on a particular road. This indicates that the
road has a wvave length content which, vhen driven

Surface Profile

over st a particular speed, produces an excitation
in the vehicle st one of the vehicles rescnant
frequencies. The tvpical passenger car has resonant
frequencies at between one and ten cycles per
second. The relstionship between vavclength, cer
speed, and car resonant frequency i{s shown in Figure
1. This relationship indicates that at many speeds
there fs a road vavelength that will cause an
excitation at one of the cer resonant frequencies.
If the amplitude of that wavelength is lerge, the
car ride will be noticeably affected.

Figure 1. Relationship betwveen resonant frequencics
of cars, car speed, and pavement surface wvavelength,

0 CFS Resonast Frequency

V1 O3 Resonant Frequency

CAR SPLED [uPw)
¥
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“« ”
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In general, wost Paseenger car ride character~
istics are very much alike, and for any particular
road most cars will be driven at about the same
speed, With two of these variables held relatively
fixed, the excitations into the car and thus the
riding characteristics of the car becowe primarily
a function of the vavelength content of the road
profile surface.

Surface Roughness Evaluation

Roughness evaluation has recefved considerable
attention from many highway and airport agencies in
North America. Roughness {s the primary component
of serviceability and a 1srge number of different
roughness measures are in current use. This concept
of preception by the highway user is {mportant.

This definltion of roughness excludes surface
texture and microtexture of surface sgpregates since
these are not perceived by the user to sffect riding
quality. Instead they affect skid resistance and
other operational characteristics but will be
excluded in this paper. The diameter of the surface
stone used in pavement surface treatments which
causes "nofse," {s discernible to the user, has an
effect on the uscr's perception, and is roughness by
this definition,

Many authors, such as Darlington (6) and Carey
(1), feel that s surface profile {s the best vay to
characterize roughness. 1n terms of profiie, rough-
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uvess can be defined as "the sumaation of variations
in the surface proffle.” Proff{les in this sense do
not include the overall geooctry in the rosd but are
limited to wave lingths {n the surface that are less
than appronimately 152.4 weters (500 feet) tn length.
In Darlington's terws, roughness is “the analysis of
the profile or of the random signal known as profile,”

Carey in () points out four fundamental uses of
turface profiles or roughness measurements: as con-
structfon quality control tools, to locate abnormal
cl.anges in the highway such as drainage or subsurface
problens, extreme construction deficienciea, etc.,
to establish a systemwide basis for allocation of
pavenent maintenance revources, and to identify
pavenent serviceability-performance historieu.

In sumnmary, a profile is a dctailed recording of
surface characteristics and roughness or smoothness
is & statistic wvhich summarizes these characteris-
tics. Thus, roughness-smoothness is a statistic or
number which susmarizes the riding quality or surface
profile of a rosd,

Hov rough is rough? Once the surface character-
istics are sumarizced, it is essential to establish
s scale for this statistic or summary value. This
can be done in many wavs, as pointed out by Darlington
(6). Traditionally there are tvo wvays of determin-
ing this statistic; wechanical {ntegration and
sathenmatical integration or analysis. The firat of
these methods {s the wost commor,, that {s, the use
of some mechanical {nstrument or device, auch as the
BPR roughometer in Figure 2, to mechanically filter
and summar{ze the data in a specified way. The
second method involves recording the profile as
faithfully as possible and then analyzing and/or
integrating this prol{le mathematically with some
standard mathematical procedure, such as that out-
lined by Walker snd Hudson (3] and 32), Roberts and
Hudson (24 and 25), and Darlington (6). The most
common methods in current use for mechanical measure-
ment and sumaary {nclude the BPR Roughometer (15 and
16), the PCA Roadmeter () and 2), the Maye Meter 32
and 33), the Chloe Profilometer (4 ), and the land
plane or Profilograph (rolling straight edge) (28).

Figure 2. Schematic Diagran - BPR Roughometer

ntograter

St pot
senpire

A number of studies have been made to compare
these instruments and a number of references are
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available, including (6_, 11, 16, and 22).

§ince 80 much has been written about the various
instruscits available, ve will not attempt in this
short papes to reviev all these measurement methods
fn detail. See (14, 16, and 39) for detsils.

Comparfson of Messurement and Summary Techniques

#egardless of the measurement and type of summary
techniques used, 1t {s essential that a good refer-
ence be established and maintained. It is equally
isportant that accuracy be maintained in eusmation.

Darlington (§) points out that three basic
reference methods have been used historically to
®Seasure rouphness: the so~called rolling straight
edge or land plane, as {llustrated in Figure ), the
inertial mass as uscd in the BPR Roughometay,
illustrated in Figure 2, the Mays meter and the PCA
wmeter vhich the automobile serves as the inertial
mags and, finally, en inertial reference profil-
ometer, suchas the Surface Dynanics or General
Motors Profilometer, where an external reference is
provided.

Figure 3. Land plane roughness device sometines
called Profilograph or rolling straight edge,

Figure & {llustrates by mesns of a Bode plot the
tranrfer function or response of aeveral types of
instruments to the input of road roughness. The
problem {s that the straight edge or land plane
device is so erratic in its response thst it is
relatively useless. This is i{llustrated in Figure
&, vhere the effect of roughness vavelengths which
are any multiple of the length of the straight edge
results in zero output from the device.

Darlington simulated the response of the BPR
roughometer (or vibrometer, or seismic reference
device) on an analog computer using messured
physical characteristice of the instrument. Ris
snalysis shovs that the roughometer type device
ylelds reasonable results for wsve length in the
region of approximately 1.22 to 4.26 meters (4 to 14
feet). Wave lengths in the range of 4.26 to 5.48
meters (14 to 1B feet) are badly distorted, and vave
lengtha beyond 6.70 weters (22 feet) rapidly atten-
uate to zero respounse.

The need for compatibility or Cenerslity

As outlined above, diverse weasurements of
roughness are used around the world. It {s not
feasible to talk of equality among these measure-
ments since 1t 1s not possible to provide compat-
$bility among the various measuring syetems 1f proper
consideration s given, This compatibility {nvolvas
two levels of concern: “External" compatabilfty —-
relating to whether the results of one agency's or
country's work has quantitative relationship or
meaning to those of another agency, and “Internal®
Compatibility -~ relating to correlating results,
schieving repeatability, etc., vithin an ageacy.
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Pigure 4. Theoretical differences between SD Profilometer,
Chloe, rolling straight-edges and selanic roughometer
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This second aspect of compatibility {s well {llys-
trated by the Brazfl Project (18) for it is essential
that measurements made in all parts of Brazil be
compatible with each other even though {t is not
possible to make all the measurements vith a single
{fastrumsent,

The problem of external compatibility {s best
11llustrated by the fact that results of studies in
Kenya can be compared to the findings in Brazil only
1f there fs compatibility between the tvo sets of
roughness' data. 1 feel this can best be accomplished
by establishing a “generalized Toughness index" which
can be used an a compatible base of comparison, This
is preferable to selecting any particular measurement
system, which {tself may be changing and which nsy
oot be available to a particular potential using
agency,

If a Generalized Roughness Index (CRY) 1» used,
the the matter resolves to one of providing some vay
of decerming the CRI in any particular {nstance.

In his opening remarks to a National Conference
on roughness measurements and correlation in 1972, Mr.
W. N, Carey, Jr., Executive .irector of the U.S.
Transportation Research Board speaks to these prob-
lems ()).

A third use of profile measurements {s to
establish a systematic atatevide basis for
sllocation of pavement maintenance resources,
A word of cautfon here {s In order. In the
\nterest of finding low-cost tools that can
be easily avatlable to each highvay department
districe, there 1s s tendencey to suggest
highly atwplistic devices. I belleve that
reliance on these devices may lead to serious

mistskes in the developaent of priorities for

Baintenance expenditures, . .

Carey's comment can easily be extended t> include low-
wolume and unpaved road planning tn developing

countries where roughness can be used not only for
allocating maintenance resources but also for ascer-
teining and considering user and vehicle operating
costa. Although the absolute accuracy required for
these various purposes may differ {n all cases,
relative accuracy and compatibility are i{mportant,

History of Xoughness Calibretion and Correlation

The sarliest roughness measuresents vere
reported by Hogentogler, as (ar back as 1923 (42) and
early development of the Roughometer was reported {n
1926 (19). Even {n these early developments the
need for calibration vas readily recognized. Froa
1941. when the BPR Roughometer became "standardfzed,”
the Bureau of Public Roads (now the Federal Highwvay
Mainfetration) maintained a “standard calibratfon
section" for testing any newv or modified BPR Rough-
ometer. It wvas observed from the beginning that
instruments aanufactured as nearly alike as possible
did not record the ssme roughness value for the same
pavesent. The fallacy of a single calibration sec-
tion is discussed by Hudson and Hatn (1%).

It 18 not possible to caltbrate o dynasic
instrument at a sinple point over {ts range and
ezpect the calibration to be satisfactory for use of
the {nstrument over a full range u(.roughness, Yhis
is 1llustrated in Figure 3 vhere a standard rough-
mess section with a value of 10 has been set up. We
sight assume th* any other instrument vhich reads
10 would be calibrated to the standard value, In
fact, this assumption is depicted by the solid "line
of equality” fn the figure. This line assumes that
{f an {nstrument reads 10, it {s "calibrated” and
thus will read 20 vhen the etandsrd instrusent reads
20, 30 vhen the standsrd fnetrument reads 30, etc.
Alternatively line No. 1 fllustrates a plausible caae
of s linesr relationship where imetrument Bo. 1 ia
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Pigure 3. Single point BPR calibration problems.
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calibrated to the standard instrument on the section
vith value 10. Without additional tes' points ve
would not realize that the slope of the calibrstion
line is really different from the assumed line of
equality. Dotted line No. 2 1llustrates s more
complex case of nonlinear relationship which would,
of course, also be missed with the single point
calibration. Some twenty-four state agencies had
BPR Roughometers in use in 1960. Many of these
devices have been calibrated by this one-point method
and by no other method.

Roughometer Calibration Course ~ AASHO Road Test

As reported by Hudson and Hain (]5) there vas a
need to use the Roughometer {n the AASHO Road Test
but {t became obvious very early, with the AASIO
Profilometer to compare to, that the BPR Roughometer
was 8 variable instrument, difficult to keep in
calibratfon. In our work at the AASHO Road Test we
wvere not unly {nvolved in measuring the roughness of
all pavements with the AASHO Profilometer and in
developing aud operating the BPR Roughometer, but
also in chiccking and calibrating st least six rough-~
oseters from states such as Michigan, North Dakota,
Minnesota, and Wisconsin which brought their instru-
ments to the Road Test for calitration spainst the
AASHO Profilomcter for determining serviceability.

Basically the method invelved the {nstallation
of aluminum bare on the surface of a smooth rigid
pavement to establish four separate test sections of
different but known roughness., The roughomcter
could then be checked against the stsndard sections
at any required time,

TRRL Pipe Calibration Course

Another srtificial calibration technique has been
proposed and used by the Transport and Road Research
Laboratory in England. This concept appears to have
promise for use as a calfibrating device or standard-
{zstion method around the world. A short note on
the moethod is presented in (39). Briefly, the
method involves the selection of a smooth pavement
section approximately 300 meters (985 feet) long as
a standard. This smooth section becomes the
smoothest section in a series of 6 calibration
sections. Subsequently rougher sections are created
by adding artificisl bumps to the surface of the
standard sections by means of pipes vith external
diamter of 3.41) centimcters (1.34 inches). A total
of six levels of roughness are created. Thus, the
problem of one-point calibration is slleviated and
yet the calibrating agency need find only one smooth,
relatively unchanging pavement section., The sbsolute
profile of this basic smooth standard section can
likevise be checked with precise rod and levels on a
quarterly or semiantual basis as necessary.

Use of a "Standard™ Device for Calibration

Probably the most widely used method of calibra-
tion and corrcelation has Leen the uae of some type
of so-called standard device, Really this approach
should be divided into two types. The first fnvolves
the selection of one replicate from the group of
similar devices being used and the use of this
replica only for calibration purposes so that ft
preaumably does not "vear out.” This {s the
spproach that the BPR took with the check section
as outlined earlier. 1 liken this approach to gold-
plating a crovbar, If you have two dozen crovhars
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Yigure 6. Cowparfson of serviceability {ndices
derived from rod and level profile and SDP profile.

2
= 4,00+
5 o
3
L ]
3 3001 o
[
E 3
r-)
- o
3 2.004
- S
- 4]
= </
2
e 1.004
.‘;‘ \°. -]
H
"
o] . v v v
o) 1.00 2.00 3.00 4.00

Serviceobility From SDP Profile

Rating Panel Approach - Canadian GCood Roads
Association

Ionediately following the AASRO Road Test, the
Canadian Good Roads Assocfation desired to put the
findings of the AASHD Road Test into practice. 1In
order to do this, they ran a rather complete survey
of the existing roughness of their pavement system.
They did not agree totally wvith the serviceability
concept outlined at the AASHO Road Test and they
chose to develop a Piding-Comfort Index Scale with
values from 1 to 10. This index is basically an
evaluation of pavement riding quality or roughness
(7,9, snd10).

After carefully establishing their Riding Comfort
Index, a standard procedure was adopted using a
small panel of well-trained raters to go from
location to location evaluating the riding quality of
these pavements and recording this riding qualfity in
a dats management system. A great deal of work has
been done on rating scales and other subjective
evaluations (5, 17, 20, and 24). There are some
shortcomings to this approach, but {t has the
benefits of being practical, relatively inexpensive,
and reasonably stable although 1ts preciaton may be
Queationed. It certainly fulfills the concept and
ansvers the question, however, raised by Carey {n
the quote referenced earlicr in this paper. Thias
approach deserves further consideration.

Standard Reting Panel

While it 18 not {n present use, 1 believe that
the concept of using & standard panel of pavement
riding quality raters to zstablish a time-and-
condition-stable standard roughness scale offers
great pronise as a practicsl eolution. Yoder and
Milhous (37) show {n thier studies of rating panels
and various fnstrumentation that rating panels of
fifteen persons or more are quite stable in pre-
dicting psvement serviceability. Since roughness s
so highly correlated with servicesbility, there ts
1ittle doubt that such panels would be equally stable

in predicting pavement roughness. Carey and Irick
(3) report similar results when comparing panels
st the AASHO Rosd Test, as do Roberts and Nudson
(24 and 2%),

One major problem exista, vhat about panels from
different cultures? For example, a panel] f{rom the
United States rides predoninately on paved roads.
Can it rate accurately on the same scale as & pane]
from a developing country vhich rides predominately
on gravel rosds? How could this dichotomy be solved?
Perhaps 1 As many as three meabers could be made
available to participate in panel ratings in each of
the major areas of the world, goegraphic and cultural
stab{lity could be evalusted.

This method would never have the precision or
detai) of physical calibration. However, it might
be accurate in terms of tnsuring that different
classes of road roughness are adequately separated.

The following section presents a discusaion of
the relative merits of these methods for use in
establishing a Ceneral Roughness Index.

Possible Approaches for Calibration

Evalustion of the concepts for calibration out-
1ined {n the last aection {ndicates that three basic
methods have strong potential: the use of a shaker
table to fnput art{fic{al roughness in a laboratory,
the use of artificial roughness calibration sections,
and the use of standard road sections along with a
method of evaluating the roughness of these standard
calibration sections from time to time.

However, the practical limitations of the problem
set forth in this paper apparently preclude any
possibility of using a hydraulic shaker table with
known roughness inputs to calibrate roughness
devices. No such equipment s presently in use for
this purpose, even {n the United States, and the
development and employment of such equipment {n the
field seems completely {nfeasible at this point.
Therefore, the other two major spproaches are
discussed {n further detail: artific{al calibration
sections and standard pavement calibration sections.

Artificial Roughness Course

The concept of introducing well defined arti-
ficial roughness onto a aelected section of smooth
pavenent in identifiable stages follows the approach
of Abaynayaka and TRRL. The approach is certainly
fesaible since any country {n the world could
develop at Jeast one smooth, strong section of pave-
ment to serve as the base section. They could then
find severa) pieces of standardized Five or uther
msterial approximately 2 meters (6.6 feet) long to
introduce roughness. These two ingredic, 's can be
combined {n several s\ wes to provice up to six or
even nore test sections of increasing roughness.

The method therefore warrants careful consideration,

The major problems associated with this method
are the artif{cialitv of the roughness introduced
and the potent{al of generating resonance or
harmonic motfon {n the measuring vehicle being
calfbrated, As indicated by the anlysis of Darling~
ton (figure 4), the transfer function of a roughneas
measuring device 1s hiphly dependent upon the
vavelength characteristics and amplftude of the
roughness {n the roadvay surface. 1t yfelds reasoe-
able readings for wevelengths in tha range of 1.22 ¢
4.28 meters (4 to 14 feet) and 1t has two resonsnce
frequencies at 0.6] meters (2 feet) and 5.16 meters
(17 feet). The respouse of the fnstrument to step-
inputs might be on the first peak present at very
short wvavelengths. If some type of resonsnce is

143



144

Compendium 11

Text 7

1%

generated in the syetem, say for roughness level oix,
then the multiplication amplitude could be even high-
er. It ie entirely ponsible that the response of an
tnstrument to the roughest calibration section would
be, for enample, a very large roughness number and
yat the {nstrusent might respond different to a very
rough gravel road with natural potholes, etc. There
fe certainly also the possibility that the calibra-
tion course can be set up in such a vay as to cover
the renge of interest for most very rough roade and
thus to serve adequately as a calibration procedure.
The only wvay to ascertain the answer to this question
fe to study the problem theoretically and to apply
the concept in the fleld wvhere an alternat{ve method
of caltbration and checking, such as the SDP or
Ceneral Motors Proftlometer, exists for comparison.
This type of comparison check is being made in Brazil
and results will be reported soon.

The other problem with this method {e that {t
does not yleld to traditional analysis of random
data or profiles as outlined by Darlington, Will{am-
son and Walker (6. 36, 30, and 31). It {s possible
that another type of analysis could be used to eval-
uate the step function {nputs to the roughness pro-
file which will be made by the pipes or artificial
bunps. It is desirable that someone follow up on
the required analytical approach as a part of the
evaluation methodology for this procedure.

Finally, this concept is attractive in the sense
that only about six test sections are needed to cover
a vide range of roughness and only one basic strong
pavement section {3 needed to provide the base
section. Considerable thought, however, needs to be
given to the possibility of replication of roughness
levels vithin the arti{ficfal calibration course. This
could be done by adding two additional roughness
levels vhose roughness corresponds with a previously
selected level, but wvith new roughness being intro-
duced by an alternate pattern or an alternate means
such as & fev wider bumps or a rearrangement of the
location of the bumps to interrupt regular patterns.

Matural Pavement Calibration Sections

The use of existing pavement sections for cal-
idbration of roughness devices {s an attractive
alternative, but there are problems. The attrac-
tiveness seems obvious aince the sections are
typical of the pavements to be measured in the real
world; they contain normal roughness inputs of
varying wavelengths and amplirudes over a wide
spectrum of conditions. The problems, however, are
multifold and must be considered. They include
finding sections at extremes of roughness, the
changing of roughness vith time on a selected test
section, the large number of sections usually re-
quired, and the considerable time and effort
required to check the secticns vhich are normally
fairly videly spaced geopraphically.

Obviously it {s not possible to set up a normal
pavement section calibration course on vhich the
test pavement roughneas will remain constant. All
of the pavements are in various degress of deter-
foration. Most of them were built smooth but they
are in the process of change and experience shous
that rough psvements change more rapidlv than smooth
pavements. It is absolutely esaential then that
for this approach some method of determining the
voughnees history of each test section with time be
developed, This can be done in at least three wvays;
by true profiles measured "continuously" with {n-
otruments such as the SDP profilometer, true
profileas messured at discrets increments with pre-
cise vod and level techniques, and repeated eval-
uation of the roughnese of the calibration section by

a standard vating panel.

Evaluation of the True Profiles - "“Continuous.”
Of the three listed methods, the most attractive
seems to be the uae of existing pavement with an
evaluation of their true profiles. This technique
vas chosen for use in the Brazil Project where
adequate research funding vas available to provide
a etandard profilometer, in this case the SDP profil-
ometer, for making continuous messurements for
calidbration,

It seems, hovever, that this approach i{s i{m~
practical at the present time for use worldwide as
a calibration standard. The use of a standard
roughometer or other "gold-plated” version of a
typical machine carried around the vorld as a stand~
ard device {s not realistic as shown by experience
at the AASHO Road Test and the work by the Center for
Highvay Research for the Texas Highway Department.

Evaluation of True Profiles - Discrete. It {s
possible that analytical techniques can be developed
to accurately evaluate a discrete rod and leve)
profile of pavement test sections set up for stand-
ardization. Field work {s underway by Srinarawat
and Hudson to evaluate this approach and to compare
the accuracy required and the spacing or detail of
the measurement points needed to provide adequate
{nformation (41).

1f the approach is feasible from an analytical
point of viev, it is possible that field practice
can showv wvhat type of level instrument and perhaps
even what special level rod could be wost useful to
speed up the process and make it wmore practically
applicable. The U.S. Alr Force, for example, has
developed a laser profiling system which works on
the same basis as a rod and level but wvhich takes
automatic readings using a laser beam for a light
source (38).

Another point favoring the rod and level
approach {a the hand labor vhich is normally avail-
able i{n many of the developing countries for which
& roughness calibration {s needed. The rod and
level crews could make the necesnary measurements
on a quarterly or triannual basis vith relatively
little expense whereas in the United States, for
example, such an approach might not be as economical
as a profilometer,

Thusfar, work by Srinaravat and lludson seems to
indicate that {t {s possible to interchange machine
and rod-level measurements (41).

Roughness Panel. A third approach to establish-
ing and maintaining standard roughness evaluaticns
of calibration test aections is sppealing and should
be carefully considered. It involves setting up a
standard rsting panel and developing s Ceneralized
Roughness Index (CRI) which could be used not only
for rating and establishing the roughness level of
the calibration sections but as a standardized
roughness scale for comparing instruments againet
each other all over the world without having to
select any one particular instrument as the "stand-
ard,”

This approach {a far from thoroughly formulated
and a great deal of additional thought will be need-
ed befors it can be accepted or rejected, Wowever,
it {s vorthy of consideration. If the method works,
its value {s readily evident. If adequate accuracy
and details can de obtained, calibration sections
could be set up and evaluated regularly without the
enpense and detafl required for vrod and level
surveys.
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Likevise, the potential pitfalls to the method
are obvious. The method would basically be sub-
Jective rather than objective, which ve, as engioeers,
alvays etrongly desire. The potential value of the
method lies in the question of whetehr or not we can
make the subjective rating process objective by care-
fully selecting and establishing rating panels and
rating procedures using up-to~date modern scaling
and psychological techniques to overcome some of the
subjectivity of the rating approach.

The basic value and scceptability of ratings for
Judging pavement quality was vell established at the
AASHO Road Test by Carey and Irick (5) and subse-
quently by Yoder and Milhous in the significant
NCHRP study (37). As outlined previously herein,
the Canadian Good Roads Association has also made an
«xcellent practical application of the rating
concept (5 and )5).

Another major problem with the roughneas rating
approach {as possible cultural differences amongst
countries. One country, for example, such as the
United States, has a population accustomed to riding
on paved roads which are basirally smooth, On the
other hand, other countries such as uany of the
countries {n Africa and Latin America, are accumstom-
ed to riding on unpaved roads. There is considerable
concern that this cultural or historic difference,
vhich {s also by the vay aggravated by traditional
types and quality of vehicles used, would greatly
affect any relationship developed by a rating scheme,
anu thus would completely invalidate the concept of
ralative ratings,

Ceneralized Roughness Index

After a thorough evaluation of the problem of
establishing a common basis for comparing roughness
measurenents all over the world, and epecifically
comparing roughness measurements in Kenya, Brazil,
and India in terms of using data taken frca these
three research studies and combining {t for use in
developing {mproved joint models, it {s recoamended
that a Generalized Roughness lndex or a universal
roughness {ndex be developed to serve as a basis for
comparison instead of the output of any particular
roughness device. On the surface this seems an
arbitrary intermediate step; however, experience
shows othervise,

At the present time, no siaple, robust roughness
measuring and evaluation technique exists which is
constant enough to become the appropriate “standard.”
The SDP profilometer might be considered, but work in
adopting afd using this instrument in Brazil and in
comparing it to the Texas instrument manufactured
ten years ago shows considerable difference in
hardvare and data processing techniques. Many
people feel we are on the threshold of developing a
non-constact probe to replace the road-following
vheel for the SDF device, When this happens, you
can be assured that the trsnsfer function of this
transducer vill be different from that of the road-
folloving wheel. Thus, the “standard” would change
again. Many other examples could be cited, but for
sinplicity let 1t suffice to say that no real
"standard" exists.

An exasple of a sinilar situation existed tn 1962
concerning specifications and measurement of subgrade
strength for pavement desipn. The American Assoc~
{ation of State Highway Officiale at that time
desired to establish a standard deaign method which
would be useable and used by all or st leart a large
majority of the State Highvay Departments. There
were many candidate measuring techniques, such as
CBR, Texas Triaxisl strength, shear sodujus, Calif-
ernia R-Value, and others, Majority vote would have

237

selected CIR since it was used by more otates thaa
any other method. MHowever, comparfson of the CBR
between states showed that even this so-called
“standard" vas far from standard since ssch state
made slight wodifications in the ewpirical test
procedure. In the face of this diversity, Mr. T. 8,
Huff, Chief Highvay Design Engineer for the Texas
Highvay Department and Chairman of the AASHTO
Cornittee, recommended that a “soil support value™
vith a range from zero to ten be set up as the
"standard." Each State Highvay Departwent then
related its soil test method to the soil support
value rather than to some state test procedure,
Nationwide information on standard test materials
obtained from the AASHO Road Test was used to sstab-
lish common points.

At this time, 15 years of experience in usfg
the AASHO Interim Design Guide has shown the wisdom
of selecting the wvhat-seemed-at-the-time "arbitrary"
Soil Support value.

GR1 - A Combined Approach

Exaaination of alternatives indicates that the
practical approach to solving this problem will
involve some combination of the factors discussed
above. To provide realism in the calibration, 1t
ie essential that 10 to 12 real pavement sections be
iocluded in & calibration course. These can be
evaluated on a semfannual basis by rod and level
surveys. A detailed methodology will be published
by Srinsravat and Hudson within the mext year.

To provide a large number of calibration sections
of varying roughness and a calibration technique
vith some commonality around the world, a TRRL
calibrstion course should be added to the calibration
procedure, The methodology currently outlined by
Absyanaka and the TRRL should be used until a more
definitive consensus procedure is developed,
Finally, the overall reasonableness of the scale can
be assured at any time using a rating panel to
ensure that reasonable roughness ratings are estab-
1{sted for uniformity. These ratings should involve
panels on at least all three or four major research
efforts in the world and should include at least
three or four common members in each panel in the
initial steges of development. These common members
could be employees of the World Bank or other
research personnel who are involved in one or wore of
the world-wide research projects and vho could
Bereficially visit other activities, thus providing
the necessary commonality of ratings.

The CR1 {tself should have a relstively large
acale, perhaps 0 to 100 and should be generalised
vith smoothness of existing new highvays falling
in the range of 10 to 15 snd roughness on some of
the roughest roads nov perceived falling in the
70 to 80 range. This gives adequate room at both
ende of the scale for changes and varfstions not yet
observed and in no vay detracts from the wse of the
Index,

Soms readers will undoubtedly be disappointed
that & firm Index in full detail is not presented
here; however, work over the past 10 years shows
that there will be several steps required to solve
this problem and ve believe this paper is a mscessary
first step in defining the problem so that ms
intelligent compromise can be reached.
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Susmary and Recormendations

$olving the problems of providing uniformity in
roughness measurements {8 not easy, No perfect
answer enists, only & set of {ntelligent alternatives.
It e vital, hovever, that a framevork be set up ao
that coordination and use can begin. 1 proposed a
muleifacted approach.

1. Develop & GRI wvhich has a sound basis and
can provide & pseudo-standard for comparison with
any roughness scale existinp nov or to be developed.

1 Evaluate the use of the TRRL artificial
calibration method for a variety of roughness devices
and cases to determine its value, problems, and
utiliey.

3. Apply the concept of a standard rating panel
to provide an addit{onal methodology for defining
snd reproducing the GRI {n countries all over the
world without the cost of purchasing an SDP profil-
ometer or similar equipment.

4. Use rod and level survevs and recommend
field equipment to simplify and speed up such surveys
for establishing calibration points on a GRI,

It {s recommended that action be taken to
implement a GRI and to test the concepts set forth
above. Cooperation will bee needed among several
countries and agencies and a leader, such as the
World Bank, {s needed. Particular attention should
be given to coordination of research data from the
Kenya, Brazil, and India projects.
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A REVIEW OF RURAL TRAFFIC COUNTING
METHODS IN DEVELOPING COUNTRIES

ABSTRACT

This Report reviews methods of rural traffic counting currently used in
developing countries and examines the accuracy of the resulting flow
estimates.

The results of a questionnaire survey among a sample of developing
countries suggest that decisions on the duration, frequency, and timing
of counts are at present arbitrary. Consequently, estimated daily traffic
flows can rarely be expected to lie within £ 30 per cent of the true value
sveraged over the whole year. Although repeating counts at intervals
throughout the year increases the accuracy of traffic estimates, this is
achieved only at a disproportionate increase in cost.

1t is concluded that for any appreciable increase in the accuracy of
rural traffic estimates much more needs to be known about the magnitude
and causes of the variations in flow. This requires that automatic traffic

counters be used on a wider scale than at present. 151

1. INTRODUCTION

This Report reviews the methods of rural traffic counting currently used in developing countries. The
object of the review was to examine the accuracy of estimates of rural traffic flow resulting from the
counting methods, and, if necessary, to make suggestions for their improvement. The Report is the
first in a series that is considering the design of traffic survey methods suitable for developing countries.

Information on traffic flow is needed for many purposes, in determining the appropriate standards of
layout and design for particular roads, in allotting the resources for maintenance and improvement between
the different roads in a network and in making general plaiining decisions on the development of transport
systems. Existing methods of traffic counting provide information that is often inadequate and of doubtful
sccuracy and this research has been undertaken to establish the most economical methods of survey to
produce adequate and reliable data.

Information on the methods in use for counting rural traffic was obtained from a questionnaire circulated
to a sample of developing countries in 1970. This was supplemented by information obtained during visits
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and from technical publications.

The efficiency of the traffic counting methods was tested using continuous traffic measurements
conducted by the Road Research Laboratory at 38 sites in Kenya. Comparative data were also obtained
from two sites in Nigeria and 30 of the sites used in the United Kingdom 50-point census for 1969,

The Report first considers methods of traffic counting currently in use in developing countries.
Next a brief discription is given of the Kenya experiment followed by an outline of the method of
calculsting errors in traffic counts.

Sample testing is then described and the results presented and discussed.

2. METHODS FOR COUNTING RURAL TRAFFIC IN DEVELOPING COUNTRIES

Appendix 1 summarises the information on methods for counting rura! traffic in fourteen developing
countries located in South America, Africa, the Middle East and the Far East. The information was
correct at the time of the survey, but, as some countries are making changes in their traffic census methods,
it may no longer be so in certain cases. Notwithstanding this, conclusions drawn from the results are
probably still broadly correct. The aspects of particular interest to this study are the duration, frequency,
and timing of counts,

2.1 Duration of counting

The duration of counting is standardised in about half the countries sampled. It ranges from a
single 8-hour count (Turkey) to a continuous count for 15 days (Ethiopia), although the latter is
exceptional, being for special counts only. The most common period is 12 hours (6am - 6pm or 7am - 7pm)
repeated for S or 7 days. The complex 8-hour count each day for three weeks, that is proposed for some
stations in Thailand, can be regarded as an effective 24-hour count for 7 days.

2.2 Frequency of counting

For ‘national’ censuses (counts made annually over the entire country) the frequency of counting
varies considerably from country to country. One country states that the frequency of counting is
frregular, two countries stale once a year, four countries state twice a year, three countries state three
times a year, and one country stales four times a year. Where the frequency is more than once a year,
it is usually related to the number of major climatic seasons.

23 Timing of counts

The timing of counts is not generally standardised, although for *national’ censuses some countries
specily braad wet and dry (or harvest) seasons when counts will, or will not, be made. Thus, in respect of
their timing, traffic counts in developing countries can be considered as random samples. The period for
counting, however many hours and days it comprises, is efTectively a random selection in that any period
in the year other than a few containing obviously unusual activities, such as Easter or Christmas, can be
chosen. Even when, as in some of the national censuses, certain months or periods are specified, sampling
I8 still essentially random since there is no evidence that the period chosen is selected on the basis of 4
known pattern of scasonal variation.  Also, experience has shown that in practice these periods are,
regsettably, rarely adhered to.
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In some developing countries, the purpose of traffic counts is not always clears. It might be to
provide estimates of average daily traffic in the specified week, month, or year, or merely the average
Now during the observation hours.

24 The quantity to be estimated

Although it is rarety explicitly stated, rural traffic counts usually sttempt to measure average
rather than pesk usage. The commonest measure of average usage is the amount of daily traffic. However,
the word "daily’ sometimes refers to a period of less than 24 hours. In the United Kingdom? rural traffic
counts are taken to obtain the 16-hour (6am - 10pm), seven-day, average flow occurring in August. All
current counting systems based on ‘m-hour days’ (where m - 24) suffer from o number of drawbacks.
Since m varies s0 much between countries this suggests that the particular value chosen is arbitrary.
Certainly it is not normally possible or meaningful to assign limits of error to the traffic estimates that
result, Further, the *m-hour’ days are not natural periods of human activity such as the day, weck or month.
Thus, variations in trafTic-flow characteristics, which can only add to estimation errors, ate to be expected,
¢.g. the distribution of traffic through the hours of the day will vary with route characteristics: the
distribution on a major trunk route carrying a large proportion of goods vehicles is unlikely to be the same
as that on a farm-to-market road.

In the USA, the term ‘daily” traffic has its normal meaning: the flow of vehicles passing a given location
in 24 consecutive hours. The basis of American trafTic observations is the quantity ‘Average Annual
Daily Traffic' (abbreviated to ADT), which is defined as the ‘Annual average number of vehicles during
24 consecutive hours that pass a particular point on the road over the period 365 days’>. This term would
seem to have 2 number of advantages not shared by the various ‘m-hour’ days. It is unambiguous, readily
understandable, and corresponds with a natural period of human activity. Thus it eliminates those
problems associated with variations in the hourly distribution of traffic ip different locations. However, the
most important advantage of the ADT concept is that it enables statistical methods to be applied to the
problem of rural traffic counting. Generally, it would seem to be the most fogical basis for traffic observations 153
and is the one used in this analysis.

2, KENYA STUDY OF RURAL TRAFFIC FLOW

The objectives of the Kenya study were to provide the data necessary for a quantitative evaluation of
current traffic count methods. and to allow vanous new counting strategics to be tested. The study can be

separated into two stages:

0] the measurement of the total pattern of traflic variation for a full year and
the relation of this, if possible, to the level of flow, the type of road, and the
economic and climatic characteristics of the region around each site: and

(i) the statistical evaluation, using the results from (i), of optimum methods of
counting traffic.

Observations were made from March 1968 to July 1970 using Fischer and Poster hourly recording counters
at 26 sites, and from Seplember 1968 to November 1970 using SYX-RRL non-recording counters - which
were 1ead daily by observers - at 12 sites. The sites were chosen 1o be representative of the general range
of flow levels, road types, and climatic conditions found in Kenya,
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4. ERRORS IN ESTIMATES OF ADT FROM SAMPLE COUNTS

Only where continuous counts are made under perfect conditions can a true ADT or total year's flow be
computed with the expectation of its being absolutely accurate. 1t follows that any count of less than
one-yeat's duration must be regarded as a sampie. and the estimate of ADT or total years's flow made from

it will be subject to evor. The error of estimation is simply the difference between the estimated ADT and
the true ADT. I the mcan and the standard deviation of these errors are calculated, then probability analysis
can be applied 1o determine, for a given level of confidence, how accurate an estimate of ADT is provided

by a particular sample period or sampling procedure.

The method of eror determination used in the analysis followed the above principles. For a given
dunation of counting, repeated samples were drawn from the actual flows recorded at each site in one
complete year. From each estimated daily flow (ADTE), the true value (ADTT) was subtracied to give the
error of estimate. The resulting errors were divided by ADT and multiplied by 100 to give the
proportional error of estimate in percentage terms. This was done so that errors obtained at sites with
different flow levcls would be on s comparable basis.

Thus:
ADTg - ADTT
ADTy

proportional error of estimate = 100 per cent

Finally the sta.1dard deviation and the coefTicient of variation of the percentage emors were calculated.
4.1 Sample testing

154

The errors resulting from the following ADT sampling procedures were determined:

1. Random samples of 1,2, 3, 4, 5, weekdays and 7 conseculive days for
s possible periods in the year except those including a Public Holiday.

2. As in | for periods of 1, 2, 4, and 6 whole weeks.
3 Random samples of 1, 2, 3, 5 weekdays and 7 consecutive days repeated
at regular intervals of three, four, and six months.  To provide samples of
a reasonable size it was nccessary to group the sites by fiow level as follows:
Geoup | {ADT < 75 vehs/day)
Gooup2  (ADT 76200 * )
Group 3 (ADT 201600 “ )
Group 4 (ADT 601-1000 “ )

GroupS  (ADT > 1001 * )
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4.2 Desirable sccuracy of sstimates of tratfic flow

To judge the results of the sample tests objectively, it is necessary to decide what level of accuracy
estimates of tnaffic should attain. Specifically we must state within what range of error we wish our
sstimates of ADT to lie, and how certain we need to be that the estimates lie within the stated range.

In the USA?®, the sccepted standard is that there should be only a | in 20 chance (S per cent level of
probability) that the error of estimate will exceed £ 10 per cent at any sample count site carrying over
500 vehicles/day. For roads with lower flows, ermors of up to £ 20 per cent are scceplable,

It might be felt that developing countries cannot afford such high standards as the USA, since, the
more precise estimates must be, the greater the cost of obtaining them, However, it is considered that
sccunacy standards in developing countries should be similar to those quoted, and in fact should tend
tovards the higher of the two, even for roads with low traffic flows.

Whereas the use in the USA of lower accuracy standards of traffic counting for roads with low traffic
flows is justified to some extent by the relative unimportance of such roads in the USA, the main aim of
road improvements in most developing countries is progressively to upgrade earth and gravel roads to
bituminous-surfaced roads, i.e. stage construction *, when the level of traffic demands it. A reasonable
standard of traffic estimation is therefore required even for roads with low traffic flows.

Lowering the confidence liinits at which estimates are judged does not seem to be worthwhile since
the results rapidly lose any real significance.

Until precise studies are completed of the costffectiveness of various methods of traffic counting
and the sensitivity of the highway planning process to errors in traffic estimates, it will not be possible to
specify desirable 2ccuracy limits for developing countries. The USA standards will, hewever, serve as a
criterion by which to judge the performance of estimating procedures elsewhere.

155
4.3 Practical limits to.sample duration

The final point to be discussed before the results are examined is whether there are likely to be
any practical limits to the duration o” <ounting in developing countries. In this connection, the most
critical consideration is whether counts will be made manually or My machines.

Experience of conditions in developing countries suggests that the great majority of counts will
continue to be made manually. The use of automatic counters is at present uncommon and they are only
gradually being introduced, mainly for the measurement of seasonal variation and long-term traffic trends.
The more widespread use of automatic counters for general counting scems unlikely for some time to come
since they are expensive to buy. Also, they require skilled supervision and inaintenance if accurate results
are to be obtained, and the necessary skills take time to acquire. Lastly, manual methods have the
advantage of giving classified counts of traffic flow, and they may also be politically desirable because of the
generally acute unemployment problems.

1f manual methods of counting are used, then a one-week's continuous count is about the practicable
maximom. Apart from the probable loss of accuracy caused by the boredom of the enumerators, longer
counts at each point would reduce the coverage of the road system that was possible. In practice, many
counts, although spanning seven days, will probably be for less than 24 hours on some, and possibly all,
days. Night-time counts are unpopular and difficult to supervise effectively, especially in distant rural
locations.
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Costeffectiveness considerations also indicate the need to keep the duration of counting a3 short
8 poutible. Since wages are the main element, the cost of traffic counting can be assumed to increase in
direct proportion to its duration. However, simple uampling theory suggests that the accuracy of the
vesulting ADT estimates is likely to incresse in proportion to the square root (approximately) of the
duration of counting, i.e. other things being equal, a count for four days will only double the accuracy of
ADT estimation in comparison with that obtained from a single day's count, whereas the cost will have
rleen by a factor of four.

8. RESULTS

All estimate errors given in the results are st the § per cent level of confldence. Lower confidence Limits
10 per cent (1 in 10 chance) or 20 per cent (1 in § chance), ean be calculated by multiplying the results
by 0.84 or 0.6 respectively.

5.0 Treffic variability and ADT

In the early stages of the analysis, it became apparent that the results were strongly influenced by
the ADT st each sample site, s0 this effect was investigated first. The relationship between traffic
variability and flow level is illustrated in Figure 1 which shows the coefficient of variation of daily flows
(V) over a complete year, plotted against ADT.,

From the Kenya data alone, it is clear that the coefficient of variation is inversely related to ADT -
the curve has been fitted by inspection as a rough guide. A simpie regression analysis based on the
relationship,

V=y(@on .

where <y and N are constants, showed that ADT accounts for approximately 55 per cent of the total
variationin V.  The implication is that, in Kenya ». least, the main factor goveming the variability of
traffic is the average Jevel of flow, and not the function of the road or the type of traffic it carries.

Excluding the most extreme of United Kingdom results, Figure 1 shows that traffic variability
Increases rapidly below Mlows of approximately 1000 vehicles perday. Partly this is a consequence of the
law of small numbers: when the total flow is low a unit change has a proportionately bigger effect than
when the total is large. Also, in practice, variation is inherently greater at low flows because the traffic
stream is composed of fewer individual trip motivations, i.e. a flow of 20 vehicles per day on a given road
may be motivated entisely by the travel demands of a small govemment administrative centre, a school,
or 8 single agricultural enterprise. Any change in its activities, such as school holidays, or crop harvesting,
can produce very large relative volume changes. Conversely, on roads carrying 500 or more vehicles per
day, the trips are usually motivated by a wide range of activities whose operational variations tend to be
mutually balancing. When the travel demand for one is high another will be low and vice-versa, Between
these two extremes there is a gradual transition and one would expect a steady decrease in variation with
increasing Now of traffic.

The increase in traffic variability below flows of approximately 1000 vehicles per day is significant
because in many developing countries the majority of the rural road system carries daily flows less than
this. In Jamaica (1964), Zambia (1964), and Kenya (1970), the percentages of the rura! road system
carrying less than 1000 vehicles per day were 95, 98 and 95 respectively 3, Thus in developing countnes
runl traffic estimation is especially difficult because of the inherent variability of daily travel.
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Genenally the United Kingdom results do not exhibit any close relationship between traffic
variability and flow level. Surprisingly, over a third of the United Kingdom results are characterised by
8 very much higher van1bility than equivalent sites in Kenya. It seems that the effects of climate in the
United Kingdom, particularly snow, ate much more disruptive than those in Kenya. Also, becsuse the
climatic contrast between winter and summer in the UK is very marked, sites located close to tourist or
holiday centres are likely to experience larger relative changes in flow level than equivalent sites in Kenya.
Inspection of the locations of sites in the United Kingdom showed that those sites with exceptionally high
varisbility were located either close to tourist-holiday resorts or in areas likely to experience inclement
weather,

5.2. Ervors from random continuous counts of ditferent durations

Table 1 gives the errors for ADT estimates obtained from random continuous counts of different
durations. Generally, the errors in estimates fall as both the duration of counting and the ADT increase.
There are, however, considerable variations between sites in the rates at which the errors decrease with respect
to both the duration of counting and the ADT. Because of the magnitude of the variations, they are
unlikely to be accidental and are probably related to site location and the function of the roads. To make
the trends clearer, sites have been grouped into the five flow levels used for repeated sampling and the
results averaged. Figure 2 shows that the errors in estimates fall rapidly as the duration of counting and
the ADT are increased, but there is a marked decrease in the rate of fall when the duration of counting
exceeds s week. This suggests that rural travel is dominated by weekly, rather than by daily or monthly
activities.  Another significant feature is the sharp fall in errors in estimates when the duration of counting
Is extended from five weekdays to one full week. As might be expected, the latter effect is more pronounced
at the higher flow levels i.c. on roads that serve regional and district centres with distinctive weekend
activities. Clearly, variations in flow at the weekend contribute significantly to total variability, and so
If circumstances arise that allow only a count of 4 or S days this period should span the weekend rather
than only weekdays. 1t should be recalled at this point that the suggested maximum practicable duration
for a continuous manual count is one week (see 4.3). Figure 2 shows that large erors are associated with 157
counts of only a few days’ duration. The lowest flow-level group has errors in estimates ranging from
2 35 per cent for a one-week count to + 62 per cent for a count of single day. On roads carrying
1000 vehicles per day or less, errors in estimates are at best approximately + 20 per cent for a one-
week count and + 30 per cent for a one-day count.

Qlearly then, no practicable duration of random counting is likely to provide ADT estimates of an
scceptable accuracy for the great majority of roads in developing countries.

5.3. Repeated random samples

Table 2 gives the errors for ADT estimates obtained from repeated random counts of different
durations. The figures in brackets show the errors in estimates for conlinuous counts of equivalent
durations. Inspection of the results suggests thal the errors in estimates of repeated random counts are
related to those obtained from single random counts. If & random count of duration d gives an error
equal 1o £ x, then repeating the count will reduce the error to £ 0.94x , (n>1) where nis the number

of repetitions (i.. the errors from repeated counts are approximately proportiona! to the Inverse of the
square toot of the overall duration of counting).
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As might be expected, repeated counts give more accurate estimates of ADT than continuous counts
of the 1ame duration and the advantage increases with the number of repetitions. Also, repeating a count
twice reduces the errors in estimates to approximately 22 per cent of their continuous count value, snd
repeating four times results in a 40 per cent reduction. However, only at the highest flow levels and for
counts repeated four imes do the errors in estimates approach the desirable standard of £ 10 per cent.
Below tnaflic flows of 600 vehicles per day, repeating counts 3 or 4 times generally results in errors in
estimates of between £ 10 and £ 20 per cent,

Because of organisationa! difficulties, repeated counts are unlikely to be regarded as s practical
proposition for most data requirements, 2'though they may be of use for one-off studies. Also they
cannot generally be expected to produce estimates of a desirable accuracy.

$4 Sampling errors for individual months

1t seemed likely that random samples drawn from particular months might show errors considerably
different from those drawn throughout the year. If a wet season falls consistently in a particular month
and normal travel is likely to be interrupted by rain, then samples from that period can be expected to
have higher-than-averag. errors. Conversely, other months, between seasons and away from Public
Holidays, could have virtually constant near-average flows, and consequently very low sampling errors.
To test this possibility, random samples were drawn separately from each month and the error in ADT
estimate calculated as before. The results for one whole week are thown in Table 3.

There is considerable variation in errors in estimates from month to month, At any site, the ratio
of the largest to the smallest monthly error has a range from approximately 2 to an exceptional 27,
Generally, the ratio is in the range 3-12.  Even at moderately high flow levels of 400-600 vehicles ADT,
the maximum monthly error for one-week random counts can reach 48 per cent. In contrast, even at ADT's
of less than 40 vehicles the minimum error in any month does not exceed 10 per cent.  Generally, if the
month, or months, could be predicted during which sampling errors were likely to be a minimum, then
relatively short counts could produce ADT estimates of & high accuracy. Table 4 shows that counts for
as few as three consecutive days have errors of 20 per cent or less if the observations are conducted during
the month of minimum sampling error.

6. DISCUSSION

The magnitude of the errors clearly indicates the need for improvements in the methods of measuring
traffic flow in developing countries. In considering how this might be done, it seems useful to examine
the basis of methods of counting rural traffic in some developed countries,

6.1 Rural traffic counting in the United Kingdom

'As mentioned in Section 2.4, rural road planning and design in the United Kingdom are based upon
the average daily flow (7-day average, 6am-10pm) measured in August. Average factors are used to
adjust any observations taken in other months to their August equivalent. August conditions are used
as the basis for counting because averape monthly travel demands have consistently been found to be at
their highest then . Although the method has worked satisfactorily in the United Kingdom, because
it is based upon a 16-hour observation period it shares all the criticisms previously levelled at the other
‘m-hour’ counting systems. Furthermore, although the idea of conducting all counts during a single
period of peak activity is attractive, the method does not seem suitable for use in a developing country,
because it presumes that seasonal variations in traffic flow are the same everywhere, anc remain so, year
sfter year. Geographical considerations suggest that, in the mainly tropical or sub-tropical developing
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countries, the climatic variations, snd hence most of the likely traffic flow varistions, are neither as
simple nor as consistent as those experienced in the developed countries.

This suggestion is given some confirmation by Figures 3(a) and 3(b) which show the monthly patterns
of flow variation recorded at 21 of the Kenya sites. No simple pattern emerges: the seasonal variation of
traffic is highly variable both at individual sites and between sites. The causes of the monthly flow
variations at each site and whether they recur are still being studied, but it is clear that the method of
standardising traffic counts in the United Kingdom could not be used in Kenya, as there is not a single
month when flows are near maximum at ail sites at the tame time. |

6.2 Rural traffic counting in the USA

As explained in Section 2.4, the object of rural traffic counts in the USA is to estimate ADT.
When sample counts are made, usually for one or two consecutive days only, the results are adjusted
to give ADT estimates, within the accuracy limuts described in 4.2, by factors derived from a relatively
small number of continuous counting stations called control stations. This procedure is based upon
the fact that seasonal patterns of variation have been found to persist from year to year® on the same
road sections and are similar:

(i) for long consecutive lengths of major road (ADT > 500 vehicles) all of
which are not necessarily on the same route;

and (i)  for all minor roads (ADT < 500 vehicles) within a given economic
(geographic) region.

Thus the seasona! patterns of traffic variation on all sections of road can be represented by those obtained

from either ‘route control stations’ or ‘area control stations’.
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This system would seem to be the more promising of the two described as far as developing countries

are concerned, but it would not be easy to implement. The present sophistication of traffic counting in

the USA has been achieved only after many years of recording traffic flows, What is apparent is that the

use of artomatic traffic counters will be a necessary pre-requisite of any significant improvement in the

accuracy of current traffic estimates in developing countries.

6.3 Use of automatic traffic counters in developing countries

When first introduced into developing countries, automatic counters should be operated continuously
at fixed locations. These should be chosen to represent the major traffic routes and geographic areas;
the method of doing this is described in a recent Report®. As well as monitoring long-term trends, the
counter results will enable a study to be made of the magnitude, frequency, and causes of the day-to-day
and month-to-month, fluctuations in flow. A clear understanding of these will enable methods of counting
traffic to be designed along the lines indicated, so that ADT estimates of a prescribed accuracy can be
made. After one or two years, additional counters could be obtained and a start made on the grouping
of road sections accc.ding 1o their seasonal vanation characteristics. In the USA seasonal variation
counts are made for unly one week 1n every month at a given location; with efficient organisation, a
single counter can therefore cover four sites per year.

In the initial stages of such a system, there is no need for expensive makes of traffic counter to be used.
The simple SYX-RRL Nos. 4A or 4B accumulating counter would be adequate and it costs approximately
one-tenth as much as a recording counter. A recent report by the Road Research Laboratory describes
the operation and maintenance of the SYX-RRL counters under tropical conditions®.
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7. CONCLUSIONS

Traffic counts in developing countries should seek o provide estimates of the Annug! Average
Dally Traffic (ADT) on & rosd.

3 made manually neither simple random traffic counts nor replicated random counts of any
practicable duration can provide estimates of ADT within desirable limits on the majority of
roads in developing countries ,

Any appreciable improvement In estimates of trafTic flow In developing countries will require the
use of sutomatic traffic counters operated continuously at fixed locations,
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TABLE |
Errors in ADT estimates from andom
counts of varying duration (per cent )
Number of Weekdays Number of Weeks
ADT
(vehicles) | 2 3 4 s ] 2 4 [
25 706 588 %2 480 414 363 M1 N9 M9
26 690 570 351 517 S3) 312 284 233 194
26 806 694 637 612 588 502 447 380 M1
32 839 717 662 666 658 547 557 600 633
“ 417 318 272 .68 251 225 192 168 174
56 374 304 272 274 255 229 194 149 9.2
63 529 437 408 370 355 300 284 268 233
88 441 408 398 349 306 265 225 204 16.
93 510 453 429 408 437 331 329 36 302
106 45.7 386 347 318 284 241 208 190 188
120 416 343 255 259 294 23 202 174 145
152 390 339 363 34 270 45 306 225 74
156 368 321 300 284 255 188 141 101 6.3
250 S08 470 445 435 414 398 347 4S5 3258
358 357 284 272 268 302 130 123 118 102
357 417 372 327 308 304 366 327 190 8.2
438 372 361 349 368 349 2.1 176 141 5.5
494 384 308 276 255 251 180 174 178 167
501 368 337 a1 329 38 294 276 206 165
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TABLE 1 (continued)

avr |
(vehicles) 1 2 3 4 s 1 2 4 6
622 253 204 172 172 172 174 139 96 78
632 400 353 329 2294 274 24.9’ 233 20 24
650 323 343 364 345 327 227 172 9.8 7.0
675 257 239 235 220 202 212 174 112 78
676 304 318 343 318 328 208 190 168 167
788 266 206 198 192 163 190 165 149 145
792 392 441 457 459 410 245 223 163 163
825 208 190 186 168 176 190 168 137 127
1109 245 218 194 178 153 161 143 147 145
1185 314 302 304 302 286 182 170 170 172
1250 353 280 267 20 22 153 135 110 9.6
1373 343 404 431 412 361 165 137 9.8 88
1751 300 272 265 250 222 180 170 178 174
1766 268 298 312 314 261 129 112 8.6 7.1
2846 3.2 290 284 290 270 163 127 7.8 69
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TABLE 2

Erors in ADT estimates from repeated random
counts of varying duration (per cent)

Dunation of counting
Flow level
(vel?icle:/:ay) Repetitions Number of weekdays 1 week
1 2 3 5
<175 1 62.3 51.7 472 43.5 355
2 46.6 (51.7) 364 314 28.8 23.5(329)
3 33.5(47.2) 28.0 25.5 235 176
4 25.9 (45.5) 243 22.1 204 16.1 (30.6)
1 43.1 374 349 308 26.6
2 28.0(374) 229 245 212 17.6 (23.5)
75-200 3 23.7(34.9) 18.6 174 157 143
4 18.6 (32.1) 17.2 159 139 12.5(20.2)
1 40.2 355 333 323 26.5
2 32.7(35.5) 27.8 25.1 216 17.6(23.7)
201-600 k] 22.7(33.3) 223 18.0 174 14.3
4 21.8(32.7) 20.2 15.7 15.1 12.5(19.8)
1 30.0 28.6 286 25.7 21.2
2 19.2(28.6) 15.5 17.6 17.0 13.9(18.4)
601-1000 3 16.3 (28.6) 15.5 159 139 114
4 14.3(27.0) 11.2 12.3 12,2 10.0(14.3)
>1000 1 30.6 294 294 253 163
2 17.8(29.4) 184 16.8 14.7 13.3(14.3)
k] 15.7 (29.4) 15.7 149 129 11.8
4 14,3 (29.0) 11.0 11.8 11.2 7.6(12.3)

Figures in brackets are for continuous counts of an equivalent duration,
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TABLE 3

Errors in ADT estimates from random counts
of 1 week In different months (per cent)

ADT Yearly
(Vehicles) Jan Feb Mar Apt May Jun Jul Aug Sep Oct Novw Dec Aversge

25 488 15.9 274 133 100 270 70 239 214 174 272 26.1 363
26 318 228 84 23.1 333 18.0 543 223 25.1 384 347 355 50.2
32 139 40.6 39.8 286 233 11.8 9.6 14.1 14.5 14.1 188 129 54.7
44 108 49 16.1 159 11.4 21.8 98 120 13.1 70 184 57 218
88 6.9 120 253 14.7 36.1 11.8 11.0 21.6 14.1 155 176 239 26.5
93 10.0 8.8 129 5.5 188 6.1 9.0 108 31.0 26.6 208 ‘57 331
106 239 228 343 123 17.8 6.3 7.6 163 14.5 208 300 153 24.1
156 18.2 6.7 100 314 28.0 5.5 120 6.3 20.2 59 118 98 188
250 110 84 8.0 174 8.6 188 9.2 5.7 18.0 19.6 458 184 398
349 6.7 96 9.6 59 5.5 7.0 5.8 74 9.2 8.2 9.2 8.0 13.1
357 9.2 53 8.2 11.0 78.0 43 9.2 23S 43 29 10.2 17.6 36.6
438 108 4.7 13.9 53 9.4 4.7 5.1 35 10.0 104 78 286 221
494 6.7 9.0 28.6 12.5 84 6.9 6.5 7.6 69 16.5 98 141 180
501 13.7 33 86 198 11.2 5.1 88 11.6 92 74 104 430 294
622 9.0 39 388 43 74 122 43 159 106 200 176 6.7 174
632 8.6 69 8.0 135 5.1 212 84 184 258 259 1.0 9.6 249
675 17.6 108 6.1 55 6.3 14.7 8.0 3.7 13.1 14.5 8.7 159 16.7
676 76 4.1 63 37 80 24 17.2 174 9.0 43 19.0 153 208
788 155 24 63 3.7 92 6.7 129 6.9 59 6.5 82 304 19.0
792 6.1 10.2 9.2 53 11.8 6.1 218 8.0 110 358 7.6 84 245
825 9.0 8.6 74 74 9.0 37 6.9 5.5 6.5 10.2 84 200 190
1109 8.6 20 34 33 4.5 33 70 18.0 82 4.7 70 220 16.1
1188 39 8.6 82 43 78 86 72 82 172 6.1 266 10.0 182
1250 110 53 4.7 11.0 127 7.6 8.6 78 143 6.5 55 159 153
1751 172 10.8 43 3.1 11.4 49 90 59 83 10.0 59 19.2 18.0
2846 80 37 11.0 29 110 78 1.6 139 12.5 2.7 263 63 163
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Erron in ADT estimates from random counts of

TABLE 4

3 consecutive weekdays in different months (per cent)

ADT Yeutly
(vehicles) Jan Feb Masr Apr May Jun Jul Aug Sep Oct Nov Dee Avenng-
25 823 17.0 333 23.1 19.2 21.2 214 396 25 174 290 64.7 50.2
26 427 376 17.4 310 545 36.1 103.7 384 238 386 3s.1 380 63.7
32 318 54.1 710 527 31.0 227 20.0 214 314 33.1 319 30.0 662
44 17.2 10.2 20.2 18.8 14.3 329 149 190 235 190 345 186 272
88 139 25.1 37.2 338 54.9 23.1 153 280 19.2 427 206 19.0 40.2
93 13.5 16.7 17.6 15.1 306 13.1 14.7 14.1 333 419 359 492 429
106 220 321 51.8 17.2 306 16.7 16.1 188 16.7 178 40.2 29.0 39
156 210 6.7 9.8 54.1 423 120 194 14.1 196 129 174 100 300
250 288 25.1 114 149 19.6 30.2 133 10.6 255 25.1 658 4?9 “as3
349 8.6 145 133 8.8 9.0 112 10.2 143 13.7 159 133 153 272
3s7 123 9.2 13.1 33s 696 49 11.8 314 6.7 6.7 204 170 327
438 18.8 13.5 16.1 69 7.8 6.1 74 8.0 14.1 20.6 114 539 349
494 7.6 133 294 11.0 78 129 139 145 12.7 24.1 188 329 276
sot 118 59 10.2 235 14.7 59 12,7 184 15.7 129 8.2 537 33a
622 123 10,0 284 9.6 168 6.3 86 249 15.1 14.5 208 172 172
632 10.8 125 11.0 19.2 63 233 10.8 18.8 294 86 13.7 153 329
675 204 78 6.1 182 106 229 137 5.1 188 165 82 5.7 25.1
676 49 45 9.2 6.7 8.2 39 22.7 310 8.2 43 200 298 343
788 15.1 55 6.7 120 18.0 129 138 78 7.2 186 11.6 288 198
2 90 123 9.6 139 114 10.0 259 118 122 3s5s 92 220 459
825 153 84 123 98 8.6 6.9 104 53 13.1 122 104 114 176
1109 69 6.3 122 10.2 43 9.6 82 282 10.0 108 74 329 194
1185 72 8.2 49 129 69 78 106 14.1 18.8 7.0 255 327 304
1250 98 8.6 53 318 20.2 11.2 114 94 15.7 114 74 359 266
1751 19.0 13.7 5.1 17.0 104 8.2 149 9.0 114 163 63 284 265
2846 200 63 133 102 8.6 13.1 104 98 143 223 18 16.5 284
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8. APPENDIX I

Questionnaire on n=tivnal procedures for survey of rural traftic flow

Jan-April
dry season;
June-August
wet segson;
Sept.-Dec.
intermediate
season,

for 5 days.

built and main.
tained by the
Imperial Highway
Authority
whether primary,
secondary or
feeder roads.

to 15 days.

NATIONAL CENSUSES GENERAL COUNTS AUTOMATIC COUNTERS
COUNTRY Is there any form For how many How many Are all classes For how many Is there sny Does the Are sutomatic]  For what
of national traffic { hours and days surveys are of road hours and days soecific period, [ Government set| trafTic counters Purpose?
census operating? | are observations | made a year? covered? are observations | or periods, of standards lor in use?
made duringa made? the year when traffic
survey? observations observations?
are made?
COLOMBIA Yes 24 hours a dsy 1 Only roads main- |24 hours s day No. Yes. Yer As continuous
for 7 days. tained by national{for 7 days mainly. counters at
Government fixed
(about 7 sites locations.
per year).
CYPRUS Yes 7 days continuous-| 3 Yes Varies Varied from Yes No
ly on some trunk place to place
roads; 92 hours to coincide with
spread over S days local crop-
on others. 84 harvesting period
hours spread over
S days on tourist
and village roads,
but varies from
year to year.
ETHUPIA Yes 24 hours a day 3 All-weather roads | 24 hours for 7 No Yes No

LL wnipuadwo)
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AFPENDIX 1 - continued {1)
NATIONAL CENSUSES GENERAL COUNTS AUTOMATIC COUNTERS

COUNTRY Is there any form | For how many How many | Areall classes For how many Is there any Does the Are sutomatic For what

oi national traffic | hours and days surveys sre of road hoursand days [specific period, |Government set [traffic counters purpuse?
csnsus operating? | are observations made a year? covereG? are observations |or periods, of standads for in use?
made duringa made? the year when traffic
survey? observations observations?
are made?

GHANA Yes 7 days 12 hours 3 or 4 times |Only primary and| 16-or 24-hour No. No. Yes. As continvous
(6 a.m.-6p.m.) ayear. secondary roads. | counts for | week counters st
manually and 24 fixed locations.
hours by automatic
counter.

IRAN No (one Is proposed for 1971) 3 days Upto2times |No. To & limited

1st day: ayear in each extent.
midnight-8 a.m. season
Pnd day:

1.m.4 p.m,

rd day:

p-m.-midnight.

KENYA Yes 12hours (6a.m.- | 4 Yes tZ hours (6 2.m.. | Wet weather and] Yes No
6 p.m.) for 5 days | February, p.m.) for 7 duys. | main snnual
In 3 week and May, August, social events
24 hours on the November. avoided.
remalining 2 days.

LESOTHO Yes 12 hours a day Irregular Mostly main ~ [12-hour | day No No No
for 7 days roads. counts.

MALAW Yes 1 day 12 hours 2 Main and Yes For short counts
manual and 24 Wet and dry | secondary roads of one day's
hours automatic season. only. dunation.
counter.

L9l
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APPENDIX 1 - continued (2)
NATIONAL CENSUSES GENERAL COUNTS AUTOMATIC COUNTERS
COUNTRY Is there any form For how many How many Areall classes | For how many Is there any Does the Are sutomatic | For what
of national traffic | hoursand days surveys are of road hoursand days |specific period, |Government set | traffic counters purpose?
census operating? | are observations | made a year? covered? are observations or periods, of standards for in use?
made during a made? the year when traffle
survey? observations observaticna?
are made?
MAURITIUS | No 12 hours (6 a.m.. | During sugar No No
6 p.m.) for 7 days. | crop period July
to December.
TANZANIA Yes 72 hours 2 Yes 72 hours No No No
THAILAND Yes New standards being introduced. All roads to be 1 day 8 houns No Yes In the past for
covered. Most counts 2 times a year, April and manusl (8 a.m.. short counts of
October, 8-hour counts (8 a.m.<4 p.m.) for S week- |4 p.m.)and 24 one day's duration
days. Ata few sites 4 times a year January, April, |hours by automna- but permanent
July, October, 8-hout counts spanning 24 hours for | tic counter. sites are to be set
a total duration of 3 weeks; L.¢. an effective one- up.
week count.
L
TURKEY Yes Variable, majority | 8-hour counts |[Only those Only in urben
are 1-day §-hour | usually 3 times jwhich are the aress,
counts. Some are | a year but kesponsibility
for 24 hours 1 or | some just once of the national
2 days. ortwice 24-  highways
wurcounts  department.
repeated up to
15 times a year|
UGANDA Yes 24 hours g day for | 2 Only roads 24 hours a day for | No Yes Yo For short counts
7 dayn. which are the | 7 days. of 7 days dumtion.
responsibility
of the Ministry
of Works.
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APPENDIX 1 - continued (3)
NATIONAL CENSUSES GENERAL COUNTS AUTOMATICCOUNTERS

COUNTRY Is there any form | For how many How many | Areall clames For hcw many Is there any Does the Are sutomstic | For what

of national traffic | hours and days surveys are of road hours and days specific pedod, | Government set | truffic counters | purposs?
census operating? | are observations | made ayear? | covered? are observations | or perlods, of standards for in use?
made during a made? the year when traffic
survey? observations observations?
are made?

ZAMBIA Yes 12hoursfor § Onceayesr |Yes Varies from 12 Dry season May-| Yes To alimited For short
drys in a week in June. hoursup to 7 October extent. counts of 30
and 24 hours on days. days dunation,
the remaining
2 days.

691
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THE SENSITIVITY TO TRAFFIC ESTIMATES OF ROAD PLANNING IN
DEVELOPING COUNTRIES

ABSTRACT

This Report gives an analysis of the sensitivity to traffic estimates of
rural road planning decisions in developing countries. Consideration
was given to decisions concerning the annual amounts spent on
maintaining each section of road, the economiic justification of road
improvements, and the 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 making them. Many of the traffic
parameters are shown to be subject to large errors ue to the estimating
methods currently in use. This is particularly the case with estimates
of induced traffic likely to result from road improvements and the
forecasts made of all future traffic for planring and designing road
improvements.

The analysis stresses the need for improvements in traffic
estimation niethods and for further research into the fundamental
characteristics of rurai road traffic in developing countries.

1. INTRODUCTION

This Report analyses the sensitivity to traffic estimates of decisions about rural road planning in developing
countries. The analysis was undertaken because a recent study of counting methods in developing countries
showed that estimates of rural traffic flow were subject to considerable error®. It therefore seemed prudent
to consider the effect of any errors in the traffic estimates generally used in reaching planning decisions.
Errors in estimates of traffic parameters can be ignored provided highway planning decisions are not seriously
affected. However, if it can be shown that uncertainty in tralTic estimates have a considerable effect on the
costly decisions which are made this would justify both improvements to counting methods and increasing
the money spent on traffic estimation.

1.1  Definition of sensitivity

All decisions in maintaining, planning and constructing a road need estimates of traffic parameters.
Some decisions require estimates of only a single parameter, others of several. Each of these estimates is
usually treated in analyses as if it was certain to occur, yet many of them are subject to considerable
uncertainty. If a small change in the estimate of one parameter will alter the decision under consideration,
then e decision is said to be sensitive 1o changes in the estimates of that parameter. On the other hand, if
one particular parameter can be varied over a wide range of values without affecting the decision, then the
decision is said not to be sensitive to uncertainties regarding that particular parameter. For example, in the
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United Kingdom?, roads are built in discrete numbers of lanes each of which is able to sccommodats a nnge
of traffic volumes. For rural roads these ar: as follows:®

24ane 0 9000 passenger car units/day (pcu)
3dane 9000-15 000 passenger car units/day (pcu)
Dual 2-ane 15000-33 000 passenger car units/day (pcu)
Dual 3dane 33 000-50 000 passenger car units/day (pcu)
Dua! 4lane 50 000-60 000 passenger car units/day (pcu)

In deciding capacity requirements for future road networks there would be no nezd to refine traffic estimates
to a greater accuracy than the nearest 1000 pcu if the predicted value for the design year was in the middle
of one of these ranges, say, S000, 12 000 or 24 000 pcu, ctc. However, if the predicted traffic low was close
to one of the transition levels in the relaijonship between the number of lanes and road capacity, then a
considerable degree of sophistic2tics in traffic estimation procedures would be justified to determine with
confidence the required number of lanes and hence the cost of providing them.

1.2 Scope of the study

The tenin ‘planning’ has so far been used to describe all the decisions made in maintaining and
improving a road system. Analysis was limited to the main decisions, i.e. those concerned with the annual
amounts to be spent on nintaining each #2:**~n of road, the economic justification of road iniprovements,
and the s#lection of road design standards and hence construction costs. A further restriction on the scope
of the analysis was that decisions concerming traflic capacity were not considered. Congestion is uncommon
on the rural roads of most developing countries and consequently few countries have yet defined capacity
standards.

As will be seen from the following examples, the methods by which decisions in different countries
are made differ considerably. Although this is partly a reflection of the rapid changes in highway practice
in developing countries, it would nonetheless be possible to criticise some of the methods used on the L *sis
of generally accepted enginecringand economic principles. This has not been done as it is considered outside
the scope of this study. Differences in principle are discussed and their effect on the sensitivity of decisions
indicated. but it is the sensitivity of decisions as they are now made, not as ‘hey ought to be made, which are
of interest. To thise o ... examples used were selected to give a fair cross-xection of current practice in
developing countries.

2. THE SENSITIVITY OF ANNUAL MA'NTENANCE COST ESTIMATES

If the effects of topography and climate on road niaintenance necds are regarded as fixed for a given zection
of r3ad, then the two most importan. factors affecting maintenance costs are the type of surface and the
trafiic volume carried. However, the I -1 of the relationship between road maintenance costs and traffic
voluines has not been finally established. Sonie countrics use a different fixed cost per kilometre for earth,
pavel, and bituminous suifaced roads, but this practice is not common. Most developing countries decide
their maintenance expenditures by using a re'stionship of the form:

Total maintenance cost peryear (TMC) = a ¢+ bQ
where Qis the flow in vehicles per day and a and b are constants, Fxamples are shown in Table 1.

® They are curtently being revised, but serve to illustrate tiie point.

Text 9
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The c+lationship between maintenance costs and traffic flow in various countries

Type of road surface
Country and Year

Earth Grave! Bitumen
:::uy;c:l;/ﬁz) 95 + 137Q Fixed cost per mile
?ri,::c:,/:::; 40000 + 1620Q 98320 + 320Q
:;5::::/"‘1“9‘6)7 150 + Q 340 + 0.2Q
(T&'I.'ﬂ’:;/nlﬁ§° 2930 + 22Q 2500 + 48Q 9353 + 3.74Q
oy | 15500 340 S0+ | 104040
f;“lﬁfimﬁ? 36+ 1.7Q 9 + 1.4Q 242 + 0.065Q

The ratio of the percentage change in maintenance cost to the percentage change in flow level is
defined as the sensitivity ratio. If the sensitivity ratio is 1.0, it means that a 100 per cent ervor in the
estimated trafTic flow produces a 100 per cent error in the allocated maintenance cost. Conversely,a
sensitivity ratio of zero means that the allocated mainienance cost is independent o the estimated traffic
flow. Inspection of the for m of the relationships in Table 1 shows that the sensitivity ratio is constant
for any particular road surface ir. a given country. The actual values are given in Table 2.
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TABLE 2

Sensitivity ratios for the maintenance cost reiationships given in Table 1

Type of road surface
Country and Yesr
Earth l Gravel Bitumen

Kenys: 1969 0.59

Niger: 1963 0.80 025
Nigeria: 1967 040 0.06
Tanzania: 1969 043 0.66 004
Venezuela: 1960 0.78 0.26 0.01
Zambia: 1964 0.82 059 0.03

It can be scen that ihe ratios vary from as little as 0.01 to a maximum 0.82. Generally th se for
earth surfaced roads are the highest, followed by those for gravel surfaced rox 's, with, as mighi be expected,
bituminous surfaced roads having the low - ratios.

3. THE SENSITIVITY OF CRITERIA USED FOR THE ECONOMIC
JUSTIFICATION OF ROAD IMPROVEMENTS

The methods used fur the economic justification of road improvements differ in the various developing
countries, but in all, once a criterion has been selected, projects are judied on whether or not their value
will exceed some agreed mmimum. If there are several projects then they are ranked and accepted for
improvement in rank order until the total cost reaches the limit of available funds.

A common criterion used for the selection of proposed road improvements is the Internal Rate of
Return (IRR). This s only one of a number of criteria in general use, but it has been preferred by the
World Bank for its own analyses® and is the one used here. Although doubis have recently been expressed
about the suitubility of the IRR for assessing public investments?, since each project in the analysis was
considered separately and none of the projects assumed a complex vast or benelit stream over the design
life of the road, the conclusivns of the following analysis would not have been altered if eithes Cost-Benefit
Ratio or Net Present Value criterion had been used instead,
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Initially the sensitivity of the IRR to changes in the estimated present daily traffic and traffic growth
were tested. These are the main traffic parameters which have to be estimated for cach road that is assessed.
In practice each is estimated separately su it is necessasy to show their separate elfect. Rather than devise
hypothetical road projects, ten - described in Appendix ) - were selected from thuse recently constructed
in developing countries. Where it was apparent that some of the ten projects were likely to give similar
results, calculations were restricted to those which inspection suggested would give either the typical or the
extreme values of the sensitivity ratio. In fact, it soon became obvious that the sume few projects, because
of the naivety or sophistication of their overall assumptions, would provide the range of values. The results
which lollow probably contain the likely values for all projects.

3.1 Present daily traffic

For each project the IRR was calculated using the assumption as given. Then, keeping all other
factors constant, the estimated present level of traffic was varied by 20, £ 40, £ 60, + 80 and + 100 per
cent and the IRR calculated. Fig. | illustrates the range of values obtained. Minor variations in the slopes
of the individual graphs are caused by discontinuities in the project assunuptions. To simplify them linear
regression lines were fitted and in each case the correlation coefficient exceeded 0.98. From the regression
lines a mean sensitivity ratio of 0.70 was calculated. This clearly shows that the IRR is generally very
sensitive to errors in estimates of present daily traffic, although the spread of the graph lines indicates that
project sensitivity is considerably influenced by the mix of the other assumptions.

3.2 Traffic growth

The sensitivity of the traffic growth assumptions used in each project was tested in the same manner
as the present daily traffic estimates. Fig. Z sacws tne relationships obtained. In each case linear regression
lines gave regression coeflicients above 0.99. The sensitivity ratios are very scattercd ranging from 0.20 to
0.71 with a mean of appro::‘~».ely 0.43. This is not really surprising as Appendix 1 shows that assumptions
sbout traffic growth ary considerably among projects. 181

It is interesting that the mean sensitivity ratio tor errors in estimates of traffic growth is lower than
that found for the errors in estimates of present daily trafc. The probable explanation for this is that the
discounting with time of the benefits from road improvements reduces the effect of distant uncertainties.

Because of the magnitude and range of the sensitivity ratios in the last two tests, the sensitivity of
the justification for road improvements was examined in more detail. The effect on the IRR of three other
aspects seemed particularly worth studying. They were:

(i) present traffic composition;
(ii) estimates of induced traffic; and
(iii) assumed changes in traffic composition,

3.3 Present traffic composition

For asessing the justification for road improvements in developing countries traffic is usually
separated int 'light” {cars and vans) and ‘heavy' (lorrics and buses) vehicles. Althou h more complex
classifications are made for some purposes. they are rarely used in the calenlation of either costs or
benefits. The principal etfect of errors in estimating peesent traffic composition 12 on viliicle operat®yg
cost savings, since operating costs per km are usnally assumed fo be higher for heavy than yor ¥2% wehicles,
Thus the IRR for a project with a high proportion of heavy vabizles is likely to be much more sensitive to
errots in estimates of traffic composition than one in which the proportion of heavy vehicles is low.
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The results in Fig. 3 suggest that this is so. Below abont 30 per cent heavy vehicles, the IRR is
relatively insensitive to errors in estimates of percentage composition with sensitivity ratios of less than
0.20. However, with 60 per cent heavy vehicles, sensitivity ratios increase to approximately a half. The
extreme vatues for Project 10 occur when the percentage of heavy vehicles exceeds 80, which is unlikcly
to be common in practice.

34 Induced traffic

Very few of the reports considered in this analysis explain what is meant by induced traffic. Usually
the term implies the extra flow of vehicles on an improved facility over-and-above that which would have
teen expected from normal trends. Alternatively, on an entirely new facility, it is taken to be the extra
volume of traffic over-and-above that which would have been expected to divert from existing routes.
Neither of these is strictly correct; the traffic on a new road or the extra traffic on an improved road can
be broken down into:

(i)  that traffic ‘diverted’ o the new facility, finding it more convenient or attractive
than the former route of travel;

(i)  that trafTic which has made a change in ‘mode’, e.g. from rail or air to road;

(ili) that traffic which is entirely new and never existed before, and is assumed to be
the effect of making certain areas more accessible to larger numbers of people.

Strictly the term induced traffic should be reserved for (iii)®. Itis unfortunate that the three
components are frequently lumped together. One result of this practice is a tendency to ascribe to each
unit of induced tralfic the same benefits as each unit of existing traffic; this is incorrect. (All but one of
the projects used in the analysis made this mistake). The benefits to each unit of induced traffic should be
taken as one-half of those of each unit of existing traffic®, Even if benefit calculations are correct, errors
in estimating induced traffic can be expected to have a considerable effect on the IRR since the changes in
flow are often assumed to occur immediately after the road is improved. The extra benefits that result are
thus relatively unaffected by the practice of discounting all the benefits to their present value,

Assumptions concerning induced trafTic can be classified into one of two types:
(1)  immediate increase assumption. This assumes that there is an immediate, once and for all,

increase in traffic as soon as the new facility is opened, after which traffic continues to grow
as before. (See, for example, Proicct 2, Appendix 1).

(i) Limited time assumption. This assumes that for a number of years after the improvement -
usually two or, more rarcly, three years - traffic will grow at a fuster rate than was established
before the improvement. After the limited time period has elapsed traffic is usually assumed
to grow at the pre-improvement rate. (See, for example, Project 10, Appendix 1). This type
of assumption is open to several citicisms, but these are not considered here for the reason
given in 1.2,

Using one Project (2) in which the benefits to induced traffic were incorrectly taken as equal to those
of existing traftic. and vne project (3) in which the benefits to induced traffic were correctly calculated
as half those of existing traffic, the induced traffic assumptions were tested as follows:

(i) immediate increase of 20, 40, 50, 80 and 100 percent;
(i) increase for 2 years of 10, 20, 30, 40 and 50 per cent per year;
(iii) increase for 3 years of 10, 20, 30, 40 and 50 per cent per year,




Compendium 11 Text 9

In each case sensitivity was measured relative to the value of the IRR with no induced traffic. This method
of testing was adupted since considerable uncertainty surrounds present methuds of estimating induced
teaffic. None of the reports used in the analysis produced or quoted any evidence to support the amount
of induced traftic used. In these circunistances, it seems fair to measure the sensitivity of the IRR relative
to what it wousd be if it were assumed that there was no induced traftic. The results are shown in Fig. 4.

As might be expected in each case the sensitivity ratio is higher for Project 2 which makes incorrect
sssumptions about the benefits to induced traffic. Although the immediate increase assumption gives the
lowest sensitivity ratios, they are still large at between 0.37 and 0.52. However, the sensitivity ratios when
induced traf{ic is assumed tv occur over two and three years range from 0.74 to 1.68. The magnitude of
these values gives cause for concern at the present lack of knowledge concerning induced traffic in developing
countries. The estimation of induced traftic is clearly in urgent need of research.

3.5 Changes in traffic composition

One of the projects used for this analysis assumes that the proportion of h:avy vehicles will incresse
and one that it will fall, but most, explicitly or implicitly, assume that the proportion will remain constant
with time. This seems unrealistic for, unless there are artificial restraints on the personal ownership of
vehicles, it can be expected that on rural roads in developing countries the proportion of heavy vehicles will
fall with time.

In the early stages of devclopment, when a country is being opened up by road communications,
personal ownership of vehicles is uncommon and the ubiquitous bus or multi-purpose lorry provides the
main means of transport. Also, the low standard of many roads deters all but the most ruggedly constructed
wvehicles and the most determined of operators - usually the commercial lorry and bus operators. At a later
stage of economic development the low standard roads are improved, and increased ownership and use of
light vehicles is made possible: hence the proportion of heavy vehicles steadily falls, 183

Vehicle registration statistics from a sample of developing countries suggest that many developing
countries have passed or are passing through the stage described above (see Fig. 5). The number of heavy
vehicles has been expressed as a percentage of the total stock of vehicles. Generally, the proportion of
heavy vehicles declines with time and in some cases (Afghanistan, Brunei, Ghana, Laos, Sarawak) this is
quite marked. Some of the countnies in Fig. 5(d), however, show a sensibly constant proportion of heavy
vehicles with time, and, in the c..c of Nepal, an increasing trend is apparent. The latter is hardly surprising
as the rugged terrain has, until recently, limited the development of roads. These trends are, of course,
only true nationally, and on individual rural roads there will be considerable variation from them. Nonethe-
less, they do strongly suggest that only on roads opening up new land and in the early stages of development
is the proportion of heavy vchicles likely to increase or remain constant with time: the results from a recent
study of the composition of rural tratfic Mlows in Kenya indicated a simiiar tendercy'®.

From the foregoing discussion, it seems that a rcasonable measure of the sensitivity of the IRR to
assumptions about changes in traffic composition is obtained by comparing the value of the IRR assuming
a constant proportion of heavy vehicles with that assuming that the proportion of heavy vehicles declines
by various amounts over the design life of each project. Fig. 6 gives the results.

With onc exception, the assumption of a constant instead of a declining proportion of heavy vehicles
with time will result in an increascd IRR. (The negative sign of the results fur Project 1 is cauted by the
somewhat unlikely assumiption 1t the absolute operating costs of light vehicles exceed those of heavy
vehicles.) 1t can be seen that, as was the case with present traltic composition, (section 3.3) the sensitivity
of the IRR is determined by the itial proportion of heavy vehicles. Below approsimately 50 per cent
heavy vehicles, sensitwity ratios are relitisely low, being fess than 0.1, Only when the proportion of heavy
vehicles exceeds S0 per cent, do sensitivity ratios reach moderate values of 0.106 and 0.31.
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6. DISCUSSION

There are two objectives in making a sensitivity analysis of a planning decision: first, to determine the effect

on the final decision of changing the value of each of the variables involved in reaching it; secondly, 1o calculate
the probability that the estimated values of the varisbles which cause significant changes in the results will
oceur,

The analysis has been concerned with the first of these objectives, and it has been shown that each of
the decisions considered is sensitive to the trafTic data needed to make them. It is muck more difficult to
alculate the likelihood that estimates of a given traffic parameter will be subject to a specified error. A recent
study " has provided confidence limits for estimates of present daily traffic from traffic counts of varying
duration. Evidence was also presented in the results on the confidence limits of estimates of the present
propottion of different types of vehicles. However, the other traffic parameters considered are based on
forecasts and very few studies of the accuracy of these have beer made - as far as is known, none in the
developing countries. On the evidence of the methods being used (see Appendix 1), it must be concluded
that most forecasts of rural traffic in developing countries are subject to considerable error: as indicated
above a figure of £ 50 per cent is a likely minimum confidence interval.

This Report emphasises the need to evaluate the consequence of decision errors, although no attempt
to quantify them has been made. The consequences of improving or not improving a road, or of over-
designing or under-designing it are difficult to predict. If an investent is made in a road before conditions
warnant, then the opportunity 1s foregone of investing that money, possibly more profitably, elsewhere.
Equally, if an investment is made in a road after conditions warrant, then the benefits that would have accrued
if the investment had been made at the optimum time will be foregone in favour of other, and possibly lesser,
benefits elsewhere. (Similar feasoaing can be applied to the under-designing or over-designing of a road.)
The magnitude of the effects of cither of these actions obviously varies with circumstances, but economically
they are both undesirable and the causes of them should be eliminated if possible.

Ttz tesults clearly show that inpioved traffic estimnates could, in many cascs, greatly increase the
certainty of planning decisions. This is especially notable in the case of estimates of in2uced traffic.

6. CONCLUSIONS

). Allof the three planning decisions considered are sensitive to errors In estimating the traffic parameters
used in making them.
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Accurate estimates of present daily traffic are of fundamental importance both to current Jecisions
and to decisions relying upon forecasts.

The very large sensitivity ratios associated with estimates o induced traffic used in the economic
assessment of road improvements indicates the need for urgent research on the soclo-economic changes
induced by road improvements in developing countries.

The results stress the need for improvements in traffic estimation methods and for further research
into the fundamental characteristics of rural road traffic in developing countries.
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9. APPENDIX 1

PROJECT CHARACTERISTICS AND ASSUMPTIONS USED IN TESTING THE SENSITIVITY OF THE
ECONOMIC JUSTIFICATION OF ROAD IMPROVEMENTS

. Design | Construction Length .
Project life cost of R Type of Terr.:m and A.DT Traffic growth assumptions Bencfit calculations
sumber . project improvement soil type (vehicles)
(yeans) (£'s 1000)
(km)
30 396 §S Earth-gravel to Rat to rolling| 220 1. Separate growth rates assumed | 1. Separate operating cost
bitumen. over sandy silt for cars: 10 per cent for five gavings assumed for light and
with pockets years, 8 per cent for five years, heavy vehicles with the former
of silty clay. 6 per cent for five years, 4 per exceeding the latter.
cent for five years, and 2 per 2. Maintenance costs are
cent for ten years; and for assumed to be independent of
trucks: 10 per cent for five years, | the traffic flow.
1 12 per cent for five years. 10 per 3. Induced benefits mentioned
cent for another five years, and but not quantificd.
5 per cent for fifteen ycars.
2. Although not specifically
mentioned the proportion of
heavy vehicles is increasing with
time from 45.5 per cent.
20 880 111 Slightly im- Flat through 403 . All vehicles assumed to in- 1. Scparate operating cost yavings
proved gravel relling to crease by 25 per cent for one assumed for light and heavy vehicles.
2 and improved mountainous year and 8.5 per cent for the 2. Fixed maintenance saving inde-
gravel to aver shallow remaining nineteen years. pendent of trafTic Mlow.
bitumen. soils over- 2. The proportion of heavy 3. Induced benefits discussed but
lying granite. vehicles is assumed to remain not included.
constant with time at 34 per
cent.
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APPENDIX 1 - Continued

. Design | Construction Length d
Projzct life cost o!’ . Type of Temainan ADT Traffic growth assumptions Benefit calculations
number . project | improvement soil type (vehicles)
(years) (£'s 1000)
(km)
20 260 36 Improved track | Mountainous 237 1. All vehicles assumed to increase by | 1. Separate operating cost
to gravel. over dark red 14 per cent for two years, then by 9 savings assumed for light
clays with red per cent until the ADT reaches 600 and heavy vchicles.
humic top vehicles, and then by 3 per cent till 2. Fixed maintenance saving
3 soils. the design life is reached. independent of traffic flow,
2. The proportion of heavy vehicles based on route shortening.
is assumed to remain constant with 3. Simple before-and-after
time at 14 per cent. calculation of benefits.

20 1317 140 Unimproved Rolling to 330 1. All vehicles assumed to increass 1. Separate operating cost
gravel to mountainous by 25 per cent for one year and savings assumed for light
bitumen, over v¢ _anic 4.5 per cent for the remaining and heavy vehicles.

4 deposits nineteen years, 2. Fixed maintenance saving
covered with 2. The proportion: of heavy vehicles independent of traffic flow.
black cotton is assumed to remain constant with 3. Induced bencfits discussed
soil. time at 20 per cent. but not included.

20 826 40 Improved track | Flat through 245 1. All vehicles assumed to increase 1. Separate operating cost
to bitumen. rolling to by 19 per cent for two years, then savings assumed for light and

mountainous oy 6 per cent until the ADT reaches heavy vehicles.
over volcanic 600 vehicles, and then by 3 per cent 2. Fixed maintenance saving
s ashes and pumice] till the design life is reached. independent of traffic flow.
2. The proportion of heavy vehicles 3. Simple before-and-after
is assumed to remain constant with calculation of benefits.
time at 34 per cent.
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APPENDIX | - Continucd

. Design | Construction Length £ s
Project life cost ovf . Typeo serain and ’TDT Traffic growth asgumpt'ons Benefit calculations
pumber . project | im_. svement soil tyne (vebicles)
(years) (£'s 1000)
(km)

20 2051 149 | Single lane bit-| Rolling to Five road 1. All vehicles aczumed to increase by | 1. Separate opzrating cost
umren and mountainous | sections 10 per cent for ten years, then by 8 savings for hight and heavy
gravel to 2- ovei Jesidual 1042 per cent for five y2urs, and 7 per vehicles.
lane bitumen. | soils from 1161 cent for five 5zars, 2. Gravel and single lane

6 weathered 653 2. The proportion of heavy vehicles bitumen maintenance costs
gneiss of the 256 is assumed to remain constant with sssuried proportional to
Lasement 274 time. traffic flow. Two-lane bitumen
complex. nzintenanee cost fixed per
kilometre.

33 1365 203 | Gravel to Flat to 104 1. Very complex growth ussumptions § 1. Scparate operating cost

bitumen rolling over for four separate vzhicle classes. savings for light and heavy
non-calcareout Trucks and pickups assumed to vehicles.
black soils. increase by 3.1 and 4.0 per cent res 2. Maintenance saving
peciively over fifteen years, and then propa-tional to traffic flow
Soth by 3 per cent for nincteen years. | assessed on before-andafter
2 Buses and cars are hoth assumed to basis.

increase by 5.1 per cent for five year-,
then by 5.9 and 6.3 per cent respective-,
Iy for ten years, and finally both by 3
per cent for rineteen years.

2. The above assumptions result in the
proportion of heavy vehicles declining
dlightly with time.

3. Induced bencfits mentioned
but not quantified.

68t
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APEENDIX ? - Continued

Design | Construction Length
Project life cost of Type of Terrain and ADT
number . . project | improvement soil type | (vehicles) Traffic growth assumptions Benefit calculations
(years) (£'s 1000) (km)
15 197 13 Gravel to bitu- | Flat over 242 1. Complex assumptions discussed | 1. Complex operating costs cal-
men. alluvial resulting in ..z - - of a standard culated for standard vehicle to allow
gravels. ‘vehicle unit’ and a simple constant | for the deterioration of the road
growth rate of 6 per cent. without improvement.
2. The proportion of heavy vehicles | 2. Fixed maintenance cost on existing
is implicitly assumed to remain con- | road assumed, but cost assumed to vary
3 stant with time. slightly with flow on improved bitumen
road.
3. Induced benefits in terms of in-
creased agricultural production and that
foregone if the road werc not improved
form the main justification for the project.
22 2020 111 Gravel to bitu- | Flat to 275 I. Ali vehicles assumed to increase | 1. An average operating cust figure is used
men. rolling over by 10 per cent for one year and 9 for both light and heavy vehicles.
sand with per cent for the remaining twenty- | 2. Maintenance costs are assumed to be
9 underlying one years. independent of the traffic flow;
granite. 2. The proportion of heavy vehicles | £280 per km for grave) and
is assumed to remain constant with | £310 per km for bitumen,
time at 27.4 per cent. 3. Noinduced benefits considered.
20 1295 96 Gravel to bitu- | Flat to 115 1. All vehicles assumed to increase | 1. Separate operating cost saving: assumed
men, rolling aver by 10 per cent for the first two for light and heavy vehicles.
red loam years, and 7 per cent for the re- 2. Maintenance cos!s are assumed to be
10 and gravels. maining eighteen years. in direct proportion to traffic flow and lower
2. The proportion of heavy vehicles | at all flows on bitumen rosds than on gravel
ts assumed to fall from 60 per cent | or earth surfaced roads.
at the time of construction to 40 3. No induced benefits considered.
per cent at the end of the désign life.| 4. Benefits are calculated on a before-and-after
improvemnent basis rather than s with-and-
without basis.
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dard of Technology in the Count-y. The fourth paper
consists of three parts: g=neral aspects nf operations
In highway exploitation, applying c.lculations of
viability to the operations of highway exploitation,
and methods of calculation of the viability of
operations in highway exploitation. Illustrative ex-
amples based on experiences in France are included.

Reference 2
HIGHWAY AND BRIDGE MAINTENANCE:
OPERATIONS, COSTS, AND MODELING. & REPORTS.

Highway Research Board, Washinjton DC; 1973; 62 p.
{Prepared for the 52nd Annuai Meetirg; Highway Re-
search Record Number 451),

Order from: Transportation Research Board, Publi-
cations Office, 210l Constitution Avenue, N.W.,
Washington, DC 20418.

The first report In this publication addresses the
problem of Inventorying the road system and main-
talning low-volume tracks in the Sucan. Thc survey
of Sudan roads attempted to obtain information on
solls, drainage, aggregate availability, and vehicle
operating costs. The report emg*asizes the survey
procedure, the related problems, ard the evaluation
of the technique. The report alio discusses mainte-
nance techniques for extending the useful life of
existing tracks Into the ralny s:ason and providing
all season vehlcular transport to central and northern
Sudan. The second report Malatenance Cosiin,
Method for Luw-Yolume Roads (Selected Text No. 2

dlscusses the Importance of maintenance as It applies
to Jow-volume roads In develop.ng countries. The
declision t~ pave versus the use of local aggregate to
surface roads Is discussed, and a method of esti-
mating maintenance and costs as developed for a
transportation system planning activity In the Sudan
is presented. The report notes that the total cost of
the cconomy In areas of limited road systems varles
with the mileage of roads nf a particular surface type
to be maintained. The third report describ.s a
procedure for simulation modeling of highway miain-
tenance operations. A mowing model was developed
that facilitates decision making related to mowing
operations; the program developed for the mode! is a
utility program that can be extended to other
highway maintenance operations. Three other reports
describe the evaluation of equipment utilization and
management within the Virginia Department of High-
ways, an Instrument for detecting delamination In
concrete bridge decks, and the deiection of bridge
deck deterjoration.

Reference 3
MAIN ROAD MAINTENANCE COSTS

Ministry of Public Works, Transport and Urban Develop-
ment, Republic of Upper Volta; 1977; 14p. (Pan
African Conference on Highway Maintenance and Reha-
bilitation, Ghana, November 1977),

Order from: Transport and Road Research Laboratory,
Overseas Unit, Crowthorne, Berkshire, RGI1 6AU, U.K.

The paper describes earth road and asphalt-surfaced
road maintenance procedures in the Upper Volta and
includes detailed costs for manual maintenance in-
cluding the filling of road surface depressions and
potholes, clearing of ditches and removal of under-
growth from the right of way, resurfacing, major
reshaping, minor reshaping, and special anti-
corrugation maintenance. Information is given on the
staff required per unit of work, together with details
of the equipment needed for both manuai and
mechanized maintenance and the m.aterials 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 economic evaluation of
maintenance procedures.

Reference &
EVALUATING THE ECONOMIC PRIORITY OF
HIGHWAY MAINTENANCE

Harral, C.G.; Fossberg, P.E.; Watanatada, Thawat.
Washington, DC: International Bank for Reconstruction
and Development, Transportation Department; 1977;
71 p. and annexes. (Pan African Conference on Mainte-
nance and Rehabilitation, Ghana, November, 1977).

Order from: Transport and Road Research Laboratory,

Overseas Unlt, Crowthorne, Berkshire RGil 6AU, U.K.

The method for determining the economic Impact of
different levels of the maintenance effort is de-
scribed, as ‘v=il as the Hlghway Design and Malnte-
nance Standards Modei (HDM) (see Reference 22),
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
malntenance is done in a timely manner, and reduc-
tlon or prevention of the economic loss due to road
closures. The effect of the original surface design,
material types, volume and axle-load configuratiun of
traffic and climate are all evaluated against the
Incremental maintenance levels through an assess-
ment of road deterioration. Three case studies are
presented that describe the determination of (a) the
most economic grading and regravelling policies for
unpaved ioads, (b)optimum timing (and traffic
volume) at which to pave an unpaved road, and (c) the
most economic pavement desig), maintenance and
rehabllitation strategies over a 20-year life cycle of a
heavily trafficked paved highway. The study con-
firms that the economic returns are very high for
levels of maintenance well abave those currently
practiced in most developing countries.

Reference 5
ENGINEERING ECONOMICS OF THE MAINTENANCE
OF EARTH AND GRAVEL ROADS

Faiz, Asif; Staffini, Edgardo. Low-Volume Roads;
Second International Conference.  Washington, DC:
Transportation Research Board; 1979; pp. 260-268
(Transportation Research Record 702),

Order from: Transportation Research Board, Publi-
cations Office, 2101 Constitution Avenue, N.W.,
Washington, DC 20418.

This paper presents a methodology for the economic
evaluation of maintenance programs for unpaved
roads with low traffic volumes (under 250 vpd), a
situation commonly encountered in rural areas in
developing countries. The technique, drawing heavily
on the road deterioration and user cost relationships
developed in the IBRD/TRRL Kenya Road Transport
Cost Study (see References 17 and 18), involves a
dynamic model that relates vehicle operating costs to
traffic-Induced road deterioration. The propored
methodology requires a two-step procedure: first, to
determine economically optimal and technically ap-
propriate maintenance strategies; and second, to
apply these stratcgies to assess the economic value of
the global road maintenance program. The incremen-
tal economic analysis used in the methodology per-
mits the differentiation of tenefits in the form of
vehicle operating cost savings between routine peri-
odic maintenance. The use of the evaluation tech-
nique Is demonstrated by application to a road
malntenance program. Although the proposed method
requires the use of multiple regression analysis and
elementary calculus, graphical n.ethods can be used
as an alternative,

Reference 6

EFFECT OF SIMPLE ROAD IMPROVEMENT
MEASURES ON VEHICLE OPERATING COSTS IN THE
EASTERN CARIBBEAN

Hide, H.; Kelth, D. Low Volume Roads;i Second
International Conference. Washington, DC: Transpor-

tatlon Research Board; 1979; pp. 269-276 (Transporta-
tion Research Record 702).

Order from: Transportation Research Board, Publi-
cations Office, 210! Constitution Avenue, N.W.;
Washington, DC 20418.

The paper describes the effect on vehicle operating
costs of a simple labor-intansive me’hod of rehabili-
tating and maintaining badly deteriorated bitumen-
surfaced roads in the Eastern Caribbean. The
techniques developed for the rehabulitation and main-
tenance of the roads are described, and the equip-
ment, materials, and manpower required are listed.
The rehabilitation and maintenance system is a
simple one restricted to providing adequate drainage,
filling the potholes in the road, and providing a
minimum seal over the whole road surface. The
reduction in vehicle operating costs resulting from
the improvement in the riding quality of the road
surface s shown to be sufficient to recover the
rehabilitation costs in a very short time even at flows
as low as 100 vehicles per day. The majority of the
roads included in this scteme are of low strength,
have low geometric standards, and have tratfic flows
ranging from 50 to 150G vehicles per day. All the
roads have been trafficked for at least one year since
heing rehabilitated and scme for two years. During
this time little or no damage to the surface has taken
place.

Reference 7
OUTLINE OF A GENERALIZED ROAD ROUGHNESS
INDEX FOR WORLDWIDE USE

Hudson, W.R. Low-Volume Roads: Second International
Conference. Washington, DC:  Transportation Re-
search Board; 1979; pp. 249-259 (Transportation Re-
search Record 702),

Order from: Transportation Research Board, Publi-
cations Office, 210l Constitution Avenue, N.W.,
Washington, DC 20418.

The solution to the problem of providing uniformity in
roughness measurements requires a multifaceted ap-
proach. The approach outlined in the paper is as
follows: (1) develop a Generalized Roughness Index
(GRI) that has a sound basis and can provide a pseudo-
standard for comparison of all methods; (2) evaluate
the use of an artificial calibration method (such as
developed by the Transport and Road Research
Laboratory) with a variety of instruments and cases
to determine Its value, problems, and utillty; (3) apply
the concept of a standard rating panel to provide an
additional methodology for defining and reproducing
the GRI in countries all over the world without the
cost of purchasing a staule profllometer, such as the
General Motors device; (4) evaluate the use of rod
and level surveys and recommend field equipment to
simpllfy and speed up such surveys for establishing
callbratlon points on a GRI. It Is recommended that a
GRI be implemented to test these concepts. Cooper-
atlon willl be needed among several countrie: and
agencles, Partlcular attentlon should be given to
coordlnatlon of research data from the Kenya, Brazll,
and India projects In which tive World Bank s
involved.



Reference 8
A REVIEW OF RURAL TRAFFIC COUNTING
METHODS IN DEVELOPING COUNTRIES

Howe, 1.D.G.F. Great Britaln Road Research Laborato-
ty, Tropical Section; 1972. 10 p. plus tables and graphs
(Road Research Laboratory RRL Report LR 427).

Order from: Transport and Road Research Laboratory,
Crowthorne, Berkshire RG 11 6AU, U.K.

This report reviews methods of rural traffic counting
currently used in developing countrles and examines
the accuracy of the resulting flow estimates. The
results of a questionnaire survey among a sample of
developing countries suggest that decisions on the
duration, frequency, and timing of counts are at
present arbitrary. Consequently, estimated daily
trafflc flows canrarely be expected to lie within +30
percent of the true value averaged over the whole
year. Although repeating counts at intervals through-
out the year increases the accuracy of traffic
estimates, this is achieved only at a disproportionate
Increase in cost. It is concluded that for any
appreciable increase in the accuracy of rural traffic
estimates much more needs to he known about the
magnitude and causes of the variations in flow. This
requires that automatic traffic counters be used ona
wider scale than at present.

Reference 9
THE SENSITIVITY TQ TRAFFIC ESTIMATES OF ROAD
PLANNING IN DEVELOPING COUNTRIES

Howe, J1.D.G.F. Great Britain Transport and Road
Research Laboratory, Overseas Unit; 1973; 15 p. plus
graphs (TRRL Report LR 516).

Order from: Transport and Road Research Laboratory,
Crowthorne, Betxshire, RG11 G6AU, U.K.

This report analyzes the sensitivity to traffic esti-
mates of rural road planning decisions in developing
countries.  Consideration was given to decisions
concerning the annual amounts spent on maintaining
each section of road, the econoraic justification of
road Improvements, and tha 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 makiny them. Many of the
traffic parameters are shown to be subject to large
errors due to the estimating methad, currently in use.
This Is particularly the case with estimates of
Induced traffic likely to result ‘rom road improve-
ments and the forecasts made of all future traftic for
planning and designing road improvements. The
analysis stresses the need for impravements in traffic
estimation methods and for further research into the
fundamental characteristics of rural traffic in devel-
oping countries.

ADDITIONAL REFERENCES

Reference 10
CONSEQUENCES OF DEFERRED MAINTENANCE

Transportation Research Board, Washington, DC: 1979;

24 p. (National Cooperative Highway Research Program
Synthesis of Highway Practice 58).

Order from: Transportation Research Board, Pubii-
cations Dffice, 2101 Constitution Avenue, N.W.,
Washington, DC 20418.

This synthesis, which will L= useful to mairtenance
engineers and highway admlnistrators, presents infor-
mation on the economic, energy, esthetic, and safety
Impacts of deferring maintenance on highway facill-
tles. New management concepts are evolving and
factors important to highway administrators in for-
mulating maintenance strategies are noted. Recent
studies have atiempted to quantify maintenance
needs, develop maintenance strategies, and set priori-
ties. Maintenance service levels must be defined and
practical field measurement systems designed to
Identify and quantify deferred maintenance. A
distinction can be made between (a) deferring physi-
cal maintenance that is cumulative and ultimately
must be done if the facility is to be restored to good
condition and (b) deferring, reducing, or eliminating
maintenance activities that affect primarily esthetic
or functional characteristics of the highway. An area
that requires research is that of maintenance Vs,
reconstruction and, specifically, the costs and bene-~
tits of varlous levels of maintenance. Four different
rehabilitation strategies for pavement evaluation in
Utah are discussed. An example of a maintenance
Impact assessment procedure app'ied to structures
was provided by a Minnesota study. Impacts on
dralnage, services, energy, and dasign are also dis-
cussed.

Reference 11
RECORDING AND REPORTING METHODS FOR
HIGHWAY MAINTENANCE EXPENDITURES

Transportation Research Board, Washington, DC: 1977.
35 p. (National Cooperative Highway Research Program
Synthesis of Highway Practice 46),

Order from: Transportation Research Board, Publi-
cations Office, 2101 Constitution Avenue, N.W.,
Washington, DC 20418.

A malntenance 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 shnuld contain data recorded at the field
level and reports generated by computer, that
assemble and analyze the data, The types of reports
generated should fit the end use of the report at o
particular management level. The systems used by
11 states were studied and two types of recording
Systems were identified: the single recording system
which uses one procedure for reporting both mainte-
nance and management information and payroll and
accounting information, and the parallel recording
system, which uses separate reports for this informa-
tlon. Their resp-ctive advantages and disadvantages
are noted. Recording of work location (by milepost
or highway segment) would allow malntenance data to
be correlated with other data systems including
condition surveys, skid studies, photologging, etc.
The recording of time (in man-hours), equipment, and
material quantlties are also discussed. Among the
recommendations are (a)a recorcing and reporting
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system must provide for internal rianagement needs;
(b) the system should furnish maintenance Informa-
tion to the pavement management ind other manage-
ment systems; (c) the recording system must stress
accuracy; (d) reports for district ond central offices
must be made monthly; (e) a standing <~mmittee on
maintenance standards or malntenance management
should exist in every state.

Reference 12

MAINTENANCE SYSTEMS: ESTIMATING
MAINTENANCE COSTS, SOLID-WASTE DISPOSAL
SYSTEMS, MAINTENANCE STATION LOCATIONS,
MANAGER TRAINING, AND EQUIPMENT
MANAGEMENT. 7 REPORTS.

Highway Research Board, Washington, DC; 1972; 31 p.
(prepared for the 3lst Annual Meeting; Highway Re-
search Record Number 391).

Order from: University Microfilms Intarnational,
311 North Zeeb Road, Ann Arbor, Michigan 48106.

The reports presented in this record focus on the
application of systems logic to the selection of
maintenance policy and are concerned with mini-
mizing the cost of transportation while maximizing
the use of the maintenance doilar, determining
current and future equipment needs, and developing a
regional approach to the problem of solid-waste
disposal at recreational facilities ard along highways.
The tirst report, Predicting Maintenance Cost for Use
in Trade-Off Analysis, suggests that it is erroneous to
measyre highway maintenance costs without refer-
ence to other factors and that maintenance costs are
directly related to design and c.eration of highways.
A maintenance cost mode! is described. It is part of
a total-cost model that has potential for use in
predicting maintenance costs. The second paper
presents an analysis of solid-waste disposal methods.
The problems of storing, collecting, transporting, and
disposing of refuse in rural areas are examined, and a
mathematical model example is included. The use of
optimization models to determine where maintenance
stations can most economically be located is dis-
cussed in the third report. A sanding and plowing
model is given, and it is suggcsted that this technique
could be applied successfully to oiher maintenance
functions. Two abridged reports discuss the general
applicability of systems logic to maintenance pro-
grams and the training program for hizhway mainte-
nance managers. A detailed stuuy 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 o
repair shop activities.

Reference 13
MAINTENANCE PLANNING AND SUPERVISION.
32 REPORTS.

Highway Research Board, Washington, DC; 1971; 229 p.
(Highway Research Record Number 347),

Order from: Unlversity Microfilms International,
300 Non\™ Zeeb Road, Ann Arbor, Michigan 48106.

This record reports a maintenance management work=
shop that discussed probiems and solutlons to prob-
lems encountered in implementing and utillzing man-
agement reporting systems, meintenance levels, per-
formance standards, organizationa! structures, and
tralning. 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 system must be conceived as a team effort. An
outstanding problem is the turn-around time needed
to process the data into a meaningful report. The
methodology of setting and evaluating roadway ser-
vice levels is discussed. The legal ramifications of
formalized maintenance leveis 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
approach to the method of measuring the quality of
highway maintenance, and the development of quality
standards are also covered. A British method to
raeasure productivity is described, and it is noted that
program budgeting in maintenanc: can be made into a
practical management process i, performance stan-
dards are used. A project is beirg developed by the
Highway Research Board [NCHRP Project 19-2(4)]
based on the use of a unique card system for
controlling allocations of resources in conjunction
with the use of a work order for,1 to control
expenditures. The impact of improved communica-
tions on hierarchical organizational structures is
examined, and programs in Louisiana, Wisconsin, and
Pennsylvania are described.

Reference 14
PERFORMANCE BUDGETING SYSTEM FOR HIGHWAY
MAINTENANCE MANAGEMENT

Highway Research Board, Washington, DC; 1972; 213 p
{National Cooperative Highway Research Program
Report 131).

Order from: Transportation Research Board, Publi-
cations Office, 2101 Constitution Avenie, N.W.,
Washington, DC 204, 9.

A complete model system for highway maintenance
budgeting and management is described. The model
consists of the following interrelated elements:
malntenance program develnpmen?, budget prepara-
tlon and evaluation; fiscal authorizations, work pro-
grams authorization and operations control, and fiscal
control. The model system presents basic concepts,
procedures, and relationships within which there are
numerous options for selection of specific criteria
and standards and alternatives as to techniques and
procedures. The model system was deveioped In
accordance with five basic criteria: establishment of
malintenance levels; definition of work load; determi-
nation of resource requirements; procedures for

management planning, evaluati-n, and control; rec-
ords and reports t. serve the budget system; and
slmpliclty and economy of installation and operation,
This report provides background information on cur-
rent practices and developments in performance
budgeting techniques and an evaluation of the state
of the art. The report also provides a comprehensive
explanation of the concepts and processes of the
model performance budgeting system, as well as an



explanation of the application of the model system to
8 highway agency, including procedures for develop-
ment and Implementation, problems likely to be
encountered, and potential benefits *o be derived.

Reference 13
QUANTIFICATION OF ROAD USER SAVINGS

De Wellle, Jan, Washington, DC: International Bank
for Reconstruction and Development; 1966; 93 pe
(Wcrld Bank Statf Occasional Papers Number Two).

Order from: International Bank for Reconstruction and
Development, 1818 H Street, N.W., Washington, DC
20433,

This paper attempts to give a generally accepted and
more homogeneous approach to th. problem of
calculating vehicle operating costs. The study deals
with road user savings resulting from an improvement
In the quality of a road. The diftecence between road
user costs if the road construction were undertaken
and those if it were not undertaker constitute road
user savings for cach vehicle concerned. Total road
user savings resulting from the rcad improvement are
calculated by applying estimate: of the number of
vehicles of different categories. The technical
relationships relevant for the ultimate determination
of unit road user savings ‘ cus laiz=ly on the type of
vehicie, the type of roau surface, and the running
speed of the vehicle. Attention is also given to the
cise and fall and the curvature of the road. Repre-
sentative types of vehicles werm selected for :he
study and operating costs were broken into ‘he
follo  ng: fuel consumption, engine oil consumption,
tlre wear, depreciation and interest, maintenance,
and occupant's (or driver's) titne. “Indicative” prices
were established for the various cost items. Basic
tables present physical or techrical relationships
+Jetermining road user costs under various conditions,
us well as the "indicative" prices. These datu are
then combined in an overall view of road user costs
and savings as they relate 1 tive 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 scveral aspects of the study, as well as
qualifications that attach to the study results, are
discussed (see Reference 21).

Reference 16

TECHNIQUES FOR MEASURING VEHICLE
OPERATING COST AND ROAD DETERIORATION
PARAMETERS IN DEVFIL.OPING COUNTRIES

Abaynayaka, S.W. Low-Volume Roads. Transportation
Research Boara, Washington, DC; 1975; pp. 302-310.
(Special Report 16U},

Order from: Iransportation Research Board Publi-
catlons Office, 210! Constitution A =nue  N.W,,
Washington, DC 20418.

Fleld investigations into the b~iavior and operating
characteristics ot traffic and the behavior and deteri-
oration patterns of the roid require the use of
Instcuments to make and recurd measurements for
analysis. This paper describes sc~c available tech-
nlques for measuring vehicle operating cost and road

deterloration parameters with siggestions for simpli-
fying the measurement technique in the light of the
technological resources, manpuwer, and facllities
avallable in developing countries. An instrumented
vehicle that rapidly measures the permanent features
of the road In terms of horizontal and vertical
curvature and road width is described, and methods of
measuring the variable features rosuiting from tratflc
and the changing pavemant condition are discussed.

Reference 17
THE KENYA ROAD TRANSPORT COST STUDY:
RESEARCH ON VYEHICLE OPERATING COSTS

Hide, H.; Abaynayaka, S.W.; 3ayer, l.; Wyatt, R.J,
Great Britain Transport and Poad Research Laboratory,
Overseas Unit; 1975. 70p. plus charts. (TRRL
Laboratory Report 672).

Order from: Transport and Road Research Laboratory,
Crowthorne, Berkshire RG1]} £ AU, U.K.

This report describes an inivestigation undertaken In
Kenya to examine the effects of various road,
vehicle, and environmental pirameteri on some com-
penents of vehicle operating costs. The investigation
was undertaken jointly with the International Bank
for Reconstruction and Devziopment. The field work
was carried out in two part: -- an evperimental study
of vehicle spced and fuel cosumption and a road user
survey. The two studies are reported in separate
sections, and the results are coribined to produce a
set of relationships for estimating the effects of road
geometry, surface conditior and veiiicle age on the
components df vehicle cperating cost.  All compo-
nents are defined in cither quantity or non-
dim:.clonal terms, and the actual ~ost is obtainad by
app'y.~g the arpropriate unit cost prevailing at a
parzi'- time., Tne relationshins derived from this
study n.ve been incorporated in the Road Transport
investment Model. (See Reference 5.)

Reference '*
THE KENYA ROADN TRANSPORT COST STUDY:
RESEARCH O~ ROAD DETERIORATION

Hodges, 1.W.; Rolt, J.; Jones, T.E. Great Britain
Transport and Road Research Laboratory, Overseas
Unit; 1975; 56 p. (TRBL Laboratory Report 673),

Order from: Transport and Road Research Laboratory,
Crowthorne, Berkshire RGil 6AU, U. “.

This report describes a study of the performance of
paved and unpa ed roads that was undertaken in
Kenya as part of a larger vtu.'; designed to provide
suitable relationships for use in a ¢omputer model
capable of estimating the cauutruction costs, malnze-
hance costs, and road user costs throughout the life
of a road in a developing country The paved-rnad
sample consisted of 39 sections located on surface-
dressed roads with cemenc-stat.ized bases and |0
sectlons located on asphaitic ¢increte roads with
crustied stone bases.  The u.paved-road samnple
consisted of 33 test secticns ocated on properly
englneered gravel roads (lateritic, quartzitic, volcan~
lc, and coral; and eight sections on earth roads. The
deterioratlon of the surfece of the paved roads was
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quantified In terms of surface roighness, amount of
cracking, and depth of ruts. These parameters
together with the transient defiections and the CBR
and the moisture content of the various pavement
layers were monitored for a period of up to four
years. ‘The deterioration of unpaved roads was
quantitied in terms of surface roughness, depth of
ruts, depth of loose surface material, and the
thickness of the gravel lay=r. These parameters were
monitored for a period of two years. The deteriora-
tion of the roads was related to the traffic loading,
the original design and cunstruction standard of the
roads, the maintenance policy in use, and the environ-
mental conditions.

Reference 19
A ROAD TRANSPORT INVESTMENT MODEL FOR
DEVELOPING COUNTRIES

Robinson, R.; Hide, H.; Hodges, 1.W.; Rolt, 3.;
Abaynayaka, S.W. Great Britain Road Research Labo-
ratory, Overseas Unit; 1975; 63 p. plus charts. (TRRL
Laboratory Report 674).

Order ti»m: Transport and Road Research Laboratory,
Crowthorne, Berkshire RG11 6AU, UK.

The report describes the development of a model that
can be used to aid investment decisions within the
roads sector in developing countries. The Report is
aimed at senior administrators, engineers and
planners and at those responsible for developing
Improved techniques for road investment appraisai.
The model calculates the construction cost of a road
and predicts the condition of the road as time passes
and vehicles travel along it. Having predicted the
condition of the road, the model estimates the costs
of road maintenance and the cost of operation of the
vehicles for each year. Al these costs are then
discounted back to the base year and summed over
the life of the road to obtain the total cost. All
estimates are made in terms of physical quantities
and costs are obtained by applying unit rates to these.
The model is very flexible and can be used to study
the economics of varying stage construction alterna-
tives such as upgrading an earth road to a gravel or
paved road at any time during the design life. The
report describes the construction, road deterioration,
road user cost and road maintenance sub-models and
then looks at a case study oi a roaiin Kenya.

Reference 20
TABLES FOR ESTIMATING VEHICLE OPERATING
COSTS ON RURAL ROADS IN DEVELOPING
COUNTRIES

Abaynayaka, S.W.; Hide, H.; Morosiuk, G.; Robinson, R.
Great Britain Transport and Road Research Laboratory,
Overseas Unit; 1976; 59 p. (TRRL Laboratory
Report 723),

Order from: Transport and Road Research Laboratory,
Crowthorine, Berkshire RG11 6AU, U.K.

Tables are provided for »stimatlng vehicle operating
costs by component on free-flowing low volume rural
roads In developing countries. They provide a
convenient and easy reference manual for road

appraisal and investment studies. The components
evaluated are fuel and oll consumption, maintenance
parts and labor charges, tire wear, dépreciation, crew
costs, and standing charges. They are estimated on a
quantlty or non-dimensional basis so that costs can be
determined for any monetary system or environment
by applying the appropriate set of unit rates. Oper-
ating costs may be estimated for different road
geometries, surface condition, and altitude and for
vehicles of different types with different prices,
ages, loads, and engine power. The tables are based
on research carried out in Kenya by the Overseas
Unit of TRRL in collaboration with the International
Bank for Reconstruction and Development. Examples
are given for paved, gravel, and earth road surfaces.

Reference 21
AN IMPROVED DATA BASE FOR ESTIMATING
VEHICLE OPERATING COSTS IN DEVELOPING
COUNTRIES

Hide, H. Great Britain Transport and Road Research
Laboratery, Overseas Unit; 1976; 25 p. (TRRL Supple-
mentary Report 223 UC).

Order from: Transport and Road Research Laboratory,
Crowthorne, Berkshire RG11 6AU, U.K,

This report describes an investigation undertaken by
the Transport and Road Research Laboratory in
cooperation with the International Bank for Recon-
struction and Development (IBRD) in Washington to
compare the data base of the vehicle operating cost
relationship derived in the joint TRRL/IBRD Kenya
road transport cost study with that of the World Bank
Staff Occasional Paper No. 2 "Quantification of Road
User Savings". (See References 15, 17, 18.)

Reference 22

HIGHWAY DESIGN AND MAINTENANCE STANDARDS
MODEL: MODEL DESCRIPTION AND USERS
MANUAL

International Bank for Reconstruction and Develop-
ment. Washington, DC; June 1979. Variable paging.

Order from International Bank for Reconstruction and
Development, [ransportation, Water and Telecommuni-
cations Department, 1818 H Street, N.W.,
Washington, DC 20433,

The Highway Design and Maintenance (HDM) model
predicts the costs of different highway design and
maintenance options, including difiereat time-staging
strategies, either for a given road project or a
specific alignment or for groups of 'inks of an entire
highway network. It can quickly estimate the total
costs for large numbers of alterni:tive project designs
and maintenance policies on a year-bv-year basis for
up to 30 years and thus be used to search for the
alternative with the lowest total c:ost. The mode) can
evaluate, in the same computer run, up to 20
agifferent road links, each with up to 10 segments with
ditferent design standz2rds and environmental condi-
tions. Each link can have a differ :nt tratfic volume.
Up to elght different maintenance policies can be
implemented on each segment of the road. Each link
or segment can be upgraded at anytime In the life-



cycle of the project. The model provides the results
of economic analysis for the comparison of two
alternatlves or groups of alternatives, Vehicle speeds
and operating costs and road deterioration and main-
tenance costs are internally estimated by the model
as a function of the road design and maintenance
standards, traffic, and cnvironmental conditlons.
Vithin the model framewark and the lImitatlons of
the underlying empirical r=lationships, 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 [V, requires basic
software features available in most major Fortran IV
computers. This manual provides a detailed account
of the underlying empirical relationships and com-
putational procedures employed in the model. A
detailed descripiicn is also provided of the prepara-
tion of input data and the different kinds of reports
generated by the model on economic analysis results,
flnancial expenditures, road user costs, road surface
conditions, and maintenance quantities performed and
costs. (See Reference 4.)

Reference 23

ROAD NOTE 40; A GUIDE TO THE MEASUREMENT
OF AXLE LOADS IN DEVELOPING COUNTRIES USING
A PCRTASLE WEIGHBRIDGE

Great Britain Transport and Road Research Laboratory,
Crowtirorne, U.K. 1978; 19 p. plus photographs.

Order from: Her Majesty's Stationary Office, 49 High
Holborn, London WC1V 6HB, U.K.

This note gives guidelines for using the Overseas Unit
Weighbridge for carrying out axle-load surveys on
paved roads in developing countries and incorporates
the results of experience gained in axle-load surveys
In many parts of the world. The equipment consists
of an aluminum alloy weighing platform, reading unit,
and a 12-volt car battery. The complete system has a
measuring range of 0-10000 kg and, under field
conditions of use, has an overall accuracy of + or - 2
percent of full scale. The equipment is not adversely

affected by high temperatures or humidities. This
note discusses the selection of the survey site, the
Installatlon of the equlpment, and the various steps of
the survey including trafflc counting and axle welgh-
Ing. A computer program to analyze the results !s
described.

Reference 24

ROAD NOTE 3i: A GUIDE TO STRUCTURAL DESIGN
OF BITUMEN-SURFACED ROADS IN TROPICAL AND
SUBTROPICAL COUNTRIES

Great Britain Transport and Road Research Laboratory.
Crowthorne, U.K.; 1977; 26 p. (Third Edition).

Order from: Her Majesty's Stationary Office, 49 High
Holborn, London WC!V 6 I4B, U.K.

This guide covers design requirements of most non-
urban roads in developing countries. Traffic is
defined in terms of the cumulative equivalent number
of 8200-kg (18 000-1b) axles to be carried during the
deslgn life of the roads. Thus, this guide may be used
to design pavements for traffic flows with widely
different axle-load distributions and gives the design-
er greater flexibility in selecting the design life of
the pavement. The guide emphasizes the importance
of detailed consideration of the infliience of tropical
climates on moisture conditions in road subgrades,
and the desirability of adopting a stage construction
approach to road building where traffic growth rates
are high, or long-term predictions are uncertain. The
details are given of the threc main steps to be
followed in designing a new road pavement: esti-
mating the amount of traffic (and its axle-load
distribution) that will use the road over the selected
design life; assessing the strength of the subgrade soil
over which the road is built; and taking into consider-
atlon the influence of subgrade moisture and the
stage-construction approach in selecting the most
economical combination of pavement materials and
layer thickness that will be sufficient to provide
satisfactory service over the design life of the
pavement. A French translation of this publication is
avallable.
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Index

The following index is an alphabetical list of
subject terms, names of people, and names of
organizations that appear in one or another of
the previous parts of this compendium, i.e., in
the overview, selected texts, or bibliography.
The subject terms listed are those that are most
basic to the understanding of the topic of the
compendium.

Subject terms that are not proper nouns are
shown in lower case. Personal names that are
listed generally represent the authors of selected
texts and other references given in the

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 inforration on the topic of the
compendium and that continue to be a source ot
information on the topic. For this reason, postal
addresses are given for each organization listed.
Numbers that follow a subject term, personal
name, or organization name are the page
numbers of this compendium on whiun the term

Indice

El siguiente indice es una lisia alfaiética 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 bibliografia. Los vocablos del tema que
aparecen en el indice son aquellos que son ne-
cesarios para el entendimiento de la materia del
compendio.

Los vocablos del tema que no son nombres
propios aparecen en letras minusculas. Los
nombres personales que aparecen representan
los autores de los ‘extos seleccionados v otras
referencias dadas en la bibliografia, pero tam-
bien pueden representar a personas que de otra
manera estan conectadas a los temas de! com-
pendio. Los nombres personales aparecen con
el apellido seguido por las iniciales. Las organi-

zaciones nombradas son las que han producido
informacién sobre la materia del compendio y
que siguen siendo fuentes de informacién sobre
la materia. Por esta razén se dan las direcciones
postales de cada organizacién que aparece en
el indice.

Los numeros que siguen a un vocablo del
tema, nombre personal, o nombre de organiza-
cion son los numeros de pagina del compendio
donde el vocablo o nombre aparecen. Los nu-
meros romanos se refieren a las paginas en la
vista general, los numeros ardbigos se refieren a
paginas en los textos seleccionados, y los nu-
meros de referencia (por ejemplo, Ref. 5) indi-
can referencias en la bibliografia.

Algunos vocablos del tema y nombres de or-
ganizaciones estan seguidos por la palabra see.
En tales casos los numeros de pagina del com-

Index

Cet index se compose d'une liste alphabétique
de mots-clés, noms d'auteurs, et noms d'organi-
sations qui paraissent dans une section ou une
autre de ce recueil, c’est a dire dans I'exposé,
les textes choisis, ou la bibliographie. Les
mots-clés sont ceux qui sont le plus élémen-
taires a la compréhension de ce recueil.

Les mots-clés qui ne sont pas des noms pro-
pres sont imprimes 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 matiere 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 a étre une source de documentation. Les
adresses de toutes ces organisations sont inclu-
ses.

Le numéro qui suit chaque mot-clé, nom d'au-
teur, ou nom d'organisation est le numéro de la
page ou 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. In 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 also. In such cases, relevant references
should be sought among the page .imnbers
listed under the terms that follow .
also.

The foregoing explanation is i'lustrated below.

" vyords sge

pendio se encontraran bajo el término 0 nombre
alternativo que sigue a la palabra see. Algunos
vocablos del tema y nombres de organizaciones
estén seguidos por las palabras see also. En
tales casos las referencias pertinentes se encon-

traran entre los numeros de pagina indicados

bajo los términos que siguen a las palabras see

also.
La explicacion anterior esta subsiguiente-
mente ilustrada.

écrits en chiffres romains se rapportent aux pa-
ges de I'exposé et les numéros écrits en chiffres
arabes se rapportent aux pages des textes
choisis. Les nume:.ss de référence (par exem-
ple, Ref. ) indiquent les numéros des refé-
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 apres 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 also. Dans ce
cas, leurs références se trouveront citées apres

les mots-clés qui suivent la notation see also.
Ces explications sont illustrées ci-dessous.

Hlustration (from Comp. 1)

Selected Text page numbers

llustracién (del Comp. 1)

Illustration (du Recueil 1)

Subject term and see also terms

Numeros de pagina en los Textos
Seleccionados
Numeéros des pages des Textes Choisis

Organization name and address
Nombre y direccidn ds la organizacién
Nom et adresse de |'organisation

Vocablo del tema y términos see also
{ver también)
Mot-clé et see also

mountainous terrain (see also degree of curvature;
design speed; maximum gradient; radius of curva-
ture; shoulder width): 1, 17, 34, 35, 38, 173, 175,

— 217, 234, 238

Overview page numbers and
reference number
Nimero de pagina en la Vista

—> National Association of Australian State Road Author-
ities(P.O. Box 1141, Brickfield Hill, N.SW. 2000,
Australia):

General y nimeros de referencia

Numéro des pages de I'Expose et
numéros des références

Subject term and see term
Vocablo del tema y término see (ver)
Mot-clé et see

Personal names
Nombvres personaleus
Noms propres

»  publlcations, xxiii, Ref. 8, Ref. 9

no-passing markings and signs: 31, 93, 132

[ non-passing sight distance, see stopping sight distance

Odler, L.: Ref.3
Oglesby, C.H.: 231, 233, 234, 239, 240, 241, 242, Ref.14

Selected Text pags numbers and refsrence
number

Nimeros de pigina en los Textos
Seleccionadcs y nimero de referencia

Numéros des pages des Textes Cholisis et
numéros des références
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Abaynayaka, 5.W.: Ref. 16, Ref. 17, Ref. 19

ADT, see average dally traftic (ADT)

aggregate road maintenance;: 21

ald from international agencles (see also International
Ba:: for Reconstruction and Development (IBRD)):

alignment: 138

anticorrugation malintenance: xx, 41-43,Retf. 3

asphalt surfaced roads (see also bitumen surfaced
roads): xx

average daily traffic (ADT): xvii, 70, 83, 85, 113,
156-165, 170-173, 187-190
and regravelling, xxiv, xxvi, 21
breakeven, 77, 114, 117
errors, xxx, 154158, 161-165, 171
axle loads: Ref. 23, Ref. 24

Belgium, classification for highway maintenance in:
813

benefit/cost analysis: xxvi, 84, 113, 114, 115-116, 117

benefits (see also rate of return): xviii, xxiii, 9, 10, 51,
39-63, 65, 68, 82, 84-85, 109, 111, 112, 113, 114,
115, 116, 117, Ret. 1, Ref. &, Ref. 5, Ref. 10

bitumen surfaced road; (see also resurfacing): xx,
xxvii, 18, 23, 33, ¢ 3,758, €0, 61, 62, 89, 90, 123-134,
Ref, 3, Re{. 6, Ref. 18, Re{. 20, Re{. 24

blading frequency, see grading

BPR roughometer: xxix, 139, 140, 141, 142

Brazil: xvi, 55, 140, 142, 145, Ref. 7

Carribbean: xvi, xxvil, 123-131, Ref, 6

CHART: 8

Chloe Profilometer: xxix, 139, 142

climate: xix, 19, 35, 41, 58, Ref. 24

Colombia, rural traffic {low in: 166

computer programs (see alsc Highway Design and Malntenance

Standards Model (HDM)): xxli, 56, Ref. 23

construction costs: xiv, 19, 56, 57, Re{. 9, Ref. 18,
Ref. 19

cost-effectiveness: xiv, xxvii, 109, 123-131
crushed rock surfaced roads: 21, 22, 23

Cyprus, rural traffic flow survey In: 166

data bases (see also maintenance management informatlon
1

systems): xv, xvi, Ref, 2
deferred maintenance: Ref. 10
defiectograph: 8
discount rates: 91, 92, 93, 114

ditches, clearing (see also dralnage clearance): xx,
xxvi, 34, 112

dragging: xxvi, 23, 60, 63, 65, 72,80, 112
drainage clearance (see also ditches, clearing): xxiii,
xxvi, 7, 10, 12, 13,14, 18, 21, 58, €0, 63, 65, 112,
124, Ref, 3, Ref. 6
earth roads (see also unpaved roads): 26
malintenance, xx, xxiv, xxvi, 20, 22, 23, 33, 34-43,
60, 61, 98, 109~!17, Ref. 3, Ref. 18, Ref, 20
upgrading, Ref. 19
economic evaluation: xiii, xiv, xvil, xvili, xxll-xxviii,
=14, 50~104, 109-117, Ref. 3, Ref. 4, Ref. 5,
Ref. 14, Ref. 22
emergency maintenance: 8, 28, 65, 72
equipment: 19, 33, 35, 36, 37, 38, 40, 41, 42, 43, 4y,
64, Rel, 2, Ref. 12
packaging, xxi, 19-22, 23, 24, 26, 28, 29
Ethiopia, rural traffic flow int 166
expenditures for maintenance (see also maintenance
costs): xvlil, xx, 5, 7, 8, 10, 12-14, 24, 25, 59, 67,
Ref. 1, Ref. 22
Faiz, Asif: Ref. 5

Federal Republic of Germany, classification for highway
maintenance in: 8, 12

Finland: 9

Fischer and Porter recording counters: 153
foreign exchange expenditures: 27
Fossberg, P.E.: Ref. 4

France: Ref. |
classification for highway maintenance, 8, 13, Ref. |

fuel consumption: 58, 110, Ref. 15, Ref, 17, Ref, 20
fund allocations: xii, xv, 5, 8

General Motors profilometer: 142

General Roughness Index (GRI): xxix, 137-147, Ref. 7

Ghana: xx, xxii
rural traffic flow survey, 167

goods vehicles, see heavy commercial vehicles

grading (see also blading “-equency): xxiii, xxvi, 58,
60, 65,72, 109, 112, Ref. 4

frequency, xxiv, xxvi, 65-68, 73-81, 98, 112-113, 117

grass cutting: 7, 10, 12, 13, 14

grave. roads (see also regravelling): xxiv, xxvi, 19, 21,
22, 26, 34, 56, 60, 61, 65, 100, 101-102, 109-117,
Ref. 18, Ref, 19, R~£. 20

gravelling (sec aiso regravelling): 113-114

GRI, see General Roughness Index (GRI)
Harral, Clell G.t 28-27, 146, Ref. ¢



HDM, see Highway Design and Malntenance Standards
Modei (HDM)

heavy commerclal vehicles: 58, 59,70, 71, 110, 126,
1935, 196

Hide, H.: Ref. 6, Ref, 17, Ref, 19, Ref. 2]

Highway Design and Maintenance Standards Model
HOM): xxii, 54, 55-82, 100~104, Ref. 4, Ref, 22

Highway Kesearch Board (now Transporiation Research
Board) (see also Transportation Research Board
(TRB)): xix, Ref. 2, Ref, |3, Ref. 14

Hodges, J.W.: Ref. 18, Rkef. 19

Howe, J.D.G.F.: Ref. 8

Hudson, W.R.: Ref. 7?7

hydraulic shaker table: 142

improvements: xviii, xxviii, xxxi, 123-131, 180~185,
187-190, Ref, 1, Ref. 6, Ref, 9, Ref, 15

incremental maintenance: xxiii, 79, 80, 82

incremental values of maintenance activities: xvii, 51,
109, 111, 112, 113, 116, Ref. 5

India: xvi, 55, 145, Ref. 7
induced traffic: 182-183, 185, 194
interdisciplinary teams: Ref. 13

Internal Rate of Return (IRR): xxxi, 180-181, 191,
193, 194, 196

International Bank for Reconstruction and Development
{IBRD) (1818 H Street, N.W., Washington, DC 204323):
xxii, 17, 27, 51, 54, 98, 99, 109, 145, Ref. 4, Ref. 5,
Ref. 7, Ref. |5, Ref. 17, Ref. 20, Ref. 21, Ref, 22
inventorying the road system: Ref. 2

investments: Ref, |
model, Ref. 19

Iran, rural tratfic flow survey in: 167

IRR, see Internal Rate of Return (IRR)

Jones, T.E.: Ref, I8

Keith, D.: Ref. 6

Kenya: xvi, xi, xxiii, xxvi, 27, 53, 55, 100, 110, 140,

145, 151-173, 179, 180, 183, Ref. 7, Ref, 17,
Ref. 18, Ref. 19, Ref. 20, Ref, 21

labor-intensive operations: xxvi, 27, 99, 123-131, Ref. 6
Lesotho, rural tratfic flow survey in: 167
level of service: xil, 7, 29

loss of material: 56
gravel, 100, 102

malintenunce budgeting: Ref. 14
maintenance costing: 17-29, 55-63, Ref, 2

maintenance costs (see also expenditures for maintenance;

maintenance cost'.nsﬁ —xli, xdil, xv, xix, 6, 3346,
72,74,76, 8485, 89, 91, 92, 125, 178-180, Ref. 1,
Ref. 2, Ref. 3, Ref. 4, Ref. 13, Ref, 22

equations, 21

estimation, xix, xxi, 17-29, Ref. 12

maintenance decision making (see niso maintenance

policies): xii, xv, xvii, xxiv, xxx, 7, 11-12, 27, 53,
54,98, 184

management information system, Ref. 11

maintenance funding, see fund allocations
maintenance levels (see also incremental maintenance):
xvill, xxiv, 9, Ref. 1, Ref. 4, Ref. 10, Ref. 13,
Ref. 14
economics of, xxii-xxvi, 50~104
maintenance management information systems: Ref. (1

maintenance policies (see also maintenance decision-
making): xvi, xxiv, 26, 27, 29, 58, 59-82, Ref. 12

maintenance rating systems: 8

malintenance standards: 7, 9, 26, 53, 68, 69, 80, 70,
Ref. 1], Ref. 13

maintenance strategies (see also maintenance policies):
27, 53, 54, 112-114, Ref, 13, Ref, 22

Malawi, rural tratfic flow survey in: 167

manual maintenance: xx, 33, 34, 36, 4346, Ref. 3

Maurltius, rural traffic flow survey in; 168

Mays, Meter: xxix, 139, 142

MInistre des Travaux Publics, des Transports et de
I'Urbanisme (B.P. 7004 Building Sang-Lamlzana,
Ouagadougou): Ref. 3

models: Ref. 2, Ref, 12, Ref. 14, Ref. 18

National Road Maintenance Condition Survey: 11

Niger: 179, 180

Nigerla: 180
traffic flow, 170

non-recording counters, SYX-RRL: 153, 159

Pan African Conference on Highway Malntenance
and Rehabilitatlon: xx, xxii, Ref. 3, Ref. 4

patching: xx, 58, 60, 120
paved roads, see bitumen surfaced roads
PAVMO: 10
PCA Roadmeter: xxix, 139
periodic maintenance: 18, 28, 61, 109, 112, 115, 116
Permanent Internationai Association of Road Congresses
(British National Committee Secretarlat,
St. Christopher House, Southwark Street, London
SEl OTE): Ref. |

personnel: 33, 36, 37, 39, 40, 42, 43, 112, Ref. 3, Ref. 13
training, xxvll, 112, Ref, 12
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Poland, classification for highway maintenance In:
3 14

potholes: xx, xxvi, 7, 12, 21, 34, 60, 112, 124, Ref. 3,
Ref. 6

present daily traffic: 181, 185, 191, 193
profllograph: xxix, 139, Ref. 7

rate oi.return (see also benefits; Internal Rate of
Return (IRR)): 31, 115, 117

Rating Panel, see Standard Rating Panel

recording and reporting maintenance activities: Ref. 10,
Ref. 13, Ref. 14

references: xxxii-xxxill, 24, 117, 127, 146~147, 160,
185-186

regravelling (see also gravel roads): xxiv, xxvi, 18, 51,
58, 65, 66-67, 68, 72,73,75,76,77,78,79, 86,
96, 98, 109, 112, 116, 117, Ref. 4

rehabilitation: xxvii, 61, 123-131, Ref. 6

repair shops: Ref. 12

reshaping: xx, xxiii, 34, 35-36, 39-41, 61, Ref. 3

resurfacing: xx, 18, 28, 34-33, 37-39, 38, 112, Ref. 3
costs, 21-23

riding comfort index scale: 143
riding quality: xvi, xxvili, 123, 143, Ref. 6
road closures, economic loss due to: 39, 64, 75, Ref. 4
road design: xix, 27, 50, 33, 54, Ref. 4, Ref. 9, Ref. 10,
Rei. 22, Ref. 24
and construction costs, 56
standards, 26
road deterioration (see also road roughness; ruts):
xxiii, xxvi, 9, 26, 53, 56-58, 65, L6, 100-104,
109-111, 117, Ref. 4, Ref. 5, Ref. 16, Ref. 8,
Ref. 19
road roughness: xvi, xxvi, xxviii, 58, 100, 101, 109,
125-126, 128, 137-147, Ref. 18
measuring, xvi, xxix, 123, 139, 140-143, Ref. 7

road surface condition (see also road roughness): xvi,
xx, 111, Ref. 20, Ref. 22

road surface profile: xvi, 138-147

Road Transport Investment Model (RTIM). xxiii, 34, 56,
100, Ref. 17

road user costs: xiii, xxiii, xxvili, 26, 27, 53, 36, 57, 38,
59, 109, 137, 140, Re{, 4, Rel. 5, Ref. 15, Ref. 13,
Ref. 19, Ref. 22

road width: 75,87

roadside maintenance: 18, 2}

Robinson, R.t Ref. 19

rod and level surveys: 137, 182-143, Ref. 7

Rolt, Jit Ref. 18, Ref. 19
routine malntenance: xxvl, 18, 28, 38, 60, 63, 80, 109,
112, 114, 115-116, 117, Ref. 3
costing for, 17~29
RTIM, see Road Transport Investment Model (RTIM)

rural areas: Ref. 5, Ref. 20

traffic fiow and counting, 151-173, 177, 183, Ref. 8,

Ref. 9
ruts: xxvl, 8, 58, 100, 101, 103, i09, Ref. 138
Sayer, I Ref. 17
Scrim: 3
SDP, see surface dynamics profliometer
sensitivity analysis: 116—-117
sensitivity to traffic estimates: xxxi, 177-196
serviceabllity indices: 143
shoulder maintenance: xxiil, 18, 58, 60, 63
sign cleaning: 7, 10, 12, 13, 14, 21
solid-waste disposai: Ref. 12
Staffini, Edgardo: Ref. 3
staged construction: 33-84, Ref. 19, Ref. 24
Standard Rating Panel: 143
striping: 19
Sudan: 17-29, Ref. 2
surface dressing (see also resurfacing): 124-125
surface dynamics profilometer (SDP): 142, 145
SYX-RRL non-recording counters: 133, 139
Tanzanla: 180

rural traffic survey, 168
traffic flow, 179

Texas callbration course: 142

Thalland, rural tratfic flow survey In: 168

topography: xix, 19

total transport cost: xiv, xv, xvi, xvil, 19, 24, 25

tracks: 110, Ref. 2

trade-offs: xvi, xvli, xx, 27, Ref. 12

traffic control device maintenance: 19

trafflc counts: xxx, 151-172, Ref. 8

traffic flow (see also average dally traffic (ADT)
ru;:ldar;:sm counts) 179, Ref. 6, Re{. 8,

traffic growth: 181, 187-190, 192, Ref. 24



traffic volume (see also average dally tratfic (ADT);
traffic tlowk xvi, xvii, xvili, 58, 86, 94, 95, 97,
Ref, §, Ref. 9, Ref, 22
and maintenance, xxiv, 24, 66, 67,73, Ref. 1, Ref. §
and maintenance co.'s, 23, 91, 93, 96
breakeven, 66, 78, 83, 24, 85, 95, 96,97, 113

Transport and Road Research Laboratory (TRRL)
(Old Wokingham Road, Crowthorne, Berkshire,
RG11 6AU, UK.} xxiii, xxx, 27, 54, 109, 137, 141,
152, Ref. 3, Ref. 4, Ref. 5, Ref. 7, Ref. 8, Ref. 9,
Ref. 17, Ref. 18, Ref. 19, Ref. 21, Ref. 23, Ref, 24

Transportation Research Board (TRB) (2101 Constitution
Avenue, N.W., Washington, DC 20418): xxv, xxvii,
xxix, 140, Re{. 5, Ref. 6, Ref. 7, Ref. 10, Re{. 11,
Ref. |6

trucks (see also heavy commercial vehicles): 70,71
Turkey, rural traffic flow survey In: 168
Uganda, rural traitic flow survey in: 168

undergrowth removal (see also vegetation control);
xx, 34, Ref. )

United Kingdom: 178
classification for highway malntenance, 8, 14
malntenance survey, 11
traffic counts, 157, 158-159, 170

United States of America, rural traffic counts In:
159

unpaved roads (see also earth roads; gravel roads):
xxiv, 58, 60, 64-104, 140, Ref. 4, Re{. 5, Ref. 18

upgrading (see also improvements): xiii, xxviii, Ref. 19,
Ref. 22
criteria for, F

Urper Volta: 4], Ref. )

vegetation control (see also grass cutting; undergrowth
removalk xxlll, xxvi, 38, 60, 63, 65, 112

vehicle characteristics: 70, 71, 88, 126, 138

vehicle depreciation: 38

vehicle maintenance costs: 38

vehicle operating costs: xiv, xv, xvi, xvli, xxil, xxiil,
xxvii, xvili, 18, 50, 53, 56, 57, 59, 64, 66, 67, 85,
88, 92, 109, 110-111, 113, 115, 117, 123-131,
140, Ref. 2, Ref, 3, Ref. 6, Ref. 15, Ref. 16,
Ref. 17, Ref. 20, Ref. 21, Ref, 22

vehicle speed: 26, 53, 57, 58, 64, 65, 110, Re{, 22
predicting, 56

Venezuela: 180
traffic flow, 179

VOC, see vehicle operating costs
Watanatada, Thawat: Ref. &
weighbridge, portable: Ref. 23
de Weille, J.: Ref. 15

World Bank, see International Bank for Reconstructlon
and Deveiopment (IBRD)

Wyatt, R.J.: Ref. 1?7
Zambia: 180

rural survey, 169
traffic flow, 179
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produced in the Transportation Technol-
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