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Foreword

T

he SADC road network of just over one million kilometres provides the dominant
mode of freight and passenger transport and thus plays a vital role in the economy
of the region. Unsurfaced low-volume roads constitute a substantial proportion of that
network and impact on the lives of the majority of the region’s population who live
and work in rural areas. Many of these roads are being upgraded to a sealed standard
following strategies that focus on poverty alleviation in pursuit of the region’s broader
goals of socio-economic growth and development.
The main purpose of the Guideline is to provide stakeholders with a synthesis
T
of best regional and international practice in all aspects of low-volume sealed
roads. In so doing, it will correct a shortcoming of other available guidelines
and manuals that tend to be more narrowly focused on the technical aspects of
relatively more heavily trafﬁcked roads and, as a result, have limited applicability
to low-volume sealed roads.
Funding for this Guideline has been provided by the UK Department for International
F
Development (DFID), the Norwegian Agency for Development Co-operation
(NORAD) and the Swedish International Development Agency (SIDA). These cooperating partners continue to provide development assistance to the region in the
transport sector aimed, in part, at improving the sustainability of low-volume
sealed roads, coupled with direct poverty alleviation.
By promoting the adoption of a more holistic approach to the provision of lowB
volume sealed roads and the use of innovative best practice from the region, the
Guideline will undoubtedly lead to a more efﬁcient use of available road funding.
This will result in direct beneﬁts to all SADC countries and facilitate socioeconomic growth and development, leading to a reduction in poverty.
I wish to thank our cooperating partners for co-funding this project as well as the
UK Transport Research Laboratory (TRL) and the Norwegian Public Roads
Administration (NPRA) for managing it. I also wish to thank all those who contributed
theirr knowledge and experience to enable this Guideline to be produced; in particular, the Lead Authors, representatives from member states who were closely
involved in its development and the international panel of experts who reviewed
the document. I am convinced that all stakeholders will ﬁnd the Guideline to be a
valuable source of information for the more efﬁcient and effective provision of lowvolume sealed roads in the SADC region.

Sakhe Silo
Director - SATCC Technical Unit
Maputo, Mozambique
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Dedication
This guideline is dedicated to the memory of the late Eric Msolomba,
former director of the SATCC Technical Unit, whose vision provided the
motivation for this project, and whose dedication and leadership made
this document possible.
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A new approach
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Provision of Low-volume sealed roads:
Time for a re-think by decision-makers!

The successful provision of a low-volume
sealed road requires ingenuity, imagination
and innovation. It entails “working with
nature” and using locally available, nonstandard materials and other resources in
an optimal and environmentally sustainable manner.
It will rely on planning, design, construction and maintenance techniques that
maximize the involvement of local communities and contractors.
When properly engineered, a LVSR will
reduce transport costs and, through its
impact on rural production and on trade
between regions, facilitate socio-economic
growth and development and reduce
poverty in the SADC region.

Low-volume roads, economic development and poverty alleviation
The criteria for deﬁning a “Low-volume
road” varies signiﬁcantly in various parts of
the world. In the SADC region, such roads
may be primary, secondary or tertiary/access
roads. They typically carry less than 200
vehicles per day, including up to 20%
commercial vehicles, and often include
non-motorised trafﬁc, particularly near
populated areas.

◆

The majority of rural roads and a signiﬁcant proportion of the main roads in
the SADC region are currently unsurfaced and are relatively lightly trafﬁcked.
These low-volume roads are important in that they:
❍

impact signiﬁcantly on the livelihoods of the majority of the population of
many countries in the region, who live and work in rural areas where
poverty levels are generally very high

❍

are central to sustained socio-economic growth and development of the
region
n and are a key component of development programmes targeted by
donors and governments in which poverty reduction strategies feature

◆

Unfortunately, the poor condition of these roads, which can be largely attributed to
the way in which they have customarily been provided and maintained, has acted
as a brake on economic development and hindered poverty alleviation efforts.

◆

New, more appropriate, approaches to the provision of low-volume sealed roads
(LVSRs) are now required if the region is to improve road transport efﬁciency and
attain its broader goals of socio-economic growth, development and poverty alleviation.

The inappropriateness of traditional methods
◆

Traditional approaches to the provision of low-volume sealed roads have
stemmed from technology and research carried out in Europe and the USA over
40 years ago in very different environments.

◆

Locally prevailing circumstances are usually very different in terms of climate, trafﬁc, materials and road users. It is therefore not surprising that many of the importedd
approaches, designs and technologies are inappropriate for application in the region.

◆

Technology, research and knowledge about LVSRs have advanced signiﬁcantly
in the region and not only question much of the accepted wisdom on LVSR provision
but also show quite clearly the need to revise conventional approaches.

◆

Unfortunately, there has been little effective dissemination and uptake of the
results of research carried out in the region. This has triggered the need for this
SADC
C Guideline on Low-volume Sealed Roads.

Extensive research has been undertaken in
the SADC region over the past 20 - 30 years.
This has enabled local, “non-standard”
materials to be successfully incorporated
in appropriate pavement design for LVSRs.
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Why sealed roads?
◆

Unpaved roads generate dust in dry weather
causing health hazard, damage to crops, vehicles
and natural habitats and adversely affecting
the safety of pedestrians and vehicles. Is a
sealed surface an affordable option?
Yes! It certainly can be.

The substantial length of unsurfaced, particularly gravel, roads in the region is
becoming increasingly difﬁcult to sustain in that such roads:
❍

impose a logistical, technical and ﬁnancial burden on most road agencies due
to constraints on physical, human, ﬁnancial and natural resources

❍

require the continuous use of a non-renewable resource (gravel) which is being
seriously depleted in many countries and, in the process, is causing serious
environmental problems

◆

Implementation of the results of regional research (for example, that reduce construction costs through the increased use of natural gravels), enable the sealing of
gravel roads to be economically justiﬁed at less than 100 vehicles per day (vpd).
This ﬁgure is in contrast to the previously recommended threshold values for SubSaharan Africa, which were in excess of 200 vpd and is a ﬁgure that still persists
in the minds of many practitioners.

◆

Failure to observe the optimal timing for sealing gravel roads can be very costly to
national economies, not only in terms of incurring excess transport costs but, also,
in the continuing excessive maintenance burden and adverse socio-environmental
effects. This provides a strong impetus for policy change and the adoption off
alternative, cost-effective, surfacing strategies promoted in this Guideline.

The beneﬁts of sealed roads
◆

The whole-life beneﬁts of sealed roads include:
❍
❍
❍

lower transport (construction, maintenance and vehicle operating) costs
increased social beneﬁts (more reliable access to schools, clinics, etc)
reduced adverse environmental impacts and health and safety problems

◆

Based on a conservative rate of upgrading gravel roads to a sealed standard of
100 km/year, the annual beneﬁts of adopting the recommendations of this Guideline
will be of the order of US $35 million.

◆

The above beneﬁts hinge critically on the ability of the responsible authority to
maintain the sealed roads to the level of service for which they were designed. This
requires provision of adequate, sustainable and timely funding for the sub-sector
which, increasingly, is being provided by road users on a “fee-for-service” basis.

A substantial amount of gravel is extracted
annually from borrow pits in all countries of
the SADC region. Is this sustainable?
No! It is not.

Key dimensions of sustainability
◆

There has been a tendency to focus predominantly on the technical and economic
aspects of LVSR provision and inadequate attention has been given to other aspects
of sustainability. The result has often been a lack of responsiveness to various
other requirements and a reduced likelihood of achieving sustainable solutions,
even when substantial funding is made available.

◆

The seven key dimensions of a sustainable system, which should always be
observed
d in the provision of LVSRs, are shown below.

Achieving sustainability in all aspects of
LVSR provision is absolutely critical, if the
SADC region’s long term goals of sustained
economic growth and poverty alleviation
are to be attained. In the past, attempts to
achieve such sustainability have failed
because one or more of the seven key
dimensions has been missing or inadequate.
The result has been that LVSRs have fallen
into disrepair and, consequently, have not
only failed to serve the needs of the poor
but, also, have often adversely affected the
environment.
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Sustainability in all aspects of LVSR provision should now become the basis of
a more demanding policy of SADC governments. This will require that practitioner
adopt a more broadly based approach than hitherto that pays full attention to
all seven dimensions of sustainability.

Meeting new challenges – the SADC Guideline on LVSRs
◆

The main objective of the Guideline is to capture best regional and international
practice in all aspects of LVSR provision. It is not a prescriptive document but,
rather, provides guidance to users so as to ensure that well-considered decisions are
made. The development of the Guideline has beneﬁted from the close involvement
of practitioners in the region.

◆

The Guideline presents a major departure from traditional practice in all aspects
of LVSR provision by examining procedures, practices and methods used in:
❍
❍
❍

◆

planning, appraisal and environment
geometric design and road safety
pavement design, materials and surfacing

❍
❍

construction and drainage
maintenance

The Guideline promotes the use of a holistic approach to LVSR’s, which
recognizes that criteria need to be satisﬁed in the different and often interacting
dimensions of road provision.

The beneﬁts of using the Guideline
◆

Promotion of labour-based methods where
feasible, is a key factor in creating productive
employment and reducing poverty.

◆

There are a number of beneﬁts to be derived from adopting the approaches
advocated in the Guideline. These include providing LVSRs that:
❍

are less expensive in economic terms to build and to maintain through the
adoption of more appropriate, locally-derived technology and design/
construction techniques that are better suited to local conditions

❍

minimize adverse environmental impacts, particularly as regards the use of
non-renewable resources (gravel)

❍

increase employment opportunities through the use of more appropriate
technology, including the use of labour-based methods, where feasible

❍

improve road safety in all aspects of road provision

❍

take better account of the needs of all stakeholders, particularly the local
communities served by these roads

❍

foster local road building and maintenance capacity through the greater use
of small-scale, local contractors

❍

ultimately, facilitate the longer-term goal of socio-economic growth, development and poverty alleviation in the region

In addition to the above, the Guideline will also generate awareness and disseminate
the knowledge required if these beneﬁts are to be enjoyed more widely in the
region.

Moving from vision to practice
◆

The new idea either ﬁnds a champion or
dies.....No ordinary involvement with a new
idea provides the energy required to cope
with the indifference and resistance that
major technological change provokes...
Champions of new ideas must display
persistence and courage of heroic quality.
y
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The full beneﬁts of the Guideline will be realised only if the approaches
recommended
d are implemented in practice. However, there are a number off
barriers which will tend to frustrate this process. These include:
❍

an inevitable and natural tendency to resist change and the conservative nature
of public-sector organisations which tend to institutionalize this resistance

❍

The fact that many of the recommendations contained in the Guideline may
be in conﬂict with existing, often out-dated, country manuals and standards
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Ultimately, the successful move from vision to practice will require endorsement at political level, as well as the full support of all stakeholders. In addition,
it will require considerable technology transfer effort including:
❍

support and technical assistance to facilitate the implementation of the Guideline

❍

updating country documents to suit speciﬁc local conditions

❍

technical staff training to address potential internal resistance to change

❍

careful monitoring of acceptance, adoption, reﬁnement and satisfaction
n
amongst users of the Guideline

July 2003
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1-1

Introduction

1
“The body of highway engineering knowledge
remains empiric rather than rigorously scientiﬁc.
So, the knowledge taught in our [UK, USA]
universities is generally derived from a synthesis
of local experience. No wonder it is often irrelevant
and sometimes downright misleading in other
parts of the world”.
Ray Millard, Highways Advisor, World Bank.
2nd Int. Conf. on Low-volume Roads, 19791.

1.1 Background

M

any aspects of the documentation on low-volume road provision in the SADC
region have stemmed from technology and research carried out in Europe and
the USA some 30 - 40 years ago in vastly different environments. Although some
off this documentation has been modiﬁed to some extent in the intervening years, the
basic philosophy of road provision has remained essentially the same. Whilst these
standard approaches may still be appropriate for the more heavily trafﬁcked SADC
trunk road network, they are clearly inappropriate for use on low-volume roads which
make up a large proportion of national road networks. This has prompted a number
of international research organizations, as well as government departments and local
agencies, to undertake research into various aspects of low-volume sealed roads.
Box 1.1 - Road research in the SADC region
Research carried out in the SADC region by a number of international,
regional and local organisations, which is conservatively estimated to have
cost US $20 - 30 million, has questioned many of the accepted assumptions
about the planning, design, construction and maintenance of low-volume
sealed roads. This research has quite clearly shown:

Research carried out in the SADC region
has catalysed the re-thinking of the whole
approach to low-volume sealed roads2,3,4.

●

the importance of adopting a more holistic, sustainable approach to the
provision off low-volume roads

●

the need to revise conventional approaches to planning, economic
appraisal and the environment

●

the shortcomings of conventional speciﬁcations and, to some extent,
of test methods, in assessing the adequacy of local materials for use inn
low-volume roads

●

the advantages of adopting more appropriate geometric and pavementt
design standards

●

the economic success of innovative construction methods

●

the importance of paying greater attention to the environmental aspects
of road provision
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“Probably the most important and critical
issue (in technology transfer) is information
dissemination. Presenting all available
and relevant information to practitioners is
essential to implementing improved procedures
and new techniques. Given the amount of
research and development that is still being
undertaken, the ability to disseminate this
information quickly is the key to advancing
the low-volume road situation”.
Transport Research Circular No. 446, May
19955.
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Unfortunately, because of a lack of funding, there has been very little effective
dissemination of the research carried out in the region. This has led to:
●

a lack of awareness of the results of research

●

a lack of understanding of the often satisfactory performance of innovative
solutions

●

an aversion to the use of “non-standard” designs, particularly by foreign
consultants and contractors who are often unfamiliar with local conditions

●

poor technology transfer

●

little implementation of innovative technology

In recognition of the need for raising awareness of recent developments
in low-volume sealed road technology in the region, the Southern African
Transport and Communications Commission (SATCC) commissioned the
preparation of this Guideline on Low-volume Sealed Roads (LVSRs) which
was funded by DFID, NORAD and SIDA.

1.2 Purpose and Scope

T

he main purpose of the Guideline is to provide a synthesis of practical,
state-of-the-art approaches to LVSR provision, based largely on regional
knowledge and experience, while taking into account international best practice.
In so doing, the primary goal is to reduce the cost of constructing and
maintaining LVSRs leading to:
●

increased public and commercial transport through lower road user costs

●

improved access to schools, clinics, jobs, urban centres and neighbouring
rural areas

●

improved environmental, health and social conditions

●

reduced depletion of ﬁnite materials resources - regravelling is an inherently
unsustainable activity

●

enhanced socio-economic growth, development and poverty alleviation

The means of achieving the above hinges on cost-effective provision of sealed
roads in rural and peri-urban areas by the transfer of technology developed
through research. The Guideline therefore seeks to:
●

act as a vehicle for the dissemination and implementation of appropriate
in novative LVSR technology in the SADC region

●

promote the use of a holistic approach to LVSR provision

●

encourage optimal utilization of local resources and “non-standard”, but
appropriate, designs for all aspects of LVSR provision

●

promote greater local public and private sector involvement and
d
participation in road projects

●

ultimately, act as the standard consultative document for LVSRs

Adoption of the above is expected to lead to an increase in sealed roads
constructed at an affordable cost and to an appropriate standard by applying
proven, sometimes unconventional, methods and innovative technology.
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#ONTRASTING EXAMPLES OF LOW VOLUME
ROADS IN THE 3!$# REGION

%ARTHGRAVEL ROAD 4ANZANIA 



4HE 'UIDELINE IS AIMED AT A WIDE RANGE OF STAKEHOLDERS FROM POLITICIANS TO
PRACTITIONERS INCLUDING CONSULTANTS CONTRACTORS MATERIALS SUPPLIERS DONORS
ROAD USERS AND THE GENERAL PUBLIC WHO IN VARIOUS WAYS ARE ALL INVOLVED IN
DIFFERENT BUT COMPLEMENTARY ASPECTS OF LOW VOLUME ROAD PROVISION
"ECAUSE THE 3!$# REGION IS A DIVERSE ONE IT WOULD BE IMPRACTICAL AND
INAPPROPRIATE TO PROVIDE RECIPE SOLUTIONS FOR SPECIlC SITUATIONS )NSTEAD
EMPHASIS HAS BEEN PLACED ON GUIDING THE PRACTITIONER TOWARDS EVALUATING
ALTERNATIVE OPTIONS AND CONSIDERING THEIR PROS AND CONS AS A BASIS FOR DECISION
MAKING AND APPLICATION TO COUNTRY SPECIlC SITUATIONS 4HIS IS ACHIEVED BY
COLLATING TOGETHER IN ONE DOCUMENT KEY BACKGROUND KNOWLEDGE AND EXPERIENCE
IN THE APPLICATION AND PERFORMANCE OF TRIED AND TESTED NEW AND INNOVATIVE
SOLUTIONS IN ALL ASPECTS OF ,632 PROVISION
4HE 'UIDELINE PROVIDES A COMPENDIUM OF RECENT APPROACHES TO THE FOLLOWING
ASPECTS OF LOW VOLUME SEALED ROAD PROVISION

/LD hSTRIPv ROAD :IMBABWE 

¬Ê

0LANNING APPRAISAL AND ENVIRONMENT

¬Ê

'EOMETRIC DESIGN AND ROAD SAFETY

¬Ê

0AVEMENT DESIGN MATERIALS AND SURFACING

¬Ê

#ONSTRUCTION AND DRAINAGE

¬Ê

-AINTENANCE

4HE 'UIDELINE DOES NOT DEAL IN DETAIL WITH SLOPE STABILITY GEOTECHNICAL AND
HYDROLOGICAL ISSUES OR STANDARD DRAINAGE DETAILS (OWEVER IT PROVIDES A SOURCE
OF COMPREHENSIVE REFERENCES WHICH PROVIDE ADDITIONAL DETAILS AND MORE FULLY
DOCUMENTED EXAMPLES OF LOCAL AND INTERNATIONAL EXPERIENCE
!LTHOUGH THE 'UIDELINE HAS BEEN PRODUCED SPECIlCALLY FOR THE 3!$#
ENVIRONMENT THERE ARE MANY ASPECTS OF IT WHICH WITH SOUND ENGINEERING
JUDGEMENT COULD APPLY IN SIMILAR ENVIRONMENTS ELSEWHERE

~Û=g[mkÛÛ

4

/LD hNARROW MATv ROAD :IMBABWE 

HE FOCUS OF THE 'UIDELINE IS ON ,OW VOLUME 3EALED 2OADS ,632S A TERM
FOR WHICH THERE IS NO STANDARD DElNITION 4YPICAL CRITERIA FOR DElNING SUCH
ROADS INCLUDE TRAFlC VOLUME ROAD FUNCTION ADMINISTRATIVE CLASSIlCATION AS WELL
AS MANAGEMENT AND lNANCING ARRANGEMENTS 4HE CONCEPT OF A LOW VOLUME ROAD
,62 ALSO VARIES FROM COUNTRY TO COUNTRY SIMPLY BECAUSE THIS TYPE OF ROAD SERVES
DIFFERENT FUNCTIONS AND OPERATES IN DIFFERENT SOCIO ECONOMIC ENVIRONMENTS )N THE
CONTEXT OF THIS 'UIDELINE ,632S ARE CHARACTERIZED BY THE FOLLOWING FEATURES THAT
PERTAIN TO THE 3!$# REGION
4ABLE  ,632 #HARACTERISTICS
¬

2ZQHUVKLS
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6HUYH SUHGRPLQDQWO\ UXUDO SRSXODWLRQV RI PRVW FRXQWULHV ± W\SLFDOO\ PRUH WKDQ
RIWKHSRSXODWLRQ
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(FRQRPLFVRFLDODGPLQLVWUDWLYHSROLWLFDO
0DMRULW\DUHXQVHDOHGSDUWO\HQJLQHHUHGVLQJOHRUODQHHDUWKVDQGRUJUDYHO
URDGVZLWKHOHYDWHGUXQQLQJVXUIDFHVVLGHGUDLQVDQGFURVVGUDLQDJHVWUXFWXUHV
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Introduction

Mobility
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Trunk
Primary

Low-volume roads in the region cut across a wide range of environments. In
practice, there will be many overlaps in classiﬁcation and function and clear
distinctions will not always be apparent on functional terms alone. Nonetheless,
the focus will be secondary/tertiary/access roads in rural and peri-urban areas.

Secondary

Tertiary
Access

Access

MAJOR INTERNATIONAL
NATIONAL CENTRE

0RIMARY

TOWNADMINISTRATIVE
CENTRE

LVRs are multi-faceted. At one extreme,
they serve as a mobility link in the road
transport chain from the main highway
network to the local market. At another
extreme, they serve as an access link in a
road transport chain with one end in the
agricultural ﬁelds or villages and the other
in the town market.

3ECONDARY

VILLAGEDISTRICT CENTRE

4ERTIARY!CCESS

Figure 1.1 - Road hierarchy and function

1.4
Project
Manager

Core Management
Group

Development of Guideline

he Guideline draws on the accumulated knowledge and practical experience
of international research organizations, consultants and others who have long
experience of working in the region. It was produced by a team comprising
key specialists in each technical ﬁeld, together with experts from SADC
countries.

T

The Guideline is unique in the following important aspects:
SADC Working Group
of Member States

1. It was developed with a high level of “local” participation. As a result, itt
has been possible to capture and incorporate a signiﬁcant amount of local
knowledge in the document. The beneﬁts of this approach include a
document that:
●

reﬂects the needs of the region

●

has an emphasis on local ownership

●

facilitates wider application

●

improves prospects for sustainable implementation

Lead Authors

Guideline
Chapters

Organisational chart for management and
development of the Guideline.

2. It draws extensively on the output of a 4-year SADC regional programme
of research in highway engineering materials2.
3. It focuses on the multi-dimensional nature of LVSR provision, giving
balanced attention to aspects of LVR provision that are often neglected
d
in most other guidelines, such as the political, social, institutional and
d
funding aspects.
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4

HE 'UIDELINE IS DIVIDED INTO EIGHT CHAPTERS WHICH COLLECTIVELY ADDRESS
VARIOUS ASPECTS OF ,632 PROVISION AS PRESENTED BELOW

~
@fljg\m[lagf

#OMPRISES THE INTRODUCTION TO THE 'UIDELINE INCLUDING AN
OVERVIEW OF THE FOCUS OF THE DOCUMENT AND THE APPROACH
ADVOCATED IN CONTRAST TO PREVIOUS APPROACHES TO ROAD PROVISION
!GAINST THIS BACKGROUND THE PURPOSE SCOPE DEVELOPMENT AND
STRUCTURE OF THE 'UIDELINE ARE HIGHLIGHTED

Û
I]_agfYdÛ
J]llaf_

0ROVIDES THE GEOGRAPHIC SETTING FOR THE 3!$# REGION
'IVES AN OVERVIEW OF THE REGIONAL ROAD NETWORK AND ITS
VARIOUS DETAILS (IGHLIGHTS THE CHALLENGE FACED IN PROVIDING
,632S IN A SUSTAINABLE MANNER AND THE DEVELOPMENTS TAKING
PLACE IN ROAD SECTOR REFORM /UTLINES THE MAIN COMPONENTS
OF ,632 PROVISION

Û
GdYffaf_Û
8hhjYakYdÛYf\Û
<fnajgfe]flYdÛ
@kkm]k

0ROVIDES A HOLISTIC FRAMEWORK FOR PLANNING AND APPRAISING
,632S AND HIGHLIGHTS THE KEY EXTERNAL FACTORS THAT AFFECT
THEIR PROVISION #OVERS THE PROCESS OF LIFE CYCLE COSTING AND
THE APPROPRIATENESS OF THE AVAILABLE APPRAISAL TOOLS FOR
DOING SO 0RESENTS VARIOUS ENVIRONMENTAL ISSUES INCLUDING THE
IMPORTANCE OF THE %)! PROCESS IN THE PLANNING PROCESS

Û
>]ge]lja[Û
;]ka_fÛYf\Û
IgY\ÛJY^]lq

0RESENTS FACTORS RELEVANT TO THE SELECTION OF APPROPRIATE
STANDARDS FOR ,632S AND THE STEPS INVOLVED IN SELECTING
SUITABLE SOLUTIONS 3UMMARISES BOTH CONVENTIONAL TECHNIQUES
AND LOW COST @DESIGN BY EYE METHODS AND THE COST
ENVIRONMENTAL AND SAFETY IMPLICATIONS OF EACH (IGHLIGHTS
MEASURES FOR IMPROVING ROAD SAFETY ON ,632S


GYn]e]flÛ
;]ka_fÛÛ
DYl]jaYdkÛYf\Û
Jmj^Y[af_

0ROVIDES A SYSTEMS APPROACH TO THE DESIGN OF ,632
PAVEMENTS AND SURFACINGS DERIVED FROM REGIONAL RESEARCH
WORK AND PRACTICE (IGHLIGHTS THE IMPORTANCE OF USING LOCAL
MATERIALS SELECTED ON THE BASIS OF APPROPRIATE SPECIlCATIONS
%MPHASISES THE IMPORTANCE OF CATERING FOR BOTH INTERNAL
AND EXTERNAL DRAINAGE OF PAVEMENTS TO ENHANCE PERFORMANCE


:gfkljm[lagfÛ
Yf\Û;jYafY_]

0ROVIDES GUIDANCE ON THE CHOICE OF METHODS AVAILABLE FOR
THE CONSTRUCTION OF ,632S WITH A FOCUS ON LABOUR BASED
METHODS )NCLUDES EXAMPLES AIMED AT OPTIMISING THE USE OF
LOCAL LABOUR AND EQUIPMENT TECHNOLOGIES WITHIN A CONDUCIVE
CONTRACTING ENVIRONMENT AIMED AT MAXIMIZING THE USE OF
SMALL SCALE LOCAL CONTRACTORS
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DYafl]fYf[]Û
Yf\ÛIgY\Û
DYfY_]e]fl

=jgeÛMakagfÛlgÛ
GjY[la[]

(IGHLIGHTS THE IMPORTANCE OF MAINTENANCE AND THE CHALLENGES
FACED IN CARRYING IT OUT EFFECTIVELY AND EFlCIENTLY 0RESENTS
THE PARTICULAR CHARACTERISTICS OF ,632S INCLUDING THEIR
DETERIORATION CHARACTERISTICS /UTLINES TYPICAL MAINTENANCE
MANAGEMENT FUNCTIONS AND CONSIDERS THE CONTRACTUAL
ASPECTS OF UNDERTAKING MAINTENANCE WORKS /UTLINES THE
ROLE FUNCTION AND SELECTION CRITERIA FOR 2OAD -ANAGEMENT
3YSTEMS
3UMMARISES THE MOTIVATION FOR PRODUCING THE 'UIDELINE
AND THE BENElTS OF ADOPTING THE APPROACHES PROPOSED
/UTLINES THE PATHWAY TO IMPLEMENTATION OF THE 'UIDELINE
THE BARRIERS THAT NEED TO BE OVERCOME IN THE COURSE OF SO
DOING AND THE NEED TO TAKE ACCOUNT OF MANY NON TECHNI
CAL FACTORS THAT OFTEN INmUENCE THE MANNER IN WHICH ,632S
ARE PROVIDED

~ÛLh\Ylaf_ÛÛÛÛÛÛÛÛÛÛÛÛÛÛÛÛÛÛÛÛÛÛÛÛÛÛÛÛÛÛÛÛÛÛÛÛÛÛÛÛÛÛÛÛÛÛÛÛÛÛÛÛÛÛÛÛÛÛÛÛÛÛÛÛÛÛÛÛÛÛÛÛÛÛÛÛÛÛÛÛÛÛÛÛÛÛÛÛÛÛ

!

S HIGHWAY ENGINEERING TECHNOLOGY AND IMPROVED METHODS OF LOW VOL
UME ROAD PROVISION ARE CONTINUALLY BEING RESEARCHED AND CHANGED IT WILL
BE NECESSARY TO UPDATE THE 'UIDELINE PERIODICALLY TO REmECT IMPROVEMENTS IN
PRACTICE
4HE 'UIDELINE HAS BEEN PRODUCED IN A LOOSE LEAF FORMAT TO ALLOW NOTES AND
PAGES TO BE INSERTED AS AND WHEN NECESSARY )N ADDITION IT HAS BEEN PRODUCED
IN ELECTRONIC #$ FORMAT AND HAS ALSO BEEN POSTED ON THE 3!4## WEBSITE
WWWSADCINT 4HE 'UIDELINE IS PRODUCED IN ALL THREE OFlCIAL 3!$# LANGUAGES
%NGLISH &RENCH AND 0ORTUGUESE

~ÛJgmj[]kÛg^Û@f^gjeYlagfÛÛÛÛÛÛÛÛÛÛÛÛÛÛÛÛÛÛÛÛÛÛÛÛÛÛÛÛÛÛÛ

)

N ADDITION TO THE REFERENCES CITED IN THE TEXT OF EACH CHAPTER AN EXTENSIVE
BIBLIOGRAPHY HAS ALSO BEEN PROVIDED FOR THOSE READERS WHO WISH TO OBTAIN
ADDITIONAL INFORMATION ABOUT ANY OF THE TOPICS INCLUDED ! LIST OF THE MAIN
ORGANIZATIONS PRODUCING RELEVANT PUBLICATIONS IS ALSO PROVIDED INCLUDING THEIR
CONTACT DETAILS
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Regional Setting

2
2.1 Introduction
2.1.1

Background

R

oad transport is essential for the operation of the SADC economy and
for the development of national and regional markets. With a total ﬂeet
of over 10 million vehicles in 2002, it provides the dominant mode of freight
and passenger transport and carries about 80% of the region’s total trade
in goods and services. It also accounts for about 20% of the region’s
cross-border trade.
In common with many other developing countries, a large percentage of the
population in the SADC region lives in rural areas, where agriculture is the
dominant economic activity. In this context, low-volume roads fulﬁl a critical
function in that they generally provide the only form of access to these
communities and provide for the mobility of people and movement of goods
from the ﬁelds to the market place. A good rural road network is therefore
essential for improving rural livelihoods and socio-economic growth and
development.
Unfortunately, despite the substantial investments made in road transport
infrastructure, the cost of road transport services is still inordinately high,
especially in rural areas where inadequate transport infrastructure and lack
of mobility still impose major constraints on development. There are many
reasons for this unsatisfactory situation, some of which are attributable to
the questionable nature of various approaches adopted in the provision of
LVSRs, many of which have proved to be unsustainable.

2.1.2

Purpose and Scope of Chapter

T

Agriculture is the predominant activity in
the rural areas of most SADC countries.

he main purpose of this chapter is to set the background to the SADC
region against which the characteristics of the regional road network
are presented. Issues relating to the sustainability of the gravel road network
and the challenges of alternative approaches for the delivery of low-volume
sealed roads are described. A new, more sustainable, multi-dimensional
approach is proposed that is set in the context of the reforms taking place in
the road sector in the SADC region. These initiatives are designed primarily
to improve the management and ﬁnancing of roads but will also facilitate
the implementation of the approaches recommended in this Guideline.
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2.2 The SADC Region
The vision of SADC is to transform the
fourteen countries of southern Africa from
operating as individual fragmented markets
into a single integrated vibrant and globally
competitive market characterised by free
movement of goods, services and labour.
Transport, particularly road transport, is
an integral component of this vision.

2.2.1

Geographic Setting

T

he Southern Africa Development Community (SADC) is an economic
grouping of fourteen countries located in the Southern African region
with a collective land area of about 10 million square kilometers and a
population of nearly 200 million people in 2002. Six of the fourteen countries are land-locked and two are island states as shown in Figure 2.1.

One of the ﬁrst institutional priorities identiﬁed
by SADC was the creation of the Southern
African Transport and Communications
Commission (SATCC) to coordinate the use
of existing systems and the planning and
ﬁnancing of additional regional transport
facilities. Transport is, therefore, the major
initial focus for regional action.

DEMOCRATIC
REPUBLIC
OF CONGO

Victoria

Kinshasa

Seychelles

TANZANIA

Dar es Salaam

Luanda

ANGOLA

ZAMBIA

MALAWI

Lusaka
Harare

ZIMBABWE

MOZAMBIQUE

NAMIBIA
Windhoek

Mauritius
Port Louis

BOTSWANA
Gaborone

Pretoria
Mbabane

Maseru

SOUTH AFRICA

Maputo

SWAZILAND

LESOTHO

Cape Town

The bulk of the SADC rural road network is still
unsurfaced and in relatively poor condition.

Figure 2.1 - The Southern African Development Community
The SADC region is diverse with climates varying from true deserts through
savannah to rainforests. Although the natural resource base is varied, the
economies of the various countries are mostly agrarian, with approximately
80% of the populationn living and working in the rural areas. In such a setting,
rural roads play a critical role in support of socio-economic growth and
development and, ultimately, poverty alleviation - an over-arching goal of all
SADC governments.

2.2.2 Road Sector Reform

S

ince the late 1990s, the SADC region has experienced a “wind of change” in
its approach to road management and ﬁnancing. It has become increasingly
apparentt that traditional approaches, which have relied on managing roads through
a government department and ﬁnancing them through general budget allocations,
have generally not worked satisfactorily. This has led to the development of the
SADC Protocol on Transport, Communications and Meteorology1.
The SADC Protocol promotes perhaps the most far-reaching set of changes ever
contemplated in the roads sector in Sub-Saharan Africa. Its strategic vision is to
provide a “safe, sustainable, efﬁcient and effective road transport system”
” in
support of regional socio-economic growth and development. Since its ratiﬁcation by all member states, the SADC Protocol has been implemented to varying
extents and with varying degrees of success. All member states are required to
fully comply with the requirements of the protocol by 2010.
SADC Guideline on Low-volume Sealed Roads
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Box 2.1 - The main features of the SADC Protocol on Transport,
Communications and Meteorology
The SADC Protocol commits member states to the development of a
harmonisedd regional road sector policy with the following main features:
●

Clear demarcating
g and allocating
g of authority and responsibilities for road
r
funding and road management.

●

Establishing accountablee and autonomouss roads authorities with public andd
private sector participation in key decision-making and the ability to source
expertise outside civil service restrictions.

●

Adopting commercial management practices to foster institutional,
economic and technical efﬁciency, amongst others, by introducing
competition in undertaking any road-related activity and adopting a
preference for the contracting out of all types of road construction
and maintenance activities.

●

Adopting appropriate ﬁnancing principles and practices to secure
adequate and sustainable sources of funding through incremental
expansion of road user charging.

●

Dedicating revenues from roads to their provision, operation and
maintenance.

●

Identifying sustainable funding sourcess to ensure a regular ﬂow of funds.

SADC Institutional Framework
The agreed SADC institutional framework clearly and unambiguously differentiates between the separate and discrete roles played by key road sector
stakeholders in terms of policy formulation, policy delivery and works
execution as illustrated in Figure 2.2.
Parliament

Minister of Transport

The restructuring of road management
and ﬁnancing in the SADC region, within
a more commercialised institutional framework, is meant to ensure that institutional
capacity exists to support improvements in
technical capability, such as maintenance
operations and management.

Policy
Formulation

Ministers Committee

Roads Agency

Road Fund

RA Board

RF Board

CEO

CEO

Policy
Delivery

Other Roads Authorities

Works
Execution

Consultants

Contractors

General Public/Road User
Reporting/delivery

Road User
Charges

Road Users
RA = Roads Authority
RF = Road Fund
CEO = Chief Executive Officer

Consultation/coordination

Monitoring

Figure 2.2 - SADC institutional framework for management
and ﬁnancing of roads2

SADC Guideline on Low-volume Sealed Roads

July 2003

Regional
i
Setting
S i

2-4

Within the new SADC institutional framework, policy, management, ﬁnancing
and operations are treated as follows:
Policy formulation: The overall legal authority for the road network is vested
in a single Ministry with responsibility for all regulatory, policy, standards
and legislative matters. The Ministry has authority over the Transport/
Trafﬁc Agency. The authority over the National Roads Board is limited
to approving the level of road user charges recommended by the Board to
ﬁnance road maintenance and improvement works, and to monitoring the
Board’s compliance with the terms set out in the legislation under which
it was established.
A Ministers’ Committee fulﬁls the function of a policy co-ordination forum
in respect of national, regional and local road authorities. The committee
also plays an important role in promoting transparency and accountability
and democratizing decision-making with regard to roads.
Management: An “arms-length” autonomous or semi-autonomous Roads
Agency has replaced (or commercialised) the former Roads Department in
the Ministry of Transport. Its functions are basically the same as those of
the previous Roads Department in terms of strategic management and planning
of the development, maintenance and rehabilitation of the national road network, except that they are carried out in a commercial manner. The Agency is
overseenn by a majority private sector Board and managed on a day-to-day
basis by a Chief Executive Ofﬁcer (CEO).
Financing: An “arms-length” autonomous or semi-autonomous Road Fund
operates as a commercial agency with responsibility for road ﬁnancing. In
so doing, it:
●

acts as a channel for the receipt of all revenues destined for roads

●

disburses funds to roads agencies based on simple, transparent procedures

●

audits compliance with well deﬁned ﬁnancial auditing principles

Sustainable funding for road maintenance is based on the “user pays”” principle
and is secured through the levying of a Road User Charge. Such a charge
reﬂects the usage of roads and typically consists of a fuel levy on petrol,
diesel, vehicle license fees including supplementary heavy vehicle license
fees, ﬁnes imposed on overloaded vehicles, and any other user charges that
may be preseribed by Parliament from time to time.
The funds available from road user charges should not necessarily be spent
directly according to trafﬁc level. Low-volume “social” roads will probably
need to be subsidised to some extent from the revenues from high-volume
“economic” roads.
Operations: All types of road construction and maintenance works should be
contracted to the private sector through competitive bidding processes rather
than undertaken in-house by Force Account or Direct Labour operations.
The procurement of works through performance-speciﬁed term contracts and
the use of Petty Contractors is increasingly being viewed as the preferred
method of contracting out maintenance works, in contrast to the traditional
type of contract which, typically, is based on rather prescriptive input
speciﬁcations and utilises large, foreign contractors.
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2.3 Regional Road Network
2.3.1

The Road Network

T

he total length of the SADC classiﬁed road network (Figure 2.3) is just
over 930,000 km of which approximately 20 per cent is paved. More
than half of the region’s total network (511,000 km) is in South Africa. There
is also a large network of rural roads in the SADC region, approximately
430,000 km, which consists mainly off 2-lane, all-weather gravel roads and
seasonal earth tracks. Most of these roads were constructed in the post
independence era of the 1960s and 1970s and are one of the region’s biggest
assets with current replacement costs in excess of US $50 billion.
UGANDA Kampala

The SADC Regional Trunk Road Network
(RTRN) comprises approximately 50,000
kms of strategic, intra-regional routes linking capital cities, major regional ports and
other areas of economic importance. In
addition to the unpaved rural road network,
a signiﬁcant proportion of the RTRN
(approximately 30 per cent) also carries
relatively low levels of trafﬁc and, hence,
these roads are also classiﬁed as “low-volume
roads”.
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Sub-Saharan Africa, including the SADC
region, lags considerably behind Asia and
Latin America in terms of road coverage
and density3.
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Figure 2.3 - The SADC Regional Trunk Road Network (2001)
(excludes the Democratic Republic of the Congo)
The current main road length averages about 5.6 kilometres for every 100
square kilometers, which is low by comparison with to other developing
regions such as Latin America (12 km/100 sq. km) and Asia (18 km/sq. km).
Table 2.1 - Inventory of SADC Regional Road Network
5 % paved
95 % unpaved

Main Roads

Rural Roads

Paved Unpaved Total
Paved Unpaved
Total
(km)
(km)
(km)
(km)
(km)
(km)
105,122 395,900 501,022 21,559 409,626 431,185
21.0%
79.0% 100.0% 5.0%
95.0%
100.0%

21 % paved

Rural Roads
Main Roads

Total Network
Paved
(km)
126,681
13.6%

Unpaved
Total
(km)
(km)
805,526 932,207
86.4%
100.0%

79 % unpaved

A substantial proportion of both the main
and rural road networks in the SADC region
is unpaved.

Source: Report by SAGP consultants; Updates from SADC member states (2001)4. (Note:
Classiﬁcation is inconsistent. Main roads can include trunk, regional, main, primary and
secondary roads.)
* Excludes the Democratic Republic of the Congo
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2.3.2
Road transport investment should be
viewed as part of an integrated approach
considering the economic and social context where improvements take place, and
including additional policies on other
fronts (e.g. marketing, education, stimulus
to demand) that would lead to higher social
returns from investment.

Roads and Economic Development

T

he precise role that roads play in economic development is complex but
the fact that there is a link is widely accepted and most economists agree
that investment in transport infrastructure makes a positive contribution.
However, the provision of road transport infrastructure alone is not enough
to reap all the possible beneﬁts from interventions. Indeed, recent research5
highlights two major aspects that should be considered by policy makers: the
access to transport means, and the market organisation for goods and transport services. Thus, SADC governments should also address the need forr
credit,
d low-cost
l
vehicles, and intermediate means of transport, and also be
prepared to intervene in markets to ensure that beneﬁts become widespread.
The beneﬁts from road investment vary greatly depending upon the type of
interventions, and the social and economic context where they take place.
For example, in those rural areas in southern Africa where infrastructure
is so basic that vehicle use is difﬁcult or near impossible, facilitating the
change to motorised transport would result in major beneﬁts.
In terms of the relationship between km of paved roads/million persons and
GDP per capita, the SADC region occupies a relatively low position (Figure 2.4).
Thus, improving the efﬁciency of LVSR provision by providing them at lower
and more affordable costs than hitherto, has the potentiall (together with other
complementary interventions) for providing considerable beneﬁts to the
region’s economy and, in so doing, for reducing poverty.

 

0AVED ROADS KM  MILLION PERSONS

Road network density in developed countries
is generally much higher than in developing
countries. However, the cost of building
roads is not proportional to the wealth of a
nation in terms, for example, of the GDP per
inhabitant. Thus, with the GDP per inhabitant
being 10 to 20 times lower in developing
countries, the cost of road provision is two to
three times higher than in developed
countries. It is therefore critically important
that paved road construction costs are minimized through the selection of appropriate
o
standards and implementation strategies.
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Figure 2.4 - International comparison of paved road density and GDP per capita
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2.4 Road Network Details
2.4.1

Classiﬁcation and Trafﬁc Flows

R

oads in the SADC region are typically classiﬁed according to function
as shown in Table 2.2 and illustrated in Figure 1.1.
Table 2.2 - Typical road functions and classiﬁcation

Tr

Key

Road Function
P
S

Tr = Trunk

Te

Design
Class

Trafﬁc
Flow (AADT)

Typical
Surface Type

A

> 2000

Paved

B

500 - 2000

Paved

C

200 - 500

Paved/Unpaved

D

50 - 200

Unpaved

E

< 50

Unpaved

P = Primary

S = Secondary

Te =Tertiary/access

With the exception of South Africa, and apart from a few heavily trafﬁcked
international routes, most of the main roads carry modest volumes of trafﬁc,
with little more than about 10 per cent carrying over 2000 vpd, approximately
25 per cent of which consists of heavy, often over-loaded, commercial vehicles.
On rural roads, trafﬁc volumes are relatively very low and much of this
network
k carries trafﬁc in the range of 50 - 200 vpd. Near village centres
non-motorised trafﬁc, including bicycles, often comprises a signiﬁcant
proportion of the total trafﬁc.
Pedestrians and non-motorised trafﬁc often
constitute a signiﬁcant proportion of trafﬁc
near villages.

2.4.2

100% = 5.64

7.1%

Overhead

7.1%

Repairs &
Maintenance

5.0%

Tyres

100% = 3.67

10.9%

42.5%

Fuel

8.2%
100% = 2.50

3%

16%
8%
24%

2%

5%
28%

3.8%
32.7%
1.1%

Road quality
Average speed
Rolling resistance
Haulage rate

10%
Good
90
7
2.50

2.1%

3.3%
24.8%

Tax
Insurance
Driver´s costs

27.2%
2.7%

4%

0.7%

10.1%
Reasonable
70
16
3.67

1.8%
8.9%
Bad
45
25
5.64

The “low-trafﬁc” characteristics of much of the rural road networks in the
SADC region have implications for geometric design, pavement and drainage
structures, road furniture and maintenance practice and, indeed, the manner
in which investment appraisals are carried out.

Design Standards

R

oad design standards in the SADC region vary considerably, reﬂecting
either the practice of the developed countries with which member states
have had previous ties, or the preferences of international consultants, usually
donor funded, who have worked in the country. Thus, British, American,
Portuguese, French, German and other standards have left their mark on the
road infrastructure. In many instances, these standards have been inappropriate
for cost-effective application in the SADC region where the physiographic,
socio-economic and environmental conditions vary tremendously from
those prevailing in the countries of origin of the standards.

Interst
Depreciation

km/h
kg/tonne
Hfl/km

Source: PIARC (1987)

costs - both the operating and maintenance
costs of vehicles escalate with increasing
rapidity as the surface condition worsens
(PIARC, 1987).

2.4.3

Road Conditions

A

bout 50% of the paved main road network is currently (2001) in good
condition, with the remainder classiﬁed as only fair or poor, as shown
in Table 2.3. The unpaved main road network is considerably worse than the
paved road network, with less than 40% being in good condition. The net
result is that transport costs are very high with estimates of four to ﬁve times
of those in developed countries and, for some landlocked countries, as high
as 30 - 40 per cent of the price of goods6.
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Can any country afford roads in this
condition?

Table 2.3 - Condition of main roads in the SADC region
Main Roads
Paved
Unpaved

Road Condition (Weighted Average)
Good
Fair
Poor
49
36
15
38
31
31

Sources: Report by SAGP consultants to SATCC4; Updates from member states (2001).
Notes:

“My country was never so rich that it could
afford poor roads”
(William the Conqueror, Doomsday Survey,
1066).

Good:

Substantially free of defects and requiring only routine maintenance.
Unpaved roads need only routine grading and spot repairs.

Fair:

Having signiﬁcant defects and requiring resurfacing or strengthening.
Unpaved roads need reshaping or re-gravelling and spot repair of drainage.

Poor:

Having extensive defects and requiring immediate rehabilitation or reconstruction.
Unpaved roads need reconstruction and major drainage works.

Rural poverty in the SADC region is exacerbated by the prevailing poor road
conditions which adversely affect accessibility and, as a result, limit the
facilitating role of transport in both production and consumption activities.
Improvements in the quality and reliability of the rural road network are
therefore critical for development and poverty eradication, the over-arching
goal of all SADC governments.
For these reasons, most of the current investment in the roads sub-sector
involves upgrading these predominantly low-volume, rural secondary and
feeder roads to an improved standard at minimum life-cycle cost - which is
the main focus of this Guideline.

2.4.4

Road Safety

T

here is a serious road safety problem in all countries of the SADC region.
This is characterised by a high rate of road accidents involving pedestrians
and other vulnerable road users, particularly on rural roads where vehicle
speeds tend to be relatively high. Fatality rates, in relation to vehicle ﬂeets,
are estimated to be 30 - 40 times higher than those of industrialised countries
and cost the region between one and three per cent of its annual GDP7.

The high accident rate in the SADC region
is a source of loss and damage to trade
and one of the major causes of injury and
death.

Fortunately, there is now a widespread recognition that much more can be
done to improve the poor road safety situation. This includes improvements
in road design and the more widespread use of road safety audits. These
issues, amongst others, are dealt with in Chapter 4 of the Guideline.
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2.5 Low-volume Sealed Roads
2.5.1

The Challenge

A

number of factors combine to pose a major challenge to road authorities
in the provision of LVSRs. In this regard:

In the past, geometric design standards
were not speciﬁcally addressed in the SADC
region. Both road planners and designers
were faced with either using “national”
imported standards that were developed for
a higher classiﬁcation of roads or reducing these higher classiﬁcation standards to
meet economic constraints, usually without
a logical basis for doing so.

●

They generally constitute a high proportion (typically 80%) of the road
network for which available resources are severely limited.

●

Limited funding tends to be allocated in favour of HVRs which are
perceivedd as fulﬁlling an important economic role even though LVRs fulﬁll at least equally important social and development functions.

●

Social and developmental beneﬁts are often dealt with inadequately in
traditional investment appraisal methodology.

●

There has been a tendency to focus predominantly on the technical aspects
of LVSRs, with inadequate attention being paid to the other environments
within which they operate and which inﬂuence their long-term sustainability.

●

Traditional highway engineering, planning and standards that are appliedd
to roads with higher volumes of trafﬁc are often not appropriate for
LVSRs and, when used, result in unnecessarily expensive solutions.

●

Although
h trafﬁc volumes may be relatively low, vehicle loads are often
n
high, with signiﬁcant overloading. This makes the relatively light pavement
structures, that would otherwise be appropriate, vulnerable to overloading.

●

The allocation of limited research funding tends to be prioritized in favour
of high-volume roads which are perceived to offer higher rates of return.

In addition to the challenges faced by road agencies in providing LVSRs,
transport agencies also face a major challenge of providing affordable
transportt services to rural communities. However, although closely related,
this topic is outside the scope of this Guideline.

2.5.2

Gravel Road Issues

A

substantial proportion of the rural road networks, and to a lesser extent,
of the main road networks in the SADC region, are currently unpaved.
These roads need to be continuously regravelled utilizing naturally occurring
gravels, a ﬁnite, often scarce, non-renewable resource.
In practice, many countries do not have the necessary ﬁnancial resources to
sustain their gravel road networks. As illustrated in Figure 2.5, this quickly
leads to the total loss of the investment as well as to all-weather access for
the communities that these roads serve.
Based on a typical regravelling cycle of 3 4 years and a replacement gravel thickness
of 100 mm over a 6.5 m carriageway, the
annual consumption of gravel in the region
is of the order of 150 million cubic metres.
Is this process sustainable in the medium to
long term? NO!
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Figure 2.5 - Periodic maintenance (regravelling) of unsurfaced roads10
Sustainability considerations
There are a number of very serious concerns to national governments,
developmentt agencies and rural communities regarding the use of gravel
road surfaces. These are summarized in Table 2.4.
Table 2.4 - Gravel road sustainability considerations
Issue

Due to loss of ﬁnes, gravel roads often
become very rough which make driving
conditions hazardous and, in addition to
severe driver discomfort, impose very high
vehicle operating costs.

Sustainability Factor

●

Financial and
economic

❍

Gravel is a sacriﬁcial layer and replacement is at a high cost:
- 30 to 150 mm can be lost per annum
- regravelling operations cost US $5,000 to 30,000 per/km/year
- periodic maintenance costs US $2,000 to $3,000/km/year
- continuous regravelling is a signiﬁcant recurrent ﬁnancial burden

●

Institutional and
management

❍

Unpaved roads:
- typically constitute 70 to 90% of the main road network and most
of the undesignated network
- generate a continuous cycle of deterioration and backlog maintenance
Roads agencies:
- suffer logistical, technical and ﬁnancial constraints
- often have limited physical, human and natural resources
- have little capacity to intervene in maintenance activities as required

❍

●

Standards and
technology

❍
❍

❍
●

Social

❍
❍

●

Environmental

❍
❍
❍

Generation of dust is a constant hazard to
over-taking motorists as well as to inhabitants
living nearby and their crops.

❍
❍

Wastage of ﬁnite resources (selective gravelling difﬁcult in practice).
Expensive mechanised approaches required for regravelling result in:
- operational, support and technical problems
- local ﬁnancing burden
Potential longer term sustainability of labour-based methods
Land take and rehabilitation of borrow pits.Wet weather access
problems for communities continue.
Generation of dust in dry weather with adverse impacts including:
- health hazard
- pedestrian and vehicle safety
- crop, natural habitat and vehicle damage
Continuous demand for use of non-renewable natural resources
which are being seriously depleted.
Haul distances and costs continually increase.
Land take continues.
Roads susceptible to erosion (silting of drains and water courses).
Chemical treatment options can be hazardous.

For the above reasons, it is now abundantly clear that the time has come
to provide more sustainable solutions to low-volume roads in many SADC
countries by sealing them, where viable, at an affordable cost. Meeting this
challenge is the main focus of this Guideline.
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RADITIONAL APPROACHES TO ,632 PROVISION HAVE TENDED TO FOCUS SOME
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●

Social

Social issues: Tend to be neglected or to be subordinate to technical and
economic issues.
● Adopt strategies that:
❍ support cost-effective labour-based methods of construction and
maintenance
❍ ensure community participation in mainstream policy, planning
and decision making
❍ eliminate gender biases and promote participation by
women in labour-based activities
❍ promote activities and investment for sustainable enhanced livelihoods
❍ minimise the amount of resettlement and, where unavoidable,
mitigate its effects by expeditious and compensated resettlement

●

Institutional

Institutional capacity: Often inadequate. Growing trend towards
establishment of more autonomous central and local road authorities.
●

●

Technical

Technology choice: A wide range of options is available for designing,
constructing and maintaining LVSRs.
●

●

Economic

Financial

Enviromental

T
●
●
●
●

Adopt strategies that:
❍ promote commercialisation in the roads sector
❍ establish sustainable sources of funding

Environment: Generally regarded as the price to be paid for development
and often neglected.
●

2.5.4

Adopt strategies that:
❍ integrate social, environmental and economic elements in project appraisal
❍ use appropriate evaluation tools capable of quantifying social,
economic and environmental costs and beneﬁts

Funding: Usually inadequate to meet minimum requirements.
●

●

Adopt strategies that:
❍ employ appropriate design standards and speciﬁcations
❍ utilise technologies that create employment
❍ use types of contract that support the use of local contractors
❍ promote road safety in all aspects of LVSR provision

Economic analysis: Traditional approaches are often unable to capture
the full beneﬁts of LVSR provision.
●

●

Adopt strategies that:
❍ promote commercial management practices to foster institutional,
economic and technical efﬁciency in the provision of LVSRs
❍ reduce and eventually phase out in-house, force account operations
in favour of contracting out of works to the private sector
❍ deﬁne and develop an optimal environment for the development
of local contractors

Adopt strategies that:
❍ minimise the physical impacts of construction and maintenance
❍ take account of socio-cultural impacts (community cohesion)
❍ resource management (recycling of non-renewable materials)
❍ recognise that climate change should be taken into account in the
design process

Main Components of LVSR Provision

he four major components of LVSR provision that will typically be
undertaken within the new SADC institutional framework are as follows:

Planning
Design
Construction
Maintenance

These components have important but changing impacts on the end result - a
Low-volume Sealed Roadd - in terms of their “level of inﬂuence”11. Figure 2.7
illustrates the essential features of the “level of inﬂuence” concept in terms of
how the effect on the total life-cycle costs of a LVSR project decreases as the
project evolves.
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Cumulative
Total cost

Level of
Influence

100 %

100 %
Increasing Expenditures

50 %

50 %

Decreasing Influence

0%
Planning

0%

Design
Construction
Maintenance

1

Time (Years)

10 - 15

In essence:
●

Costs during the planning and design phases are relatively small compared with the total expenditure and are incurred during a relatively short
period of the project’s life. However, their downstream level of inﬂuence is
very large in terms of decisions and commitments made during the early
phases of the project.
This emphasizes the importance of employing a broadly-based, holistic
approach to the planning of LVSRs with the main stakeholders being
involved in the decision-making process. In addition, the designs employed
(geometric and pavement) should be appropriate and relevant to the
environmentt in which the road is being constructed.

●

The capital costs for construction are a fraction of the operating and
maintenance costs associated with a pavement life-cycle. However, the
decisions made during the construction phase, and the methods of
construction adopted, can have a great impact on the cost of maintaining
the road.
This emphasizes the importance of ensuring a high degree of quality
control in the use of local materials and the adoption of construction
methods that are appropriate to the multi-dimensional environment in
which the road is being provided.

●

Maintenance occupies a signiﬁcant number of years in the life of the
project and the type and cost of maintenance required is inﬂuenced
signiﬁcantly by the preceding planning, design and construction phases.
This emphasizes the importance of ensuring that the maintenance phase
is prolonged as much as possible to extend the useful life of the road
and the period of time during which beneﬁts are incurred.

●

At the beginning of the project, the roads agency controls all factors
(100 per cent inﬂuence) in determining future expenditures. The key issue
is how to optimize the use of scarce resources in the provision of LVSRs
in an efﬁcient, effective, appropriate and sustainable manner.

The subsequent chapters of the Guideline deal in turn with the main components
of LVSR provision - planning, design, construction and maintenance - with
particular emphasis on the “level of inﬂuence” concept described above.
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4

HE KEY POINTS RAISED IN THIS CHAPTER ARE



2OADS ARE CENTRAL TO ECONOMIC DEVELOPMENT AND POVERTY ALLEVIATION AS
WELL AS TO CREATING OPPORTUNITIES FOR EMPLOYMENT IN THE 3!$# REGION
$ESPITE THE SUBSTANTIAL INVESTMENTS MADE IN ROAD INFRASTRUCTURE ROAD
TRANSPORT COSTS REMAIN VERY HIGH PARTICULARLY IN RURAL AREAS AND THIS HAS
HAD AN ADVERSE IMPACT ON THE REGIONAL ECONOMY



4HE ROAD NETWORK OF ABOUT ONE MILLION KILOMETRES IS CHARACTERISED BY
RELATIVELY LOW TRAFlC LEVELS   VPD OUTSIDE OF URBAN AREAS VARIABLE
DESIGN STANDARDS POOR ROAD CONDITIONS AND A VERY SERIOUS ROAD SAFETY
PROBLEM



-ORE THAN  OF THE REGIONAL ROAD NETWORK IS UNPAVED )N THE MEDIUM
TO LONG TERM CONTINUOUS GRAVELLING OR REGRAVELLING OF THESE ROADS IS
UNSUSTAINABLE #ONSIDERATION MUST BE GIVEN TO SEALING THEM WHERE
VIABLE AT AN AFFORDABLE COST



.EW MORE SUSTAINABLE BROADLY FOCUSED MULTI DIMENSIONAL APPROACHES
ARE REQUIRED TO DEAL EFFECTIVELY AND EFlCIENTLY WITH THE MANAGEMENT
OF THE LARGE KILOMETRAGE OF UNSURFACED ROADS



4HE REGION HAS EMBARKED ON MAJOR REFORMS OF THE ROAD SECTOR WITH THE
OBJECTIVE OF MANAGING AND lNANCING ROADS WITHIN A MORE COMMER
CIALISED ENVIRONMENT 4HIS WILL HAVE A PROFOUND EFFECT ON THE WAY IN
WHICH THE SECTOR OPERATES IN FUTURE AND PROVIDES THE POTENTIAL FOR
SUBSTANTIAL IMPROVEMENTS IN THE PROVISION OF ,632S



4HE MAIN COMPONENTS OF ,632 PROVISION PLANNING DESIGN CONSTRUCTION
AND MAINTENANCE HAVE IMPORTANT BUT CHANGING IMPACTS ON THE END RESULT
IN TERMS OF THEIR hLEVEL OF INmUENCEv

4HIS CHAPTER PUTS INTO CONTEXT THE CHALLENGES THAT ROAD AGENCIES IN THE REGION
FACE IN PROVIDING ,632S IN A SUSTAINABLE MANNER CHALLENGES THAT ARE
ADDRESSED IN SUBSEQUENT CHAPTERS OF THE 'UIDELINE
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Planning, Appraisal &
Environmental Issues

3
3.1 Introduction

Sequence of activities

3.1.1

Background

Planning
Design
Construction
Maintenance
Duration of activities

A

s indicated in Chapter 2, planning exerts a substantial level of inﬂuence
on the downstream aspects of LVSR provision in terms of its impact on
the subsequent design, construction and maintenance phases. The planning
phase can therefore be rightly viewed as the foundation on which the subsequent phases are based. It is an activity aimed at considering a wide range
of options with the objective of providing an optimal, sustainable solution,
i.e. one which satisﬁes the multiple needs of stakeholders at minimum
life-cycle costs.
It is noteworthy that planning technologies and techniques that are often applied
in the region generally draw little distinction between low-volume and highvolume roads even though these roads have quite different characteristics. As
a result, many aspects of LVSR sustainability are not adequately addressed.
Failure to revise or adapt these planning approaches to cater speciﬁcally
for low-volume roads can lead to the adoption and implementation of suboptimal solutions that are unsustainable.
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The appraisal of LVSRs also requires careful consideration. This is largely
because the traditional tools that are available for their evaluation are generally
not adequate for capturing the full range of beneﬁts - often of a predominantly
social rather than economic nature - that arise from their upgrading. This
indicates the necessity for adopting methods of appraisal that include more
socially oriented investment criteria so as to accord with the social objectives of poverty alleviation. Fortunately, new, customised economic evaluation
models are being developed which are better suited than hitherto for
appraising the upgrading of unpaved roads to a bituminous standard.
Prior to the start of the 1990’s, environmental impact assessments of road
projects were generally not required and, where carried out, were done
largely at the insistence of donors. However, environmental issues are now
assuming greater importance than hitherto and environmental degradation is
no longer being regarded as the price to be paid for development. More and
more environmental units are being established within parent ministries to
ensure that appropriate mitigation measures are employed on road projects.
This requires an integrated framework for dealing with environmental issues
in a comprehensive and systematic manner.

3.1.2

Purpose and Scope of the Chapter

T

he main purpose of this chapter is to outline a generalised approach to
planning which is holistic in nature, taking into account the many external factors that affect the process. The chapter also highlights approaches
that are typically adopted in the appraisal of LVSRs and provides guidance
on their adequacy for dealing with the full range of beneﬁts arising from
upgrading earth/gravel roads to a sealed standard. Finally, the chapter
considers the environmental issues facing road authorities in the region and
the various methods available for mitigating the adverse impacts of road
construction and maintenance.
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3.2 Planning
3.2.1

General Approach

urrent approaches to the planning of LVSRs place greater emphasis than
hitherto on the important issue of sustainability. Achieving sustainability
in the provision of roads continues to elude transport professionals in many
countries. There are still many examples of roads being constructed which,
because of lack of sustainability in one way or another, often as a result of
inadequate maintenance, have resulted in wasted investments.

C

A road where one or more of the seven
dimensions of sustainability is missing.

As highlighted in Chapter 2, a holistic approach is required in which all
dimensions of sustainability are addressed at the planning stage. This places
more weight on multi-disciplinary planning in which teams consisting of
planners, engineers, environmentalists, etc. work together with stakeholders
in order to reach optimal solutions in the most cost-effective way. Such an
approach provides the best chance of achieving long-term sustainability of
projects and is strongly promoted in this Guideline.
Planning for labour-based construction and maintenance works has also taken
on a new emphasis as more and more SADC governments recognise the
beneﬁts of adopting this approach, where viable, as a means of providing much
needed employment.

3.2.2

Planning Framework

A

major challenge faced by planners and engineers in the SADC region
is to ensure that the planning and appraisal procedures produce outputs
that have the full support of decision makers. Such a framework should be
transparent, relatively simple to carry out, unambiguous and equitable. Table
3.1 presents a generalised framework for this purpose.
Table 3.1 - Framework for planning and appraisal
When needs are great and resources limited,
selection methods are necessary to make
sure that only the roads with the greatestt impact are constructed. Such methods should
not be too costly to apply in proportion to the
investment involved, nor should they be so
complicated that few understand how they
work. Ideally, selection methods should ensure
that few good candidate projects will be
rejected and not too many poor ones accepted.

Project
Cycle

Planning
Activity

Typical Evaluation Tools

Output

Identiﬁcation

Selection

Policy resource analysis
Master Plans
Local/regional plans

Long list of
projects

Feasibility

Screening

Livelihoods analysis
Integrated Rural Accessibility Planning

Shorter list of
projects

Design

Evaluation

Cost-beneﬁt analysis
- consumer surplus (e.g. RED)
- producer surplus
- compound ranking
- multi-criteria analysis

Short list of
projects

Commitment
and
negotiation

Prioritisation

Budget considerations
- ranking by economic or socioeconomic criteria

Final list of
projects

In principle, the planning and appraisal processes are structured activities
which start from the general and work towards the particular in relation to
both data and project ideas1. The main features of the planning and appraisal
processes are as follows:
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Box 3.1 - Planning and appraisal processes
●

Selection: This is a multi-sectoral and multi-disciplinary process whichh
should generate sufﬁcient projects to ensure that no potentially worthwhile
ones are excluded from consideration. The output is a long list of projects
determined on the basis of an unconstrained policy resource analysis that
satisfy national road transport policy.

●

Screening: Deﬁnes the constraints within which speciﬁc planning
solutions must be found, i.e. a constrained policy resource analysis.
The output is a shorter list of projects that justify further, more detailed,
analysis.

●

Evaluation: The shorter list of projects is subjected to a detailed costbeneﬁt appraisal for which various methods are available. The output is
a ﬁnal list of projects which satisfy a range of criteria - political, social,
economic, environmental - at least cost.

●

Prioritisation: Ranks the “best” projects in order of merit up to a cutoff point dictated by the budget available.

Proper selection and screening of candidate
road projects at an early stage of the planning
process are important.

Typical Project Cycle
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D e sig
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Planning Considerations

T

he procedures described in the planning and appraisal framework shown
in Table 3.2 are common to any type of road project. However, there are
aspects of it that are of particular signiﬁcance in the planning and appraisal
of LVSRs that often do not emerge from conventional approaches. These are
summarised below:

t
mi t
Co mn e go

Table 3.2 - Project cycle and related activities
Stage

Issues to be considered

Project identiﬁcation
●
Project objectives

●

●
●

●

Feasibility
●
Design criteria
●
Cost-beneﬁt analysis
●
Socio-economic assessment
●
Road safety assessment
●
Environmental assessment
● Livelihoods

●
●

●
●
●

Design
●
Design standards
●
Pavement/surfacing design

●

●

It is important that both the client and the contractor share a common vision on the standard
of the road to be constructed.

●

Commitment & negotiation
●
Contract documentation

●
●
●

SADC Guideline on Low-volume Sealed Roads

Are the strategies being adopted supportive of government
policy? (e.g. employment creation).
Are they relevant to the current and future needs of beneﬁciaries?
Are they cognisant of the multiple objectives and views of
stakeholders?
Have effective communication channels with stakeholders
been created? Are they gender sensitive?
Is there adequate participatory planning and consultation
with public and private sector stakeholders?
Do the design criteria take full account of the speciﬁcities
of LVSRs, including non-motorised trafﬁc?
Are appropriate evaluation tools being used?
Has a base line environmental survey been undertaken?
Has a road safety audit been incorporated in the project?
Are the geometric, pavement design and surfacing standards technically appropriate?
Are they environmentally sound?
Are speciﬁcations and test methods appropriate to local
materials being used?
Do designs accommodate construction by labour-based methods?
Do they include environmental protection measures?
Have tender documents been prepared and contract strategies
adopted that facilitate involvement of small contractors?
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Implementation
●
Construction
●
Inspection and monitoring
●
Environmental mitigation
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●
●
●

The end result - a successfully completed
project that meets the requirements of all
stakeholders by satisfying the seven key
dimensions of sustainability.

Operations and maintenance
●
Performance evaluation
●
Maintenance operations

●

●
●

Have labour-based rather than equipment-based methods
of construction been adopted where feasible?
Are environmental mitigation measures contained in the
contracts? Are they enforcable?
Have speciﬁc measures been included in the contract to
cater for health and safety matters such as HIV/AIDS?
Have the various indicators of socio-economic well-being
been monitored and evaluated?
Are there adequate arrangements for community participation in road maintenance?
What are the lessons for the future?

Thus, in the planning and appraisal of LVSRs, it is necessary to consider
carefully the multi-dimensional range of issues highlighted in Table 3.2 that
can signiﬁcantly inﬂuence the output of the process.
Labour-based construction: The economically efﬁcient employment of as much labour
as is technically feasible to produce as high
a standard of construction as demanded by
the speciﬁcation and allowed by the funding
available. This implies an optimal balance
between labour and equipment.
Labour-intensive construction: The use of
as much labour as possible by substituting
men for machines often to satisfy short-term
needs. This implies an imbalance between
labour and equipment and, invariably, an
economically inefﬁcient end product.

“We know that employment is the ﬁrst
step towards escaping from poverty”.
Juan Somavia, Director General of the
International Labour Organisation (ILO),
2001.

Labour-Based Projects
In view of the emergence of labour-based approaches as a viable alternative to
some aspects of the more traditional plant-based approaches, the planning of
such projects merits special consideration. Without appropriate technical and
ﬁnancial planning from the inception of a project, serious problems may ensue,
which may ruin the initiative and bring into disrepute the practicability and
objectives of labour-based projects.
Many items need to be investigated in terms of their suitability for labour-based
methods of construction or maintenance. Contractual aspects need to be
established
d and appropriate designs undertaken. Such planning must extend
beyond engineering technology and the practicality of construction and also
consider such factors as the ﬁnancing and management of labour-based projects.
Guidance and training on such issues is provided by a number of international
organisations in the SADC region, including the International Labour
Organisation
n Advisory Support, Information Services and Training (ILO/
ASIST).
Box 3.2 - Why labour-based construction?
The primary objective of labour-based projects is to complete construction
efﬁciently and economically within a speciﬁed time. Secondary objectives
include:
●
●
●

Employment creation.
Creation of local entrepreneurs.
Optimization of the use of local
resources.

●
●
●

Creation of skills.
Improvement of labour productivity.
Construction of a technically sound,
economically efﬁcient product.

For many people, labour-based work may be their ﬁrst formal job and a future
doorway to other forms of work. Moreover, money which would go out of the
community is retained and the skills attained can be applied later in the
maintenance of the project throughout its life, or on other similar projects.
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External Factors

T

here are a number of external factors, many of them of a non-technical
nature, that directly or indirectly affect the planning process itself or the
outcomes from that process. It is important to be aware of them when devising
an appropriate planning procedure and, where possible, to take them into
account. These various factors are listed in Table 3.3.
Table 3.3 - External factors that affect the planning of LVSRs
Decision making should be based on rational
technical, economic or social factors which,
ultimately, should be coincident with the best
political options. However, frequently, the
political factors take precedence over technical, economic or social factors.

Environment
Political

Factor
●
●

●

Government
policy
Political
perceptions
Political
involvement

Implications on approach to LVSR provision
●

●

●

Social

●

●

●

Poverty
alleviation
Sustainable
livelihood
Gender considerations

●

●

●

●

Institutional

●

Organisation

Inﬂuences practice. Covers issues such as poverty alleviation, sustainable socio-economic development, technology
choice, employment creation, standards, sources of funding.
Tendency to favour conventional approaches and standards
with perceived minimum “risk” attached to them. There is a
need to communicate effectively, quantify and “sell” innovative approaches and appropriate, non-traditional standards.
To be expected. Will tend to inﬂuence decision-making.
Highlight pros and cons of alternative solutions in a balanced, transparent manner and maintain continuous dialogue with stakeholders.
Implies use of labour-based rather than fully plant-based
methods, where feasible.
Enhance local participation and resource mobilisation by
involving the people who will ultimately beneﬁt from the
projects.
Understanding community strengths and weaknesses,
assets, vulnerability to shocks and constraints, governance issues and policies needed.
Eliminate gender biases by integrating the transport
needs of women in the mainstream of policy and
planning.

●

Promote participation by women in labour-based construction and maintenance programmes and training to
assume supervisory roles.

●

Growing trend towards establishment of more
autonomous central and local roads authorities.
Greater scope for generating accountability for results
in road programmes and moving from force account
to contracting out of work to the private sector.

●

Technological

●

Technology
choice

●

Need for cost-effective strategies that utilise the dual
output of road infrastructure and employment creation.

Economic

●

Evaluation

●

Road beneﬁts are often not limited to use of road, but
alsofrom the way in which the road is ﬁnanced, designed, constructed and maintained. There is a need to
capture monetary and non-monetary beneﬁts in the
evaluation ramework.

Financial

●

Funding
Sustainability

●

Usually very scarce. Financing proposals must look
increasingly at minimum standards, limited donor funding and local funding of recurrent maintenance costs.
Sustainability of funding has become a critical issue.
There is a need to commercialise operations where possible
and involve stakeholders in the maintenance of facilities.

●

●

Environmental

●

Impact

●

●
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Need to capture social as well as environmental impacts
in the evaluation of LVSRs.
Address health-threatening impacts as a high priority.
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“A livelihood comprises the capabilities,
assets (including both material and social
resources) and activities required for a
means of living. A livelihood is sustainable
when it can cope with and recover from
stresses and shocks and maintain or enhance
its capabilities and assets, and provide
sustainable livelihood opportunities for
the nextt generation; and which contributes
net beneﬁts to other livelihoods at the local
and global levels and in the long and short
term.”
Chambers and Conway, 19922.
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Planning Tools

Policy Analysis
he objective of policy analysis is to deﬁne, in general terms, the constraints within which speciﬁc planning solutions must be found. Constraints
may relate to such factors as government policy on employment, provision of
accessibility, income distribution and regional development as well as technical factors such as type of terrain and transport facilities, level of existing
trafﬁc, capacity and expertise of the local construction industry, availability
of ﬁnance, etc.

T

Master Plans
Master plans or regional plans are used in many SADC countries to help in
determining priorities for the future. These plans are not transport speciﬁc
but relate to all sectors and help to identify investment requirements and
priorities over a deﬁned period. It is at this stage that new road projects will
ﬁrst be identiﬁed.
During the preparation of a master plan it is important that transport planners
liaise closely with other Ministries. In the rural context particular priorities will
include education, health and agriculture. It is also important that extensive
consultation is undertaken with local communities and opinion leaders.

H = human capital: the skills, knowledge,
ability to work and good health are important
to the ability to pursue different livelihood
strategies.
P = physical capital: the basic infrastructure
(transport, shelter, water, energy and communications) and the production equipment
and means that enable people to pursue
livelihoods.
S = social capital: the social resources (networks,
membership of groups, relationships of trust,
access to wider institutions of society) upon
which people draw in pursuit of livelihoods.
F = ﬁnancial capital: the ﬁnancial resources
which are available to people (whether savings,
supplies of credit or regular remittances or pensions) and which provide them with different
livelihood options.
N = natural capital: the natural resource
stocks from which resource ﬂows that are
useful for livelihoods are derived (e.g. land,
water, wildlife, biodiversity, environmental
resources.)

Livelihoods Framework
“Livelihoods Analysis” is a useful approach to adopt in order to identify the
ways in which any particular investment intervention will impact, beneﬁt or
disadvantage the local community2. A rural livelihoods analysis provides a
framework for understanding how any proposed changes will affect personal
or community livelihoods in the longer term. It focuses directly on how the
local community uses and develops its social (S), human (H), ﬁnancial (F),
natural (N) and physical (P) asset structure (see Figure 3.1).
It is clear that transport interacts with many aspects and dimensions of a
person’s or a community’s livelihood. For example, substantial beneﬁts
could be obtained if the labour requirements involved in collecting water,
ﬁrewood or taking crops to market could be reduced. The provision of allseason road access could reduce the vulnerability of rural communities by
removing seasonal isolation, and reducing transport costs and travel times to
essential economic and social services.
LIVELIHOOD ASSETS

N
SHOCKS
TRENDS

influence
& access
P

F

STRUCTURES
Levels of
Government
Private
sector

Laws
Policies
Culture

More income

LIVELIHOOD
STRATEGIES

IN ORDER TO ACHIEVE

H

S

SEASONALITY

LIVELIHOOD
OUTCOMES

TRANSFORMING
STRUCTURES &
PROCESSES

VULNERABILITY
CONTEXT

Institutions

Increased
well-being
Reduced
vulnerability
Improved
food security
More sustainable
use of NR-base

PROCESS

Figure 3.1 - Sustainable livelihoods framework
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Integrated Planning Techniques for Transport
Master plans and the sustainable livelihoods approach are both general multisectoral planning tools but the speciﬁc focus is not on transport interventions.
Transport may or may not be one of the interventions that are identiﬁed.
However, there are a number of integrated planning techniques that speciﬁcally
address transport issues. Their common thread is that planners need to address
a range of issues in improving the accessibility of rural people to essential
economic and social services through a combination of improved infrastructure,
improved transport services and the improved location of the services
themselves.
Integrated Rural Accessibility Planning (IRAP) was developed by the ILO3
and is probably the most widely used planning technique of its type. IRAP has
been used in many countries in the region, including Tanzania and Malawi.
The approach integrates rural households’ mobility needs, the siting of essential
social and economic services, and the provision of appropriate transport
infrastructure. Communities are involved at all stages of the planning procedure.
It is based on a thorough but easy to execute data collection system that seeks
to rank the difﬁculty with which communities access various facilities.
Box 3.3 - Integrated Rural Accessibility Planning
In this approach, an Accessibility Indicator (AI) is calculated for various
facilities in each community. It is a function of the number of households
(N), the average travel time to a facility (T), the target travel time (Tm) and
the frequency of travel (F):
AI = N * (T - Tm) * F
Typical facilities included are health, education, water and fuel. The accessibility
indicators are ranked in descending order and interventions are prioritised in
this way. Results of this process are discussed at a participatory workshop and
interventions identiﬁed which most effectively reduce time and effort spent.
Network-Based Planning
Traditionally, investments in roads have been evaluated on a link by link basis
with less consideration given to the contribution that each link - competing
for investment - makes to the connectivity or accessibility of the entire network. To overcome such short-comings, network-based planning approaches
are increasingly being used to analyse the road system as a whole in order
to prepare long-term strategic planning expenditure for road development
and maintenance under various budgetary and economic scenarios.
Unfortunately, the situation confronting many SADC countries is one in
which funding is available for maintenance of only part of the road network.
In such situations it has become necessary to identify a “core road network”
which is reviewed periodically and will expand or contract depending on local
circumstances. Such networks often include roads of different classes that
are considered to be an essential part of the total network so that links are
maintainedd between all the communities throughout the country.
Models such as HDM-4 can be used for network-based planning purposes.
However, as is often the case in many rural network situations, the necessary
data required by such models are often not available, making such models
inappropriate. Thus, procedures that involve a high level of stakeholder consultation are likely to be more effective for rural network planning purposes.
However, there seems to be little information in the form of manuals on
community-based network planning procedures.
SADC Guideline on Low-volume Sealed Roads
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Stakeholder Consultations

Why Have Stakeholder Involvement?
he objective of consultation is to ensure that the road planning process is
undertaken inn an accountable and transparent manner. This is important
for the overall beneﬁt of the affected stakeholders and for the country at
large. Consultations should be carried out throughout all stages of the project
cycle and should be undertaken in such a manner as to allow full participation
of the authorities and the public with the following typical aims:

T

Beneﬁts of engaging in consultations with local
communities at all stages of the project cycle
include local knowledge of risks such as ﬂood
levels, location of resources, trafﬁc ﬂows, etc.

●
●
●
●

establishing background information on the project from all possible sources
identifying viable alternatives for the project
taking on board the views of stakeholders at all stages of the project
reaching a consensus on the preferred choice of project(s)

Decisions on transport planning and prioritisation in the SADC region have
often been taken without considering the transport requirements of the people
being affected by the investment. Insufﬁcient consultation has led to the
inappropriate use of resources both in terms of their usefulness to rural communities but also in terms of their impact on social and cultural traditions.
To rectify this shortcoming it should be ensured that:
●

●
●

local people are involved in the selection, design, planning and implementation of programmes and projects that will affect them
local perception, attitudes, values and knowledge are taken into account
a continuous and comprehensive feedback process is made an integral
part of all development activities

Who are the Stakeholders?
Many people have an interest in road projects and all interested groups need
to be identiﬁed and consulted in the road selection process. The primary
stakeholders are those people whose social and economic livelihoods will be
directly affected by the project and include:

Stakeholder involvement in the decisionmaking process is critical for long-term
sustainability of any road project.

●

rural communities

●

farmers group

●

market traders

●

transport operators

Some other interest groups are important in the decision-making process,
even though their own lives may not be affected directly by the project.
These include:
●

district leadership

●

district’s works agencies

●

national roads department

●

local and national politicians

Because leaders’ standpoints can differ signiﬁcantly from the experiences of
“average” village members, it is important for any consultation process to go
beyond the leadership to the grass roots.
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Consultation Techniques
There are a number of recognised participatory techniques for working with
communities to determine their transport needs. These usually entail the use
of trained facilitators to visually represent community livelihoods to identify
constraints and needs. Typical techniques include:
●

Participatory Rural Appraisal (PRA).

●

Rapid Rural Appraisal (RRA).

Other methods include public hearings through political leaders, and direct
community consultation. Workshops are often a good way of undertaking
initial prioritisation exercises, delivering key messages and receiving feedback. It is important that all consultation techniques are well organised, that
all the relevant stakeholders have been invited and that the deliberations
take place in an interactive and transparent manner.

3.2.7

Surveys

F

ollowing from the ﬁrst two phases of the project cycle there will be an
initial selection of roads put forward for possible improvement and
funding. Before ﬁnal decisions can be made it is important to obtain information that is speciﬁc to the roads concerned. This involves conducting various
road transport surveys which can help to pinpoint measures (technical,
institutional and ﬁnancial) for improving efﬁciency. These surveys may also
provide supporting evidence for community perceptions on transport or,
exceptionally, may provide some contradictory arguments that would need
to be resolved. Participatory enquiry also supports a much greater focus on
poverty issues and the role of transport in livelihoods4.
Engineering Surveys
Engineering condition surveys need to be undertaken in order to identify the
present condition of the road, the nature of proposed interventions, the quantities of work and the costs of the interventions and the future condition of the
road. The interventions required for different treatments need to be identiﬁed
and costed with the engineering surveys. It is important that alternative
options are considered in the detailed appraisal.

Trafﬁcability of unpaved roads is adversely
affected during the wet season.
Trafﬁcability versus Passability:
Trafﬁcability: A road is deﬁned as having
trafﬁcability problems when the percentage
of wet season trafﬁc falls below 50% of the
dry season trafﬁc.
Passability: A road is deﬁned as having
passability problems when it is completely
closed to motorised trafﬁc for either part of
or all of the year.

Of particular importance to low-volume sealed roads is the provision of year
round access and the social and economic beneﬁts that arise from that. Therefore, it is important that there is some engineering judgement on the length of
time that impassability or trafﬁckability problems affect the road.
The term “trafﬁcability” is relatively new and stems from research in Tanzania that showed that trafﬁc levels tend to fall during the wet season even
on roads in good condition. Typically, motorised trafﬁc volumes will fall
in the wet season to 80% of their dry season level. However, on poor quality roads this difference is even more marked and trafﬁc can fall to 35%
of dry season trafﬁc levels, as shown in Figure 3.2. For the purposes of
this Guideline it can be assumed that roads have trafﬁckability problems
when wet season trafﬁc levels fall below 50% of dry season levels.
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Figure 3.2 - The difference in wet season and dry season trafﬁc levels
on poor quality roads in Tanzania
Trafﬁc Surveys
Trafﬁc counts are one of the most important items of data for both geometric
and pavement design as well as for planning purposes in terms of evaluation
of economic beneﬁts derived from construction of LVSRs. For these purposes,
it is necessary to ascertain the volume and composition of current and future
trafﬁc in terms of motorcycles, cars, light, medium and heavy goods vehicles,
buses, and, importantly, non-motorised vehicles and pedestrians.
The three most commonly used types of trafﬁc surveys for LVRs are:
Automatic Trafﬁc Surveys.
Manual Trafﬁc Surveys.
Moving Observer Methods.

●
●
●

Although the methods of trafﬁc data collection may vary, the objective of the
each method remains the same - essentially to obtain an estimate of the
Annual Average Daily Trafﬁc using the road, disaggregated by vehicle type.
Prediction of such trafﬁc is notoriously imprecise, especially where the roads
serve a predominantly developmental or social function. Thus, the timing,
frequency and duration of trafﬁc surveys should be given very careful
consideration
n in terms of striking a balance between cost and accuracy. As
indicated in Figure 3.3, short duration trafﬁc counts in low trafﬁc situations
can lead to large errors in trafﬁc estimation and, in this respect, Moving
Observer methods are likely to be particularly inaccurate.
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Figure 3.3 - Errors in ADT estimates from counts of varying duration5
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The accuracy of trafﬁc counts can be improved by increasing the count
duration or by counting in more than one period of the year. Improved
accuracy can also be achieved by using local knowledge to determine
whether there are days within the week or periods during the year when
the ﬂow of trafﬁc is particularly high or low.
Local knowledge should also be used to select appropriate locations for
conducting the trafﬁc counts to ensure a true reﬂection of the trafﬁc using
the road and to avoid under - or over-counting.
Origin and Destination Surveys, using a variety of survey techniques, are
sometimes carried out to establish the nature of travel patterns in and around
the area of enquiry. These surveys, which can be quite labour-intensive,
serve a number of useful purposes including a quantitative assessment of the
amount of trafﬁc likely to be affected by the proposal and the consequent
impacts on various elements in the road system.
Axle Load Surveys
Axle load surveys provide critical and essential information that is required
for both cost-effective pavement design as well as preservation of existing
roads. The importance of this parameter is highlighted by the well-known
“fourth power law” which exponentially relates increases in axle load to
pavement damage (e.g. an increase in axle load of 20% produces an increase
in damage of about 120%).
Axle load surveys can be expensive to undertake and should be carefully planned
and organised in relation to the level of resources that can be committed to the
survey (time, personnel and money) and the objective of the survey which could
be:

Portable weighbridge system.

●

determination of vehicle equivalence ﬁgures (pavement design)

●

overload control (pavement preservation)

The type of equipment which may be used for axle load surveys also varies
widely and includes:

Survey
Resources

●

static or dynamic weighing equipment

●

manual or automatic recording of loads

●

portable or ﬁxed installation

The quality of the data obtained will depend on the type of equipment used, the
duration of the survey and the degree of quality control performed. In general,
the higher the quality of the data, the greater will be the resources required to
collect them.
Quality of
Data

Quantity of
Data

Trade-offs in undertaking an axle load
survey.

There is an almost inevitable trade-off between available resources and the
accuracy obtainable from a sample survey. The art of good survey design is to
know when the optimal value for money from the survey is achieved. Further
constraints exist for the data analysis stage. Some analysis techniques require
expertise, computer hardware and software which may not always be available.
Thus, the choice of analysis procedures may also involve trade-offs.
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Ultimately, an appropriate choice of equipment should be made in relation to
such factors as:
accessibility to back-up support (technical and maintenance)
ease of installation and use
accuracy of measurement required
acquisition and operational cost of equipment

●
●
●
●

Measurement of rear axle load using portable
weighbridge.

It is also important that axle load surveys are carried out in a systematic and
standardised manner and separated from weighbridge measurements undertaken for the purpose of enforcing axle load limits. Guidelines currently exist
in a number of SADC countries for carrying out axle load surveys.
Box 3.4 - Minimum information typically derived from axle load surveys
●
●
●

Axle load survey in progress. Such surveys
are typically carried out over a 24 hour
period for seven days.

Axle loads of all heavy vehicles whether empty or loaded.
Vehicle category.
Loading in each direction of the road.

Each axle in a multi-axle combination shall be measured separately. The
survey point should also be equipped with sufﬁcient capacity to weigh all
heavy vehicles that are passing in one direction at a time, both empty and
loaded.
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3.3 Appraisal
3.3.1

Investment in LVSRs

T

he road sector consumes a considerable part of the overall infrastructure
investments made in the SADC region and, with an increased focus on
poverty reduction, there is an increasing emphasis on those for LVSRs.
However, investment in such roads should be based on a set of clearly
understood
d needs for them. The process of establishing those needs requires
detailed consideration of both the economic and social roles of roads and
these, in turn, must be seen in the context of larger community needs for
accessibility and mobility. Certainly the provision of roads will be only one
of the mechanisms used to satisfy those needs.
The various short-term effects and longer-term impacts of such road investments
may be depicted roughly as shown in Figure 3.4. They are not just a progression
in time, they are also a progression in certainty with the more distant
developments being more difﬁcult to achieve and less certain to materialise.
Effects/impacts
Road construction / maintenance
Employment
Transport
Agriculture
Non-road related employment
Non-agricultural production
Income effects
Social effects
Institutional changes
Time
Figure 3.4 - Effects and impacts of road investments over time6

From the perspective of investment in roads only, employment is regarded as
certain. Such employment, and thus the potential for assisting the poor,
is obviously enhanced by the use of labour-based methods. With the
exception of employment, all the rest of the other effects and impacts are
indirect. Whether they occur or not depends on two factors:
(1) that trafﬁc materialises as a result of the road improvement
(2) that this trafﬁc is operating more efﬁciently

3.3.2 Life-Cycle Costing
aving identiﬁed a short list of projects, it is the purpose of an economic
appraisal to ensure that the options considered represent a cost effective
way of delivering the road. Appraisals driven by economic requirements will
be relatively easy to identify via beneﬁt-cost analyses. However, traditional
appraisal frameworks do not cater well for economic justiﬁcation of LVSRs
as poverty reduction and other social beneﬁt issues are more difﬁcult to
quantify and tend to be ignored.

H
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Life-cycle costing uses economic evaluation
techniques to select, from a series of options,
the most economically appropriate new
road project and the maintenance and/or
rehabilitation treatment to be applied to an
existing road.
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In traditional approaches to undertaking an economic analysis, the basic objective
is to determine the optimum mix between the costs of the project (related to the
design standard) and the beneﬁts from the project in terms of transport cost
savings and other secondary beneﬁts such as social and environmental beneﬁts.
The purpose is to ﬁnd the investment option that minimises life-cycle costs.
Figure 3.5 shows the conceptual total road transport cost curve which is made
up of the construction/rehabilitation costs, maintenance costs and road user
costs. It shows that as construction/rehabilitation costs increase (because of
higher design standards) road user costs are typically reduced. The optimum
road design standard is attained when the sum of the project costs are
minimised. This optimum standard varies in relation to trafﬁc level and
the associated relative mix of construction, maintenance and user costs.

Total

Cost

Optimum
Road User

Decreasing traffic Increasing traffic

Construction/
Rehabilitation
Maintenance
Road Design Standard

Figure 3.5 - Economic analysis of optimum road design standards
For a given trafﬁc level, if the road were to be constructed to a standard
higher than the optimum, then the beneﬁts derived from a reduction in road
user and maintenance costs would not sufﬁciently offset the costs of initial
construction and the resulting investment would be sub-optimal. This highlights the importance of ensuring that appropriate standards are adopted in
the planning, design, construction and maintenance of LVSRs. As might be
expected, the optimum design standard for a LVR is lower than for a HVR.
Principles of Economic Appraisal
Several methods exist for the economic appraisal of road paving projects for
which the primary objectives are to determine:
●

●

●
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the appropriate size of investment and the returns to be expected from this
investment
the appropriate geometric and structural design standards for the size of
investment in order to obtain the expected returns
the economic and socio-economic impact of investments such as the
improvement to the community of industrial, agricultural, educational andd
health services
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Benefits
(+)

Through identifying, quantifying in monetary terms, and comparing the costs
and beneﬁts of different options, this technique is able to provide guidance
on the design, prioritisation and selection of candidate road projects by
addressing a wide variety of key decision-making issues. For instance:

User cost
savings

Time
(years)
Costs
(-)
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Maintenance
Rehabilitation
Construction

Distribution of costs and beneﬁts during the
life-cycle of a road option.

●

is the investment economically justiﬁable?

●

if there are a range of alternative investments, which option gives the
best economic returns?

●

is the timing of the proposed project optimal?

●

should components of the project be phased in over a period of time?

●

how does risk and uncertainty affect the choice of projects?

●

if funds are limited and there are many worthwhile investments, which
should be built ﬁrst?

An economic analysis considers the project from a national point of view. In an
economic cost beneﬁt analysis, the total costs and beneﬁts that arise from a project are identiﬁed and measured, irrespective of who incurs the costs or beneﬁts
from the project. In contrast to a ﬁnancial analysis, no monetary transaction
needs to take place for an economic beneﬁt or cost to be incurred.
Main components: The main components of an economic evaluation are as
follows7:
●

The identiﬁcation of at least two different cases or scenarios; this will involve
one base or “without investment” case and at least one project or “ with
investment case”.

●

The planning time horizon i.e. the period over which the evaluation is made.

●

An estimate of the project investment costs speciﬁed in economic price terms.

●

The beneﬁts of the project or projects speciﬁed in economic price terms
estimated from the differences in the costs of the with and without cases.

●

A year-by-year determination of the costs and beneﬁts of the different projects
over their design lives, using discounted cash ﬂow techniques to bring them all
to their present value in terms of economic decision criteria such as
NPV, BCR or IRR.

An investigation of how robust or reliable the results are through the use of
sensitivity analysis or risk analysis.

3.3.3

Quantiﬁcation of Costs and Beneﬁts

T

here are two principal methods of quantifying project costs and beneﬁts
in economic terms, the Consumer Surplus approach and the Producer
Surplus approach:
(1) Consumer surplus approach: This is the orthodox approach to estimating the economics of road investments which assumes a reduction in transport costs arising from savings in vehicle operating costs8. The direct beneﬁts
to road users - the consumer surplus - equals the product of the number of
trips and the cost saving per trip.
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The consumer surplus approach is normally used for those projects where
trafﬁc levels are likely to be sufﬁcient for road user costs savings to justify
funding of the project. The minimum trafﬁc threshold which makes this
approach appropriate to use is difﬁcult to deﬁne beforehand but is likely
to be of the order of 50 - 100 vpd.
(2) Producer surplus approach: In situations where no road exists and a
substantial improvement in vehicle accessibility is planned to help develop
an area, the producer surplus approach may be the most appropriate way of
estimating agricultural beneﬁts arising from road investment9. The producer
surplus approach estimates the predicted beneﬁts arising from the reduced
cost of agricultural produce which will normally be the same as that predicted
by a consumer surplus approach. However, when the producer surplus method
is used, passenger beneﬁts and other non-agricultural cost savings still need to
be estimated separately.

Transporting bananas and other food-stuff
by bicycles.

The agricultural production and the size of the producer beneﬁts are predicted
from the rise in farm gate prices brought about by the decline in costs of
transporting produce to market, as well as the decline in transport costs of
agricultural inputs. However, several difﬁculties have been identiﬁed with
the application of this method, including the need for substantial amounts of
data, which may be either unavailable or of questionable reliability, and the
fear of double counting. For such reasons, the use of the producer surplus
method is not recommended unless there is a great deal of knowledge about
agriculture and its likely response to changes in input and output prices.

3.3.4

Project Costs

T

here are two main areas to address in calculating project costs:

1) The project costs for a range of alternative infrastructure standards.
2) Technology choice and the options available from labour-based to equipment intensive.
The main project costs include:
●

planning/design costs

●

construction/supervision costs

●

road agency costs (administration, operation and maintenance)

●

road users’ costs (VOC and TTC)

Construction and maintenance costs can vary signiﬁcantly according to the
standards to which the road is built. There are signiﬁcant cost advantages
from using the LVSR standards as set out in this guideline and it is important
to have a detailed knowledge of these costs in the appraisal process. Table
3.4 gives the main options and the likely impact on construction costs.
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Table 3.4 - Options for reducing construction costs
Option
Replacing a conventional geometric design
process by a “design by eye” approach, where
appropriate, and minimising deviations from
existing alignments.
Use of more appropriate pavement designs
and natural gravel rather than crushed stone.
Considering a range of infrastructure standards.
Utilising an existing gravel wearing course
e.g. as base or subbase .
Compacting subgrade and pavement layers
to refusal, where feasible, rather than to
arbitrary prescribed levels.
Adopting appropriate surfacing technologies
such as sand seals and Otta seals.
Increasing the use of labour and local
resources where appropriate.
Using seals as a spot improvement measure.

Short sections of road in poor condition can
beneﬁt signiﬁcantly from spot improvement
works.

Potential Beneﬁts
Reduced earth works and environmental
damage. Earthworks can be typically 30%
of total construction costs in rolling terrain.
Reduced pavement costs due to lesser haulage
distances and reduced materials processing
costs.
Allows an optimum standard to be adopted
which minimises total transport costs.
Reduced haulage distances and materials costs.
Increased density, reduced road deterioration
and increased maintenance intervals.
Reduced haulage distances, reduced processing
costs.
Lower economic/ﬁnancial costs for speciﬁc
tasks.
Reduced surfacing costs whilst maintaining
year round access.

The use of LVSR technology for spot improvements has, potentially, very
signiﬁcantt applications on a wide range of roads that do not justify providing
a seal over the entire length but could beneﬁt from spot sealing works.
These spots might include areas where there is signiﬁcant seasonal difﬁculty
in maintaining access such as on steep slopes or areas that are prone to
ﬂooding. They may also include stretches through towns and villages where,
for social and environmental reasons, a sealed road would reduce dust nuisance
and improve safety. Spot improvement strategies, particularly for the lower
volume roads, provide a good way of meeting the planning objectives of
maintaining basic access while minimising total transport costs.

3.3.5

Project Beneﬁts

C

hanges in the efﬁciency of transportt are the essential mechanism by
which beneﬁts from road building are transferred or released6. These
changes are more than likely to occur with the sealing of an earth/gravel
road in the form of a reduction in vehicle operating costs (VOC). However,
other beneﬁts of a broader socio-economic nature are also likely to occur
and, by meeting speciﬁed social objectives, offer scope for achieving poverty
reduction.
The beneﬁts arising from the upgrading of a LVR typically include:
●
●
●
●

developmental beneﬁts - such as beneﬁts to generated trafﬁc
social beneﬁts - access to facilities through improved passability
road user cost savings - such as reduction in VOC and TTC
road agency beneﬁts - such as reduction in maintenance costs

In general, the more competitive and less distorted an economy, the more
likely that the primary beneﬁts will cover the full consequences of a road
investment. However, for the purpose of this Guideline, there is a case for
including secondary beneﬁts, particularly in circumstances where:
●
●
●
●
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Estimate of
secondary
benefits

Area of overlap or
double counting

Figure 3.6 - Overlap of primary and secondary beneﬁts
Social Beneﬁts
Social beneﬁts are not only some of the most difﬁcult to quantify but, also,
there is no universally agreed method for incorporating them within an
economic analysis. Furthermore, a simplistic addition of social and economic
beneﬁts is likely to lead to problems of double counting.
The following provides some of the options that could be considered for
incorporating social beneﬁts within an economic analysis.
(1) Where roads suffer from impassability or trafﬁckability problems there
will be additional beneﬁts from improved road provision that create year
round access. The principal social beneﬁts come from improved access to
health facilities and education services, employment opportunities and social
interaction. Little research has been done on the best way to quantify these
beneﬁts but practical approaches have tended to factor up conventional
VOC savings for the period a road suffers either passability or trafﬁckability
problems.
(2) It is possible to identify key social criteria such as targeting the poorest
areas, reducing isolation to basic services and markets. These would have
to be identiﬁed on a project by project basis following consultation with
all the relevant stakeholders. In a similar way to the approach indicated
above, VOC beneﬁts could be factored up if the improvement of a particular
road met these social criteria.
(3) Beneﬁts from education and health facilities can be estimated from improved access and the resulting improvements from income earning
opportunities. For example, beneﬁts from increased school enrolment levels
can be estimated based on higher life earnings of the children who wouldd
have otherwise remained unskilled. Health beneﬁts can be assessed basedd
on reduced sick days away from work and the associated net income.
However, such an approach may involve considerable ﬁeld data collection
and analysis.
(4) Quantifying social beneﬁts in the same units as economic beneﬁts10. In this
approach, it is assumed that the population within a distance of 5 kilometres
on either side of the road will receive social beneﬁts as a result of the roadd
improvement. In so doing, social factors are converted to the same units
as VOC savings.
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Research from Tanzania suggests that, on average,
just over 30% of the total tonne kilometres is
carried by non-motorised transport on lowvolume roads. This ﬁgure ranged from just over
8% for higher volume roads (over 150 vehicles
per day) to over 60% for the lowest volume
roads (less than 10 vehicles per day).
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Beneﬁts to Non-Motorised Trafﬁc
In many SADC countries non-motorised trafﬁc constitutes a signiﬁcant
proportion of the trafﬁc on low-volume roads and, in many cases, this trafﬁc
represents the majority of total tonne kilometres. Beneﬁts to non-motorised
trafﬁc represent signiﬁcant savings that are not captured in a conventional
consumer surplus analysis and therefore, alternative methods need to be
considered.
Although there has been limited research into the impacts of road improvements
on non-motorised transport there are a number of sources of information that
will help planners to make estimates of the potential beneﬁts. Table 3.5 sets out
the sources and the type of information available.
Table 3.5 - Sources of information for non-motorised transport
Source of information

Type of information

Roads Economic Decision
Model (RED)11

Calculates VOCs for pedestrians, animal carts, and
bicycles.

Appraisal of investments in
improved rural access.
Economist guide12

Contains a number of mini-guides including one on
calculating VOCs for non-motorised transport based on
HDM 4 relationships.

A handbook of rural transport
Contains look-up tables for a wide range of motorised
vehicles in developing countries13 and non-motorised vehicles for different infrastructure
quality and distances.
Ghana prioritisation procedure14

Provides VOC savings for bicycles and pedestrians
following road improvements.

Where estimates of beneﬁts to non-motorised transport are available it is
appropriate to add these to the beneﬁts from motorised transport.

3.3.6

Cost-Beneﬁt Analysis

Use of Investment Appraisal Models
he primary function of a road investment appraisal model is to calculate
the costs and beneﬁts of road construction, road maintenance and road
user costs for a speciﬁed analysis period. This is accomplished by modelling
the interrelationships between the environment, construction standards,
maintenance standards, geometric standards and road user costs. Such models
can be used to perform a number of economic analyses, one of which is to
identify unpaved roads that may be potential candidates for paving.

T

Typical components of a life-cycle cost analysis are shown in Figure 3.7 for
a base or “without investment” case (gravel road) and a project or “with
investment case”
” (paved road).
In very general terms, paving a gravel road will be economically justiﬁed
when the net present value (NPV) of the sum of savings in VOCs and maintenance costs, relative to a well-maintained gravel road, is at least as great
as the NPV of upgrading costs. Where not captured in the investment appraisal
model, socio-economic beneﬁts will need to be evaluated separately after the
economic appraisal has been carried out.
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,IFE CYCLE ANALYSIS PERIOD
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Figure 3.7 - Typical components of a life-cycle cost analysis
Characteristics of Main Project Types
Candidate projects for upgrading typically fall in the following categories, viz:
●

Basic accessibility projects: including upgrading tracks and earth roads to
gravel roads.

●

Mobility projects:

(a) bitumenising existing gravel roads
(b) strengthening/expanding capacity of existing
bitumenised roads

Investment in the above types of project is generally motivated by quite different
reasons and yields quite different types of beneﬁts. For convenience, these
projectt types may be categorised in relation to broad trafﬁc bands as follows:
Category I – less than 50 vpd: Investments in this category of road are usually
poverty-targeted with a focus on social rather than economic objectives. Thus,
a least-cost or cost-effectiveness approach is usually adopted and investment
models are generally not appropriate for such roads15.
Category II – 50 to 200 vpd: (Primary focus of this Guideline): Investments in
this category of road give rise to a mix of economic, social and environmental
impacts depending on their function and level of trafﬁc carried, which can
include a signiﬁcant proportion of non-motorised trafﬁc.
Category III – more than 200 vpd: investments in this category of road give rise
to predominantly economic impacts in the form of reduced transport costs, as
well as to environmental impacts.
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Suitability of Investment Appraisal Models
The economic evaluation of donor-funded road projects in the SADC region
generally requires the use of an internationally recognised investment model.
The following models which adopt the consumer surplus approach have been
used for that purpose:
●

Road Transport Investment Model (RTIM) developed by the UK Transport
Research Laboratory16.

●

PIARC’s Highway Development and Management Model (HDM-4)17.

Unlike models such as the South African CB-Roads18 and SURF19 models,
which were developed speciﬁcally for local conditions, models such as RTIM
and HDM were developed to be applicable in a large number of countries
covering a wide range of conditions. Moreover, they are the result of the
collaboration
n of a number of international organisations and, as a result, the
latest version of the HDM model, HDM-4, has become the de facto model for
use in the region, together with a more recently developed and simpliﬁed
derivative, the Roads Economic Decision Model (RED)10.
Whereas the HDM-4 model presents a very good framework for the economic
analysis of road investments, it is neither customized for LVRs nor does it
capture all the beneﬁts associated with such roads. In contrast, RED has been
customized for LVRs and offers a number of other advantages which are
contrasted with HDM-4 in Table 3.6.
Table 3.6 - Comparison of HDM-4 and RED appraisal investment models
Model

Advantages

Disadvantages

HDM 4

●

●

●

●

●

Globally used model.
Extensive research on VOC and
deterioration relationships.
Can be used for strategic planning
i.e. can assess networks.
Now includes NMT.

●
●

●

●

RED

●

●

●

●

Has limited data requirements.
Can accommodate NMT and some
social beneﬁts.
● Can be run from a spreadsheet.
● Can accommodate impassability issues.
● Can be used for ranking projects.
● Well suited for trafﬁc levels in range
50 – 200 vpd.
1 – to be included in a later version

High data requirements.
Does not include social beneﬁts1.
Cannot deal with passability and
trafﬁckability issues.
Road roughness is often not an appropriate measure of condition for LVRs.
Not well suited for low trafﬁc levels.
NMT categories are limited to four.
Would have to be calibrated for
Low-volume sealed roads.

Table 3.7 provides a general guide to the applicability of commonly used
investment models in the SADC region for evaluating LVSRs. The preferred
choice of model depends largely on the nature of the impact triggered by
the investment intervention.
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Table 3.7 - Applicability of investment models to LVSR evaluation

Least Cost Approaches
The goal of the Least Cost Approach is to
employ the most appropriate and cost-effective
intervention which provides a minimum level
of reliable, all-season passability for the
locally prevailing means of transport.

Factor

Access

Motivation
Trafﬁc band
Trafﬁc type
Relative Social
beneﬁts Economic
Appropriate model

Social
< 50 vpd
NMT
High
Low
Least Cost

Project Type
Mobility
Basic
Advanced
Socio-economic
Economic
50 – 200 vpd
> 200 vpd
NMT - MT
MT
Medium
Low
Medium
High
RED
HDM-4

As indicated in Table 3.6, those road improvements in which economic impacts
are dominant (trafﬁc is typically > 200 vpd and is predominantly motorised)
are best evaluated by investment models such as HDM-4. However, at lower
trafﬁc levels (trafﬁc typically 50 - 200 vpd ) where NMT is signiﬁcant and social
beneﬁts are dominant, RED would be the more appropriate investment model
to apply.

3.3.7

Ranking Methods

R

anking Methods are important for two reasons. First of all it is unlikely
that funds will be sufﬁcient for all projects that are economically or socially
justiﬁed and hence projects need to be placed in an order of priority. The use
of investment appraisal models can facilitate this. Secondly, as discussed
above, some important beneﬁts cannot be easily quantiﬁed and may not be
included in appraisal models. Therefore ranking methods that allow such beneﬁts
to be taken into account in the appraisal process are essential if the ‘best’
projects overall are to be selected for implementation.
Multi-criteria Analysis: These methods adopt a multi-objective approach
which seeks to incorporate both economic and non-economic goals into an
evaluation framework20. The approach
h assumes that the full set of attributes
characterising a project cannot be expressed by a single parameter. Instead, the
framework should include a number of criteria for evaluating the project in
socio-economic terms such as economic beneﬁts, economic costs, distribution
of economic beneﬁts, accessibility to social services, employment, etc. Quantitative measures of each of these criteria must then be deﬁned in their own units
to facilitate transforming the spectrum of physical measures for each criterion
into utility value terms. Completion of the utility analysis depends upon the
decisionmaker’s articulation of his preferences amongst the various criteria.
As with other planning systems it is important that communities are fully
informed both in the selection of relevant criteria and in the subsequent results.
Problems may arise where consultation has not taken place or where the
complexity becomes too great because of too many variables.
The advantage of adopting such an approach is that a number of factors can
be included to reﬂect wider political and socio-economic needs. However,
the disadvantages are that the addition of other factors complicates the analysis
and more data needs to be collected.
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#OMPOUND 2ANKING -ETHODS 4HESE METHODS RANK PROJECTS ACCORDING TO
FACTORS THAT ARE CONSIDERED TO BE RELEVANT TO THE INVESTMENT DECISION RATHER
THAN DERIVE ECONOMIC BENElTS THAT CAN BE USED IN A COST BENElT ANALYSIS
4HE APPROACH ENABLES SOCIAL AND POLITICAL FACTORS TO BE CONSIDERED ALONGSIDE
ECONOMIC FACTORS AND IS BASED ON THE FOLLOWING PRINCIPLES
¬
¬

¬

FACTORS INCLUDED SHOULD REmECT THE OBJECTIVES OF THE INVESTMENT PROGRAMME
EACH FACTOR IS MEASURED IN ITS OWN UNITS FOR EXAMPLE NUMBER OF PEOPLE
GAINING ACCESS TO SERVICES
FACTORS ARE WEIGHTED TO REmECT THEIR IMPACT ON THE PROGRAMME OBJECTIVES

#OMPOUND RANKING METHODS UTILISE A POINTS SCORING SYSTEM WHICH IS RATHER
SUBJECTIVE 4HEY ARE PROBABLY MOST APPROPRIATE WHEN NON ECONOMIC OBJEC
TIVES ARE PART OF THE INVESTMENT OBJECTIVES FOR WHICH A hLEAST COSTv APPROACH
WOULD BE ADOPTED
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3.4 Environmental Issues
3.4.1

Introduction

A

ny development brought about by man, such as the construction of
roads, inevitably produces an impact on the environment. In practice,
therefore, it must be accepted that modiﬁcations to the natural environment are
an inevitable result of attempts to achieve social and economic progress,
alleviate poverty and improve human welfare.
LVSRs in the region are generally constructed to improve the economic and
social welfare of those using the roads or served by them. By their very
nature, such roads are agents of change which can bring both beneﬁt and
damage to the existing balance between people and the environment. In the
past, the attention
n of many SADC countries was focused almost exclusively
on the potential beneﬁts from these new or improved road facilities. In contrast, the resulting environmental problems have received little attention,
largely because they were considered to be either unimportant or the price
to be paid for development23.
Safeguarding the future
All human activity depends on the Earth and
its natural resources, but it sometimes
threatens the delicate balance of the environment. The greatest challenge we face today
is to bring about improvements in the living
conditions of millions of people while protecting
and safeguarding the environment for future
generations.
Overseas Development Administration (ODA),
UK. Action for the Environment. May 1992.

More recently, all SADC governments have become increasingly conscious
of the impact of unbridled development on the environment and the recognition
that, in the long term, environmental conservation and economic development are not only compatible but interdependent and mutually reinforcing. This
has raised a number of issues which must now be faced in an attempt to create
a balance between much needed development on the one hand and environmental
care on the other.
This section considers the environmental issues facing road authorities in the
SADC region with a focus particularly on LVSRs. The importance of establishing
appropriate policy guidelines and the role of environmental impact assessments
in LVSR provision is considered together with the main environmental impacts
likely to be encountered and mitigating measures for overcoming them.

3.4.2

The Environment

I

n its broadest sense, the term environmentt includes both the natural or
“bio-physical” environment (ﬂora, fauna and physical features) as well as
the human environment (socio-economic and cultural factors) and the interaction
between them. As illustrated in Table 3.9, there are four key cornerstones of the
environment:
●
●
●
●

ecological
economic
social and
physical

Each of the cornerstones of the environment includes a range of factors
which should be considered at all stages of the planning cycle, as discussed
further in this chapter.
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4ABLE  #ORNERSTONES OF THE ENVIRONMENT

4HE ENVIRONMENT IS NOT A FREE RESOURCE IN
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SERVICES WHICH UNDERPIN ALL PRODUCTIVE ACTIV
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NUMBER OF DIRECT WAYS !LTHOUGH IT MAY NOT
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ENVIRONMENT IT STILL HAS A VALUE FOR THOSE WHO
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HE FOLLOWING ARE TYPICAL CAUSES OF ENVIRONMENTAL PROBLEMS RELATED TO THE
PROVISION OF ,632S

¬
$ESIGN DEFECTS 4HESE CREATE PROBLEMS WHEN THEY ARE NOT ANTICIPATED AND
THE PROJECT FAILS TO INCLUDE REMEDIAL MEASURES &OR EXAMPLE MEASURES TAKEN TO
KEEP WATER OFF THE ROAD CAN CAUSE PROBLEMS ELSEWHERE 5PSTREAM PREVENTATIVE
MEASURES CAN INTERFERE WITH NATURAL RIVER mOWS $RAINS CONCENTRATE AND SPEED
UP mOW SOMETIMES CAUSING mOODING AND SOIL EROSION DOWNSTREAM

5N RENOVATED BORROW AREA TYPICAL OF MANY
COUNTRIES IN THE 3!$# REGION

0OOR PROJECT DOCUMENTATION 5NLESS REMEDIAL MEASURES ARE CLEARLY REmECTED
IN PROJECT DOCUMENTS EG 4ERMS OF 2EFERENCE OR CONTRACT DOCUMENTS THEY
MAY NOT BE FULLY IMPLEMENTED 4HIS OFTEN RESULTS FROM USE OF STANDARD CON
TRACT DOCUMENTS WHICH DO NOT ALLOW FOR THE SPECIAL CIRCUMSTANCES OF THE
PROJECT &OR EXAMPLE STANDARD CONTRACT DOCUMENTS FOR ROADS OFTEN INCLUDE
SPECIlCATIONS REQUIRING THE CONTRACTOR TO hCUT AND DISPOSE OF SOIL WITHIN THE
TRANSVERSE PROlLEv OR TO hCARRY SURPLUS MATERIAL TO SPOILv 7HEN SUCH
SPECIlCATIONS ARE INADVERTENTLY APPLIED IN STEEP MOUNTAINOUS TERRAIN
PARTICULARLY IF HILLSIDES ARE INTENSELY CULTIVATED THE DUMPING OF SOIL OVER
THE EDGE OF THE ROAD FORMATION CAN HAVE DEVASTATING RESULTS
¬

¬
0RESENCE OF CONSTRUCTION ACTIVITIES 4EMPORARY SITE WORKS ARE TYPICALLY
CHARACTERISED BY BORROW PITS RUTS IN THE ROAD CREATED BY VEHICLE WHEELS AND
DRAINAGE DITCHES WHICH PROVIDE IDEAL BREEDING GROUNDS FOR INSECTS PARTICU
LARLY MOSQUITOES  #ONSTRUCTION WORKERS MAY KILL LOCAL FAUNA FOR THE POT
WHILE THE CANTEEN REFUSE NORMALLY ASSOCIATED WITH CONSTRUCTION CAMPS
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encourages the proliferation of insects and vermin. One of the most serious
diseases spread by construction crews in many SADC countries is malaria.
Such impacts can generally be avoided by including appropriate remedial
measures in contract documents.
Weak environmental institutions: Successful remedial measures depend
on the effectiveness of local environmental institutions, including those
dealing with the regulation of land-use. For example, when new roads are
being constructed in undeveloped areas, it should be mandatory for the
project
o
to be cleared by the local planning agency responsible for dealing
with the planned and spontaneous development that may occur in response
to the project. However, such provisions will only be effective if the local
environmental agency has the skills, manpower and authority to ensure that
the contractor complies with the requirements. If the poor performance of
local environmental institutions is likely to affect project implementation,
this should be evaluated and attended to before the project is approved.
●

Gravel stockpile for road construction - causes
gradual depletion of a ﬁnite, non-renewable
resource - an unsustainable activity.

The Special Case of Borrow Pits
The extraction of substantial amounts of non-renewable natural resources for
road construction in SADC countries is over 150 million cubic metres per
annum and has the potential to create signiﬁcant damaging effects (negative
impacts) on the local environment and its inhabitants.
Box 3.6 - Speciﬁc impacts of borrow pits in the SADC region
●

●

●

Children exposed to risk of drowning and poor
quality water. Ponding and poor drainage
also increases the level of mosquito-borne
disease.

●

●

Very often, worn out construction plant is
abandoned and becomes an eyesore. The
contract documents should cover removal
of unwanted plant to an approved area.

SADC Guideline on Low-volume Sealed Roads

Material resources:
− permanent loss of natural resources
Morphological damage:
− modiﬁcation of the natural drainage
− increased soil erosion and siltation of watercourses by disturbance
of soil
− destabilisation of slopes
Ecology:
− loss of wilderness and forest
− displacement of species and habitats
− loss of potential productivity of agricultural land
Pollution:
− contamination of water and soil by fuel and oil spillage
− generation of dust during the processing, loading and transporting
of materials
− increased dust generated by vehicles along access tracks
− littering
Social and health impacts:
− creation of habitats for disease
− landscape alteration and interference with natural beauty
− bisection of communities or farms
− loss of land legacy
− loss of antiquities, cultural heritage, areas of cultural concern
(e.g. graves)
− hazards to pedestrians and animals, including open or unmarkedd
trial pits, demarcation beacons, etc
− safety risks to local population by exposure to heavy plant and trafﬁc
− noise of drilling, blasting, trafﬁc and plant
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Other environmental impacts associated with the construction of roads in the
SADC region include:
●
●
●

Borrow pit rehabilitation

Recent surveys carried out by the UK Transport Research Laboratory24 in
two countries have shown that:
●

Historically, restoration of borrow pits has been the exception rather than
the rule. On average, only around 15% of borrow pits are restored after
extraction of materials.

●

The environmental damage caused by improper extraction and rehabilitation practices can extend over a wide area and may only become apparent
after project completion. Examples include soil erosion causing siltation off
natural water courses. Around 50% of worked borrows had excessive land
erosion.

●

Environmental damage caused by pits is often most severe in areas important for subsistence farming. Only 4% of land previously used for
farming was under cultivation after extraction of material.

●

Contractors often leave pits open at the request of the land owner, because
these are seen as a useful mini-reservoir to provide water for animals,
washing and bathing. However, this practice poses severe risks to humans
caused by exposure to stagnating water and mosquito borne disease.

(a) Original pit used for construction.

(b) Borrow pit rehabilitation in progress
after one year.

hard rock quarries
river bed gravel pits
hill slope pits

Following on from the TRL survey, improved guidelines for borrow area
management have been developed24. These guidelines consider:
●
●
●

●

planning and access issues
top soil and overburden removal and stockpiling
rehabilitation procedures and disposal of soil
safety (e.g. health and disease, warning signs and fencing, littering and
fuel spillages)

The guidelines also contains advice for use in contract documents.
(c) Full rehabilitation of borrow pit
achieved after 3 years.

3.4.4

Environmental Impact Assessments

R

esponsibility for applying sound environmental policies rests with the
executing agencies in the SADC region, usually the roads agencies, guided
and assisted by environmental units within the agency. However, increasingly,
dedicated environmental Departments and Ministries are being established.
In carrying out these responsibilities, staff should be guided by the overarching objective of ensuring that projects are designed and implemented
according to sound principles which minimise adverse impact and enhance
beneﬁts. A variety of procedures need to be followed at various stages of the
project cycle in order to achieve these objectives. These procedures normally
involve some kind of environmental impact assessment (EIA).
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The EIA Process
EIA is not an outcome. Rather, it is a pprocess for improving the quality of the
outcome and can be applied to any proposall25. The process is ﬂexible and
adaptable and can be tailored to suit the circumstances of any road project.
In essence, an EIA evaluates foreseeable impacts, both beneﬁcial and adverse,
and helps to reveal mitigating measures and alternatives as well as to optimise
positive impacts while reducing or limiting negative impacts.
The main components of the EIA include:
●
●

●

●

Road upgrading requires careful planning
to minimise adverse impacts on the natural
environment.

●

establishing the need for the project
identifying and quantifying the full range of potential impacts on the
natural and social environments
formulating remedial procedures for avoiding, mitigating and compensating
for these impacts
reﬂecting remedial measures in the project documents
ensuring that remedial measures are complied with during the project
implementation

The EIA process is usually integrated into the project cycle as a means of
improving the quality of the outcome. Community involvement in this process
is important and necessary as it seeks to solicit information, views and concerns
that only the affected community can provide. It can take many forms and ﬁt
into the process at any or all stages depending on the type of project. It can
involve a broad range of interest groups and individuals or it may only
require limited involvement. The process is set out in outline in Table 3.10.
Table 3.10 - A framework for EIA
Phase of
project cycle

Activity

Objective

Project
identiﬁcation

Initial
screening

- register “danger signals”
- avoid unnecessary investigation where impacts are
likely to be minimal

Feasibility

Environmental
appraisal

- predict main impacts
- assess importance of effects
- indicate key mitigating actions required
- present implications to decision makers

Design

Environmental
impact assessment

- predict in detail likely impacts, including cost
implications
- identify speciﬁc measures necessary to avoid,
mitigate or compensate for damage
- present predictions and options to decision makers

Commitment &
negotiation

Environmental
enforcement

- ensure environmental mitigation measures are
included in the contract documents

Implementation

Environmental
monitoring

- ensure environmental mitigation measures are
being complied with during construction

Operations and
maintenance

Environmental
audit

- assess the extent of implementation of a project
against the requirements derived from the EIA
- ensure lessons learned are incorporated in future projects

The output of the EIA is often formalised into an environmental impact
statementt (EIS) which, in some SADC countries, is mandatory for many
road projects. Such a report would typically cover the following:
●
●
●
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mitigation and protection measures
consideration of “no change” alternative
summary and conclusions

●
●
●

The EIS should provide a better understanding of the linkages between society,
the natural environment and the sustainable use of inherited resources.
An important component of the EIA is the environmental auditt which
seeks, in essence, to assess the implementation of a project against
requirements derived from the EIA. The audit can be viewed as a “snapshot” of the environmental situation at a given site and at a given time. It
does not attempt to predict the potential impacts of planned investments
but, rather, to serve as a source of baseline information which may complement
or substitute for normal EIAs, depending on the type of project.
Box 3.7 provides an example of a checklist of issues that would typically be
considered in an EIA for a LVSR.
Box 3.7 - Typical check-list of issues to be considered in an environmental impact assessment for LVSRs7
Consequential developments: Will the project stimulate land clearance for
agriculture, the development of industry or mineral extraction? What steps
can be taken to mitigate long-term adverse effects?
Social factors: Has adequate provision been made for vehicle, pedestrian
and NMT safety? Are the geometric standards adopted likely to require
additional safety countermeasures (e.g. signing, education programmes)?
Geotechnical damage: Has the project been designed to minimise the possibility
of landslides and other geotechnical problems? Have long-term maintenance
consequences been taken into account?
Materials resources: Will the project result in the unacceptable depletion
of material resources that may be needed for subsequent maintenance or
other construction projects? Will borrow pits be restored and can their effect
on the landscape be minimised?
Drainage: Will the project result in increased risks from ﬂooding or landslides
as a result of disturbing natural drainage patterns? Will later development of
agricultural land and other settlements affect hydrological conditions so that
drainage works and bridges must be modiﬁed? Will any water impoundments
create health hazards?
Ecology: Have the effects on animals and plants been considered? Has an
ecological reconnaissance been carried out to assess effects?
Other factors: Are air pollution, noise and vibration, and visual intrusion issues
of concern in the project? If so, what can be done to mitigate the effects?
Value of the EIA
Effective use of scarce resources is becoming increasingly important in a
climate of decreasing funding and increased community demand for the
improved efﬁciency and performance of SADC’s new generation of more
autonomous roads agencies. In this regard, the EIA process offers the
following beneﬁts:
●

●
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environmentally signiﬁcant issues are identiﬁed at an early stage
a bridge is provided between the roads agency and the public it serves
the community is reassured that its needs are being considered
the roads agency is forced to consider the broader issues of its work
local information provided through involvement of the community can
improve
m
the accuracy and relevance of the information collected for the
project
the risk of aborting a project at an advanced stage due to public dissatisfactionn
with the project is reduced
interaction between technical, economic and environmental factors leads to
optimum design and improved technical and economic efﬁciency

Legislative Aspects
The effectiveness and success of an Environmental Impact Assessment
(EIA) depends on the extent to which it is actively used and incorporated
into different stages of a normal project planning process. In most SADC
countries, an EIA has become a formal legal or administrative requirement.
However, there is a need in each SADC country to institutionalise the entire
process of environmental management by setting up a duly constituted
organisation
n with the necessary authority and legal backing to enforce
government environmental policy.
y
Impact assessment is a systematic evaluation of the relevant advantages (beneﬁts)
and disadvantages (costs) that a new road
plan or improvement of existing roads will
generate regardless of the unit of measurement, i.e. whether measurable in monetary
units or not.

Value

+

3.4.5

Assessing Environmental Impacts

A

ssessing the likely effect of a road project on the environment can be
accomplished through an EIA as described above. However, quantifying
these impacts is more difﬁcult. Unlike monetary impacts, non-monetary impacts
m
cannot be calculated, assessed or compared with each other in a standardised
manner. Nonetheless, non-monetary impacts should be considered
d in a transparent and accountable manner. An impact assessment procedure to evaluate
each of the non-monetary impacts has been developed so that these can be
considered together with or compared to monetary impacts26. The procedure
is based on the following three factors:

Impact
●
●

Signiﬁcance of impacts
General principle of assessing non-monetary
impacts.

●

value
magnitude
signiﬁcance

When evaluating each of the non-monetised impacts the following steps apply:
(1) Assess the value of areas inﬂuenced by the project and characterised withh
respect to the most important impacts.
(2) Determine the nature and magnitude of impacts through qualitative descriptors.
(3) Assess the overall signiﬁcance of the impacts for the project.
The signiﬁcance of the various impacts can be assessed by combining the
value and magnitude of the impact. The general principle is that the larger
the value and vulnerability of the project, the more signiﬁcant is the impact,
whether positive or negative.

SADC Guideline on Low-volume Sealed Roads

July 2003

Planning, Appraisal & Environmental Issues

3 - 32

A general scale for assessing the signiﬁcance of the impacts is shown below,
ranging from very negative (- - - -) to very positive (++++) and is illustrated
in Figure 3.9.
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The horizontal axis measures value of impact
while the vertical axis shows the magnitude of the
impact. For example, an impact whose value is
found to lie in the region “large value” and whose
magnitude lies in the region “large positive”, will
have a signiﬁcance factor described as very large
positive signiﬁcance. This implies that the road
alternative will be positive with respect to the
impact.

(+)

Small/no significance (0)

ce (-)
ican

nce
ica
nif
sig

(--)

)
--e(
nc
if ca

e
tiv

Very
larg
en
sig
eg
n if
ica
a
nc
e

e
tiv
ga
ne

g n if

Large
neg
ati
ve
sig
ni

Fa
irly

lar
ge

Large negative Medium negative
magnitude
magnitude

si
tive
e ga
all n
m
S

Very large positive signiﬁcance
Large positive signiﬁcance
Fairly large positive signiﬁcance
Small positive signiﬁcance
No signiﬁcance
Small negative signiﬁcance
Fairly large negative signiﬁcance
Large negative inﬂuence
Very large negative signiﬁcance

(- -

--)

Figure 3.9 - A framework for assessing the signiﬁcance of impacts on
LVSR projects26
An example of the process of assessing the value of the natural environment,
the magnitude of the impacts, as well as the signiﬁcance of the impacts is
shown in Figure 3.10.
Value assessment

Magntude assessment

Baobab
trees

Alt.3

A

Alt.1

Lake

B + A

Lake

Alt.2
Alt.1
Alt.2
Alt.3

Half of the
baobabs will
go

Alt.3
Alt.1

Some surface run off
water into dams

Nature reserve

Natural environment: Medium value
Natural environment: Large value
Natural environment: Small/low value

Alt.1
Alt.2
Alt.3

Lake

Alt.2

B

Lake

Nature reserve
reduced 30% in size

Small negative magntude
Large negative magntude
Medium negative magntude

Significance assessment
Baobab
trees

Alt.3

A

Alt.1

Lake

Alt.2
Alt.1
Alt.2
Alt.3

Lake

B

Nature reserve

Small negative significance (-)
Very large negative significance (- - - -)
Fairly large negative significance (- -)

Figure 3.10 - Example of assessing value, magnitude and signiﬁcance
of impacts on LVSRs27
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HE KEY POINTS ARISING IN THIS CHAPTER ARE



0LANNING AND APPRAISAL PROCEDURES SHOULD CONSIDER A WIDE RANGE OF EXTERNAL
FACTORS MANY OF THEM OF A NON TECHNICAL NATURE THAT AFFECT THE PLANNING
PROCESS IF LONG TERM SUSTAINABILITY OF THE INVESTMENT IS TO BE ACHIEVED



3TAKEHOLDER CONSULTATIONS ARE CRITICAL IN THE PLANNING PROCESS FOR
WHICH THERE ARE A NUMBER OF TECHNIQUES WHICH SHOULD BE UNDERTAKEN AS
APPROPRIATELY AND AS TRANSPARENTLY AS POSSIBLE



4HE TRADITIONAL METHODS OF INVESTMENT APPRAISAL ARE GENERALLY NOT ADE
QUATE FOR CAPTURING THE FULL RANGE OF BENElTS OFTEN OF A SOCIAL RATHER THAN
ECONOMIC NATURE ARISING FROM THE PROVISION OF ,632S -ORE RECENTLY
DEVELOPED MODELS SUCH AS THE 7ORLD "ANKS 2OADS %CONOMIC $ECISION
2%$ MODEL ARE BETTER SUITED FOR APPRAISING SUCH ROADS



4HE IMPLICATIONS OF ADOPTING COST REDUCING MEASURES SUCH AS THE USE
OF MORE APPROPRIATE PAVEMENT AND GEOMETRIC DESIGN METHODS AND WIDER
USE OF NATURAL GRAVELS RATHER THAN CRUSHED STONE IN COMBINATION WITH THE
USE OF APPRAISAL MODELS SUCH AS 2%$ ARE A LOWERING IN THE TRAFlC
THRESHOLD LEVEL FOR SEALING AN EARTHGRAVEL ROAD FROM THE PREVIOUS lGURE
OF OVER  VPD TO LESS THAN  VPD



%NVIRONMENTAL ISSUES ARE ASSUMING GREATER IMPORTANCE IN THE REGION
THAN HITHERTO %NVIRONMENTAL IMPACT ASSESSMENTS %)! SHOULD BECOME
AN INTEGRAL ASPECT OF ALL ,632 PROJECTS 4HE EFFECTIVENESS OF THE %)!
WILL DEPEND ON THE EXTENT TO WHICH IT IS ACTIVELY USED AND INCORPORATED
INTO DIFFERENT STAGES OF THE PROJECT PLANNING PROCESS

4HE IMPORTANT PROCESSES OF PLANNING AND APPRAISAL HAVE BEEN COVERED IN THIS
CHAPTER TOGETHER WITH ENVIRONMENTAL ISSUES $ECISIONS MADE DURING THE INI
TIAL PLANNING PHASE ARE PARTICULARLY INmUENTIAL AND HAVE A HIGH IMPACT ON THE
SUBSEQUENT STAGES OF ,632 PROVISION INCLUDING THOSE OF GEOMETRIC DESIGN AND
THE ASSOCIATED ROAD SAFETY ISSUES COVERED IN #HAPTER 
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Geometric Design
and Road Safety

4
4.1 Introduction
4.1.1

Background

Sequence of activities

Planning
Design
Construction
Maintenance
Duration of activities

G

eometric design is one of the ﬁrst stages of the LVSR design process
that is normally carried out after the planning and appraisal stages. The
outcome determines the construction requirements and inﬂuences the
maintenance requirements. In the design process, the layout of the road in
the terrain is designed to meet the speciﬁc needs of road users. This involves
the selection of suitable road widths and horizontal and vertical alignments
in accordance with appropriately prescribed standards which provide the
following:
●
●
●

minimum levels of safety and comfort for drivers
a framework for economic design
consistency of alignment

The design standards should take into account the road environment, road
conditions, trafﬁc characteristics and driver behaviour. In so doing, the design
aims to provide a road with an alignment and cross-section that are not only
the best compromise between operational efﬁciency, safety and economy
but also minimises any adverse environmental and social/cultural impacts.
This requires a thorough knowledge of the local road environment which
affects every aspect of the design process.
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It was only in 2001 that, AASHTO produced its “Guidelines for Geometric
Design of Very Low-volume Local Roads
(ADT ≤ 400)”. This was in recognition of
the fact that “ …very low trafﬁc volumes
make designs normally applied on higher
volume roads less cost effective.” Prior to
this, its “Policy on Geometric Design of
Rural Highways - 1965 edition”, which did
not cater specifcally for low-volume roads,
was the de facto standard adopted in most
SADC countries!

4-2

Geometric Design
The geometric design of LVSRs presents a unique challenge because the
relatively low trafﬁc levels make designs normally applied on higher volume
roads less cost effective. Unfortunately, design standards for LVSRs have
never been speciﬁcally developed for the SADC region. In the absence of
such standards, there has been a tendency to use national standards that are
based on those developed
d in industrialised countries, such as the traditionally
used AASHTO Policy on Geometric Design of Rural Highways1.
Imported standards tend to cater for relatively high levels of trafﬁc and
embody relatively high levels of service, as a result of which they are often
inappropriate for application to LVSRs. Moreover, they give little, if any,
consideration to the use of labour-based methods of construction which can
inﬂuence the design process (ref. Box 4.1). This results in LVSRs often being
designed in a manner that does not take account of the socio-economic and
other characteristics of the local road environment.
Road Safety
Many aspects of the geometric design process are affected by the road
environment which, in turn, can inﬂuence the level of road safety provided
to road users. Experience has shown that simply adopting “international”
design standards from developed countries will not necessarily result in levels of
safety that are achieved in those countries as these are generally accompanied
by effective enforcement, driver training and publicity - inﬂuences that are
often not operating as efﬁciently in the SADC region.

Accident rates in the SADC region are of
the order of 30 - 50 times higher than in
Europe or the USA.

Road trafﬁc operations also tend to be complex and often involve a mixture
of motor vehicles, bicycles, animal drawn vehicles and pedestrians. A large
proportion of the trafﬁc composition is dominated by relatively old, overloaded
and slow-moving vehicles and there are often low levels of driver training
and control of road users. In such an environment, trafﬁc safety assumes
paramount importance, an aspect of geometric design which is often inadequately
addressed at the various stages of planning, designing and constructing LVSRs.
Environmental Issues
Many aspects of the geometric design process also have a potential impact
on the physical and social/cultural environments, especially where the alignment
traverses built-up areas and where there is a high potential for severe erosion.
Unfortunately, various practical measures that can be undertaken during the
geometric planning process to minimise environmental impacts are often not
adequately understood and addressed.

Severe erosion of side slopes that can lead
to siltation of streams and rivers.

From the above, it is apparent that existing design standards and practice are
generally not appropriate for application in the SADC region. A need
therefore exists to adapt these standards in order to provide acceptable levels
of service, safety and uniformity consistent with the types of trafﬁc generally
experienced on LVSRs. Such adaptation needs to be based on local knowledge,
experience, socio-economic conditions and established criteria within a
design process that needs to be ﬂexible and multi-faceted, from feasibility
to the end-of-life cycle.
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4.1.2

Basic Terminology
formation width

carriageway
right-of-way
boundary

right-of-way
boundary
batter

shoulder

traffic lanes

shoulder

batter

(pavement)
verge

verge

catch
drain

crossfall
table drain

natural surface

Figure 4.1 - Typical road cross section elements (after Austroads2)

4.1.3

Purpose and Scope of Chapter

T

he main purpose of this chapter is to raise awareness of the widely
differing recommendations made by various design guides or manuals
pertaining to LVSRs. It highlights the many shortcomings that are inherent in
those traditional approaches to geometric design that have been imported and
used without appropriate adaptation to the speciﬁc characteristics of the
LVSR environment. Particular emphasis is placed on the need to incorporate
appropriate road safety features in the design process.
The approach adopted is not prescriptive; nor is it intended to be a detailed
design manual that could supersede the need for application of sound principles
by the knowledgeable design professional. Rather, it emphasises the need to
consider the basis on which various design parameters are chosen in relation
to the speciﬁcs of the SADC region’s road environment.
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4.2 Design Philosophy, Standards and Approach
4.2.1

Philosophy

T

he philosophy embodied in the geometric design of a road is linked to
such factors as a country’s economic prosperity, the state of development
of the road network and the unique characteristics of the road environment
within which the road functions. It would normally evolve from analytical
evaluation and experience of local conditions and often reﬂect the physical
and economic environment of the road project itself. Thus, geometric design
philosophy would be expected to vary between industrialised and developing
countries.

Flat terrain with little constraint on geometric
standards.

The functionality and characteristics of the road network in the SADC region
are quite different from those in industrialised countries. Not only are trafﬁc
levels relatively low, but the trafﬁc mix is complex, consisting of a mixture
of motorised and non-motorised trafﬁc. The proportion of commercial vehicles
and levels of pedestrianisation near peri-urban areas are also relatively high.
This clearly dictates a need to develop a design philosophy and related standards
that are suited to the socio-economic environment of the region. Such a
philosophy would be expected to be quite different from that embodied in
geometric design manuals developed in industrialised countries that often
form the basis of geometric design in the region. Such manuals generally
cater to higher trafﬁc volumes, greater need for all-weather accessibility and
provide for operational efﬁciency of the trafﬁc using the network - requirements
that are clearly less appropriate for the region.

4.2.2

Standards

G
Hilly terrain with constraints on geometric
standards.

LVSRs, more than any others, call for a
detailed examination of design options on
the basis of sufﬁcient data to allow an appropriate choice of geometric standards
and should not be designed according to
rigid guidelines and standards established
a priori, often in environments very different
from those prevailing in the SADC region.

eometric design standards provide the link between the cost of building
and subsequently maintaining the road and the cost of its use by road
users. Usually, the higher the geometric standard, the higher the construction
cost and the lower the road user costs. The aim is to select design standards that
minimise total transport costs. Thus, the relatively low trafﬁc characteristics
of LVSRs means that road improvements should be planned at the lowest
practicable standards (without unduly impairing safety requirements) if costs
are to be justiﬁed by the beneﬁts obtained.

Unfortunately, there are no existing standards in any SADC country that are
based on in-country research into economic and safety factors. Those standards
that do exist vary tremendously, reﬂecting either the practice of the developed
countries with which SADC countries have had previous ties or the preferences
of international consultants who have worked in these countries. Many of
them are a direct translation from overseas practice, sometimes with some
modiﬁcation to compensate for local operational differences and deﬁciencies,
often without full evaluation of the consequences.
In view of the above, until standards for LVSRs are developed, the challenge is
to apply existing designs and standards in a ﬂexible manner to ﬁt the parameters
pertaining to the local environment and to achieve safe economic design.
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Choice of Standards
The choice of geometric design standards is related to the function of a road. In
a developing region, such as the SADC, three stages of road network development
usually occur, as follows:
●

Stage 1 - provision of access
Stage 2 - improvement in existing capacity
Stage 3 - increase in operational efﬁciency

●
●

LVSRs generally fulﬁl a function within road networks at Stages 1 or 2 of the
above sequence. Thus, the road design philosophy and standards should reﬂect
the particular requirements of such roads and their particular characteristics.
In this regard, a case may be made for a “relaxation” of traditional standards
as, when sensibly applied, they can result in substantial construction cost
savings, with little additional risk of increased accidents. Such relaxations, or
local reductions in standards, can be undertaken in the context of the “Design
Domain”, a relatively new concept in geometric design which is described
in Section 4.3.2.

4.2.3

Approach

I

nvestment in road infrastructure represents a large part of investment in
national development programmes. It is therefore even more important
to ensure that scarce funds are deployed to best advantage. There is a tendency
for the construction cost per kilometre to increase as each road design
criterion is considered. As a matter of policy, therefore, it is necessary
to ensure that an approach to geometric design is adopted which is appropriate
to the prevailing socio-economic conditions. This may mean considering
design approaches that favour labour exclusive rather than plant exclusive
construction technology.
Box 4.1 - Labour-based methods and geometric design3
In a labour-abundant economy, it is often beneﬁcial to employ labour-based
rather than equipment-based methods of road construction. In such a situation,
the choice of technology can be a major constraint or facilitator affecting
design. Where labour-based technology is being contemplated at the geometric
planning stage, it could have the following implications:
●

the geometric standards that are achievable will be seriously affected,
especially in rolling, hilly or mountainous terrain

●

economic haul distances will be limited to those achievable using wheel
barrows

●

mass balancing will need to be achieved by transverse rather than longitudinal
earthwork distribution

●

maximum gradients will need to follow the natural terrain gradients

●

horizontal alignments will need to be less direct

●

maximum cuts and ﬁlls will need to be low

The reverse of the above is true for equipment intensive technology. Thus,
at the geometric planning stage, consideration must be given to the type of
technology to be employed in road construction and to the inﬂuence that
this will have on the approach to geometric design.
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4HE FOLLOWING ASPECTS OF GEOMETRIC DESIGN REQUIRE PARTICULAR CONSIDERATION
FROM A POLICY PERSPECTIVE AS THEY HAVE A CRUCIAL BEARING ON THE LIFE CYCLE
COSTS OF ,632 PROVISION
¬Ê

$ESIGN STANDARDS
Ê
DESIGN SPEED
Ê
CROSS SECTIONAL DIMENSIONS
Ê
SAFETY MEASURES
Ê
MAXIMUM GRADIENT
Ê
HORIZONTAL CURVATURE

)N THE lNAL ANALYSIS THE WIDE VARIETY OF TOPOGRAPHIC CLIMATIC ECONOMIC AND
SOCIAL CONDITIONS WILL DICTATE THE ROAD GEOMETRY APPROPRIATE TO A SPECIlC SITUA
TION 4HE AIM SHOULD BE TO ESTABLISH A BASIC NETWORK OF ,632S BY SPREADING
LIMITED RESOURCES TO COVER SEVERAL ROAD PROJECTS RATHER THAN BUILDING A SMALLER
NUMBER OF ROADS TO A HIGHER STANDARD )N THIS WAY FUNDS SAVED BY USING COST
EFFECTIVE DESIGN STANDARDS CAN BE USED FOR OTHER PROJECTS WHICH WOULD BRING THE
BEST ECONOMIC RETURN ON THE INVESTMENT
#OST EFFECTIVE GEOMETRIC DESIGN CAN BE ACHIEVED BY IDENTIFYING AREAS WHERE
ROAD STANDARDS COULD BE MADE MORE mEXIBLE AND MORE RESPONSIVE TO ENVIRON
MENTAL CHANGES CONSONANT WITH LOCAL KNOWLEDGE EXPERIENCE SOCIO ECONOMIC
CONDITIONS AND ESTABLISHED CRITERIA
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4.3 Design Framework and
Process
4.3.1

Framework

L

VSRs fulﬁl a variety of functions within diverse operational environments. Thus, designs need to cater for an array of different situations in
which consideration must be given to all the inter-acting elements that affect
the design process.
In order to help deﬁne the situations which are appropriate for a speciﬁc
design application, it is useful to group them within a design framework as
shown in Table 4.1.
Table 4.1 - Design Framework
Element

Range

Project type

Inﬂuence on design

־

New

־

־

Existing

־
־

Area type

־
־
־

Urban
Peri-urban
Rural

Functional
classiﬁcation

־
־
־
־
־
־

Primary
Secondary
Tertiary/access

־
־
־
־
־
־

Low
Medium
High

־
־

used to correlate various features of design
ultimately determines construction, maintenance and
road user costs

Low
Medium
High

־
־

provides fundamental basis of design
includes both motorised and non-motorised trafﬁc

Terrain type

Physical obstacles in the terrain can
constrain design options.

greater ﬂexibility of choice but there are few new
“greenﬁeld” projects
focus on upgrading/reconstruction projects which
places constraints on designer’s choice
designer’s choice often restricted by nature of existing
developments and roadside environment

Design/
operating
speed
Trafﬁc
volumes,
type and mix

Flat
Rolling
Mountainous

־

־
־
־
־
־

wide range of operating characteristics, constraints and
conﬁgurations which vary widely in terms of
- range of uses
- trafﬁc volumes, speeds and mix
- pedestrian activity
need for producing appropriate matching designs
identiﬁes relative importance of mobility and access
functions for road
prescribes related minimum standards
inﬂuences choice of alignment, design/operating
speeds and standards
impacts on drainage and maintenance requirements and
also on environment

LVSR projects will be, predominantly, the upgrading of existing gravel roads
to a bituminous standard. The designer’s freedom of choice will often be
restricted by developments, including ribbon development, surrounding the
road to be upgraded. Thus, rigid adherence to standards may not be possible
and ﬂexibility must be built into the process through the adoption of ﬂexible
design techniques.

4.3.2

Process

T

he process of geometric design contains various stages within which the
ﬁnal product is gradually developed. The process is iterative. A number
of investigations and evaluations have to be undertaken, questions asked, and
decisions taken in preparatory phases that may have to be re-evaluated later,
until the process has provided satisfactory results. An outline of the design
process is presented in Figure 4.2.
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 #ONDUCT TECHNICAL AUDIT
)DENTIFY EXISTING CONDITIONS
TERRAIN  ROAD ALIGNMENT
TRAFFIC FLOW  COMPOSITION
SPEED

 %NVIRONMENTAL AUDIT
'ET APPROVAL FROM THE COMMUNITY
IN PRINCIPLE

 #ONDUCT ROAD SAFETY AUDIT
)DENTIFY EXISTING CONDITIONS
ACCIDENT POTENTIAL
DESIGN REMEDIAL MEASURES

 $EFINE BASIC PARAMETERS
)DENTIFY HOMOGENEOUS SECTIONS OF
TERRAIN  ROAD ALIGNMENT
TRAFFIC FLOW  COMPOSITION
SPEED

Step 1: Project preparation

 3ELECT DESIGN CLASS
%STABLISH
DEVELOPMENT LEVELS AND FUNCTIONAL
REQUIREMENTS
DESIGN SPEED
GEOMETRIC DESIGN ELEMENTS

#ONSIDER RELAXATIONS OF STANDARDS
IN COMBINATION WITH APPROPRIATE
WARNING SIGNAGE AND TRAFFIC CALMING
MEASURES

 $ESIGN TRIAL ALIGNMENT

NO

$O ALL THE ELEMENTS FALL WITHIN THE
$ESIGN #LASS 3TANDARD
YES

NO

!RE ALL THE DESIGN ELEMENTS CONSISTENT
WITH OPERATIONAL SPEED ESTIMATES
YES
$OES PHYSICAL ENVIRONMENT FAVOUR
A $ESIGN BY EYE OR CONVENTIONAL
DESIGN 3ELECT A IF EXPERIENCED FIELD
STAFF AVAILABLE

Step 2: Design

 $ECIDE DESIGN APPROACH

A $ESIGN BY EYE

D #ONVENTIONAL

&IELD INVESTIGATION
 DETAILED INVENTORY

&IELD INVESTIGATION 
DETAILED OFFICE DESIGN

 #OMPLETE DESIGN

 3AFETY AUDIT 0ART 
$OES DESIGN MEET MINIMUM CRITERIA

./

9%3
 %NVIRONMENTAL !UDIT 0ART 
(AS THE COMMUNITY ACCEPTED THE
COMPLETE DESIGN
9%3

Step 3:
Evaluation

./

 #OST ESTIMATE

NO

2EVIEW PROJECT

 %CONOMIC EVALUATION
)S THE PROJECT ECONOMICALLY VIABLE
9%3
 &INANCING
!RE CONSTRUCTION COSTS WITHIN FUND
ALLOCATION
9%3

NO

 !PPROPRIATE DESIGN ACHIEVED

Figure 4.2 - The geometric design process
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The design process may be broken down into three phases as follows:
●
●
●

project preparation
design
evaluation

A. Step 1 – Project Preparation
The project preparation phase embodies a number of concepts that are not
normally considered in conventional design manuals. These include a focus
on the planning aspects of the geometric design process in which there is:
●
●

a primary, over-riding focus on road safety
continuous public involvement in all stages of the design process

The main activities undertaken in the project preparation phase include:
(1)
Technical Audit: One of the ﬁrst tasks to be carried out is a technical
audit of the project. This entails information gathering on such factors as
terrain and road alignment, trafﬁc ﬂows and composition, overall speed and
speed over individual sections, land use and settlements including schools
and hospitals. Trafﬁc counts and trafﬁc forecasts also need to be conducted.
The results of the technical audit provide an input into the next step - the
deﬁnition of basic parameters.
(2)
Road Safety Audit (1): The preliminary design stage of the audit
entails investigation of all factors that could have an adverse impact on the
safety of the design, including such factors as accident “black spots” and the
accident potential related to the improvement/upgrading of the road assessed,
so that the information can be included in the subsequent design.
(3)
Environmental Audit (1): The community should be consulted and
involvedd at an early stage of the design process. This is necessary to ensure
that their views are accommodated where appropriate and their priorities
taken into account in the ﬁnal design.
(4)
Deﬁne Basic Parameters: The main task is to identify and group the
project into homogenous sections with similar conditions and characteristics
such as terrain, alignment, trafﬁc, speed, land use and development. The
information will form the basis for selection of the design class.
(5)
Select Design Class: The selection of design speed and geometric
elements is based on the developmental potential and functional requirements
of the road. The design class for each homogenous section of road, in terms
of terrain, road alignment, trafﬁc and speed, can then be determined as a basis
for selecting the various design elements.
B. Step 2 – Design
(6)
Design Trial Alignment: The trial alignments will conﬁrm if the
intended standard can be introduced, for instance, if the design elements fall
within the standard and are consistent with the expected operational speed.
Failure to comply with set conditions will require new trials with modiﬁed
inputs. Such trials may include relaxation of standards consisting of measures
such as a lower design speed in combination with appropriate signage or
trafﬁc calming measures.
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(7)
Decide on design approach: The design approach will be dependent
on topography, institutional arrangements, availability of suitable skilled and
experienced ﬁeld staff, etc. The selection of the design approach is also inﬂuencedd by the type of project in terms of whether it involves rehabilitation of
an existing facility or provision of a new one. The requirements for the ﬁeld
surveys and investigations will also depend on the type of project.
(8)
Complete Design: The completion of the design concludes Stage 2 Design, and is followed by the next Stage 3 - Evaluation. This stage includes the
follow-up of a number of audits and evaluations related to safety, social
considerations, costs, along with economics and ﬁnancing which received
preliminary consideration in the project preparation phase.
Step 3 – Evaluation
(9)
Road Safety Audit (2): The design features are examined from a
safety point of view. Remedial measures are proposed for possible weaknesses in the design. If the design is such that simple remedial measures are
not adequate to rectify the shortcomings, the design will need to be reviewed
and new trial alignments be carried out. This iterative procedure will be
repeated
d until the design is acceptable from a road safety perspective.
(10)
Environmental Audit (2): Public participation should continue after
the detailed design is completed. If necessary, modiﬁcations or adjustments
to the design, as a result of community consultations, will have to be undertaken to ensure that the ﬁnal project accords with local requirements.
(11)
Cost Estimate: Cost estimates should be conducted at various steps
of the design process as they may inﬂuence the scope of the project and
decisions made concerning the design controls and elements. A detailed cost
estimate will be required at ﬁnal design stage to allow an economic evaluation
of the project to be carried out.
(12) Economic Evaluation: Cost-beneﬁt analyses, as described in Chapter
3, need to be undertaken to allow the viability of the project to be assessed.
If the project turns out to be not viable in terms of the criteria prescribed,
modiﬁcations to the project may need to be undertaken. Such modiﬁcations
may include relaxations of design standards, stage construction, or other
factors that reduce cost or increase beneﬁts.
(13) Financing: Adequate ﬁnancing for the project, in terms of both
construction and future maintenance costs, needs to be secured before
implementation
n begins, otherwise the sustainability of the project could be
jeopardised. Should such funding not be available, it may be preferable to
defer implementation until it can be obtained.
(14) Appropriate Design Achieved: If the tasks outlined in the ﬂow chart
and in the discussion above have been methodically carried out, the ﬁnal result
should be an appropriate geometric design.
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For example, as illustrated in Figure 4.5, overloading has an important
inﬂuence on pavement condition and deterioration and is inﬂuenced by police
surveillance, while speeding is also inﬂuenced by the road geometry and
police surveillance. Both overloading and speeding, in turn, have an inﬂuence
on safety in terms of accidents.

Road geometry

Police surveillance
Loading
(overloading)

Operating speed
(speeding)

Pavement condition

Accident rate
(road safety)

Speed limit painted on the road.

Figure 4.5 - An example of the interrelationship between road
elements and operational conditions
Thus, although the importance of designing for safety is now widely recognised,
the actual process of identifying key design features and resolving the conﬂict of safety and other considerations is complex and requires tackling in a
holistic manner.
The Nature of Accidents
Confronting the challenge of safety requires proactive strategies that treat
the root causes of accidents and levels of severity before they occur. To this
end, valuable guidance on accident prevention is given in a number of
documents including, particularly, the TRL guide entitled Towards Safer
Roads in Developing Countries5.

The above document provides practical
guidance on how to make roads safer by
highlighting the key, safety-related factors
which need to be incorporated when planning,
designing and operating road networks.

As illustrated in Figure 4.6, accidents are multi-causal in nature, involving
humann factors, the road environment and vehicle factors. They are more often
caused by a combination of these factors, with human factors contributing to
an estimated 95 per cent of all accidents, the road environment 28 per cent
and vehicles ‘only’ 8 per cent. Thus, although not the dominant cause of road
accidents, it is important that features are not introduced in the geometric
design which could result in additional negative impacts on road safety.

Human factors (95%)

67%
24%
4%
Road environment
factors (28%)

Drinking and driving are a common cause
of accidents in the SADC region.
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The Inﬂuence of Design
Almost all geometric design elements affect road safety by:
inﬂuencing the ability of the driver to control his/her vehicle
inﬂuencing the opportunities that exist for conﬂict (and accidents) with
other road users
inﬂuencing the outcome of an out-of-control vehicle
affecting the behaviour and attentiveness of a driver

●
●

●
●

Reviews of road projects in many developing countries reveal a depressing catalogue
of unsafe and inconsiderate road designs
which though compliant with highway
design standards, remain unsafe because
of the particular characteristics of the trafﬁc
using the road and the “operating environment” in which the road will function4.

Thus, by incorporating good design principles from the start of the design
process, it is possible to avoid many problems simply by planning and
designing new roads or upgrading existing ones in a safety conscious manner.
Moreover, it is often possible to improve road safety characteristics markedly
at little or no extra cost, provided the road safety implications of design
features are consideredd at the design stage. Unfortunately, road design engineers
are often part of the problem and their failure to take adequate account
of operational use of roads often result in increased speeds and increased
deaths when such roads pass through communities straddling the road.
There are a number of tools to assist in this process, such as Road Safety
Audits, which are considered below.
Box 4.2 - Key principles for designing safer roads
Adherence to various key principles of design can considerably improve
the safety of LVSRs. These key principles are summarised below:

Designs need to cater for different types of
road users.

●

Designing for all road users.
❍
includes non-motorised vehicles, pedestrians, etc.
❍
has implications for almost all aspects of road design, including
carriageway width, shoulder design, side slopes and side drains

●

Providing a clear and consistent message to the driver.
❍
roads should be easily “read” and understood by drivers and should
not present them with any sudden surprises

●

Encouraging appropriate speeds and behaviour by design.
❍
trafﬁc speed can be inﬂuenced by altering the “look” of the road, for
example by providing clear visual clues such as changing the shoulder
treatment or installing prominent signing

●

Reducing conﬂicts.
❍
cannot be avoided entirely but can be reduced by design, e.g. by
staggering junctions or by using guard rails to channel pedestrians
to safer crossing points

●

Creating a forgiving road environment.
❍
forgives a driver’s mistakes or vehicle failure, to the extent that this
is possible, without signiﬁcantly increasing costs
❍
ensures that demands are not placed upon the driver which are
beyond his or her ability to manage

Despite adherence to various key principles for designing safer roads, very
few engineering measures, on their own, are totally self-enforcing. They
normally require other measures of external control and facilitation such as
enforcement and education, to be fully effective (ref. Section 4.5).
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3AFETY SHOULD BE GIVEN SPECIAL ATTENTION AT ALL STAGES OF THE DESIGN PROCESS
/NE EFFECTIVE MEANS OF ACHIEVING THAT GOAL IS BY THE USE OF A ROAD SAFETY
AUDIT 4HIS MAY BE DElNED AS hxA FORMALISED EXAMINATION OF AN EXISTING OR
FUTURE ROAD OR TRAFlC PROJECT OR ANY PROJECT WHICH INTERACTS WITH ROAD USERS
IN WHICH INDEPENDENT QUALIlED EXAMINER REPORTS ON THE PROJECTS ACCIDENT
POTENTIAL AND SAFETY PERFORMANCEv
4HE OBJECTIVES OF A ROAD SAFETY AUDIT ARE ESSENTIALLY TO
¬Ê

¬Ê

¬Ê

IDENTIFY AND REPORT ON THE ACCIDENT POTENTIAL AND SAFETY PROBLEMS OF A
ROAD PROJECT
ENSURE THAT ROAD ELEMENTS WITH AN ACCIDENT POTENTIAL ARE REMOVED OR
IMPROVED
ENSURE THAT MEASURES ARE IMPLEMENTED TO REDUCE ACCIDENT RISKS

!S ILLUSTRATED IN &IGURE  ROAD SAFETY AUDITING IS AN ITERATIVE PROCESS AND
SHOULD BE CARRIED OUT AT ALL STAGES OF A ROAD PROJECT FROM PRELIMINARY DESIGN
THROUGH DETAILED DESIGN TO PRE OPENING )T PROVIDES AN OPPORTUNITY ESPECIALLY
DURING THE PRELIMINARY DESIGN STAGES OF THE PROJECT TO ELIMINATE AS FAR AS
POSSIBLE ROAD SAFETY PROBLEMS IN THE PROVISION OF BOTH NEW ROADS AS WELL AS
THOSE BEING UPGRADED
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&IGURE  2OAD SAFETY AUDIT mOW CHART
4HE MAJOR BENElTS OF SUCH AUDITS INCLUDE
¬Ê
¬Ê
¬Ê

¬Ê
¬Ê

A REDUCTION IN THE LIKELIHOOD OF ACCIDENTS ON THE ROAD NETWORK
A REDUCTION IN THE SEVERITY OF ACCIDENTS ON THE ROAD NETWORK
AN INCREASED AWARENESS OF SAFE DESIGN PRACTICES AMONG TRAFlC ENGINEERS
AND ROAD DESIGNERS
A REDUCTION IN EXPENDITURE ON REMEDIAL MEASURES
A REDUCTION IN THE LIFE CYCLE COST OF A ROAD

4HE RESOURCES REQUIRED FOR CARRYING OUT A ROAD SAFETY AUDIT ARE USUALLY QUITE
SMALL AND COULD ADD ABOUT  PER CENT TO THE ROAD DESIGN COSTS (OWEVER THE
BENElTS CAN BE VERY MARKED WITH AN ESTIMATED POTENTIAL BENElT COST RATIO
OF 
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By conducting road safety audits, a road
authority is showing that it has the intention
to improve the safety on its roads, and consequently has a stronger defence against
tort liability claims.
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Box 4.3 - Road Safety Audits in SADC
Road safety audits have not yet become a formalized, mandatory aspect of
the road design process in many SADC countries. At present, road safety is
assumed to be addressed through adherence to geometric design standards.
However, this is neither adequate nor sufﬁcient. It has been shown that
“roads designed to standards are neither necessarily safe nor unsafe and
that the linkage between standards and safety is largely unpremeditated” 8.
As a result:
●

●

●

there is a need to accelerate the rate of adoption of a more formalized
road safety audit procedure appropriate to all roads in any country
road safety audit procedures should be introduced as part of a comprehensive road safety programme in all countries
lessons learned from safety audits should be centrally coordinated and
shared amongst all countries in the region

4.3.4

Design Guides/Manuals

I

Designs should cater for pedestrians as
well as vehicular trafﬁc.

n recognition of the shortcomings of the use of guides from developed
countries for LVSRs, attempts have been made to develop more appropriate
guides for developing countries (e.g. TRL’s ORN 69). Recourse has also
been made to the use of more appropriate standards emanating from other
countries such as Australia (e.g. NAASRA10, Austroads11 and ARRB12 guidelines). Most recently, guidelines have been developed in the region for use
either nationally (e.g. South Africa’s G2 Manual8) or regionally (e.g.
SATCC’s Geometric Design of Rural Roads13). However, neither of these
guidelines apply to LVSRs. Table 4.2 provides a listing of the various design
guides and the extent of their use in the region.
Table 4.2 - Design guides/manuals used in SADC region
Design Guide/Manual

Degree of Use
High Med Low

USA
●
AASHO:
- A Policy on Geometric Design of Rural Highways (1965).
●
AASHTO:
- A policy on Geometric Design of Highways and Streets (1984).
- Guidelines for Geometric Design of Very Low-volume
Local Roads (ADT ≤ 400) (2001).
Australia
●
NAASRA:
- Interim Guide to the geometric design of rural roads. (1980).
●
Austroads:
- Rural Road Design: Guide to the design of Rural Roads (1989).
●
ARRB:
- Road classiﬁcations, geometric designs and maintenance
standards for low-volume roads (2001).
United Kingdom
●
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TRL:
- Overseas Road Note 6: A guide to geometric design (1988).

X
X
X*

X
X
X*

X

July 2003

Geometric Design and Road Safety

4 - 16

Southern Africa
●

●

●

SATCC:
- Recommendations on Road Design Standards: Geometric
Design of Rural Roads (1987).
South Africa:
- G2 - Geometric Design Manual (South Africa, 2003).
Member states: Country manuals based essentially on one or
other of the guides listed above.

X

X
X

* These guidelines have very recently been developed and knowledge of their existence and use is still very limited.

All the guidelines/manuals listed above are based on different philosophies
and make different assumptions or use different criteria for developing
design
n values for the various design elements. For example, some guides
give emphasis to safety considerations while others may place emphasis on
service level, capacity, comfort or aesthetic values. Not surprisingly, the
resulting design values recommended, and their related cost implications, all
differ, sometimes quite signiﬁcantly. Thus, it is essential for the designer to
have a thorough understanding of the origin, background and basis of development of the design guides or manuals and related design criteria as a basis
for adaptation, where necessary, and subsequent judicious application to
LVSR situations.
In the next section, a comparison is made of design values obtained from
the application of some of the design guides considered most appropriate for
use in the SADC region.
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4.4

Design Controls and Elements

4.4.1

Techniques

T

here are a number of techniques that have been developed in recent years
which offer a considerable degree of ﬂexibility to the LVSR designer in
the design process as well as improve the quality of the design. These are
described brieﬂy below:
Context Sensitive Design
Context Sensitive Design14 is responsive to, or consistent with, the road’s
natural characteristics and human behaviour, i.e. the design can deviate when
necessary from accepted design criteria. Consideration is given to the desires
and needs of the community by inviting the appropriate stakeholders to
participate in identifying solutions so that they are acceptable to the community.
Context Sensitive Design recognises that exceptions may be required in some
cases in applying standards. For example, where provision of an engineered
alignment results in excessive earthworks, it may be preferable to lower the
design speed in order to minimise social or environmental impacts.
Design Domain Concept
The ‘design domain’ concept8, shown in Figure 4.8, recognizes that there is
a range of values which could be adopted for a particular design parameter
within absolute upper and lower limits. Values adopted for a particular design
parameter within the design domain would achieve an acceptable, though
varying, level of service in average conditions in terms of safety, operational,
economic and environmental consequences.

Practical upper
limit

Cost or
benefit

Absolute
upper
limit

Practical lower limit

Absolute
lower limit

Design domain

Range of values

Guideline

Figure 4.8 - The design domain concept
While values within the lower region of the design domain are generally less
safe and less operationally efﬁcient, they are normally less costly than those
in the upper region. In the upper region of the domain, resulting designs are
generally safer and more efﬁcient in operation, but may cost more to construct. The design domain sets the limit within which parameters should
be selected for consideration within the value-engineering concept.
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The design domain concept provides the following beneﬁts to the designer:
●

It is directly related to the true nature of the road design function and
process, since it places emphasis on developing appropriate and costeffective designs, rather than simply meeting standards.

●

It directly reﬂects the continuous nature of the relationship between service,
cost and safety and changes in design dimensions. It thus reinforces the
need to consider the impacts of ‘trade-offs’ throughout the domain and not
just when a “standards” threshold has been crossed.

●

It provides an implicit link to the concept of ‘Factor of Safety’ - a conceptt
that is used in other civil engineering design processes where risk and
safety are important.

An example of the design domain concept for shoulder width is shown in
Figure 4.9
The ﬂexibility offered by the
Design Domain concept

Mobility

For many elements, a range of dimesions is
given and the designer has the responsibility of choosing the appropriate value for a
particular application. If a design involves
compromise, it may be more appropriate to
compromise several elements by a small
amount than to compromise one element
excessively. It is important that a design
should be balanced.

Capital
cost

0

1,0
2,0
Width (m)

3,0

Maintenance
cost

Environmental
Impact

User cost

Collision
rate

Design domain

Figure 4.9 - Example of design domain application - shoulder width14
Design-By-Eye
Conventional approaches to design involve precise engineering surveys over
the total length of the road as a basis for producing horizontal and vertical
alignments and cross-sections on working drawings from which quantities
are normally calculated. The cost of this approach, which is normally
justiﬁed
d for relatively high-volume/standard roads, can hardly be justiﬁed
for relatively low-volume/standard roads.
Design-by-eye is a relatively simple approach to design which is intended
primarily for the upgrading of existing LVRs where the geometry is adequate.
In this approach, the route alignment is chosen “by eye” at the time of construction by experienced site staff who are aware of the economic, operational
and safety consequences of geometric design.
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Box 4.4 - Advantages of the Design-by-eye approach
● Enables the engineer to ﬁt the alignment to the terrain so that it causes
minimum disturbance to any existing facilities and the adjacent physical
environment.
●

Obviates the need for a conventional topographic survey of the existing
road and normal plan and proﬁle drawings do not need to be prepared.

●

Allows the geometry of the road to be described on a simple road location
straight-line plan showing roughly the horizontal alignment with kilometrestationing and possible improvements indicated, such as sight distances.

●

Minimises earthworks, increases speed of construction and reduces
preparatory costs and, ultimately, construction costs by 10 - 20 per cent.

●

Can result in a ﬁnished product of at least similar quality to the conventional
approach.

The design-by-eye approach is best suited to situations where detailed
documentation in terms of drawings and quantities is not required. This includes
situations where construction is undertaken by a management team or by
in-house construction units rather than by a contractor governed by rigidly
speciﬁed contractual and payment conditions of a contract.
The degree to which the design-by-eye approach is applied in relation to
conventional approaches (full horizontal and vertical survey and control) can
also vary widely depending on local circumstances and can include the
following options:
●

no survey, but brief indications of corridor, areas to avoid, required
ﬁll/cut heights for drainage, soils, or other information

●

survey of the horizontal alignment and/or vertical alignment with spot
surveys of alignment options at critical locations

●

survey of the horizontal alignment and vertical alignment up to e.g. subbase level only. Base course then to be placed within thickness tolerances

4.4.2

Controls

T

he need to relate the physical elements of a road with the requirements of
the driver in an environmentally acceptable manner imposes a number of
controls on the road designer. Many of these controls relate to the characteristics
of the road environment; those that may be appropriate for one environment
may well not be appropriate for another. The more important design controls
include:
●
●
●

driver characteristics
design speed
sight distances

●

●
●

design trafﬁc
design vehicles
environmental factors

Design parameters such as driver-eye-height and perception-reaction time vary
considerably among drivers as well as vehicle type and driving conditions.
Thus, in relation to the underlying assumptions made, guidance on various
design parameters pertaining to driver characteristics vary quite signiﬁcantly
as illustrated in Table 4.3. As a result, the values derived for related design
elements such as sight distance are affected. Such guidance should be carefully evaluated in relation to the assumptions made and their applicability to the
project situation.
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Table 4.3 - Driver characteristics recommended for rural/low-volume roads
T
Parameter
SATCC

Design Guide
TRL ORN6

ARRB

Object height (stopping) (m)

1.00
2.50
0.10

1.05
2.00
0.20

1.15
2.50
0.20

Object height (passing)(m)

1.00

1.05

-

Driver eye height (m)
Brake reaction time (secs)

Speed Kills – Kill Speed

Design Speed
The design speedd is probably the most inﬂuential factor affecting the geometric
design of a LVSR and is inﬂuenced by the following factors:
●
●
●
●
●

Non-standard sign intended to shock drivers
into driving carefully.

nature of the terrain
classiﬁcation of the road
density and character of the adjoining land use
trafﬁc volumes and composition expected on the road
cross-section

Design speed is normally taken as the maximum speed that 85% of the drivers
are expected to adopt over a speciﬁed section of the completed road when
conditions are so favourable that the design features of the road govern the
driver’s choice of speed. The higher the design speed, the higher, usually, the
cost of construction. In undulating country, a rough rule of thumb is that an
increase of 20 km/h in the speed standard doubles the cost of earthworks.
It is noteworthy that the conventional design speed approach to specifying
alignment design standards carries implicit assumptions regarding driver behaviour
which have not been substantiated by empirical research15. Alternative design
procedures have been developed which ensure compatibility between alignment standard and observed driver-speed behaviour, and in which emphasis
is placed on consistency and driver expectancy rather than absolute minimum
standards. Such an approach is believed to result in safer operations, particularly
for low-standard alignments, than the conventional design speed approach16.
As a result, it would appear better suited to the SADC region where driver
behaviour is a critical determinant of operational, and hence, design speed.

“The expertise required by the low-volume
road designer may lie in his ability to make
his intentions clear to the road user and to
create a state of mind in the driver such that
he will be content to travel at safe speed”.
However, while the approach is sound,
quantitative guidelines are still lacking.

Although speed has been viewed traditionally as the most inﬂuential factor
affecting the geometric design of LVSRs, it is also suggested that life-cycle
costs could be considered as the most important factor3. The rationale
behind
d this approach is that cost will continue to be the most critical
constraintt on LVSR provision. This cost minimisation approach also applies
to the horizontal and vertical design (4.4.3 Elements). Speed, geometrics etc.
would then emerge as the outputs from the life-cycle costs analysis.
Speed limits can be used to inﬂuence driver behaviour, but only if they are
realistic. When the speed limit is set at a level that is signiﬁcantly different
from the 85thh percentile of the free speed, this tends to produce an accident
prone situation as drivers tend not to adjust their speeds to the notional
classiﬁcation
n of the road but, rather, to its physical characteristics. Attention
should therefore be given to creating a road environment which tailors the
operating speed to a level commensurate with the constrained alignment17.
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Box 4.5 - Design versus operational speeds in the SADC region
There are marked differences in the physical environments of countries in the SADC
region which, as a result, have a large inﬂuence on the application of a number
of geometric parameters. For example, the terrain in countries such as Botswana
and Namibia is mostly ﬂat. As a result, operational speeds tend to be much
higher than the design speed and, from a trafﬁc safety perspective, there may
be need to introduce special measures to constrain the high operational speed
close to the design speed. In contrast, in countries such as Lesotho, Seychelles
and Mozambique, the terrain in parts is very mountainous. As a result, the
design features of the road govern and sometimes constrain the driver’s
selection of speed.
Braking distance and those factors which
depend on it, such as sight distance, are
approximately proportional to the square
of the speed and every increase in the design
speed represents a signiﬁcant increase in
the value of these factors. However, extra
construction costs are usually offset by the
beneﬁts to trafﬁc, namely increased safety,
capacity and convenience, and lower road
user costs.

Guidance on design speeds is given in a number of design manuals 8,9,10,11,12,13
which all purport to apply to rural/LVRs in developing countries. The design
speeds recommended vary, presumably depending on the philosophy of design
adopted and the environment for which they are meant to apply - examples
are shown in Table 4.4. In view of the critical effect that design speed has on
the values of other geometric elements and the related costs of implementing
them, careful consideration should be given to the choice of this inﬂuential
parameter.
Table 4.4 - Recommended design speed values for selected design guides
Parameter
Trafﬁc (ADT)
Terrain
Design Speed km/h

SATCC
F
R
M

Design Guide
TRL ORN 6
100 - 400
F
R
M

70
70
50
70
Note: F = ﬂat, R = rolling, M = mountainous.

60

50

F

ARRB
>100
R

M

80

70

50

Design Vehicle
The physical characteristics of vehicles and the proportions of the various
sizes of vehicles using a road are positive controls in design and deﬁne
several geometric design elements. The dimensions used to deﬁne design
vehicles are typically the 85thh percentile value of any given dimension but
are, in fact, hypothetical vehicles selected to represent a particular vehicle class.
The dimensions of design vehicles adopted in design manuals developed
overseas are, quite naturally, based on vehicle types found in those countries.
However, the range of vehicle types found in the SADC region and their
operating characteristics, in terms of vehicle performance, condition, usage,
trafﬁc mix and road users’ attitude, vary quite signiﬁcantly from those in
developed
d countries. Thus, careful attention should be paid to design vehicle
characteristics in the LVSR design process.
Vehicle size regulations in the region have undergone substantial revisions
in recent years which have resulted in the emergence of relatively large,
multi-vehicle combinations up to 22 metres in length. These developments
also indicate the need to adopt design vehicles that are appropriate to the
region.
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Design Trafﬁc
The design trafﬁc is a critical design control which has a major impact on
all geometric design elements of a road. For HVR’s, this factor normally
applies only to motorised trafﬁc in terms of Annual Average Daily Trafﬁc
(AADT) in the design year. However, for LVSRs, due account must also be
taken of non-motorised trafﬁc, animal-drawn vehicles and large pedestrian
ﬂows near urban and peri-urban areas which all affect such design elements
as carriageway and shoulder widths. Unfortunately, none of the recent
regional guidelines and few international guidelines, fully cater for non-motorised
trafﬁc. Measures that could be considered are wider shoulders, sealed shoulders,
wider side drains or physical separation from motorised trafﬁc, all of which
will increase costs.
Sight Distance
A critical feature of safe road geometry is provision of adequate sight
distance – the distance ahead that can be seen by the driver. As an irreducible
minimum, drivers must be able to see objects on the road with sufﬁcient
time to allow them to manoeuvre around them or to stop. The basic elements
of sight distance which are important to LVRs include:
●

●

Good sight distances on a well-designed
LVSR. Note wide shoulder and shallow
slope to drainage ditch which both reduce
potential hazards.

●

stopping sight distance - the distance needed for safe stopping from
m travelling
speed
meeting sight distance - the distance needed for drivers of two vehicles
travelling in opposite directions to bring their vehicles to a safe stop
passing sight distance - the distance needed to see ahead for safe overtaking

The values of Stopping Sight Distance (SSD) and Passing Sight Distance
(PSD) recommended in various design manuals for rural/LVRs vary quite
signiﬁcantly as shown in Table 4.5. For SSD, this is due to different assumptions regarding brake reaction time and braking distance, which is dependent
on vehicle condition and characteristics and object size. For PSD, this is due
to different assumptions about the component distances in which a passing
manoeuvre can be divided, different assumed speeds for the manoeuvre and,
to some extent, driver behaviour.
Table 4.5 - Minimum stopping (SSD) and passing (PSD) sight distances

Deep V-type drainage ditches leave no
room for recovery if a vehicle runs off the
road.

Design
Speed
(km/h)

SSD

SATTC
PSD

SSD

TRL ORN6
PSD

SSD

ARRB
PSD

40
50
60
70
80
100

44
79
126
185

110
230
420
700

35
50
65
85
160

140
180
240
430

50
90
110
-

-

Sight distance has an impact on road safety. Poor visibility alone may
cause a collision between oncoming vehicles. No local guide is available
for LVSRs. In the ﬁnal analysis, therefore, the designer should be aware of
the differences in sight distance recommended by various guides and should
adopt values for which the underlying assumptions accord closest to project
conditions.
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Environmental Issues
All road projects have an impact on the environment. However, the provision
of LVSRs that result in an improvement of existing earth/gravel roads without
involving major earthworks or disturbance of existing cut and ﬁll slopes or
drainage patterns have little or no environmental impact. Indeed, the introduction
of a sealed road as a replacement for an earth/gravel road has an important
positive effect on the environment in that there is no longer any dust from
the earth/gravel road which would have had a negative impact on the
environment, particularly when the road passed through built up areas.
When there is a new road alignment or when spot improvements include
excavations in existing slopes, the environmental impacts of the works
should be evaluated and suitable remedial measures introduced. Where slope
instability or erodible soils present a problem, various remedial measures
need to be considered, including bio-engineering methods, sometimes in
combination with engineering structures. Such measures can also be used to
improve surface drainage, particularly in rolling and hilly terrain with steep
gradients.
Bio-engineering offers the engineer a new
set of tools, but does not normally replace
the use of civil engineering structures. The
materials and skills are all available in rural
areas, however remote.

Because of the low levels of trafﬁc on LVSRs, environmental pollution from
these roads is also low. However, there may be some slight increase in air
pollution from increased emissions if steeper grades and super-elevations result
from a design-by-eye approach. The disturbance due to noise is also increased
in hilly areas where the strain on the engines due to steep gradients and
heavy loads is extensive. Because of the low trafﬁc volumes on LVSRs, the
environmental impacts from emissions and noise are rather limited, but an
environmental impact assessment should always be carried out.
In order to minimise the adverse impacts of LVSR provision, it is important
to carry out an environmental audit at the commencement of the design process.
Such an activity aims to:
●

●

●

●

●

●
●
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design road corridors to minimise environmental and social/cultural impacts
and maximise user safety
integrate the results of the geometric planning process into the design
process
identify appropriate design options to minimise impacts of the proposal andd
be compliant with the design brief
provide an Environmental Design Report that sets out various criteria for
minimising environmental impacts
consider the objectives of all road users, and the natural and cultural values
of the community through consultation
minimise disturbance to the natural vegetation and landscapes
ensure road drainage systems use natural drainage lines and maintain catchmentt integrity at all times
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Elements

T

he road design process includes the selection, sizing and linking of the
following elements which, to a large extent, is inﬂuenced by the chosen
design speed:
●
●
●
●

Lay-bys provide a safe haven where vehicles
can pull off the road.

cross-section
bridges and culverts
horizontal alignment
vertical alignment

All of the above elements affect road safety by inﬂuencing the ability of the
driver to maintain vehicle control and identify hazards. It is therefore essential
that particular attention should be given to safety as a prime design criterion.
Cross-Section
The following elements of the road cross-section for various classes of
LVSRs need to be considered:
●
●
●
●

width of carriageway
width of shoulders
cross-fall
width of road reserve

Of particular importance to LVSRs is the issue of catering simultaneously for
the requirements of motorised as well as non-motorised trafﬁc and pedestrians.
In such circumstances, it will be necessary to consider cost-effective ways of
segregating these various types of road users within an appropriately
designed
d cross-section in which carriageway and shoulder widths play a
crucial role.
Relatively wide shoulders (typically 1.5 to 2 metres) are particularly important
in mixed trafﬁc situations and serve the following important functions:
A segregated footpath can be a cost-effective
means of catering for high volumes of
pedestrian trafﬁc.

●

●

●
●

movement of pedestrians and non-motorised trafﬁc with minimum
encroachmentt on the carriageway
provision of additional manoeuvring space for vehicles and on which a
driver may regain control of his vehicle if it goes out of control
provision of space for the use of vehicles which are broken down
provision of additional width to the cross section thereby improving sight
distances

Examples and comments on appropriate values for the cross section elements
for various classes of LVSRs are given in Table 4.6.
Where a segregated footpath is not possible,
the use of relatively wide, sealed shoulders
provides an acceptable surface for walking
or cycling.
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In general, the horizontal alignment should conform to the landscape. On
new alignments, long straights should be avoided as they have an adverse
impact on the motorist. Measures are required to reduce headlight or sun
glare in appropriate circumstances, as well as to reduce boredom and fatigue.
On existing alignments, as far as possible, upgrading should be undertaken
without changing the existing curve geometry and cross-section. Curve
improvements should focus on low-cost measures designed to control speeds,
enhance curve tracking or mitigate roadside encroachment severity.

Good combination of curves and adequate
horizontal curvature provide for a safe road
environment. However, a lack of road markings constitutes a serious safety hazard.

Minimum horizontal curvature is governed by maximum acceptable levels of
lateral and vertical acceleration, minimum sight distances required for safe
stopping and passing manoeuvres and values of side friction assumed for the
road surface type. These design parameters are, in turn, related to the vehicle
speeds assumed in the design. Curvature standards are thus explicitly or
implicitly dependent on a number of assumptions which, as illustrated in
Table 4.8, result in quite different values of minimum horizontal radii. The
choice of minimum radius of horizontal curves has a signiﬁcant impact on
earthworks and costs and therefore needs additional consideration in LVSR
design.
Table 4.8 - Comparison of minimum radii of horizontal curvature
Design
Speed
(km/h)

Minimum radius of horizontal curvatures (m)
SATTC

TRL ORN6

ARRB

Side f

e=10

e= 6

Side f

e = 10

e=6

Side f

e=7-10

40

-

-

-

0.30

30

35

-

-

50

-

-

-

0.25

60

65

0.35

45

60

-

110

140

0.23

85

100

-

-

70

-

-

-

0.20

130

150

0.31

100

80

-

210

250

0.19

175

200

0.26

160

100
350
420
F = side friction, e = super-elevation

0.15

320

375

-

-

Vertical Alignment
The main components of the vertical alignment include:
●
●
●

Poor visibility due to hidden sag curve
- a potential cause of accidents.

maximum gradient
minimum stopping or passing sight distances on crest curves
minimum radius of crest and sag curves

Vertical alignment has a direct effect on construction costs and depends on
terrain. Cost can be reduced by reducing earthworks through careful route
selection. Greater maximum grades should be considered for lower standard
roads than for those with a higher classiﬁcation. The beneﬁts gained from
reducing vehicle operating costs and time costs are unlikely to offset the
additional construction costs of implementing minimal grades.
Table 4.9 shows the values for vertical crest and sag curves recommended by
different design manuals for rural/LVRs in developing countries. As indicated
in the Table, there is a considerable difference between the values recommendedd for both vertical crest and vertical sag curves, largely because of the
different assumptions made in their derivation. The values recommended in
the SATTC guide for trunk roads are based on headlight illumination criteria
while the values by TRL ORN6 and ARRB are based on driver comfort
criteria. In the SADC region, LVSRs serve a number of different functions
and in very differentt terrains. In the absence of a local guide for LVSRs, the
designer will need to determine which of the recommended values are most
suited to the local terrain and road function (primary, secondary or tertiary).
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#ERTAIN COMBINATIONS OF HORIZONTAL AND VERTICAL CURVES CAN RESULT IN DRIVERS
SEEING AN APPARENT DISTORTION IN THE ALIGNMENT OR GRADE OR BOTH EVEN THOUGH
THE HORIZONTAL AND VERTICAL CURVES COMPLY WITH DESIGN RULES /THER COMBINATIONS
CAN HIDE A CHANGE IN HORIZONTAL ALIGNMENT FOR THE DRIVER 4HUS PROPER
SEQUENCING OF HORIZONTAL AND VERTICAL CURVATURE IS IMPORTANT FOR ACCIDENT
PREVENTION (OWEVER SUCH SEQUENCING IS USUALLY ATTAINED AT THE COST OF EXTRA
EARTHWORKS AND A CAREFUL BALANCE MUST BE STRUCK BETWEEN THE COSTS AND BENElTS
OF SUCH AN UNDERTAKING %XAMPLES OF GOOD AND POOR ALIGNMENT DESIGNS ARE
SHOWN IN &IGURE 



 

%XAMPLE OF GOOD ALIGNMENT DESIGN A SMOOTH mOWING APPEARANCE
RESULTS WHEN VERTICAL AND HORIZONTAL CURVES COINCIDE



 

%XAMPLE OF A POOR ALIGNMENT DESIGN UNCOORDINATED HORIZONTAL AND VERTICAL CURVES

&IGURE  %XAMPLES OF GOOD AND POOR COMBINATIONS OF HORIZONTAL
AND VERTICAL ALIGNMENTS
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4.5 Roadside Safety, Education
and Enforcement
Roadside furniture includes:
●
Road signs.
●
Street lighting.
●
Guardrails, etc.
Roadside obstacles include:
●
Trees.
●
Shrubs.
●
Illegally positioned advertising signs
within road reserve.
●
Power lines or other utility poles
within road reserve.
●
Building structures.
●
Deep side drains.

4.5.1

Roadside Safety

T

he roadside environment and its design play an important role in road
safety. Elements of this environment include:

●
●
●
●

roadside furniture and obstacles
road signs, markings and studs
parking facilities, lay-bys and passing lanes
trafﬁc calming measures and lighting

Roadside Furniture and Obstacles
Whilst fulﬁlling important safety roles, both roadside furniture and obstacles
can have negative safety implications as well which include:
●

●

obstructing the view of road users and line of sight of drivers and
pedestrians
causing a risk of vehicles colliding into them

The ideal situation is to provide for a clear zone, which is kept free of hazards,
including roadside furniture and obstacles. However, in cases where the
provision of clear zones is too expensive or impractical due to topographical,
environmental or other constraints, options should be considered to reduce the
seriousness of the consequences. Figure 4.11 provides guidance on dealing with
roadside hazards in order to provide a “forgiving roadside”.
An unforgiving roadside is one which is not
free of obstacles that may cause serious
injuries to occupants of light vehicles.

Can roadside hazard be removed?

YES

NO

Can road section be redesigned
to allow for safe transversal?

YES

NO

Can road section be relocated to a
position where it is less likely to be
hit by an errant vehicle?

YES

Implement

NO

Can an appropriate breakaway device
be used to reduce accident severity?

YES

NO

Can delineation be provided to increase
the awareness of the presence of the
roadside hazard?

Apply traffic calming if required
YES

due to the seriousness of the hazard

NO

Leave as is

Non-standard cattle warning sign.
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Road Signs, Markings and Studs
Road safety is greatly facilitated by the provision of road signs, markings and
reﬂective studs, which provide drivers with information about routes, road
geometry, etc.

Various SADC trafﬁc signs as contained in
the SATCC Trafﬁc Signs Manual.

Road signs help to regulate trafﬁc by assigning right of way and indicating
regulations in force, warning road users of hazards and guiding the road user
through navigational information. Road markings play a complementary role
to road signs by conveying additional information to the driver, particularly
in terms of delineating various road elements, such as the width of the lane
or edge of the carriageway. Road studs, sometimes colour-coded, may be
used to supplement road markings where these are subject to conditions of
poor or limited visibility. The SATCC Road Trafﬁc Signs Manual18 should be
used as far as possible to maintain consistency throughout the region.
Road signs generally need to be located within close proximity of the roadway (i.e. within the clear zone) and therefore need to afford some protection to errant vehicles. This can be achieved through the use of a simple
breakaway device, using a notched wooden support.

Additional signage should be provided on
dangerous curves.

Signs, particularly regulatory and warning signs, must be maintained in a
sound order (i.e. reﬂectivity, cleanliness, visibility) as they play a crucial
role in terms of road safety in giving information on rules and hazards
further ahead (e.g. sharp curves, steep down grades, areas of high pedestrian
activity, etc).
Regular maintenance (trimming) of grass verges and shrubs is particularly
important at bends, around road signs, and where pedestrians and animals
cross regularly. Poles for services and trees in the road reserve are hazardous
for vehicles accidentally leaving the road, and they may also hinder sight
distance. Large trees may need to be removed from the immediate roadside.
The use of high standard guard-rails is safety efﬁcient, but is very costly.
Simpler types of guard-rails or delineators made of painted wooden poles
may be used instead of the normal types of guard-rails.
In case of ﬁnancial constraints, ﬁrst priority in the placement and maintenance of signage should be given to regulatory and warning signs. Reﬂectivity of road signs must be adequate for the purpose, with higher reﬂectivity
for warning signs and little (or no) reﬂectivity for guidance signs. Ideally,
signs should be reﬂectorised, but ordinary paint is better than no sign at all.
Road studs should only be considered on road sections where mist is prevalent.
They can usually be discontinued on shoulders and be replaced by edge lines
as they suffer signiﬁcant wear and tear.
Channelisation of Trafﬁc
Warning signs and reduced speed limits are particularly important near
localised
d areas of high activity, such as stretches of road with ribbon
development, where there is inadequate sight distance for normal overtaking
manoeuvres, and the crests of hills. Speed calming devices can also be used
as self-enforcing measures where compliance to warning signs and speed
limits are low.

SADC Guideline on Low-volume Sealed Roads

July 2003

Geometric Design and Road Safety

Simple, innovative measures may help to
separate trafﬁc and improve the road safety
situation for non-motorized trafﬁc in builtup areas.

Dedicated crossings provide increased safety
for pedestrians if correctly positioned and
marked.
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The easiest and cheapest way of segregating pedestrian and vehicular trafﬁc is
through the use of road markings (i.e. demarcation of shoulders.) These can
be in white paint; although the use of another colour (e.g. yellow) helps to
identify the particular function of the marking. However, kerbs and even
guard-rails can be used to physically separate pedestrians and vehicles. They
can also be used to give added protection to pedestrians over bridge and
other structures. If there is sufﬁcient room in areas of high pedestrian movement,
a footpath (perhaps raised with a kerb to dissuade vehicles from using it) can
be provided, either alongside the road itself; or preferably separated by a grass
or earth verge of some kind.
Even on low-volume roads there will be areas where pedestrian movements
and trafﬁc ﬂow are sufﬁciently high that pedestrians should be provided with
assistance to allow them to cross the road safely. This is especially important
near schools and shops. This might involve providing clearly signed zebra
crossings with or without a central refuge. As well as offering pedestrians
protection, crossings and refuges promote trafﬁc calming and also encourage
pedestrians to cross where it is safer to do so.
Parking Facilities, Lay-bys and Passing Lanes
If the road topography permits, provision should be made for stopping and
parking vehicles. Thus the road design should take account of the need for
bus stops, the location of (ofﬁcial or unofﬁcial) street vendors and market
stalls, shops and schools. Off-road parking areas should also be provided for
rickshaws and taxis and so on.
When there are steep gradients, provision can be made for faster vehicles to
pass slow moving lorries and buses safely. This can be provided by having an
additional ‘crawler’ lane, or occasional lay-byes for slow moving vehicles to
pull in to let trafﬁc queues pass. However, for LVSRs, the cost-beneﬁt aspects
of such measures need to be carefully considered.
At the end of steep descents, ‘emergency’ provision should also be made for
out-of-control vehicles with brake-failures or those travelling too quickly.
For example, beds of gravel can be provided to stop vehicles that are out of
control and hazardous objects should be protected or removed.
Trafﬁc Calming Measures
Although trafﬁc-calming measures are generally aimed at reducing speeds
and diverting trafﬁc (decreasing trafﬁc volumes) in urban areas there are a
number of measures that are appropriate for LVSRs. They are normally used
on sections of road where there are a high proportion of unprotected/
vulnerable road users (pedestrians, cyclists and animal drawn carts, etc), or
where there is a localised (unexpected) change in the design speed. Speed
calming measures can basically be categorized according to the extent to which
they may have an effect, namely:

By deterring drivers from using road shoulders,
the use of shoulder humps can improve the
safety of pedestrians and cyclists

●

localised trafﬁc calming measures, which include warning signs and
d
markings, speed humps, rumble strips, jiggle-bars, pinch-points,
roundabouts together with road surface texture and colour

●

continuous trafﬁc calming measures, such as speed humps, along a stretch
of road
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Speed humps are one of the most effective localised trafﬁc calming measures,
but require precision in design and construction to achieve a comfortable ride
when traversed at the desired speeds but uncomfortable to drivers exceeding
this speed.
Rumble strips in combination with trafﬁc signs and/or speed humps, as
appropriate, are trafﬁc calming devices used to gradually reduce high
speed before a dangerous spot. Community acceptance is very important
for successful implementation of trafﬁc calming devices.
Well-designed speed humps are an effective
means of slowing down trafﬁc.

Physical roadway design to enforce speed limits, such as narrowed lane
width, can also be employed. This, however, has to be balanced by the
need for passing opportunities, which is generally determined by the trafﬁc
mix. Visual narrowing of the roadway can have the same effect on speed as
physical narrowing and can be achieved by using edge lines or omitting centre
lines.
Animals
Many rural communities graze farm animals such as cows and goats on
road-side vegetation. Ideally such animals should be tethered or supervised.
This can be encouraged by providing community education programmes.
Domestic pets and wild animals can also pose a hazard for road users. In
some SADC countries, fencing is used and can be effective if well maintained but the high cost means that it is seldom used along LVSRs. Often
when fences are erected, gates are left open and gaps appear due to theft and
vandalism, which rapidly reduces their effectiveness.

Stray cattle are a trafﬁc safety menace in
some countries.

Street Lighting
This can help visibility and safety but is expensive and generally unaffordable
in the context of LVSR. There might, however, be situations where street
lighting of the road can be considered, for instance, when passing built-up
areas, schools, hospitals and busy intersections.

4.5.2

Education and Enforcement

Education
oad safety education (RSE) is an important tool to raise awareness of
problems and behaviours related to trafﬁc and road safety. It involves
teaching children, and often adults, to be safer road users. It does so by
developing:

R
●
●
●
●

Road safety education for school children,
an important awareness raising tool.

●
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behavioural skills necessary to survive in the presence of road trafﬁc
an understanding of their own responsibility for keeping themselves safe
knowledge of the causes and consequences of road accidents
a responsible attitude to their own safety and to the safety of others
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RSE should be provided during formal schooling by trained teachers who are
provided with suitable resource materials. However, it should also be recognised
that not all children attend school and that many adults have never received any
proper road safety education. This can be overcome by providing community
road safety education programmes in addition to formal teaching in schools.
Where literacy rates are low, special teaching methods can be used (e.g. drama,
singing and dance) while road safety education can be incorporated into other
curriculum topics (such as science and geography). RSE needs to be relevant,
practical (participatory) and regular and aimed at the child’s level of education
and social development. In some situations the children themselves can be used
to educate either their parents or other children.
Road safety publicity campaigns can also raise the awareness of problems and
behaviour in addition to improving knowledge, shaping attitudes and behaviours,
as well as stimulating discussion and debate. These publicity campaigns can
include local drama performances in which tribal languages are used in order
to reach illiterate persons. Community workshops, radio, television and cinema
can also be successfully used.
Box 4.6 - Examples of innovative road safety initiatives
Road safety awareness campaign in progress.

In Swaziland community involvement has been used to solve road safety
problems. A project was recently launched whereby children were employed
to control stray animals on rural roads during critical times of the year
(e.g. during the Easter holidays.) The community was also mobilised to
erect roadside fences. The road authorities provided the materials for
construction. Once erected, the community became involved in the
maintenance of the fences on an on-going basis which provided a valuable
source of employment for them.
Enforcement
Trafﬁc law enforcement is meant to achieve the safe and efﬁcient movement
of all road users including non-motorised trafﬁc and pedestrians. In this regard,
enforcement of trafﬁc rules (such as speed limits, stop signs and rules at
pedestrian crossing facilities) can be used to signiﬁcantly improve road user
behaviour and safety.

Enforcement is an essential component for
improving road safety.

Unfortunately, because of a severe shortage of trained trafﬁc police, trafﬁc
law enforcement is inadequate. As a result, drivers tend to disregard regulations and a general disregard for trafﬁc law often gradually becomes the
norm. This situation highlights the need to promote trafﬁc law enforcement
more vigorously, including the use of well mounted campaigns which, ideally,
should be accompanied by education and publicity. The objective should be
to improve the behaviour (and safety) of the majority of road users, rather
than to simply ‘catch’ (and punish) a few. Moreover, such strategies should
not be used as a simple means of raising money - but to improve safety.
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4.6 Summary

T

he key points raised in this chapter are:

1.

The functionality and characteristics of the LVSR network in the
SADC region are quite different from those in industrialised countries. Trafﬁc operations tend to be complex, comprising a mixture of
both motorised and non-motorised trafﬁc and there is often a relatively
high proportion of commercial vehicles.

2.

There are no geometric design standards for LVSRs in any SADC
country based on in-country research into economic and safety factors.
National standards are generally based on adaptations of those developed
in industrialised countries and often do not cater for the characteristics
of the road environment in the region.

3.

No single design guide or manual can be recommended for use as they
are based on different philosophies and make different assumptions or
use different criteria for developing design values for the various
geometric design elements.

4.

It is essential for the designer to have a thorough understanding of the
underlying criteria and assumptions that have inﬂuenced the development
of existing design guides or manuals as a basis for adapting them,
where necessary, to suit the local road environment.

5.

Road safety is a major problem with accident rates being some of the
highest in the world. There is an overriding need to incorporate road
safety measures in the geometric design process. Road safety audits
should be introduced as part of the road design process in all countries.

6.

Road safety education and enforcement are key factors which can have
a major inﬂuence on road safety and should be given high priority in
order to promote a road safety “culture” for all ages of road users.

This chapter has reviewed established and more recent approaches to
geometric design, particularly in the context of road safety. The need for
adopting appropriate standards has been stressed and the scope for improving
the appalling road safety situation highlighted. Design standards will have an
impactt on pavement design and road surfacing - subjects that are covered in
Chapter 5.
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HE OBJECTIVE OF PAVEMENT DESIGN IS TO PROVIDE AN ECONOMIC STRUCTURE IN
TERMS OF MATERIAL TYPES AND THICKNESSES THAT CAN WITHSTAND THE EXPECTED
TRAFlC LOADING OVER A SPECIlED TIME WITHOUT DETERIORATING BELOW A PREDETERMINED
LEVEL OF SERVICE 4HIS PROVIDES A PARTICULAR CHALLENGE FOR DESIGNERS AS EXISTING
METHODS OF PAVEMENT DESIGN EVEN THOSE DEVELOPED IN THE 3!$# REGION
GENERALLY CATER FOR RELATIVELY HIGH VOLUMES OF TRAFlC   MILLION %QUIVALENT
3TANDARD !XLES %3!S  !S A RESULT SUCH METHODS ARE OFTEN INAPPROPRIATE
FOR APPLICATION TO ,632S FOR WHICH ENVIRONMENTALLY INDUCED RATHER THAN
TRAFlC INDUCED STRESSES TEND TO PLAY A DOMINANT ROLE IN PAVEMENT DETERIORATION
4HUS THERE IS A NEED TO BE VERY DISCERNING IN THE APPLICATION OF CURRENT
PAVEMENT DESIGN METHODOLOGIES AND TO ADAPT THEM WHERE NECESSARY TO SUIT THE
PREVAILING CONDITIONS OF CLIMATE MATERIALS TRAFlC LOADING AND OTHER RELATED
FACTORS
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The outcome of the design process, in terms of the type of structure chosen,
is inﬂuenced by the preceding phases of planning and geometric design and,
in turn, determines many aspects of construction requirements. It also inﬂuences the level and type of maintenance necessary to keep the pavement at
the design
n serviceability level. In order to ensure a successful outcome,
there is a need to ensure that the design process is undertaken in a holistic
manner that takes full account of a variety of inﬂuential factors, as discussed
in Chapter 3.
Calcrete and laterite are typical examples
of natural gravels which, although occurring
throughout southern Africa, had generally
r
been considered to be unsuitable for use in
base courses. However, experience and fullscale trials in a number of SADC countries
have demonstrated that these materials can
be used successfully in the upper layers of
pavements.

Naturally occurring calcrete found under a
relatively thin layer of overburden.

5.1.2

Materials

N

aturally occurring soils and gravels are an important source of material
for use in the construction of a LVSR. This is because these materials
are relatively cheap to exploit by comparison with processed materials such
as crushed rock. Moreover, in many SADC countries, they are often the only
source of material within a reasonable haul distance of the road. Thus, because
of the substantial inﬂuence that naturally occurring materials exert on the
cost of a LVSR, typically about 70 per cent, it is essential that the beneﬁts of
using them are fully exploited in road construction.
Unfortunately, many of the naturally occurring road building materials in the
SADC region are disparagingly described as being “non-standard”, “marginal”,
r
“low-cost”, or even “sub-standard”! This is because such materials are often
unable to meet the required speciﬁcations, which are usually based on European
or North American practice that did not always make provision for local
conditions. However, there are many examples of naturally occurring materials,
such as laterite and calcrete, that have performed satisfactorily despite being
“sub-standard” with respect to their grading, plasticity or strength. Where
failures have occurred, investigations have generally shown that poor quality
construction or drainage problems were more likely the cause, rather than
the materials themselves.
The use of local materials requires not only a sound knowledge of their
properties and behaviour but also of the trafﬁc loading, physical environment,
and their interactions. In addition, it will require the use of appropriate pavement design methods and the application of appropriate design standards
and materials speciﬁcations, coupled with construction quality that complies
with the required standards and speciﬁcations.

The term “natural gravel” refers to a gravelly
material occurring in nature as such, (e.g.
laterite) or which can be produced without
crushing. Some processing, to remove or
break down oversize may still be necessary.
However, a distinction is made between
these “natural” gravels, and material produced from crushed hard rock, and is referred
to as “crushed stone base”.

Box 5.1 - The challenge of using natural gravels
●

Because of their mode of formation, involving intensive processes of
weathering, many road-building materials in the SADC region tend
to be highly variable and moisture sensitive. This requires the use of
appropriate construction techniques and provision of adequate internal
and external drainage.

●

Standard methods of test that, for the most part, have evolved as a
result of experience of soils in temperate zones, do not always give a
true assessment of the performance of locally available materials when
used in road construction.

●

Conventional speciﬁcations apply to “ideal” materials and often
preclude the use of many naturally occurring materials (laterites,
calcretes, etc.) despite their good performance in service.
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Surfacing

I

n situations of rapidly dwindling sources of gravel for maintaining unsurfaced
d roads, the bituminous sealing of a gravel road offers numerous
technical, economic and environmental advantages and, in many cases, is unavoidable. However, because of the relatively low levels of trafﬁc carried, there
is need to provide a durable surfacing at the lowest possible life-cycle cost.
Unfortunately, current speciﬁcations for traditional bituminous surfacings are
demanding and exclude the use of local materials that could be suitable.
Providing a surfacing for a gravel road calls for the innovative use of local
materials, which may often be of a non-standard nature, in situations where
the use of conventional materials would be prohibitively expensive. Fortunately,
in addition to the traditional chip seal or surface treatment, there are a number
of alternatives which, although not yet widely used, can provide eminently costeffective solutions.

5.1.4

Purpose and Scope of Chapter

T

he main purpose of this chapter is to provide a generic guide to the design
of low-volume sealed road pavements using locally occurring materials
to the greatest extent possible. This is based on research work and developments
that have taken place in the SADC region with respect to the emergence of
more appropriate design methods, speciﬁcations and test methods. The principal
aim of this approach is to maximize implementation of previous research,
which now exists in a disparate fashion and has not been adequately synthesized
d and packaged in an easily retrievable format for dissemination and
implementation.
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5.2 Pavements, Materials and
Surfacing Terminology
Typical pavement structure.
Surfacing

5.2.1

A
●

Base

Subbase

Subgrade

●
●

Components

road pavement typically consists of the following three primary
components:

surfacing
pavement structure (base and subbase)
subgrade

A typical LVSR pavement structure consists of a thin bituminous surfacing
underlain
n by one or more layers of natural gravel.
Surfacing
The surfacing is the uppermost layer of the pavement and forms an interface with trafﬁc and the environment. It normally consists of some kind of
non-structural, impermeable bituminous surface treatment or a structural
layer of premixed bituminous material (asphaltic concrete).
Base
The base is the main load-bearing and load-spreading layer of the pavement
and normally consists of natural gravel, gravelly soils, decomposed rock,
sands and sand-clays. The weaker materials are often stabilized with cement,
lime or bitumen. On relatively highly trafﬁcked roads, asphalt concrete and
crushed stone may also be used.
Subbase
The subbase is the secondary load-spreading layer underlying the base and
normally consists of a material of lower quality than that used in the base.
This layer protects the subgrade and, importantly, acts as a construction
platform and also provides a stiff platform against which the base can be
adequately compacted.
Subgrade
The subgrade is the upper layer of the natural soil that supports the pavement
structure. It may be undisturbed local material or soil imported from
elsewhere and placed as ﬁll. In either case, it is compacted during construction to give added strength. The ultimate strength characteristics of the
subgrade dictate the type of pavement structure required, in terms of layer
thickness and material quality, to reduce the surface load by trafﬁc or the
environment to a magnitude that can be supported without unacceptable
permanent deformation.
Carriageway
The carriageway is that section of the roadway which is normally reserved
for use by vehicular trafﬁc. In many SADC countries such trafﬁc may be
both motorised
d and non-motorised.
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4HE SHOULDERS PROVIDE A NUMBER OF FUNCTIONS INCLUDING LATERAL SUPPORT FOR
THE PAVEMENT STRUCTURE AND ACCOMMODATION FOR STOPPED VEHICLES 4HE SHOULDERS
MAY BE SEALED OR UNSEALED THE IMPLICATIONS OF WHICH ARE DISCUSSED IN 3ECTION

%ACH OF THE COMPONENTS OF THE PAVEMENT STRUCTURE FORMS PART OF A TYPICAL
ROAD CROSS SECTION AS SHOWN IN &IGURE 
4HE DESIGN OF A ,632 MAY REQUIRE A DIFFERENT
APPROACH TO EACH OF THE PAVEMENT PARAMETERS
COMPARED WITH CONVENTIONAL DESIGN

   
 



   

 

 

   

    



  

   




&IGURE  #ROSS SECTION OF A TYPICAL ROAD PAVEMENT
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PAVEMENT MUST BE DESIGNED TO MEET BOTH FUNCTIONAL AND STRUCTURAL
REQUIREMENTS &UNCTIONALLY IT SHOULD SERVE TRAFlC SAFELY COMFORTABLY
AND EFlCIENTLY AT MINIMUM OR hREASONABLEv COST 3TRUCTURALLY IT IS A LOAD
BEARING STRUCTURE THAT IS REQUIRED TO PERFORM UNDER THE PREVAILING TRAFlC AND
ENVIRONMENTAL CONDITIONS WITH MINIMUM MAINTENANCE
4HE PAVEMENT STRUCTURE TRANSFERS THE WHEEL LOADS FROM THE SURFACE TO THE
UNDERLYING SUBGRADE !S SHOWN IN &IGURE  THE WHEEL LOAD OR PRESSURE
AT THE SURFACE IS EFFECTIVELY REDUCED WITHIN THE PAVEMENT STRUCTURE BY BEING
SPREAD OVER A WIDE AREA OF SUBGRADE 4HE STRENGTH CHARACTERISTICS OF THE ROADBED
SOIL DICTATE THE TYPE OF PAVEMENT STRUCTURE REQUIRED TO SPREAD THE APPLIED LOAD
AND TO REDUCE IT TO A MAGNITUDE THAT CAN BE SUPPORTED BY THE SUBGRADE




 
 


 

  
 

&IGURE  3PREAD OF WHEEL LOAD THROUGH PAVEMENT STRUCTURE
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Performance

P

avements deteriorate gradually with time for a number of reasons, the
two most important being:

environmental effects

●

trafﬁc loading, comprising effects caused by wheel loads and tyre pressures,
and which is dependent on the stresses and the number of times they are
applied

These factors have the effect of reducing the riding quality of the pavement,
as manifested by obvious visible features such as surface roughness, rutting
and cracking in the manner illustrated in Figure 5.3.

0AVEMENT )NDICATORS

On low-volume roads, beneﬁts accruing
from savings in vehicle operating costs will
be small. As a result, in contrast to highvolume roads, lower levels of riding quality
(roughness) can be tolerated over the life of
the pavement.

●

2IDING QUALITY

2UT DEPTH
#RACKING
4IME  4RAFFIC

Figure 5.3 - Generalised pavement behaviour characteristics and indicators
Ultimately, the challenge of good pavement design is to provide a pavement that
fulﬁls its function at minimum life-cycle cost at an optimal level of service.
However, positive action in the form of timely and appropriate maintenance
will be necessary to ensure that the assumptions of the design phase hold true
over the design life.

Cracking of surfacing mainly due to
oxidation and consequent hardening of
bituminous binder.

Environmental Effects
Environmentally induced distress through climatic inﬂuences, including temperature and rainfall, play a particularly important role in the performance
of low-volume road pavements. For example, high temperature can accelerate
hardening of binders in road surfacings through loss of volatiles and oxidation,
resulting in their loss of ﬂexibility and consequent ravelling of the aggregate
and brittle fracture of the layer.
High rainfall can also result in a change in the moisture content of the
pavement and subgrade materials which, under poor drainage conditions
and moisture sensitive materials, can adversely affect the pavement structure and its performance under trafﬁc (Section 5.3.2).
Carbonation of materials stabilised with lime and cement can also occur. This
is a reaction between the stabilising agents and carbon dioxide in the air or
under road pavements and leads to a weakened material (Section 5.3.3).
Damage can occur to road surfacings as result of salt crystallisation. This effect
is especially prevalent in dry climates and/or in circumstances where pavements have been constructed with materials or water with a relatively high
salt content (e.g. minewaste) (Section 5.3.3).
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(YDROGENESIS IS THE UPWARD MIGRATION OF WATER VAPOUR IN THE ROAD PAVEMENT
WHICH UNDER CERTAIN CLIMATIC CONDITIONS CONDENSES UNDER THE ROAD SURFACING
4HE ADVERSE EFFECTS OF HYDROGENESIS ON ROAD PAVEMENTS HAVE NOT YET BEEN FULLY
QUANTIlED 3ECTION 
KjY^x[ÛCgY\af_
4RAFlC LOADING IS RESPONSIBLE FOR THE DEVELOPMENT OF RUTS AND CRACKING THAT
INITIATES WITHIN THE PAVEMENT STRUCTURE %VERY VEHICLE USING THE ROAD CAUSES A
SMALL TEMPORARY DEmECTION AND A SMALL PERMANENT DEFORMATION IN THE PAVEMENT
STRUCTURE 4HE PASSAGE OF MANY VEHICLES HAS A CUMULATIVE EFFECT THAT GRADUALLY
LEADS TO SIGNIlCANT PERMANENT DEFORMATION ANDOR FATIGUE CRACKING /VERLOADED
VEHICLES WHICH ARE PREVALENT IN THE 3!$# REGION CAUSE A DISPROPORTIONATE
AMOUNT OF DAMAGE TO THE PAVEMENT STRUCTURE ACCELERATING SUCH DETERIORATION
!N EXAMPLE OF RUTTING DUE TO PERMANENT
DEFORMATION OF THE BASE LAYER CAUSED BY
DENSIlCATION OF MATERIAL

/N LOW VOLUME ROADS THE LACK OF TRAFlC CAN ALSO LEAD TO RAVELLING AND SUR
FACE CRACKING 4HIS ARISES BECAUSE THE KNEADING ACTION OF TRAFlC KEEPS BITUMEN
hALIVEv IE mEXIBLE
)T IS NOTEWORTHY THAT MOST OF THE AVAILABLE MANUALS ON PAVEMENT DESIGN TEND TO
FOCUS ON LOAD ASSOCIATED FACTORS WHEREAS ENVIRONMENTALLY INDUCED DISTRESS IS
OFTEN THE MAJOR MECHANISM OF DISTRESS FOR ,62S 4HE SIGNIlCANCE OF THESE
FACTORS IS DISCUSSED IN 3ECTION 
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4YRE INmATION PRESSURE IS AN IMPORTANT PARAMETER THAT CAN INmUENCE THE PERFORM
ANCE OF ,632S 0REVAILING TYRE INmATION PRESSURES HAVE RISEN STEADILY OVER THE
YEARS AND ARE NOW CONSIDERABLY HIGHER OF THE ORDER OF   K0A THAN
THOSE USED ON KEY ROAD PERFORMANCE EXPERIMENTS SUCH AS THE !!3(/ 2OAD
4EST  K0A ON WHICH MANY EMPIRICAL PAVEMENT DESIGN METHODS HAVE BEEN
BASED

 

  










 
 

3TRESS DISTRIBUTION VERSUS DEPTH IN A PAVEMENT
SUBJECTED TO WHEEL LOADING 

4HE EFFECT OF REPEATED HIGH TYRE CONTACT PRESSURES IS TO GENERATE HIGH SHEAR
STRAINS IN THE UPPER LAYERS OF PAVEMENTS 4HIS IS NOT NORMALLY A PROBLEM WHERE
PAVEMENTS HAVE BEEN WELL DESIGNED AND CONSTRUCTED (OWEVER IN CERTAIN SITUATIONS
EG ON STEEP GRADES OR IN POORLY DRAINED AREAS WHERE MOISTURE SENSITIVE LOW
STRENGTH MATERIALS ARE USED IT CAN BE PROBLEMATIC AND CAN RESULT IN THE CRACKING
OF SURFACE LAYERS ARE RUTTING FROM PLASTIC DEFORMATION OF ONE OR MORE OF THE
PAVEMENT LAYERS CAUSING SHOVING SHEAR FAILURE AND BREAKDOWN OF WEAK
AGGREGATES )N SUCH SITUATIONS APPROPRIATE DESIGN AND CONSTRUCTION COUNTER
MEASURES SHOULD BE OBSERVED
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"

ASED ON WORKSHOPS CARRIED OUT IN A NUMBER OF 3!$# COUNTRIES THE PERCEIVED
DETERIORATION EFFECTS OF ,632S WERE RECORDED 4HESE ARE SUMMARIZED IN
4ABLE 
4ABLE  $ETERIORATION EFFECTS ON ,632S
3DUDPHWHU
3RRUGUDLQDJH

5HODWHG,VVXHV
ZDWHULQJUHVVWRSDYHPHQWVWUXFWXUH
¬
LQDGHTXDWHPDLQWHQDQFHRIGUDLQDJHVWUXFWXUHV
¬
SRRUURDGVLGHGUDLQDJHÀRRGZDWHUVFRXU
¬
SRRUJHRPHWULFGHVLJQ
¬
SRRUODFNRILQVXI¿FLHQWPDLQWHQDQFH
¬
SRRUPDLQWHQDQFHWHFKQLTXHV
¬
LQWHJULW\RIVHDOGHOD\HGUHVHDOXQVHDOHGFUDFNV
¬

,QDGHTXDWH
PDLQWHQDQFH
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●
●

Quality of
construction

●
●
●
●

Materials
quality

●
●

●
●
●

Environmental
extremes

●

Design

●

●

●
●
●

unexpected heavy loads after design
very high tyre contact pressures, sometimes associated with
weakening of upper base layers due to crushing or carbonation
inadequate/poor compaction
poor workmanship/supervision/construction standards
inadequate use of appropriate plant
poor mixing of materials/permeable pavements
inadequate classiﬁcation of soils
non-availability of good natural gravels, presence of poor
subgrade soils
salt damage
low quality of surfacings
sodic, dispersive and other problem soils
climatic (temperature and weather) extremes
erosion of shoulders and side slopes
inadequate pavement design/design speciﬁcations
poor shoulder design/lack of sealed shoulders
ﬂat terrain/low embankments/inadequate camber
increased generated trafﬁc

The above perceived causes of deterioration of LVSRs are indicative of the
range of important issues that should be addressed when considering the
pavement, materials and surfacing aspects of such roads (dealt with in this
chapter) are considered, as well as other aspects pertaining to construction and
maintenance (dealt with in Chapters 6 and 7 respectively).

5.2.5

Terminology

Materials
Naturally occurring materials: These include natural soils, gravel-soil mixtures
and gravels. Little or no processing is required other than, possibly, loosening
the inn situ material by ripping and breaking down (usually with a grid roller)
or removing oversize particles. The cost of such materials is, typically, about
25% of crushed stone. They may be used in their natural state or modiﬁed
with small amounts of lime, bitumen or cement. Crushing may occasionally
be required.
As-dug, nodular laterite gravel used in
LVSR construction.

Crushed limestone is a typical “standard”
material that is produced by crushing of
blasted, massive rock to a speciﬁed grading.

Standard/traditional materials: These are deﬁned as materials which meet
traditional speciﬁcations, such as those of the American Association of State
Highway and Transportation Ofﬁcials (AASHTO). Such materials are tolerant
of construction mishandling and adverse environmental conditions and will
probably perform well in most cases. However, when used as speciﬁed, their
use is often excessively conservative for the level of performance required from
LVSRs.
An essential feature of most traditional speciﬁcations for standard materials
is a requirement for strict compliance with limitations on particle size
distribution
n (grading), plasticity index and aggregate strength. This is partly
to avoid the use of any materials in pavement layers that are susceptible to
the weakening effects of water and frost. Crushed rock and river-washed
and ﬂuvio-glacial gravels are thus the predominant materials used for building
roads in temperate climates. The export of these practices to tropical and
subtropical regions has meant that the potential of natural gravels, especially
in the drier areas of such regions, have often been neglected.
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Non-standard/non-traditional materials: These comprise any material that
is not wholly in compliance with the speciﬁcations used in a country or region
for a standard or traditional material, for example, as regards grading or PI.
Nonetheless, it has become increasingly recognized worldwide that, under
favourable circumstances, many such materials can and, indeed, have been
used successfully. However, this requires an in-depth knowledge and experience
of the properties of such materials and the conditions necessary for successful
performance - requirements which have been facilitated by the extensive
research work undertaken
n in the SADC region in the past 20 - 30 years.
Laterite is a typical example of a “nonstandard” material that has been successfully used in LVSR construction despite its
non-compliance with traditional strength,
grading and plasticity requirements.

It should be noted that the concept of “non-standard” in relation to materials
is speciﬁc to a particular time and place associated with our level of understanding of the behaviour of the material and knowledge of how to use it.
For example, forty or ﬁfty years ago, gravel was considered as a nonstandard
material because crushed stone, the “standard” material, was used in the
construction of Macadam and Telford pavements.
Surfacing
A number of different terms are used to describe a road surfacing which,
as described in Section 5.2.1, normally consists either of some kind of nonstructural bituminous surface treatment or of a structural layer of pre-mixed
bituminous material. Typical terms include:
●
●

A typical surface treatment operation spraying a thin layer of bitumen onto a road
surface prior to the application of aggregate.

●
●
●

surface treatment
surface dressing
chip and spray
chip seal
sprayed seal

The above terms all essentially describe a similar product in that, in the
construction of these seals, a thin layer of bitumen is sprayed onto the existing
road surface (base or existing seal) and one or more layers of aggregate or
sand are applied.
●

asphaltic concrete

A layer of premixed materials (aggregate and bitumen).

SADC Guideline on Low-volume Sealed Roads

July 2003




3DYHPHQW'HVLJQ0DWHULDOV 6XUIDFLQJ

ÛÛ

DYl]jaYdkÛ

~ÛÛ =gjeYlagfÛYf\Û:dYkkax[Ylagf

)

N CONTRAST TO THE ABUNDANT DEPOSITS OF CLEAN DURABLE mUVIOGLACIAL GRAVELS
SUCH AS THOSE USED IN MUCH OF %UROPE AND THE 53! THE MATERIALS AVAILABLE FOR
PAVEMENT CONSTRUCTION FROM SOUTHERN !FRICA HAVE UNDERGONE CONSIDERABLE
DEPTHS OF WEATHERING OR PEDOGENESIS 4HE MATERIALS ARE THEREFORE MOSTLY
RESIDUAL WEATHERED IGNEOUS ROCKS EG BASALT DOLERITE AND GRANITE META
MORPHIC ROCKS EG GNEISS AND QUARTZITE SEDIMENTARY ROCKS EG SHALE AND
MUDROCKS AND PEDOGENIC MATERIALS EG LATERITE CALCRETE AND FERRICRETE  4HESE
PAVEMENT MATERIALS ARE GENERALLY WEAKER THAN THOSE OF NORTHERN %UROPE AND
.ORTH !MERICA BUT ROAD SUBGRADES OTHER THAN THOSE IN LOCALIZED PROBLEM AREAS
EG hBLACK COTTONv SOILS OR COLLAPSIBLE SANDS TEND TO BE GENERALLY STRONGER
! SIMPLIlED VIEW OF THE FORMATION OF SOILS AND ROCKS THAT FORM THE BACKBONE
OF ROAD CONSTRUCTION MATERIALS IN THE REGION IS GIVEN IN &IGURE  4HE MANNER
IN WHICH SUCH MATERIALS DIFFER FROM CONVENTIONAL ROAD BUILDING MATERIALS IS
PRESENTED IN 4ABLE 
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4HE ROAD MAKING MATERIALS COMMONLY USED IN THE CONSTRUCTION OF ,632S
IN SOUTHERN !FRICA CAN MOSTLY BE CLASSIlED AS CRUSHED OR NATURAL RESIDUAL OR
TRANSPORTED GRAVELS AND SOILS DERIVED FROM THE FOLLOWING MAIN GROUPS
3OILS AND GRANULAR MATERIALS IN THE 3!$#
REGION ARE INHERENTLY VARIABLE IN TERMS OF
THEIR ENGINEERING PROPERTIES SUCH AS PLASTIC
ITY GRADING AND STRENGTH 7HEN CONSIDERING
THEIR APPROPRIATE SELECTION FOR ,632S IT IS
IMPORTANT TO CONSIDER HOW THE COMPACTED
MATERIAL WILL INTERACT WITH THE hROAD ENVIRON
MENTv IE MOISTURE SUSCEPTIBILITY SWELL AND
COLLAPSE CHARACTERISTICS PARTICLE DEGRADATION
DURABILITY ETC 3PECIALIST TESTING MAY BE RE
QUIRED WITH BASIC ROCKS PEDOCRETES CALCRETE
SILCRETE ETC AND VARIOUS WEATHERED MATERIALS

¬Ê
¬Ê
¬Ê
¬Ê
¬Ê
¬Ê
¬Ê
¬Ê

BASIC CRYSTALLINE EG DOLERITE ANDESITE BASALT
ACID CRYSTALLINE EG GRANITE GNEISS
HIGH SILICA ROCKS EG QUARTZITE HORNFELS CHERT
ARENACEOUS ROCKS EG SANDSTONE CONGLOMERATE
ARGILLACEOUS EG MUDSTONE SHALE SLATE SCHIST
CARBONATE ROCKS EG LIMESTONE DOLOMITE
DIAMICITES EG TILLITE
PEDOCRETES EG CALCRETE LATERITE FERRICRETE SILCRETE

%ACH GROUP HAS A CHARACTERISTIC RANGE OF PROPERTIES AND POTENTIAL PROBLEMS
THAT SHOULD BE TAKEN INTO ACCOUNT IN TEST METHODS AND SPECIlCATIONS &OR
EXAMPLE A 0) OF UP TO  MAY BE ALLOWABLE IN AN UNSTABILISED CALCRETE OR LATER
ITE GRAVEL BASE WHEREAS A VALUE OF MORE THAN  OR  MAY BE PROBLEMATIC IN A
BASE COMPOSED OF A BASIC CRYSTALLINE ROCK EVEN IF STABILISED
5LTIMATELY THE CHALLENGE OF SELECTING PAVEMENT MATERIALS FOR LOW VOLUME
ROADS IN SOUTHERN !FRICA IS ESSENTIALLY ONE OF QUANTIFYING THE RISK ASSOCIATED
WITH DEPARTING FROM THE USE OF TRADITIONAL HIGH QUALITY MATERIALS &OR SUCH
MATERIALS SPECIlCATIONS RELY HEAVILY ON EXPERIENCE WITH TRADITIONAL hIDEALv
MATERIALS FROM MORE TEMPERATE CLIMATES WHICH AS STATED PREVIOUSLY IN THIS
CHAPTER DO NOT NECESSARILY APPLY TO LOCAL MATERIALS &ORTUNATELY THE EXTENSIVE
RESEARCH CARRIED OUT IN THE REGION OVER THE PAST TWO DECADES HAS GONE A LONG
WAY TOWARDS QUANTIFYING THE CONDITIONS UNDER WHICH LOCAL MATERIALS CAN BE
USED WITH CONlDENCE
7EINERTS . 6ALUE
4HE 7EINERT . VALUE IS CALCULATED FROM
CLIMATIC DATA AS FOLLOWS
.  %J
0A
7HERE %J  EVAPORATION DURING HOTTEST
MONTH *ANUARY
0A  ANNUAL PRECIPITATION

@fym]f[]Ûg^Û:daeYl]
4HE SOUTHERN !FRICAN CLIMATE EXERTS A SIGNIlCANT INmUENCE ON THE PROPERTIES
OF NATURAL ROAD BUILDING MATERIALS AS WELL AS ON THE SUBSEQUENT PERFORMANCE
OF ROADS IN WHICH SUCH MATERIALS ARE USED )N THIS REGARD THE VARIOUS CLIMAT
IC ZONES IN THE 3!$# REGION MAY BE CHARACTERIZED BY THE 7EINERT . 6ALUE
WHICH CORRELATES BROADLY WITH MEAN ANNUAL RAINFALL AS SHOWN IN 4ABLE  
4ABLE  #LIMATIC ZONES !PPROXIMATE MEAN ANNUAL RAINFALL AND . VALUES
&OLPDWLF=RQH
:HLQHUW19DOXH
0HDQ$QQXDO
5DLQIDOO PP

$ULG
!


6HPLDULG



6XEKXPLG



+XPLG

!

4HE CLIMATIC . VALUES FOR SOUTHERN !FRICA ARE ALSO SIGNIlCANT IN THAT THEY
PROVIDE SOME INDICATION OF THE DOMINANT MODE OF ROCK WEATHERING AND THE
RELATED ENGINEERING PROPERTIES OF THE RESULTING PRODUCTS 4HE VALUES .  
.   AND .   ARE OF PARTICULAR SIGNIlCANCE AND THEIR CONTOURS ARE
SHOWN IN &IGURE 
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Figure 5.5 - Climatic N-value map of southern Africa7
(currently does not cover the entire SADC region)
The Weinert N-values and climatic zones provide an important insight into
the properties and engineering characteristics of the naturally occurring
materials of the SADC region. This fosters a clear understanding of the
likely behaviour of these materials in particular environments and allows
practitioners to design and build LVSRs in a wide range of circumstances
with greater conﬁdence.
In areas where N-values are greater than 5, mechanical disintegration - the
physical breakdown of rock - tends to predominate. In areas where N-values
are less than 5, chemical decomposition - the chemical alteration of a rock
- predominates. This can lead to the transformation of certain minerals into
some type of clay. From these divisions, very broad but important generalisations
can be made about the soil proﬁle, as indicated in Table 5.4.
Table 5.4 - Characteristics of materials in relation to climate (N-value)7
N-value Material Characteristics

Signiﬁcance of material properties

N<2

Rocks are extensively weathered,
often to depths of several metres, and
decomposition is pronounced. Smectite
minerals are the principal products of
the decomposition of basic crystalline
rocks.

Materials tend to have relatively high
plasticity and are moisture sensitive. Basic
igneous rocks are often not durable and
prone to degradation in service. Careful
attention should be paid to the internal
and external drainage of pavement.

N = 2-5

Conditions similar to above but the thickness of residual soil cover gradually decreases
as the N = 5 contour is approached.

N = 5-10 Thickness of residual soil cover gradually decreases even further than above.
Disintegration is the dominant mode of
weathering.
N > 10

SADC Guideline on Low-volume Sealed Roads

All rock types weather by mechanical disin- Materials have relatively low plasticity
tegration alone and the shallow residual soils and are not particularly sensitive to
are commonly granular and gravelly.
moisture.
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Characteristics of Pavement Materials

M

aterials used in pavement layers can be classiﬁed into four categories
as follows:

●

●

Unbound granular Bound granular -

1.
2.
3.
4.

Unprocessed (naturally occurring, as dug).
Processed (screened, mechanically stabilized).
Highly processed (crushed to speciﬁed grading).
Cement, lime, bitumen or pozollanic material.

The material types described above derive their strength from a combination
of the following intrinsic properties8:
●
●
●
●

inter-particle friction
cohesive effects from ﬁne particles
soil suction forces
physico-chemical (stabilization) forces

The relative dependence of a material and the inﬂuence of moisture on each
of the above components of shear strength will signiﬁcantly inﬂuence the
manner in which they can be incorporated within a pavement. For example,
unbound/unprocessed materials (e.g. calcrete or ferricrete) are highly dependent
on suction and cohesion forces for development of shear resistance that will
only be generated at relatively low moisture contents. Special measures therefore have to be taken to ensure that moisture ingress into the pavement is
prevented. Otherwise suction forces and shear strength will be reduced as
illustrated (notionally) in Figure 5.6, possibly resulting in failures.
Box 5.2 - Soil suction and its contribution to shear strength - basic concepts
Soil suction: As the grain size of a ﬁne-grained material decreases, the total
exposed surface area becomes very large in relation to the volume of voids
within it. Under these circumstances, molecular forces, which are only
effective for very short distances from the surface, begin to play an increasingly
important role. They are essentially attractive in nature and can provide
signiﬁcant additional strength. The forces are equivalent to, and can be
described
d by, a reduction in pressure in the “pores”or voids in the material.
This is referred to as suction.
As the magnitude of soil suction can be very much greater than normal
atmospheric pressure, the effective pressure can become highly negative.
Its value depends not only on the amount of ﬂuid in the pores (voids) but
also on its nature, i.e. dissolved salts. As the pores ﬁll with water, the
magnitude of the suction decreases rapidly.
Soil strength and stiffness: The shear strength of granular materials and normally
consolidated ﬁne-grained soils is described by the well known effective stress equation:
Shear strength = (cohesion) + [(normal stress) – (pore pressure)] Tan (angle of internal friction)

The strength and stiffness of a pavement layer are reduced if pore pressure
is increased (at high moisture contents) and, conversely, are increased when
pore water pressure is decreased (at low moisture contents). When the pore
pressure equals the total stress, internal friction becomes negligible and the
shear strength is equal to the cohesion.
Thus, it is pore water pressure or suction of the water in the pavement,
rather than the amount of water, that affects pavement behaviour. Two soils
of differentt textures may have similar strength, and stiffnesses, even though
their moisture contents may be quite different.

SADC Guideline on Low-volume Sealed Roads
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Figure 5.6 - Illustrative soil strength/suction relationship
Problem Soils and Materials
By virtue of their unfavourable properties, a number of soils and materials
fall into the “Problem soils and materials ” category and, when encountered,
would normally require special treatment before acceptance in the pavement
foundation. This category of soils and materials includes:
●
●
●
●
●
●
●

low-strength soils
expansive clays (“black cotton” soil)
collapsible sands
dispersive soils
organic soils
saline soils or presence of saline water
weathered materials

The characteristics, investigation, testing and design counter-measures to
deal with problem soils are well covered in the literature and are not dealt
with in depth in this Guideline. In dealing with such materials, a careful
balance has to be struck between the cost of the counter-measures and the
beneﬁts to be derived, bearing in mind the relatively small user beneﬁts
generated by LVSRs.
The main characteristics of typical problem soils found in the SADC region
are highlighted below:
Low-strength soils: Soils with a soaked CBR of less than 3 per cent (< 2
per cent in dry climates) are described as Low-strength soils. Typical treatment
measures for such soils include:
●
●
●

SADC Guideline on Low-volume Sealed Roads

removal and replacement with suitable material
chemical or mechanical stabilization (see section 5.3.3)
elevation
n of the vertical alignment to increase soil cover and thereby
redeﬁne the design depth within the pavement structure
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1UALITATIVE MEASURE OF SOIL EXPANSIVENESS
-ODIlED VAN DER -ERWE #HART 
." 0) TEST TO BE CARRIED OUT ON MATERIAL
PASSING THE  MM SIEVE

%XPANSIVE SOILS 4HESE CLAY SOILS EXHIBIT PARTICULARLY LARGE VOLUMETRIC CHANGES
SWELL AND SHRINKAGE FOLLOWING VARIATIONS IN THEIR MOISTURE CONTENTS 4HEY
SHRINK AND CRACK WHEN THEY DRY OUT AND SWELL WHEN THEY GET WET 4HE CRACKS
ALLOW WATER TO PENETRATE DEEP INTO THE SOIL HENCE CAUSING CONSIDERABLE
EXPANSION 4HIS RESULTS IN DEFORMATION AND UNEVENNESS OF THE ROAD SURFACE
SINCE THE EXPANSION AND THE SUBSEQUENT HEAVE ARE NEVER UNIFORM &URTHERMORE
IF THE SIDE SLOPES ARE NOT GENTLE ENOUGH THESE VOLUME CHANGES MAY PRODUCE
LATERAL DISPLACEMENTS hCREEPv OF THE EXPANSIVE SOIL 7HEN DRY SOME EXPANSIVE
SOILS PRESENT A SAND LIKE TEXTURE AND ARE PRONE TO EROSION TO A MUCH GREATER
EXTENT THAN WHAT WOULD BE NORMALLY EXPECTED FROM THEIR PLASTICITY AND CLAY
CONTENT
4HE MEASURES CHOSEN TO MINIMIZE OR ELIMINATE THE EFFECTS OF EXPANSIVE SOILS
FOR ,632S NEED TO BE ECONOMICALLY REALISTIC AND PROPORTIONATE TO THE RISK
OF POTENTIAL PAVEMENT DAMAGE AND INCREASED MAINTENANCE AND USER COSTS
4YPICAL METHODS INCLUDE
¬Ê
¬Ê
¬Ê
¬Ê

REALIGNMENT WHERE POSSIBLE
EXCAVATION AND REPLACEMENT
CHEMICAL TREATMENT
MINIMISING MOISTURE CHANGES
Ê
WIDE AT LEAST  M SEALED
SHOULDERS

AVOIDANCE OF SIDE DRAINS

GENTLE SIDE SLOPES  OR mATTER
Ê
MINIMUM EARTHWORKS COVER
OF  M

%XPANSIVE hBLACK COTTONv SOIL EXHIBITING WIDELY
SPACED SHRINKAGE CRACKS

#OLLAPSIBLE SANDS 4HESE SANDY SOILS 


     
OCCUR MOSTLY IN THE ARID AND SEMI ARID
    
REGIONS OF SOUTHERN !FRICA PARTICULARLY IN
  
THE +ALAHARI $ESERT REGIONS OF WESTERN "OT
SWANA AND EASTERN .AMIBIA 4HEY EXHIBIT
     
     
A WEAKLY CEMENTED SOIL FABRIC WHICH
   
    
UNDER CERTAIN CIRCUMSTANCES MAY BE IN
  
DUCED TO RAPID SETTLEMENT ! CHARACTERISTIC
OF THESE SOILS IS THAT THEY ARE ALL UN
SATURATED GENERALLY HAVE A LOW DRY
DENSITY AND A LOW CLAY CONTENT !T THE IN &IGURE  4HE BASIC CONCEPT OF ADDITIONAL

SITU MOISTURE CONTENT THEY CAN WITHSTAND SETTLEMENT DUE TO COLLAPSE OF SOIL FABRIC
RELATIVELY LARGE IMPOSED STRESSES WELL IN
"OX  #ONDITIONS TO BE SATISlED
EXCESS OF THE OVERBURDEN PRESSURE WITH BEFORE COLLAPSE SETTLEMENT CAN OCCUR
LITTLE OR NO SETTLEMENT (OWEVER WITHOUT
ANY CHANGE IN THE APPLIED STRESS BUT AN ¬Ê THE SOIL MUST HAVE A COLLAPSIBLE
FABRIC
INCREASE IN MOISTURE CONTENT ADDITIONAL
SETTLEMENT WILL OCCUR AS SHOWN IN &IGURE ¬Ê IT MUST BE PARTIALLY SATURATED
 4HE RATE OF SETTLEMENT WILL DEPEND ¬Ê THE APPLIED LOAD MUST EXCEED THE
ON THE PERMEABILITY OF THE SOIL 5SEFUL
OVERBURDEN PRESSURE
INDICATORS FOR ASSESSING THE COLLAPSE ¬Ê THERE MUST BE AN INCREASE IN
POTENTIAL OF A SOIL INCLUDE DENSITY AND
MOISTURE CONTENT AFTER THE LOAD
GRADING REF 4ABLE   -ORE RIGOROUS
HAS BEEN APPLIED
TESTS TO QUANTIFY COLLAPSE POTENTIAL INCLUDE
THE SINGLE ODOMETER TEST IN WHICH AN UNDISTURBED SAMPLE IS LOADED AT ITS NATURAL
MOISTURE CONTENT UP TO  K0A AND THEN SATURATED 4HE COLLAPSE POTENTIAL OF THE
MATERIAL IS A MATHEMATICAL EXPRESSION IN PERCENTAGE TERMS OF THE REDUCTION IN
   

4YPICAL LONGITUDINAL CRACKING CAUSED BY
LARGE VOLUMETRIC CHANGES IN AN EXPANSIVE
SOIL SUBGRADE



#OLLAPSE SETTLEMENT IN EXCESS OF  MM
AFTER IMPACT ROLLING
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voids ratio, in relation to the thickness of the potentially collapsible material and
provides a guide to the potential severity of the problem.
Table 5.5 - Indicators of collapse potential and severity of problem10
Property

Guide to
Collapse
Potentiala
< 1600

Collapse
Potential (%)
0-1

No problem

% passing 2.0 mm and
retained on 0.75 mm sieve
% passing 0.075 mm sieve

> 60%

2-5

Moderate trouble

< 20%

6 - 10

Trouble

Relative density

< 85%

11- 20

Severe trouble

Dry density (kg/m3)

> 20

Degree of
Severity

Very severe trouble

a – See Botswana Road Design Manual

Methods of dealing with collapsible soils includes the following:
●

●

●

Excavation of material to a speciﬁed depth below ground level and
d
replacement in thin lifts (typically 200 mm).
Ripping of the road bed, inundation with water and compaction with
heavy vibrating rollers.
Use of high energy impact compaction at in situ moisture content.

The above measures are all relatively expensive to undertake and a careful
balance should be struck between the costs and beneﬁts of their application
to LVSRs
Dispersive soils: These soils, some of which are clayey gravels, are easily
eroded in the presence of water - a property that makes them problematic
when they occur in cut slopes and in drainage channels. They are generally
found in areas where the climatic N-value is between 2 and 10. They have
almostt no resistance to erosion, are susceptible to pipe developments in
earthworks, crack easily and have low shear strength. Their identiﬁcation
involves the use of a combination of indicator tests, observations of erosion
patterns, soil colour, terrain features and vegetation.
The following measures are typically employed where dispersive soils are
encountered:
Salt damage may appear in the form of
“blistering”, “doming”, “heaving” and
“ﬂufﬁng” of the prime or surfacing.

An example of severe distress to a runway
surfacing due to salt attack resulting in
damage within two years of its construction.

●
●

erosion protection in cut slopes and drainage channels
modiﬁcation with 2% to 3 % lime

Saline soils or presence of saline water: The presence of soluble salts in
pavement materials or subgrades can cause damage to the bituminous surfacings of LVSRs. This problem occurs mostly in the semi-arid regions of
southern Africa where the dry climate, combined with presence of saline
materials (often calcrete or minewaste) and/or saline ground or surface water,
create conditions that are conducive to the occurrence of salt damage. Such
damage occurs when the dissolved salts migrate to the road surface, mainly
due to evaporation, become supersaturated and then crystallize with associated
volume change. This creates pressures which can lift and physically degrade
the bituminous surfacing and break the adhesion with the underlying pavement layer. Generally, the thinner the surfacing layer is, the more likely the
damage, primes being the most susceptible and thick, impermeable seals the
least susceptible.

SADC Guideline on Low-volume Sealed Roads
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)T IS QUITE FEASIBLE AND OFTEN COST EFFECTIVE TO USE SALINE MATERIALS IN ,632
CONSTRUCTION RATHER THAN HAUL NON SALINE MATERIAL GREAT DISTANCES (OWEVER
THIS REQUIRES A SOUND KNOWLEDGE OF THE PROJECT ENVIRONMENT AND THE TYPE OF
SALTS AND SALINITY LEVELS IN THE MATERIALS AS A BASIS FOR DESIGNING AND SPECIFYING
APPROPRIATE PREVENTATIVE MEASURES AND MONITORING OF SALT LEVELS DURING AND AFTER
CONSTRUCTION
'UIDELINES FOR THE PREVENTION AND REPAIR OF SALT DAMAGE TO ROADS AND RUN
WAYS HAVE BEEN DEVELOPED BASED ON RESEARCH WORK CARRIED OUT IN THE REGION
AND ELSEWHERE  4HESE GUIDELINES PROVIDE GUIDANCE ON METHODS OF TESTING
AND MEASUREMENT OF SALTS AS WELL AS ON REPAIR METHODS WHERE DAMAGE HAS
ALREADY OCCURRED

3AMPLE OF WEATHERED DECOMPOSED BASALT
SHOWING ALTERED CLAY MINERALS IN ROCK VESICLES
AND CAVITIES

7EATHERED MATERIALS 7EATHERED MATERIALS SUCH AS BASIC IGNEOUS ROCKS
EG BASALT DOLERITE OCCUR EXTENSIVELY IN SOUTHERN !FRICA AND ARE COMMON
LY USED IN THE CONSTRUCTION OF ,632S EITHER IN THEIR NATURAL UNTREATED OR
CHEMICALLY STABILISED STATES 4HE PROPERTIES OF THESE MATERIALS ARE GOVERNED
BY THEIR MINERALOGY AND APPARENTLY SOUND ROCK CONTAINING SECONDARY
MINERALS LIABLE TO DECOMPOSITION BY WEATHER OR TRAFlC MUST BE AVOIDED
3PECIALISED TESTING MAY THEREFORE BE REQUIRED TO ASSESS THEIR LONG TERM DURABILITY
FOR WHICH REFERENCE SHOULD BE MADE TO $RAFT 42( #EMENTITIOUS STABILISERS IN
ROAD CONSTRUCTION
NYkl]ÛDYl]jaYdk
.UMEROUS TYPES OF hWASTEv MATERIALS CAN BE RECYCLED INTO AGGREGATES AND
ADDITIVES FOR USE IN ,632S (OWEVER AN IMAGINATIVE APPROACH IS REQUIRED TO
RECOGNISE THEIR POTENTIAL USE A USE THAT WOULD ALLEVIATE THE NEED TO OPEN NEW
GRAVEL SOURCES THEREBY REDUCING THE ENVIRONMENTAL IMPACT OF THE PROVISION OF
NEW OR UPGRADINGREHABILITATION OF EXISTING INFRASTRUCTURE 4HE USE OF WASTE
MATERIALS WHERE FEASIBLE WILL ALSO REDUCE THE IMPACTS ASSOCIATED WITH THEIR
STOCKPILING EG DUST FROM A DUMP 
%XAMPLES OF WASTE MATERIALS THAT CAN BE CONSIDERED FOR USE IN ,632S INCLUDE
¬Ê
¬Ê
¬Ê
¬Ê
¬Ê
¬Ê
¬Ê

WASTE ROCK DUMPS AT MINES AND QUARRIES BASE AND SURFACING AGGREGATE
SLAGS FROM METAL PROCESSING BASE COURSE
CRUSHED GLASS SURFACING AGGREGATE
CLINKER ASH SUBBASE AND BASE COURSE
mY ASH MECHANICAL STABILIZATION AGENT ON lNES DElCIENT MATERIAL
PHOSPHOGYPSUM MECHANICAL STABILIZATION AGENT SUBBASE MATERIAL
TYRES GROUND FOR BITUMEN RUBBER CHIPS FOR LIGHT WEIGHT lLL COMPLETE
FOR BANK STABILIZATION AND SLOPE FAILURE REPAIRS

0RIOR TO USE MATERIALS SHOULD BE SUBJECTED TO A STANDARD TESTING PROGRAMME
AS WELL AS AN ENVIRONMENTAL ASSESSMENT TO ENSURE THAT NO SIGNIlCANT ENVIRON
MENTAL IMPACTS OCCUR AS A RESULT OF THE USE OF THE MATERIAL !S CERTAIN MATERIALS
MAY ALSO HAVE RELATIVELY HIGH SOLUBLE SALT CONTENTS ADDITIONAL TESTS SHOULD BE
CARRIED OUT TO ENSURE THAT THEIR PRESENCE WILL NOT INmUENCE THE PERFORMANCE OF
THE SURFACING
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Soil Improvement

W

here suitable naturally occurring gravels are not available within an
economical haulage distance, it may be necessary to resort to some
form of stabilisation – the process by which additives are used to enhance
the properties of subgrade and pavement materials - in order to improve the
materials’ properties, including strength, volume stability, durability and
permeability.
The additives in common use in the region are:
●
●
●
●
●

granular materials
portland cement
lime (quicklime and hydrated lime)
pozzolans (ﬂy-ash, pumice, scoria)
bitumen and tar

Mechanical stabilisation

Chemical stabilisation

The following factors inﬂuence the selection of the most suitable method of
treatment:
●
●
●
●

site constraints
materials
climate and drainage
economics of the various options

A general guide to the stabilisation of soils with cementitious stabilisers is
givenn in Draft TRH1313, while the suitability of the various types of stabilisation
additives is given in Figure 5.8.

Figure 5.8 - Guide to the method of stabilization14
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When mixed in the appropriate proportion,
two non-standard materials, such as Kalahari
sand and Calcrete, often satisfy the speciﬁcations of a standard/traditional material.

●
●
●
●

improved CBR
lowering of PI
lowering of OMC
improved workability

The results of a laboratory investigation of the mechanical blending of a
natural gravel (calcrete) with sand is
shown in Figure 5.9. As is evident
from the ﬁgure, the CBR of two samples
(A and B) increased signiﬁcantly by
over 40 per cent (20 per cent sand
added) and 30 per cent (30 per cent
sand added) respectively.
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Mechanical Stabilisation
The simplest, and often cheapest,
form of stabilisation, as well as the
easiest to construct, can be achieved
by blending two natural materials,
usually gravel with sand, to form a
mechanically stable layer. This usually
results in the following advantages:
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0ERCENTAGE SAND ADDED TO CALCRETE

Figure 5.9 - Results of mechanical
blending of calcrete with sand15

In blending granular materials with ﬁner-grained materials, care must be taken
to ensure that the plasticity of the ﬁnes fraction is not increased to such a
degree that there is a loss in stability.
Improved workability of clayey materials

Chemical Stabilisation
The main objective of chemical stabilisation is to enhance the suitability of
locally available natural gravels for pavement construction, thereby avoiding
the need to import other materials. This can often lead to more cost-effective
use of available materials with the following beneﬁcial properties by comparison
with the untreated parent material:
●

A: Untreated - relatively unworkable.
B: 3 % lime-treated - more workable.

●
●
●
●

increased strength or stability
improved load-spreading capability
increased resistance to erosion
reduced sensitivity to moisture changes
improved workability of clayey materials

As indicated in Figure 5.8, the choice of chemical stabiliser will depend on
the material to be stabilised and the position in the road pavement it is to
occupy. These stabilisers are generally applied at relatively low dosages,
typically between 3 and 6 per cent. However, if problems are to be avoided,
they must be subjected to careful and well-controlled processing and
construction.
Speciﬁcations for chemically treated materials vary in different parts of the
world and for different road authorities. For southern African conditions,
reference should be made to Draft TRH13.

SADC Guideline on Low-volume Sealed Roads
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0OTENTIAL PROBLEMS OR PITFALLS WITH THESE TYPES OF MATERIALS INCLUDE
¬Ê

¬Ê

¬Ê

PROPENSITY TO CRACK BECAUSE OF TRAFlC LOADING OR ENVIRONMENTAL CONDITIONS
PARTICULARLY WITH CEMENT TREATMENT
DEGRADATION OF THE CEMENTING ACTION DUE TO CARBONATION PARTICULARLY IN
THE USE OF CEMENT AND LIME TREATMENTS
REQUIREMENT FOR GREATER LEVELS OF SKILL AND CONTROL DURING CONSTRUCTION
COMPARED WITH THAT REQUIRED FOR UNTREATED MATERIALS TO ACHIEVE A SATIS
FACTORY PRODUCT

"OX  %FFECTS OF CARBONATION
,IME AND TO A LESSER DEGREE CEMENT STABILIZED SOILS CAN LOSE STRENGTH
THROUGH CARBONATION 4HIS EFFECT IS PARTICULARLY EVIDENT IN LIME STABILISED
lNE GRAINED RELATIVELY WEAK SOILS ESPECIALLY CALCRETES  7HEN USED AS BASE
COURSE MATERIAL PROLONGED EXPOSURE OF THESE STABILISED SOILS TO THE AIR
BEFORE SEALING CAN ALSO RESULT IN A WEAK UPPER LAYER BEING PRODUCED PRIOR
TO SURFACING 3UBSEQUENT CRUSHING OF THE AGGREGATE AS WELL AS POOR BONDING
BETWEEN THE SURFACE AND THE BASE CAN OCCUR LEADING TO PAVEMENT FAILURE
-EASURES THAT AMELIORATE THE EFFECTS OF CARBONATION DURING THE STABILISATION
PROCESS INCLUDE

0HENOLPHTHALEIN REACTION IN STABILISED SUB
BASE

IMMEDIATE COVERING WITH THE NEXT LAYER OF MATERIAL
IMMEDIATE APPLICATION OF A BITUMEN PRIME COAT
FULL MOIST CURING WITH NO DRYING OF THE SURFACE
CONSTRUCTION OF LAYER WITH A SACRIlCIAL THICKNESS TO BE BLADED OFF
0ROPRIETARY #HEMICALS 6ARIOUS PROPRIETARY CHEMICALS AND ROAD ADDITIVES
ARE SOMETIMES USED TO IMPROVE THE PROPERTIES OF NATURAL GRAVELS FOR USE AS
PAVEMENT MATERIALS (OWEVER THEIR USE IS VERY PROJECT SPECIlC AND THEY
SHOULD BE USED WITH CAUTION 4HERE IS RELATIVELY LIMITED AND WELL DOCUMENTED
EXPERIENCE OF THEIR SUCCESSFUL USE AND WELL CONTROLLED TRIALS ARE REQUIRED TO
CONlRM THEIR SUITABILITY FOR USE WITH SPECIlC MATERIALS 4HE MORE COMMON
CHEMICALS INCLUDE
¬Ê
¬Ê
¬Ê
¬Ê
¬Ê
¬Ê

WETTING AGENTS TO IMPROVE COMPACTION
NATURAL POLYMERS EG LIGNO SULPHONATES
SYNTHETIC POLYMER EMULSIONS EG ACRYLATES
MODIlED WAXES
SULPHONATED OILS
BIOLOGICAL ENZYMES

ÛJh][ax[Ylagfk
)NEXPERIENCE TENDS TO CULTIVATE A RIGID
ADHERENCE TO SPECIlCATIONS

4RADITIONAL SPECIlCATIONS FOR BASE GRAVELS
TYPICALLY SPECIFY A SOAKED #"2

MODIlED !!3(4/ DENSITY OF *  0) OF )
 AND ADHERENCE TO A TIGHT GRADING ENVELOPE
(OWEVER RESEARCH IN THE REGION HAS SHOWN
THAT WHEN DUE CONSIDERATION IS GIVEN TO FACTORS
SUCH AS TRAFlC SUBGRADE STRENGTH DRAINAGE
PAVEMENT CROSS SECTION ETC SUBSTANTIAL
RELAXATIONS CAN BE MADE ON SELECTION CRITERIA
WITH SIGNIlCANT COST SAVINGS

3

PECIlCATIONS ARE MEANT TO EXCLUDE MOST UNSATISFACTORY MATERIALS FOR USE IN
ROADS BY PLACING LIMITS ON THEIR VARIOUS PROPERTIES SUCH AS GRADING PLASTICITY
AND STRENGTH 4HE DERIVATION OF APPROPRIATE LIMITS REQUIRES AN INTIMATE KNOWLEDGE
OF THE PERFORMANCE OF LOCAL MATERIAL IN A SPECIlC ENVIRONMENT CLIMATE AND
DRAINAGE MEASURES AND FOR SPECIlC TRAFlC LOADINGS 4HE CHALLENGE IS BASICALLY
TO RELATE THE MATERIALS PHYSICAL PROPERTIES WITH PERFORMANCE IN A PARTICULAR
ENVIRONMENT
5NTIL RELATIVELY RECENTLY MOST OF THE SPECIlCATIONS USED IN THE 3!$# REGION
TENDED TO REmECT TEMPERATE ZONE SPECIlCATIONS EMANATING FROM %UROPE AND
.ORTH !MERICA 4YPICAL CONVENTIONAL SPECIlCATIONS RELY HEAVILY ON EXPERIENCE
AND ON hIDEALv MATERIALS HAVING THE FOLLOWING PROPERTIES
¬Ê
¬Ê
¬Ê

6$'&*XLGHOLQHRQ/RZYROXPH6HDOHG5RDGV

RESTRICTIVE GRADING REQUIREMENTS
LOW PLASTICITY 0)  
HIGH ROAD BASE STRENGTH SOAKED #"2   PER CENT AT  PER CENT MODIlED
!!3(4/ COMPACTION
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4HE ABOVE LIMITS ORIGINATE FROM SITUATIONS VERY DIFFERENT FROM THOSE PREVAILING IN
MUCH OF THE 3!$# REGION IN TERMS OF MATERIAL TYPES CLIMATE TRAFlC CHARACTERISTICS
STANDARDS ETC AND WHEN APPLIED WOULD RULE OUT MANY NATURAL GRAVELS AVAILABLE
FOR USE IN ,632 CONSTRUCTION 3TANDARD SPECIlCATIONS CANNOT ADDRESS ALL POSSIBLE
VARIATIONS IN ENVIRONMENTAL CONDITIONS OR COVER ALL TYPES OF MATERIAL *UDICIOUS
INTERPRETATION OF EXISTING SPECIlCATIONS AND APPLICATION OF LOCAL KNOWLEDGE CAN
PRODUCE PROJECT SPECIlC AND MORE APPROPRIATE SPECIlCATIONS
4HE ART OF THE ROADS ENGINEER CONSISTS TO
A GREAT EXTENT IN UTILIZING SPECIlCATIONS
THAT WILL MAKE POSSIBLE THE USE OF MATERIALS
HE lNDS IN THE VICINITY OF THE ROAD WORKS
5NFORTUNATELY FORCE OF HABIT INADEQUATE
SPECIlCATIONS AND LACK OF INITIATIVE HAVE
SUPPRESSED THE USE OF LOCAL MATERIALS AND
INNOVATIVE CONSTRUCTION TECHNOLOGIES

"OX  4RANSFERABILITY OF MATERIALS SPECIlCATIONS
-ATERIALS SPECIlCATIONS ARE NOT ALWAYS SIMPLY TRANSFERABLE FROM ONE
REGION TO ANOTHER 7HAT MAY BE APPROPRIATE IN ONE REGION IN RELATION TO SUCH
FACTORS AS MATERIAL TYPE CLIMATE AND TRAFlC LOADING MAY WELL BE QUITE
INAPPROPRIATE IN ANOTHER REGION WHERE THESE FACTORS MAY BE QUITE DIFFERENT )N
THE lNAL ANALYSIS EVERY MATERIAL HAS ITS USES AND LIMITATIONS AND MUST SIMPLY BE
MATCHED TO THE TRAFlC CLIMATIC AND OTHER CONDITIONS INmUENCING ITS PERFOR
MANCE #OSTLY FAILURES IN SOME CASES AS WELL AS OVER CONSERVATIVE
UNECONOMIC DESIGNS IN OTHERS CAN RESULT WHEN CONVENTIONAL MATERIALS
SPECIlCATIONS ARE RIGIDLY APPLIED IN THE REGION
)T IS ALSO IMPORTANT TO BEAR IN MIND THAT SPECIlCATIONS ARE TIED DIRECTLY TO THE TEST
METHODS USED IN CARRYING OUT RESEARCH WORK &OR EXAMPLE MOST OF THE RESEARCH
WORK CARRIED OUT IN THE REGION ON PEDOCRETES IS TIED TO !34- TYPE METHODS )T
WOULD THEREFORE BE INAPPROPRIATE AND RISKY TO APPLY "3 STANDARDS TO EVALUATE
PEDOCRETES UNLESS SUITABLE COMPENSATORY ADJUSTMENTS WERE MADE TO THE TEST RESULTS
4HE SUCCESSFUL USE OF NON STANDARD MATERIALS IS LARGELY DEPENDENT ON THE
AVAILABILITY OF A LOCAL SPECIlCATION DEVELOPED FOR SPECIlC OPERATING
ENVIRONMENTS 4HE FORMULATION OF THESE hCUSTOMIZEDv MATERIAL SPECIlCA
TIONS HAS ENABLED THE USE OF MANY MATERIALS THAT OTHERWISE WOULD BE REJECTED IF
TRADITIONAL SPECIlCATIONS WERE USED
"ASED ON A  YEAR PROGRAMME OF RESEARCH IN HIGHWAY ENGINEERING MATERIALS
SPECIlCATIONS HAVE BEEN DEVELOPED FOR A VARIETY OF COMMONLY OCCURRING NATURAL
GRAVELS IN WHICH THEIR GEOLOGICAL ORIGIN AS WELL AS CLIMATIC AND TRAFlC LOADING
FACTORS RELEVANT TO THE REGION ARE TAKEN INTO CONSIDERATION 4HE RESEARCH
FOCUSED ON HOW EXISTING SEALED ROAD PAVEMENTS PERFORMED WITH TIME AND TRAFlC
IN DIFFERENT CLIMATIC CONDITIONS AND FOUND THAT
¬Ê

6OLUME  OF A lVE VOLUME SERIES OF REPORTS
ON THE OUTCOME OF THE  YEAR PROGRAMME OF
RESEARCH ON HIGHWAY ENGINEERING MATERIALS

¬Ê

¬Ê

¬Ê

4HE MINIMUM STANDARD OF  PER CENT SOAKED #"2 FOR NATURAL GRAVEL
BASES WAS INAPPROPRIATELY HIGH FOR MANY ,632S .EW LIMITS ARE RECOM
MENDED DEPENDING ON TRAFlC MATERIALS AND CLIMATE
4HE GRADING ENVELOPES FOR NATURAL GRAVEL BASES WERE NARROW !LTERNATIVE
WIDER ENVELOPES ARE RECOMMENDED FOR RELATIVELY LIGHTLY TRAFlCKED ROADS
4RAFlC BELOW   CUMULATIVE %3! WAS NOT A SIGNIlCANT FACTOR IN
PAVEMENT DETERIORATION -ANY ROAD SECTIONS PERFORMED WELL EVEN WHEN
SUBJECTED TO A HIGH DEGREE OF OVERLOADING AND WITH 0)S OF UP TO  .EW
LIMITS FOR 0) HAVE BEEN RECOMMENDED
$RAINAGE WAS A SIGNIlCANT FACTOR ON PERFORMANCE EVEN IN DRY AREAS ! MINIMUM
CROWN HEIGHT OF  M ABOVE THE INVERT LEVEL OF THE SIDE DRAIN IS RECOMMENDED

!S A RESULT OF THE 3!$# REGIONAL RESEARCH WORK REVISED SPECIlCATIONS HAVE
BEEN DERIVED FOR THE MAJOR GROUPS OF NATURAL GRAVEL ROADBASE MATERIALS FOUND
IN THE REGION QUARTZITIC GRAVELS WEATHERED ROCKS LATERITIC GRAVELS CALCAREOUS
GRAVELS AND SAND FOR A RANGE OF TRAFlC LEVELS UP TO   %3! AND SUBGRADE
TYPES NOT CURRENTLY CATERED FOR IN EXISTING GUIDES 4HUS THEY SHOULD BE INCORPORATED
IN COUNTRY DOCUMENTS AND CONSIDERED FOR USE IN THE DESIGN OF ,632S

6$'&*XLGHOLQHRQ/RZYROXPH6HDOHG5RDGV
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ARGE QUANTITIES OF NATURAL GRAVEL ARE REQUIRED FOR CONSTRUCTING AND MAINTAIN
ING ,632S )T IS THEREFORE ESSENTIAL THAT OPTIMUM USE BE MADE OF ALL
MATERIALS AVAILABLE AT THE LOWEST POSSIBLE COST 6ERY OFTEN GRAVELS OCCUR AS
RELATIVELY SMALL LOCALIZED DEPOSITS SCATTERED AROUND THE LANDSCAPE AND ARE
USUALLY OVERLAIN BY A COVER OF SOIL AND VEGETATION WHICH MAKES THEM VERY
DIFlCULT TO lND #ONSEQUENTLY MODERN EXPLORATION TECHNIQUES MUST BE
EMPLOYED TO ENSURE THAT AVAILABLE MATERIALS ARE LOCATED AS EFlCIENTLY AS
POSSIBLE INSTEAD OF THE hHAPHAZARD OR RANDOMv METHODS OFTEN USED
0ROPER PLANNING IS ESSENTIAL FOR A SUCCESSFUL
MATERIALS PROSPECTING SURVEY

4HE ART OF PROSPECTING INVOLVES LOOKING FOR CLUES AS TO THE OCCURRENCE OF USEFUL
MATERIALS AND THEN DIGGING TO SEE WHAT MAY BE THERE ,EARNING TO IDENTIFY
FEATURES THAT INDICATE THE PRESENCE OF GRAVEL FROM INTERPRETATION OF MAPS AND
OTHER INFORMATION IS A KEY ACTIVITY IN PROSPECTING (OWEVER THE MOST IMPOR
TANT PARTS ARE THE DESK STUDY FOLLOWED BY THE lELD SURVEY AND PIT EVALUATION
)NFORMATION ABOUT GRAVELS IN THE LANDSCAPE TYPICALLY COMES FROM lVE MAIN
SOURCES VIZ
GEOLOGICAL INFORMATION FROM GEOLOGICAL MAPS AND REPORTS
SOILS INFORMATION FROM AGRICULTURAL SOILS MAPS AND REPORTS
BOTANICAL INDICATORS
LANDSCAPE INFORMATION FROM TOPOGRAPHIC MAPS AERIAL PHOTOS AND SATELLITE
IMAGES
OTHER LOCAL INFORMATION

¬Ê
¬Ê
¬Ê
¬Ê

¬Ê

%XPERIENCE HAS SHOWN THAT A SIGNIlCANT
AMOUNT OF MATERIAL USED IS OFTEN LOCATED
DURING CONSTRUCTION WHEN EXCAVATION EQUIP
MENT IS MORE READILY AVAILABLE THAN IN THE
PRE CONSTRUCTION SITE INVESTIGATION PHASE

4HE ABOVE SOURCES OF INFORMATION ARE ALL ANALYSED TOGETHER TO ASSESS THE
LIKELIHOOD THAT GRAVEL MAY OCCUR AT A PARTICULAR PLACE ! TYPICAL mOW DIAGRAM FOR
MATERIALS PROSPECTING IS SHOWN IN &IGURE 
¬Ê
¬Ê
¬

$ESK 3TUDY
3PECIlCATION AND QUANTITY OF MATERIALS REQUIRED
)NTERPRETATION OF BACKGROUND MATERIAL
0ROVISIONAL MATERIALS MAP

H

¬Ê
¬Ê
¬Ê

0LAN 3URVEY
$ECIDE ON METHODOLOGY AND PROCEDURE
#ARRY OUT IN HOUSE OR USE CONSULTANTS
#ONSIDER ENVIRONMENTAL ASPECTS

H

¬Ê
¬Ê

H

!ERIAL PHOTOGRAPHS AND SATELLITE IMAGES
ARE VALUABLE SOURCES OF INFORMATION WHICH
CAN BE USED FOR MATERIALS LOCATION

&IND AND -AP 3OURCES OF -ATERIALS
2ECONNAISSANCE lELD SURVEY
$ETAILED lELD SURVEY

3OURCE %VALUATION ,ABORATORY
,ABORATORY TESTING

¬Ê

3OURCE %VALUATION &IELD
!REAL EXTENT
0ROlLE DESCRIPTION
6ISUAL CLASSIlCATION

¬Ê
¬Ê
¬Ê

H

¬Ê

$ATA #APTURE AND &EEDBACK
2EPORTING

&IGURE  &LOW DIAGRAM STAGES FOR MATERIAL PROSPECTING 
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Testing

Standards
aterials testing is normally prescribed in standards put out by various
countries, of which the BS (British), ASTM (American) and TMH
(South African) are in common use in the region. Unfortunately these methods
differ in many respects with regard to the actual test procedure and the method
of testing. For example, authorities employing a BS Liquid Limit device will
obtain a Plasticity Index (PI) that is, on average, 4 units higher than that
obtained on an ASTM Liquid Limit device18. It is important, therefore, not
to mix testing standards because the differences in test procedure alone are
sufﬁcient to explain the difference in material quality apparently tolerable by
pavements in different SADC countries6. Ideally, materials testing standards
in the SADC region should be standardized so as to facilitate intra-regional
research efforts, technology transfer and reporting.

M

Liquid Limit device used in the determination
of the plasticity index of a soil.

Tests
Materials testing is carried out to assess the various properties of road
construction
n materials as an indicator of their likely performance in service.
A wide variety of laboratory tests is available for this purpose and includes:
●
●
●
●

% of MOD BS Compaction
90

92

94

96

98 100 102 104 106 108 110
0.01% Strain

Stiffness Eu/p10

●

4000
0.1% Strain
1% Strain

2000

1.50

1.60

1.70
Dry Density Mg/m3

1.80

1.90

Stiffness-dry density relationship, lateritic
gravel (Kenya)19.

Strength assessment of pavement
materials
There is a tendency to attach a strength
rating to a material without realizing that
this is of little value if divorced from an
appreciation of the probable in-service
moisture content and density condition.
Irrespective of what strength criteria are
advanced, they will be abused if no attempt
is made to test for strength at moisture
contentt and density conditions expected in
the ﬁeld.

●
●
●
●

stiffness
durability
chemical
special

In addition, there are various ﬁeld tests which may be used to assess the properties
of the placed material such as:
●

6000

classiﬁcation
moisture content
density
strength

●

in situ strength (in situ CBR test, Dynamic Cone Penetrometer or
Clegg Hammer)
stiffness (deﬂection testing, e.g. Falling Weight Deﬂectometer,
Benkelman Beam, Plate Bearing)
permeability (water permeability test)

The two critical properties which are known to exert a major control on the
performance of natural gravels in road construction are strength and stiffness.
Both are dependent on moisture content and density and can be affectedd by the
wetting and drying history or to the compaction process to which the material
has been subjected in reaching the density involved. Ideally, therefore, for pavement design purposes, the strength and stiffness properties of natural gravels
should be assessed from samples made up at the densities and critical moisture
contents likely to occur in the road and not at pre-determined values. A number
of tests are used for assessing the suitability of natural gravels for use in road
pavements. The more common ones are discussed below:
California Bearing Ratio (CBR) test: One of the most important strength
tests in common use is the CBR test, an arbitrary test that was originally
devised
d as a method of comparing subgrade soils with crushed rock. Because
of its ease of use in comparison with the more complex methods of strength
measurement, it is widely used in many empirical methods of pavement design.
However, its use as a primary means of selecting natural gravels for LVSRs
has long been questioned.

SADC Guideline on Low-volume Sealed Roads
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4HE 2ESILIENT -ODULUS OF A SOIL IS A MEASURE
OF ITS RESISTANCE TO DISPLACEMENT IE ITS
SUSCEPTIBILITY TO RUTTING UNDER A WHEEL LOAD





"OX  (OW APPROPRIATE IS THE #"2 TEST AS A MEANS OF SELECTING
NATURAL GRAVELS FOR USE IN ,632 PAVEMENTS
¬Ê

4HE %LASTIC 3TIFFNESS OF A SOIL REmECTS ITS
LOAD SPREADING CHARACTERISTICS 4HUS A HIGH
% VALUE IMPLIES GOOD LOAD SPREADING ABILITY
WHILE A LOW % VALUE IMPLIES THAT LOADS WILL
BE CONCENTRATED ON THE SUBGRADE AND HIGH
mEXURAL STRAINS WILL OCCUR

¬Ê

¬Ê

4HE #"2 TEST IS AN EMPIRICAL TEST THAT WAS DEVELOPED USING EMPIRICAL
OBSERVATIONS OF SATISFACTORY PAVEMENTS OVER A NUMBER OF SUBGRADES WITH
THE OBJECTIVE OF ESTABLISHING SUBGRADE BEARING CAPACITY NOT THE ADEQUACY
OF THE PAVEMENT MATERIAL
4HE TEST HAS POOR REPRODUCIBILITY WITH AN OVERALL COEFlCIENT OF VARIATION
OF THE ORDER OF  PER CENT 4HIS CHARACTERISTIC MAKES THE INTERPRETATION
OF TEST RESULTS ESPECIALLY FOR INHERENTLY VARIABLE NATURAL GRAVELS VERY IMPRECISE
&OR EXAMPLE FOR A TRUE MEAN VALUE OF  THE #"2 CAN RANGE FROM  TO 
A RANGE THAT CAN LEAD TO VASTLY DIFFERING INTERPRETATIONS OF THE SUITABILITY OF
THE SOIL FOR USE AS A PAVEMENT MATERIAL
4HE TEST DOES NOT MEASURE ANY OF THE FUNDAMENTAL ENGINEERING PROPERTIES OF
SOIL THAT CRITICALLY INmUENCE ITS PERFORMANCE SUCH AS ELASTIC STIFFNESS %R AND
RESISTANCE TO PERMANENT DEFORMATION OR RESILIENT MODULUS -R  !S INDICATED
IN &IGURE  MATERIALS WITH THE SAME #"2 COULD HAVE VERY DIFFERENT
ELASTIC STIFFNESSES AND AS A RESULT IN SIMILAR SERVICE CONDITIONS COULD PERFORM
QUITE DIFFERENTLY BECAUSE OF THEIR DIFFERENT LOAD SPREADING ABILITY
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&IGURE  2ELATIONSHIP BETWEEN ELASTIC STIFFNESS AND #"2
FOR A STRESS PULSE OF  K0A
)N VIEW OF THE ABOVE IT MAY BE CONCLUDED THAT IF THE #"2 TEST IS USED TO JUSTIFY
THE USE OF A MATERIAL WHICH DEPARTS SUBSTANTIALLY FROM THE TRADITIONAL GRADING
AND PLASTICITY LIMITS AS IS THE CASE WITH MOST PEDOGENIC MATERIALS THEN ON ITS
OWN IT MAY WELL NOT BE APPROPRIATE
7HILST IT IS NOT SUGGESTED THAT THE #"2 TEST BE DISCARDED IT IS RECOMMENDED
THAT OTHER TESTS SUCH AS THE 4EXAS 4RIAXIAL AND + -OULD TESTS COULD BE VERY
USEFUL SUPPLEMENTARY TESTS FOR SELECTING NATURAL GRAVELS FOR USE IN ,632 PAVE
MENTS 4HESE TESTS CAN PROVIDE INFORMATION THAT IS OFTEN MORE DISCRIMINATING
AS REGARDS MATERIAL PERFORMANCE THAN THE #"2 TEST
4EXAS 4RIAXIAL 4EST !N ALTERNATIVE TO THE #"2 TEST IS THE 4EXAS 4RIAXIAL TEST
WHICH IS USED IN 4EXAS !USTRALIA AND :IMBABWE 4HIS TEST IS BASED ESSENTIALLY ON
THE RELATIVE STIFFNESS OF THE MATERIAL IN THE FORM OF STRESS STRAIN CHARACTERISTICS AND
MEASURES THE FUNDAMENTAL STRENGTH PARAMETERS COHESION AND ANGLE OF INTERNAL
FRICTION )T IS LESS EMPIRICAL THAN THE #"2 TEST IN THAT MORE OF THE COARSE FRACTIONS
OF GRAVELS CAN BE SUBJECTED TO TEST -OREOVER IN THE TEST THE SAMPLE IS TESTED AS A
WHOLE AND THE RESULTS ARE LESS PRONE TO SPECIlC CONDITIONS UNDER THE #"2 PLUNGER
6$'&*XLGHOLQHRQ/RZYROXPH6HDOHG5RDGV
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Of particular importance is the ability of the Texas Triaxial test to assess the
potential beneﬁts gained by allowing the moisture content at compaction
(optimum moisture content) to decrease to the predicted equilibrium value in
the pavement. This makes the test particularly suitable for predicting the
sensitivity of the strength of the material to changes of moisture, thereby
allowing the material strength to be assessed at in-service moisture/density
conditions.The test is somewhat more time consuming to carry out than the
CBR test.
K-Mould Test: The K-Mould test is a laboratory soil strength test that was
developed in the USA in the late 1970s23 because of the need for a rapid, direct
measure of soil strength under conditions that are reasonably representative
of those anticipated in the ﬁeld. The test is essentially a compression test in
which a cylindrical soil specimen is constrained in an axially rigid but
laterally ﬂexing steel mould such that, as axial compression occurs, the
lateral expansion of the soil is met by a constantly increasing lateral resistance,
much as occurs in ﬁeld loading conditions.
Research carried out at the CSIR shows that the K-Mould test is able to determine the elastic moduli of untreated road building materials with relative
simplicity and a great degree of accuracy in a single loading cycle24. Thus,
although not yet commonly used, the K-Mould test may provide a useful
means of determining the elastic stiffness of natural gravels where required,
in contrast to the more complex, time-consuming and costly repeated load
triaxial tests that can hardly be justiﬁed for LVSRs.
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Typical DCP test result plot.
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Dynamic Cone Penetrometer (DCP): The DCP test is particularly worthy of
mention because LVSRs are very often constructed on existing gravel roads with
necessary improvements in vertical and horizontal alignment. The use of the
DCP can provide a rapid, effective, low-cost, non-destructive method of
estimating the strength of in situ materials. Methods have been developed in the
region for strengthening existing gravel roads to provide LVSRs designed on the
basis of the in situ DCP-CBR and design trafﬁc level25. This information can
then be used with existing catalogue pavement structures to provide the most
economical pavement structure for a particular set of conditions.

5.3.7

Materials Inventory

A

s part of the materials prospecting process, considerable beneﬁts can be
realised through the development and use of materials inventories,
particularly at the planning and design stages of LVSR projects. The common
uses of such inventories are summarized in Table 5.6.
Table 5.6 - Common uses of materials inventories
Common Use

Related Factors

Record keeping

●
●
●

Reducing costs
Materials
management
Link to other
management
systems

●
●
●
●

●
●

SADC Guideline on Low-volume Sealed Roads

Central record keeping.
Source of readily available/easily retrievable information.
Reference for future development.
Reduced consultancy costs.
Rapid/easier materials location and identiﬁcation.
Input into national engineering geological maps.
Development of pavement performance relationships for
input into pavement management systems.
Interface with existing laboratory management systems.
Input into road failure investigations.
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●
●
●

Other

●

Support to on-going research.
Fine-tuning local materials and design speciﬁcations.
Development of local materials/performance correlations.
Potential source of revenue.

Despite the potential beneﬁts of establishing materials inventories, their
sustainability needs to be given careful consideration in terms of such factors
as:
●
●
●

institutional capacity
regular system maintenance, updates and upgrades
staff training

A ﬁrst step in establishing a comprehensive inventory is to assemble, in a
simple database, materials information from existing materials reports
prepared by contractors and consultants.

SADC Guideline on Low-volume Sealed Roads
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5.4 Pavement Design
5.4.1
The challenge of pavement
design for low-volume roads
“I have always felt that in many respects
it is easier to design a pavement for a high
volume rather than a low-volume road for
several reasons. On the low-volume road,
for example, we are continually striving for
low cost, which makes our design extremely
sensitive from the standpoint of thickness,
quality of pavement and surfacing materials,
geometric design, and many other factors”.
Eldon Yoder - one of the most prominent
pavement designers of our time.

Objective

T

he objective of pavement design is to produce an engineering structure
in terms of thickness and composition that is in “harmony” with the local
environment, will distribute trafﬁc loads efﬁciently and provide a satisfactory
level of service, whilst minimizing the whole-life cost of the pavement, i.e.
both initial construction and subsequent maintenance costs. To achieve this
goal, sufﬁcient knowledge of the materials, trafﬁc, local environment
(particularly climate and drainage) and their interactions is required to be
able to predict reasonably the performance of any pavement conﬁguration. In
addition, there should be a clear view as to the level of performance and
pavement condition that is considered satisfactory in the circumstances for
which the pavement structure is being designed.
Pavement design for low-volume roads presents a particular challenge to
designers. This is largely because, until relatively recently, such roads were not
speciﬁcally catered for and the step from a gravel road to a paved road was a
large one. Moreover, pavement engineers are required to consider carefully
the environmentt within which LVSRs have to be provided, in a manner which
is often much more demanding than with HVRs.

5.4.2

Pavement Design System

T

he many variables and interactions that inﬂuence the ﬁnal choice of road
pavement make it appropriate to adopt a “systems” approach to pavement
design in which all inﬂuential design factors are considered within an appropriate
pavement design system. Figure 5.12 shows such a Pavement Design System.
The various elements that comprise the system are discussed below, with
particular emphasis on their relevance to LVSRs.
5.4.3 - INPUT VARIABLES
Construction and
Maintenance

5.4.4 - DESIGN PROCESS

5.4.5 - DESIGN OUTPUT

External Factors
(Chapter 3)

Traffic
Structural Design
Environment Factors
Cost Comparisons

Selected Design

Subgrade Soil
Implementation
Pavement Materials
Pavement
Configuration

Figure 5.12 - Pavement design system
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Input Variables

Construction and Maintenance Factors
onstruction and maintenance policies can inﬂuence the type of pavement
structure which is adopted. In addition, the properties of many materials
are dependent on construction inﬂuences, including level of compaction and
extent of sub-surface drainage provided. These latter factors are particularly
important in the context of low-volume roads and are discussed later in this
section. The more general construction and maintenance issues are discussed
in chapters 6 and 7.

C

Trafﬁc
The deterioration of paved roads caused by trafﬁc results from both the
magnitude of the individual wheel loads and the number of times these loads
are applied. For pavement design purposes it is therefore necessary to consider
not only the total number of vehicles that will use the road but also the axle
loads of these over the design life of the road.
Design life - the period during which a
pavement would be expected to carry the
anticipated trafﬁc at a satisfactory level of
service without requiring major rehabilitation work.

Design life (Years): The design life of a pavement depends on a number of
factors including, particularly, its function. Thus, a major trunk road fulﬁlling an obvious economic function and carrying high volumes of trafﬁc, for
which any major disruption would be very costly, would normally be
designed
d for a longer design life than a tertiary/access road serving a
primarily developmental or social function and carrying relatively low volumes
of trafﬁc. Table 5.7 provides some guidance on the selection of design life.
Table 5.7 - Pavement design life selection guidance
Design data reliability
Low
High

Importance/level of service
Low
High
10 yrs
10 - 15 yrs
10 - 15 yrs

15 - 20 yrs

Notwithstanding the attraction of employing staged construction strategies from
a purely economic point of view, this approach is not recommended if there is
any risk that maintenance and upgrading will not be carried out correctly at
the appropriate time.
The ADT is deﬁned as the total annual trafﬁc
summed for both directions and divided by
365. However, for pavement design purposes,
the trafﬁc loading in one direction (in the
heavier loaded lane) is required.

Trafﬁc estimation: This is determined on the basis of appropriate trafﬁc
surveys to establish the trafﬁc volume by each trafﬁc class in terms of the
[Annual] Average Daily Trafﬁc [A](ADT). The various types of trafﬁc surveys
available for determining baseline trafﬁc ﬂows have been dealt with in Chapter
3, Section 3.2.7.
Following the establishment of baseline trafﬁc, further analysis is required to
establishh the total design trafﬁc based on a forecast of trafﬁc growth in terms of
normal, diverted and generated trafﬁc. Such forecasts are very sensitive to
economic conditions in developing economies and the various factors to be
considered
d are dealt with in detail in various texts on pavement design such as
Overseas Road Note 3127. Moreover, for relatively shorter term design strategies
(trafﬁc <0.1 million ESA), an elaborate trafﬁc analysis is seldom required, as
environmental rather than trafﬁc loading factors often determine the
performance of the roads.
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Construction trafﬁc can be a signiﬁcant proportion (sometimes 20 - 40 per cent)
of total trafﬁc on LVSRs as shown in Figure 5.13 and should be taken into
account in the design of the pavement.

DEVELOPMENT PHASE

OPERATIONAL PHASE
NORMAL GROWTH RATE

Cumulative Traffic (ESAs)

HIGH GROWTH RATE
TOTAL TRAFFIC

NON-CONSTRUCTION TRAFFIC
(normal/generated/diverted)
CONSTRUCTION TRAFFIC

5

10

15

20

Time (Years)

Figure 5.13 - Typical trafﬁc growth pattern for a LVSR
Axle loading: The damage inﬂicted on road pavements depends very strongly
on the axle loads of the vehicles and the number of times they are applied.
Axle load data for design purposes can be obtained from surveys of commercial
vehicles using the existing road or, in the case of new roads on new alignments,
from existing roads carrying similar trafﬁc. Methods of carrying out such
surveys were described in Section 3.2.7 off Chapter 3.

 K.

 K.

The damaging power of a particular axle-load is generally expressed in terms of
an equivalent “standard axle” - a concept that effectively reduces the varied
nature of the trafﬁc loadings to a single parameter in terms of structural damage
to a pavement. The expression that is used for deﬁning the equivalence factor of
any axle load is based on the Fourth Power Law derived from the AASHO Road
Test 1, as follows:
N = ( W/Ws)n where


 K.  K.


 K.  K.

Three groups of heavy vehicles with equal
damaging effect.

N = load equivalence factor
W = axle load
Ws = standard axle
n = power law exponent

For design purposes, the power law exponent, n, is generally assumed to lie
in the range 4 - 4.5 (typically taken as 4.2). It is noteworthy, however, that the
value of n is strongly inﬂuenced by pavement type (granular, cemented, etc) and
mode of distress (rutting, fatigue, subgrade deformation, etc), strength of
subgrade and stiffness and may vary from less than 1 to over 18! 28.
There is some evidence in the SADC region to indicate that the value of the
exponent of 4.2 may not be appropriate for some LVSRs constructed with
natural gravel road bases in which the main deterioration mode is often rutting. The signiﬁcantly different axle loadings on the two lanes of a road in the
region, where a range of “sub-standard” calcareous materials were used as road
base, enabled an estimate to be made of the damage law exponent. This was
found to be between 2 and 3, a value which has been conﬁrmed by other
investigations carried out in the region 29.
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Cumulative equivalent standard axles: Following the trafﬁc and axle load
surveys described above, the cumulative equivalent standard axle loading over
the design life of the road is determined by multiplying the number of axle loads
in each load group of the entire load spectrum in the heaviest trafﬁcked lane by
the relevant equivalency factor.
Environmental Factors
Environmental factors - essentially in terms of moisture and temperature
- have a profound effect on pavement performance. This is particularly the
case with low-volume roads where environmentally induced distress rather
than load-associated distress determines pavement performance17. As illustrated
in Figure 5.14, it is only at relatively higher trafﬁc levels that load-associated
distress plays the dominant role in pavement performance.
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Figure 5.14 - Trafﬁc loading versus dominant mechanism of distress
Investigations carried out in the region
indicated quite clearly that trafﬁc below
about 300,000 to 500,000 ESA was not a
signiﬁcant factor in pavement deterioration.

Most design methods used in the SADC region cater for relatively high volumes
of trafﬁc, typically in excess of 0.5 million ESA over a 10 - 15 year design life,
for which attention is focused on load-associated distress. However, for the
large proportion of low-volume roads that exist in the region, carrying typically
less than 0.3 million ESA over their design life, priority attention should really
be paid to mitigating the effects of the environment, particularly rainfall and
temperature, on their performance, as discussed below.
Climate: The moisture environment in which a pavement operates is a major
inﬂuence on its performance because the strength and stiffness of the pavement
materials and subgrade are critically dependent on moisture content. In turn,
moisture content is inﬂuenced by the climatic zone in which the pavement is
located.
Moisture environment: Arguably the most important challenge faced by the
designer is to provide a pavement structure in which the detrimental effects of
moisture are contained to acceptable limits in relation to the trafﬁc loading,
nature of the materials being used, construction/maintenance provisions and
degree of acceptable risk. This challenge is accentuated by the fact that most
low-volume roads will be constructed from natural, often unprocessed, materials
which tend to be moisture sensitive. This places extra emphasis on drainage
and moisture control for achieving satisfactory pavement life for which the
following factors require careful assessment at the design stage:
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RAINFALL AND EVAPORATION PATTERN
PERMEABILITY OF SURFACING
DEPTH OF WATER TABLE RELATIVE TO THE PAVEMENT STRUCTURE
TYPE OF SUBGRADE MATERIAL
RELATIVE PERMEABILITY OF PAVEMENT LAYERS PERMEABILITYNO PERMEABILITY
INVERSION
PAVEMENT CONlGURATION
WHETHER SHOULDERS WILL BE SEALED OR NOT

4HE VARIOUS SOURCES OF MOISTURE INlLTRATION INTO A PAVEMENT ARE ILLUSTRATED IN
&IGURE 
  
 
  

 
 

 
 





  
 




 




 



 
  



&IGURE  -OISTURE MOVEMENTS IN PAVEMENTS AND SUBGRADES
.!!32!  
0ERMEABILITY -OISTURE MOVEMENTS OF ANY OF THE TYPES ILLUSTRATED IN &IGURE 
ARE CONTROLLED NOT ONLY BY THE AVAILABILITY OF MOISTURE FROM THE VARIOUS SOURCES
BUT ALSO BY THE PERMEABILITY OF THE PAVEMENT SUBGRADE AND SURROUNDING MATERIALS
4HE PERMEABILITY OF THE MATERIAL WILL CONTROL THE RATE AT WHICH MOISTURE MOVES
THROUGH THE MATERIAL 4HE RELATIVE PERMEABILITY OF ADJACENT MATERIALS MAY ALSO
GOVERN MOISTURE CONDITIONS ! SIGNIlCANT DECREASE IN PERMEABILITY WITH DEPTH
OR ACROSS BOUNDARIES BETWEEN MATERIALS IE PERMEABILITY INVERSION CAN LEAD TO
SATURATION OF THE MATERIALS IN THE VICINITY OF THE PERMEABILITY INVERSION
"OX  3IGNIlCANCE OF MATERIAL PERMEABILITY IN PAVEMENT DESIGN
.O PERMEABILITY INVERSION )T IS ESSENTIAL FOR GOOD INTERNAL DRAINAGE THAT
PERMEABILITY INVERSION DOES NOT OCCUR 4HIS IS ACHIEVED BY ENSURING THAT
THE PERMEABILITY OF THE PAVEMENT AND SUBGRADE LAYERS ARE AT LEAST EQUAL OR ARE
INCREASING WITH DEPTH &OR EXAMPLE THE PERMEABILITY OF THE BASE MUST BE LESS
THAN OR EQUAL TO THE PERMEABILITY OF THE SUBBASE IN A THREE LAYERED SYSTEM 4O
ACHIEVE THIS IT IS NECESSARY TO MEASURE OR ASSESS THE PERMEABILITY OF THE
PAVEMENT AND SUBGRADE LAYERS
0ERMEABILITY INVERSION ! PERMEABILITY INVERSION EXISTS WHEN THE PERMEABILITY
OF THE PAVEMENT AND SUBGRADE LAYERS DECREASES WITH DEPTH 5NDER INlLTRATION
OF RAINWATER THERE IS POTENTIAL FOR MOISTURE ACCUMULATION AT THE INTERFACE
OF THE LAYERS 4HE CREATION OF A PERCHED WATER TABLE COULD LEAD TO SHOULDER
SATURATION AND RAPID LATERAL WETTING UNDER THE SEAL MAY OCCUR 4HIS MAY
LEAD TO BASE OR SUBBASE SATURATION IN THE OUTER WHEELTRACK AND RESULT IN
CATASTROPHIC FAILURE OF THE BASE LAYER WHEN TRAFlCKED ! PERMEABILITY INVERSION
OFTEN OCCURS AT THE INTERFACE BETWEEN THE SUBBASE AND SUBGRADE SINCE MANY
SUBGRADES CONSIST OF COHESIVE lNE GRAINED MATERIALS 5NDER THESE CIRCUM
STANCES A MORE CONSERVATIVE DESIGN APPROACH IS REQUIRED THAT SPECIlCALLY
CATERS FOR THESE CONDITIONS

6$'&*XLGHOLQHRQ/RZYROXPH6HDOHG5RDGV











-XO\




3DYHPHQW'HVLJQ0DWHULDOV 6XUIDFLQJ

7HERE PERMEABILITY INVERSION IS UNAVOIDABLE THE ROAD SHOULDER SHOULD BE
SEALED TO AN APPROPRIATE WIDTH TO ENSURE THAT THE LATERAL WETTING FRONT DOES NOT
EXTEND UNDER THE OUTER WHEELTRACK OF THE PAVEMENT ,ATERAL DRAINAGE CAN BE
ENCOURAGED BY CONSTRUCTING THE PAVEMENT LAYERS WITH AN EXAGGERATED CROSSFALL
WHEREVER A PERMEABILITY INVERSION OCCURS !LTHOUGH THIS IS NOT AN EFlCIENT WAY
TO DRAIN THE PAVEMENT IT IS INEXPENSIVE AND THEREFORE WORTHWHILE &ULL UNDER
PAVEMENT DRAINAGE IS RARELY LIKELY TO BE ECONOMICALLY JUSTIlED FOR ,632S

3HOULDER SEALING IS HIGHLY BENElCIAL TO THE
PERFORMANCE OF ,632S ESPECIALLY WHERE
MOISTURE SENSITIVE MATERIALS ARE USED

)N ORDER TO MAKE DUE ALLOWANCE IN THE DESIGN PROCESS FOR THE EFFECTS OF MOISTURE
CHANGES ON SUBGRADE AND PAVEMENT STRENGTHS ASSESSMENT OF THESE STRENGTHS
SHOULD BE MADE AT THE HIGHEST MOISTURE CONTENTS LIKELY TO OCCUR IN THE MATERIALS
DURING THE DESIGN PERIOD
)N TERMS OF PAVEMENT DESIGN THE TWO MOISTURE ZONES IN THE PAVEMENT WHICH ARE
OF CRITICAL SIGNIlCANCE ARE
THE EQUILIBRIUM ZONE
THE ZONE OF SEASONAL MOISTURE VARIATION

¬Ê
¬Ê

"OX  0REDICTION OF MOISTURE CONTENT FOR USE IN PAVEMENT DESIGN
&ROM EXTENSIVE RESEARCH WORK CARRIED OUT IN 3OUTH !FRICA IN LOCATIONS
REPRESENTATIVE OF MUCH OF SOUTHERN !FRICA IT WAS FOUND THAT
¬Ê

¬Ê

¬Ê

¬Ê

)N ,632 PAVEMENTS OVER A DEEP WATER TABLE WHICH COVERS MUCH OF THE
RURAL ROAD NETWORK OF THE 3!$# REGION MOISTURE CONTENTS IN THE
EQUILIBRIUM ZONE NORMALLY REACH AN EQUILIBRIUM VALUE ABOUT TWO YEARS
AFTER CONSTRUCTION AND REMAIN REASONABLY CONSTANT THEREAFTER
)N THE ZONE OF SEASONAL VARIATION THE PAVEMENT MOISTURE DOES NOT REACH
AN EQUILIBRIUM AND mUCTUATES WITH VARIATION IN RAINFALL 'ENERALLY THIS
ZONE IS WETTER THAN THE EQUILIBRIUM ZONE IN THE RAINY SEASON AND IT IS
DRIER IN THE DRY SEASON
4HE ZONE OF SEASONAL VARIATION OF MOISTURE EXTENDS HORIZONTALLY FROM
 MM TO  MM FROM THE EDGE OF SURFACED PAVEMENTS AND IS MORE
PROMINENT IN THE UPPER LAYERS
4O REDUCE SUBSTANTIALLY THE PROBABILITY THAT THE PART OF THE PAVEMENT
IMMEDIATELY UNDER THE WHEEL LOAD IS INmUENCED BY SEASONAL VARIATIONS
IT HAS BEEN FOUND THAT THE MINIMUM WIDTH OF SEALED SHOULDERS SHOULD
BE ONE METRE FOR DESIGN TRAFlC OF LESS THAN  MILLION %3! AND 
METRES FOR DESIGN TRAFlC GREATER THAN  MILLION %3!

&ROM THE ABOVE IT FOLLOWS THAT IF THE PAVEMENT OF A TYPICAL ,632 HAS UN
SURFACED SHOULDERS THE OUTER WHEELTRACK WILL LIE OVER THE ZONE OF SEASONAL
VARIATION AND THE lELD MATERIAL STRENGTH IN THIS ZONE BECOMES CRITICAL IN THE
DESIGN OF ,632S SEE &IGURE   (OWEVER FOR ,632 PAVEMENTS WITH
SEALED SHOULDERS AT LEAST ONE METRE IN WIDTH THE TRAFlC LOADS WILL LIE OVER
THE EQUILIBRIUM ZONE WHERE THE lELD MATERIAL STRENGTH MAY BE MORE CONlDENTLY
PREDICTED AND THE USE OF UNSOAKED MATERIAL STRENGTHS IN DESIGN BECOME POSSIBLE
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&IGURE  -OISTURE ZONES IN A TYPICAL ,632
4EMPERATURE AND HUMIDITY 4EMPERATURE AND HUMIDITY PLAY AN IMPORTANT ROLE
IN THE PERFORMANCE OF A ROAD PAVEMENT WITH A BITUMINOUS SURFACE ESPECIALLY
ON LOW VOLUME ROADS &OR EXAMPLE ULTRAVIOLET RADIATION FROM SUNLIGHT CAUSES
A CONTINUOUS SLOW HARDENING REDUCTION IN ELASTICITY AND CONSEQUENT EMBRITTLE
MENT AND CRACKING OF THE BITUMEN /NCE THE SURFACE INTEGRITY HAS BEEN LOST
WATER CAN THEN PENETRATE THE CRACKS INTO THE UNDERLYING PAVEMENT STRUCTURE
LEADING TO A REDUCTION IN PAVEMENT STRENGTH AND TO AN INCREASED RATE OF
DETERIORATION UNDER REPEATED WHEEL LOADS
6ARIOUS COMBINATIONS OF TEMPERATURE AND HUMIDITY CAN ALSO GIVE RISE TO HYDRO
GENESIS IE THE AERIAL WELL EFFECT AND THE MIGRATION OF WATER UNDER A BITUMINOUS
SURFACING !N EXPLANATION GIVEN FOR THIS PHENOMENON IS THAT AMBIENT AIR AFTER
PENETRATING THE POROUS SHOULDERS OF THE PAVEMENT mOWS THROUGH THE AGGREGATE
PAVEMENT LAYER 5NDER CERTAIN TEMPERAURE CONDITIONS WATER VAPOUR IN THE AIR
IS THEN TRANSFERRED TO THE SURFACES OF THE AGGREGATE PARTICLES WHERE IT FORMS A
LIQUID WATER lLM &ROM THIS EXPLANATION IT IS TENTATIVELY SUGGESTED THAT HYDRO
GENESIS COULD OCCUR UNDER THE SURFACING OF BITUMINOUS PAVEMENTS WITH A MEAN
BASE COURSE TEMPERATURE ABOVE /# AND ESPECIALLY IF THE DIURNAL BASE COURSE
TEMPERATURE RANGE IS GREATER THAN /# 4HESE CONDITIONS ARE USUALLY FOUND IN
THE ARID AND SEMI ARID AREAS OF THE 3!$# REGION IN SUMMER 4HUS WITH MOISTURE
SENSITIVE NATURAL GRAVELS SOME ALLOWANCE MAY HAVE TO BE MADE FOR HYDROGENESIS
IN THE DESIGN OF THE PAVEMENT
4HE DENSITY TO WHICH A SUBGRADE MATERIAL
IS COMPACTED CAN HAVE A SIGNIlCANT EFFECT
UPON ITS STRENGTH 6ARIABILITY IN DENSITY IS
ALSO A MATTER OF CONCERN AS IT WILL RESULT IN
DIFFERENTIAL DEFORMATION DUE TO TRAFlC COM
PACTION
#ONSIDERATION SHOULD BE GIVEN TO THE
DEPTH TO WHICH EFFECTIVE COMPACTION CAN
BE ACHIEVED )N SOME CIRCUMSTANCES THE
STRENGTH OF THE UNIMPROVED SUBGRADE BELOW
THE DEPTH OF EFFECTIVE COMPACTION MAY BE A
CRITICAL CONSIDERATION IN THE DESIGN OF THE
TOTAL PAVEMENT SYSTEM

-EASURES TO OVERCOME THE ADVERSE EFFECTS OF TEMPERATURE INCLUDING A JUDICIOUS
CHOICE OF SURFACING TYPE AND BINDER ARE DISCUSSED IN 3ECTION 
JmZ_jY\]ÛJgadk
4HE SUPPORT PROVIDED BY THE SUBGRADE IN TERMS OF ITS STIFFNESS IS THE MOST
IMPORTANT FACTOR DETERMINING PAVEMENT DESIGN THICKNESS COMPOSITION AND
PERFORMANCE 4HE STIFFER THE SUBGRADE THE LESS THE LAYER THICKNESSES AND
COMPONENT MATERIAL STRENGTHS REQUIRED TO CARRY A GIVEN TRAFlC LOADING !S
EMPHASIZED IN #HAPTER  EVERY EFFORT SHOULD BE MADE TO EXPLOIT THE MAXI
MUM STIFFNESS POTENTIAL OF THE SUBGRADE BY COMPACTING TO REFUSAL WITH THE
HEAVIEST PLANT AVAILABLE (OWEVER CARE SHOULD ALSO BE TAKEN TO AVOID OVER
STRESSING OF SOME SOILS ESPECIALLY THOSE WITH A BONDED FABRIC WHICH CAN BREAK
DOWN UNDER EXCESS COMPACTION
&OR A GIVEN MATERIAL TYPE THE SUBGRADE STRENGTH AND STIFFNESS ARE DEPENDENT ON
THE CONDITIONS AT CONSTRUCTION AND DURING SERVICE IN TERMS OF MOISTURE CONTENT
AND DENSITY )T IS THEREFORE ESSENTIAL THAT ESTIMATES OF THESE TWO PARAMETERS BE
OBTAINED AS A BASIS FOR ESTABLISHING THE DESIGN SUBGRADE CONDITION WHICH
PROVIDES A BASIC INPUT INTO MOST LOW VOLUME ROAD DESIGN METHODS
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From investigations carried out across a wide range of climatic regimes and soil
types in the SADC region 17,31, the ﬁeld/optimum moisture ratios measured at
the wettest time of the year are given in Table 5.8.
Table 5.8 - Variation of subgrade ﬁeld/optimum moisture content with
climatic zone10
Weinert N-Value
FMC/OMC*

> 4 (arid/semiarid)
0.5 - 0.7

2 - 4 (semi-arid/ < 2 (sub-tropical/
sub-tropical)
humid)
0.75 - 1.25
1.0 - 1.5

* Measurement made in outer wheel track of pavement

The conclusions drawn from this research17 provide critical inputs in the
design of LVSRs and may be summarized as follows:
●

●

●

●

the most important variables affecting equilibrium moisture content of the
subgrade are material type and climate, with the effect of the former
predominating
subgrade moisture content increases with ﬁner, plastic materials and
generally varies inversely with maximum dry density, but directly with
optimum
m moisture content and soaked moisture content
the equilibrium moisture content in the subgrade increases with wetter
climates; in the subbase and base it appears to be independent of climate
the ratio of equilibrium to optimum moisture content in the subgrade, and
to a lesser extent in the subbase, increases with wetter climates, but in the
base it is almost independent of climate

These values highlight the effect of climate on subgrade moisture content
and the importance of deﬁning appropriate design subgrade conditions,
particularly for the weaker, more moisture-sensitive materials.
Pavement Materials
Material Selection: Despite the innumerable inﬂuences that exist, there are
some dominant factors in pavement performance that can be identiﬁed in
order to design and construct LVSRs in a wide range of environments with
reasonable conﬁdence. These dominant factors are:
●
●
●

●

trafﬁc loading (represented by the design ESAs)
environment (represented by the Weinert N-value/rainfall)
material properties (represented by the material’s plastic modulus calculatedd
by multiplying the PI by the percentage passing the 0.425mm sieve)
pavement conﬁguration (cross-section)

Material Characteristics: Table 5.9 summarises the characteristics of various
material types that critically affect the way in which they can be incorporated
into an appropriate pavement conﬁguration in relation to their properties and the
prevailing conditions of trafﬁc, climate, economics and risk assessment.
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4ABLE  0AVEMENT MATERIAL CATEGORIES AND RELATIVE CHARACTERISTICS
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!S HIGHLIGHTED ABOVE PAVEMENT CONlGURATION IS INmUENCED BY THE PROPERTIES OF
THE MATERIALS BEING UTILIZED AND BY WATER ON THEIR PERFORMANCE 4HUS ATTENTION
TO DETAIL IN DRAINAGE DESIGN AND CONSTRUCTION IS ESSENTIAL FOR OPTIMUM PERFOR
MANCE "ASED ON THE BROAD MATERIAL CATEGORIES AND THEIR CHARACTERISTICS AS
SUMMARIZED IN 4ABLE  PAVEMENT CONlGURATIONS HAVE BEEN DEVELOPED FOR
THE FOLLOWING THREE ZONES
:ONE ! #ONlGURATION 4HE PRINCIPAL FEATURES OF THE :ONE ! ENVIRONMENT ARE
RELATIVELY LOW TRAFlC A DRY CLIMATIC ENVIRONMENT AND MATERIALS WHICH ARE HIGH
LY DEPENDENT ON SOIL SUCTION AND COHESIVE FORCES FOR DEVELOPMENT OF SHEAR RE
SISTANCE 4HESE FORCES MAY WELL BE THE ONLY SOURCE OF SHEAR STRENGTH IN THESE
RELATIVELY WEAK MATERIALS BECAUSE A DElCIENCY OF DURABLE STONE PREVENTS RELIANCE
ON INTER PARTICLE FRICTION 4HUS EVEN MODEST LEVELS OF MOISTURE   SATU
RATION ARE ENOUGH TO REDUCE CONlNING FORCES SUFlCIENTLY TO CAUSE DISTRESS
AND FAILURE
3ATISFACTORY PERFORMANCE WITH THE USE OF :ONE ! MATERIALS CAN ONLY BE ACHIEVED
WHILST THE PAVEMENT REMAINS IN A RELATIVELY DRY STIFF CONDITION IE  OF
/-#  !CHIEVEMENT OF THIS STATE DEPENDS ON THE SUCCESS OF DESIGN FEATURES USED
TO INHIBIT EXCESS MOISTURE MOVEMENT INTO THE PAVEMENT LAYER FROM THE SHOULDERS
AND FROM THE EMBANKMENT BENEATH THE PAVEMENT 4HIS CAN BE ACHIEVED BY SUCH
MEASURES AS SEALING THE SHOULDERS AS ILLUSTRATED IN &IGURE  OR BY USING
UNSEALED SHOULDERS RELATIVELY LOW PERMEABILITY IF THEY DO NOT OTHERWISE IMPEDE
INTERNAL DRAINAGE 3ECTION  
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Figure 5.17 - Pavement conﬁguration for Zone A materials
(unprocessed, unbound materials)
Zone B Conﬁguration: The principal features of Zone B are low to medium
trafﬁc, a dry to moderate climatic environment and materials that have a
moderate dependency on all forms of shear resistance - friction, suction
forces and cohesion. Because of the moderate strength potential of such
materials, concentrations of moisture in the range 60% - 80% saturation
may be enough to reduce the strength contribution from suction or cohesion
sufﬁciently to cause distress and failure33. Because of the variable nature of
these materials and their poor internal drainage, emphasis is best placed, on
keeping moisture away from the pavement system by sealing shoulders, as
well as on using pavement materials that can provide a frictional component
of shear strength.
Zone C Conﬁguration: The principal features of Zone C are medium to high
trafﬁc, a moderate to wet climatic environment with materials that have a
minor dependency on suction forces and cohesion and rely either on:
(a) internal friction which is maximized when the aggregate is hard, durable
and well-graded (granular, unbound materials), or
(b) physico-chemical forces which are not directly affected by water (bound,
granular materials)
Very high levels of saturation (80% - 100%) will cause distress which will
usually result from pore pressure effects under wheel loads and mobilization of
plasticity in the ﬁne fractions33. To avoid this situation, various positive design
features are required including:
●
●

●

SADC Guideline on Low-volume Sealed Roads

sealed shoulders
use of low-permeability selected lower subbase to protect the subgrade
from moisture movements
a subbase layer to be at least as permeable as the base layer, free to
discharge into deep side drains
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NUMBER OF FACTORS WHICH ARE OFTEN OF A NON TECHNICAL NATURE CAN HAVE
A SIGNIlCANT INmUENCE ON THE PAVEMENT DESIGN PROCESS 4HESE FACTORS
POLITICAL SOCIAL INSTITUTIONAL ETC WERE DISCUSSED IN #HAPTER  AND ARE NOT
REPEATED HERE

!

Jljm[lmjYdÛ;]ka_f
/VER THE PAST  YEARS SEVERAL METHODS OF PAVEMENT DESIGN HAVE BEEN
DEVELOPED IN SOUTHERN !FRICA BASED ON BOTH MECHANISTIC AND EMPIRICAL METHODS
)N ADDITION SEVERAL METHODS HAVE ALSO BEEN IMPORTED AND ADAPTED FROM OVERSEAS
PRACTICE FOR USE IN THE REGION
-ECHANISTIC!NALYTICAL -ETHODS -ECHANISTIC METHODS ARE DERIVED FROM
LABORATORY STUDIES OF THE MECHANICAL BEHAVIOUR OF THE PAVEMENT IN WHICH
MATERIALS ARE EXPOSED TO MEASURED STRESSES AND STRAINS ! SUITABLE THEORY TO
COMPUTE THE STRESSES AND STRAINS IN THE ACTUAL PAVEMENT IS THEN USED TOGETHER
WITH A TRANSFER FUNCTION OR CALIBRATION FACTOR THAT RELATES THE MECHANICAL
RESPONSE OBTAINED FROM THE LABORATORY STUDIES TO THE ACTUAL BEHAVIOUR OF THE
REAL PAVEMENT
-ECHANISTICANALYTICAL DESIGN METHODS REQUIRE A CONSIDERABLE AMOUNT OF
MATERIAL TESTING AND COMPUTATIONAL EFFORT BEFORE THEY CAN BE PROPERLY USED
-OREOVER THEIR APPLICATION TO HIGLY VARIABLE NATURALLY OCCURRING MATERIALS
WHICH MAKE UP THE BULK OF ,632 PAVEMENTS IS QUESTIONABLE AND THEY ARE VERY
POOR AT SIMULATING ENVIRONMENTAL DETERIORATION AND THEREFORE NOT WELL SUITED
TO ,632S
4HE 3OUTH !FRICAN -ECHANISTIC $ESIGN -ETHOD 3!-$-  WHICH IS
BASED ON A LINEAR ELASTIC MODEL AND THE %LASTO 0LASTIC $ESIGN -ETHOD 3 .
METHOD BASED ON A NON LINEAR ELASTIC MODEL ARE EXAMPLES OF MECHANISTIC
METHODS USED IN THE 3!$# REGION FOR PAVEMENT DESIGN 4HESE METHODS HAVE
BEEN USED IN 3OUTH !FRICA IN THE PREPARATION OF SIMPLIlED DESIGN MANUALS
SUCH AS A CATALOGUE OF STRUCTURES IN WHICH THE MATERIALS COMMONLY AVAILABLE
IN THE REGION HAVE BEEN TESTED AND THE RESULTS USED TO PREPARE THICKNESS
DESIGNS
%MPIRICAL -ETHODS %MPIRICAL METHODS ARE DERIVED FROM EMPIRICAL STUDIES
OF PAVEMENT PERFORMANCE IN WHICH THE DESIGN IS BASED ON PAST SUCCESSFUL
PRACTICE %MPIRICALLY BASED METHODS ARE LIKELY TO BE SATISFACTORY PROVIDED THE
MATERIALS ENVIRONMENT AND CONDITIONS OF LOADING DO NOT DIFFER SIGNIlCANTLY
FROM THOSE WHICH APPLIED DURING THE ORIGINAL EMPIRICAL STUDIES ON WHICH
THE DESIGNS WERE BASED 4HUS THE EXTENSION OF EMPIRICAL METHODS TO
DIFFERENT LOADINGS DIFFERENT MATERIALS AND DIFFERENT ENVIRONMENTAL CONDITIONS
CAN BE ACHIEVED ONLY BY CARRYING OUT EXPENSIVE AND TIME CONSUMING FULL SCALE
PAVEMENT EXPERIMENTS
%MPIRICALLY BASED METHODS HAVE BEEN USED IN THE PREPARATION OF A NUMBER OF
SIMPLIlED DESIGN CATALOGUES OF STRUCTURES IN THE 3!$# REGION SUCH AS THE
COMMONLY USED 42, /2.    AND THE $#0 $ESIGN CATALOGUE
!PPROPRIATENESS OF $ESIGN -ETHODS )DEALLY AN APPROPRIATE PAVEMENT DESIGN
METHOD SHOULD BE BASED ON EXPERIENCE AND FUNDAMENTAL THEORY OF STRUCTURAL
AND MATERIAL BEHAVIOUR DEVELOPED OVER TIME )T SHOULD ALSO TAKE ACCOUNT OF
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local conditions of climate, trafﬁc, available local materials and other environmental factors. It should thus allow the designer to produce an appropriate
pavement structure of sufﬁcient bearing capacity to carry the anticipated trafﬁc
over its design life at a pre-determined terminal level of service.
The following factors provide a benchmark against which the appropriateness
of current design methods may be evaluated for application to LVSRs:
●

●

●

●

subgrade design classes: These should be narrow enough to take advantage
of the range of strong subgrade materials which predominate over
extensive parts of the region
design trafﬁc classes: These shouldd be relatively narrow to cater incrementally
for design trafﬁc loadings in the range up to 500,000 ESA
materials classes: There should be a sufﬁcient number of classes to cater
for the full range and differing properties of naturally occurring residual
weathered rocks (e.g. granite, quartzite) and pedocretes (e.g. calcrete,
ferricrete) that occur extensively in the region
materials speciﬁcations: These shouldd be based on proven ﬁeld performance
in relation to such factors as trafﬁc, subgrade design class, sealed surface
design and geo-climatic zone

Based on the above criteria, the various design methods generally used in the
SADC region were assessed for their applicability to low-volume roads. Those
mentioned in Table 5.10 were generally found to be suitable, with the proviso
that they be used ﬂexibly rather than prescriptively.
Table 5.10 - Pavement design methods appropriate for use in the SADC region
Mechanistic-Empirical Methods
S-N Method (1993)37
TRH4 (1996)35

Empirical Methods
DCP Method (1984)36
SATCC Pavement Design Guide (1997)38
TRL ORN 31 (1993)27
TRL/SADC Pavement Design Guide (1999)17

In addition to the above generic methods of pavement design methods, there
are a number of other country speciﬁc guides/manuals which have been
developedd within a few countries in the region. The most prominent ones are:
●
●
●

Zimbabwe Pavement Design Guide (1975)39.
Botswana Roads Design Manual (1982)40.
Tanzania Pavement and Materials Design Manual (1999)41.

None of the above methods are directly comparable, except on a case by case
basis, because they differ with regard to a number of details such as the range
of trafﬁc and subgrade design classes, design subgrade strength (soaked versus in
situ moisture content) etc. In this regard, some methods are more conservative
than others. Nonetheless, they are all based on research/investigation work
carried out in the region speciﬁcally for application to low-volume roads.
The designer should become fully conversant with the details of each of
the recommended methods listed above before adopting any particular one
in their area of the SADC region. These methods are fully documented in
the literature.

SADC Guideline on Low-volume Sealed Roads
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A brief resumé of the generic design methods is given below:
S-N Pavement Design Method (1993): The S-N (Elasto-Plastic) design method
is a mechanistic method based on the elastoplastic behaviour of granular
pavement materials and bituminous surfacings. It uses non-linear analysis
to model the pavement together with empirically derived transfer functions
calibrated with HVS testing to predict the plastic deformation (rutting) in the
granular layers. This approach has provided the basis for the development
of a catalogue of pavement structures catering speciﬁcally for low-volume
roads.
TRH4 (1996): The TRH4 design method is based on the South African
Mechanistic Design Method which uses linear elastic analysis to model the
pavement in which the stresses and strains that are most likely to initiate failure
in a particular material type have been related to trafﬁc load, via appropriate
transfer functions, some of which were calibrated from HVS testing.
Dynamic Cone Penetrometer (DCP) Method: The DCP design method is an
empirical method developed in South Africa, that uses the in situ measured
bearing capacities of existing pavements, correlating them with HVS tests on
similar material and pavement types.
SATCC Pavement Design Guide (1997): The SATCC Pavement Design Guide
provides a catalogue of pavement structures that were developed through a
desk study of practice deemed appropriate to the region, primarily as exempliﬁed
by TRL Overseas Road Note 31 (1993) and the TRH4 (1996).
TRL ORN 31 (1993): This guide is based on research and experience in over
30 countries mainly tropical and sub-tropical. Previous editions have been
used for the design of LVSRs worldwide. The latest (1993) edition covers a
wider range of materials and structures with a catalogue of designs that cater
for trafﬁc up to 30 million standard axles.
TRL/SADC Pavement Design Guide (1999): This guide is based on the monitoring and testing of selected sections of road on the existing networks in Botswana, Malawi, Zambia and Zimbabwe to enable designs to be evaluated. The
research focused on measuring how road pavements performed with time and
trafﬁc and in different climatic conditions. It also identiﬁed features which
need to be included in the road design to minimize risk, including environmental inﬂuences, the performance of “non-standard” materials and actual
modes of deterioration. The output of the research programme was the
developmentt of a set of new structural design charts and a materials design
procedure for low-volume roads in the region, based on a wide range of
trafﬁc levels, design subgrade classes, materials types and geo-climatic
zones.
Pavement Design Process: The main steps to be followed in carrying out a
design for a LVSR pavement include:
●

●
●

SADC Guideline on Low-volume Sealed Roads

estimating the amount of trafﬁc and the cumulative number of standard
axles that will use the road over the selected design life
assessing the strength of the subgrade soil over which the road is to be built
selecting the mostt economical combination of pavement materials and
layer thicknesses that will provide satisfactory service over the design life
of the pavement
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Althoughh the above process may appear relatively simple and straight forward,
there are a number of aspects pertaining to LVSRs which require careful
consideration. These aspects are highlighted in the generic design process
presented in Table 5.11.
Table 5.11 - Typical checklist of LVSR pavement design factors
Main
Parameter
Design
philosophy
Design
strategy

Design
trafﬁc

Materials

Environment

Inﬂuencing item
- level of service
- design standard
- interacting environments
- road function/classiﬁcation
- analysis period
- design life
- staged construction?
- type and count
- axle loads
- equivalence factors
- power exponent
- tyre pressures

- availability and type
- selection strategy
- moisture sensitivity
- problem soils (e.g. expansive)
- testing
- climatic region
- moisture regime
- temperature and humidity
- modifying inﬂuences
- climate (e.g. El Nino)

Practical
considerations

- drainage and hydrology

Structural
design
Cost analysis

- pavement design method
- economic life-cycle cost
analysis

LVSR issue
- appropriate to LVSRs
- use of appropriate standards
- need to cater for external factors
- can be primary, secondary or tertiary
- short, medium, long?
- short, medium, long?
- implications on design
- reliability of data
- seasonality factors; growth projections
- motorised and non-motorised
- damage factors
- impact of overloading
- construction trafﬁc
- basis of choice
- basis of choice (< 4?, > 4? )
- impact; design counter-measures
- properties and impact on design
- speciﬁcations and test methods
- impact on design and pavement x-section
- design counter-measures
- appropriate test methods
- arid/semi-arid, semi-arid/sub-tropical,
sub-tropical/humid?
- soaked, unsoaked, equilibrium moisture
contents for design?
- age hardening of bitumen, hydrogenesis
- irrigation, vegetation, deforestation
- long-term consideration
- internal and external drainage
- embankment height; crown height above
drain invert level
- use of appropriate methods of design
- sealed or unsealed shoulders
- economic analysis methods (producer
surplus, consumer surplus?)
- evaluation tools (HDM4, RED, etc)

Cost Comparisons
In order to arrive at an optimum pavement design solution, a life-cycle cost
analysis should be made of all potential design alternatives capable of providing
o
the required level of service for the lowest cost over the analysis period.
The main economic factors which determine the cost of the pavement facility
include:
●
●
●
●
●
●

SADC Guideline on Low-volume Sealed Roads

analysis period
structural design period
construction costs
maintenance costs
user costs
discount rate
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4HE LIFE CYCLE COST ASSOCIATED WITH A PARTICULAR DESIGN ALTERNATIVE IS ILLUSTRATED
IN &IGURE 
  

 

  

  
  
  
  
 

   










   



&IGURE  #OMPONENTS OF A TYPICAL LIFE CYCLE COST ANALYSIS
!S INDICATED IN 4ABLE  A RELATIVELY SHORTER DESIGN LIFE IS FREQUENTLY USED
FOR LOW VOLUME ROADS -OREOVER USER COSTS ARE NOT NECESSARILY TRAFlC RELATED
AND ESPECIALLY AT THE LOW END OF THE TRAFlC SPECTRUM MAY WELL BE MANIFESTED
OTHERWISE
4HE OPTIMUM PAVEMENT DESIGN SOLUTION WHICH SHOULD BE THE DESIGN OBJECTIVE
IS A BALANCE BETWEEN CONSTRUCTION MAINTENANCE AND ROAD USER COSTS AND AS
ILLUSTRATED IN &IGURE  IS VERY MUCH TRAFlC RELATED 4HUS THE OPTIMUM
STRUCTURAL CAPACITY PAVEMENT FOR A ,632 MIGHT WELL INCUR LOWER INITIAL
CONSTRUCTION COSTS BUT WITHIN ITS LIFE CYCLE THIS WOULD BE BALANCED BY HIGHER
MAINTENANCE AND 6/# #ONVERSELY A HIGHER CAPACITY PAVEMENT WOULD INCUR
HIGHER INITIAL CONSTRUCTION COSTS BUT LOWER MAINTENANCE AND 6/#

VTFSDPTUT

VTFSDPTUT

&IGURE  #OMBINED COST FOR VARIOUS PAVEMENT STRUCTURAL CAPACITIES
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ÛÛ ;]ka_fÛFmlhml
J]d][l]\Û;]ka_f
HE COST ANALYSIS SHOULD BE REGARDED AS AN AID TO DECISION MAKING AS IT
DOES NOT NECESSARILY INCLUDE ALL FACTORS LEADING TO A DECISION AND SHOULD
THEREFORE NOT OVERRIDE ALL OTHER CONSIDERATIONS 4HESE OTHER CONSIDERATIONS
INCLUDE THE VARIOUS EXOGENOUS FACTORS DISCUSSED IN #HAPTER  WHICH ARE
PARTICULARLY IMPORTANT IN THE PROVISION OF LOW VOLUME ROADS

4

HmYflax[YlagfÛYf\ÛDala_YlagfÛg^ÛIakc
/NE OF THE MAJOR ASPECTS CONCERNING THE USE OF MARGINAL MATERIALS AND THIN
PAVEMENT STRUCTURES IS THE PERCEIVED INCREASED RISK OF FAILURE PARTICULARLY AS
REGARDS THE ADVERSE IMPACT OF MOISTURE ON PAVEMENT PERFORMANCE 4HUS ONCE
THE lNAL DESIGN HAS BEEN SELECTED AND PAVEMENT CONSTRUCTION IS UNDERTAKEN
IT IS NECESSARY TO ENSURE THAT THE CRITICAL DESIGN ASSUMPTIONS ARE INCORPORATED
INTO THE PAVEMENT BOTH DURING AND AFTER CONSTRUCTION 4HESE INCLUDE
¬Ê
¬Ê
¬Ê
¬Ê
¬Ê
¬Ê

DRAINAGE PROVISION
MATERIAL QUALITY
SUBGRADE BEARING CAPACITY
CONSTRUCTION CONTROL
OVERLOADING
MAINTENANCE

$EPENDING ON CIRCUMSTANCES SOME OF THESE FACTORS WILL BE MORE IMPORTANT
THAN OTHERS 'ENERALLY THE RISK OF FAILURE CAN BE EXPECTED TO INCREASE IF A
NUMBER OF FACTORS ARE RELAXED TOGETHER )F ONE OR THE OTHER OF THE DESIGN
ASSUMPTIONS CANNOT BE MET DUE TO SOME UNFORESEEN CONSTRAINT IT MAY BE
POSSIBLE TO ADJUST THE OVERALL DESIGN IN A NUMBER OF WAYS &OR EXAMPLE IT
MAY BE FEASIBLE TO REDUCE MATERIAL STANDARDS BUT THERE MIGHT BE A CONCOMITANT
NEED TO IMPROVE DRAINAGE AND BEARING CAPACITY OR IF DESIGN ASSUMPTIONS ARE
NOT MET IN THE LOWER PAVEMENT LAYERS IT MAY BE POSSIBLE TO ADJUST THE OVER
ALL DESIGN BY USING HIGHER STRENGTH UPPER LAYER MATERIALS OR THICKER COURSES IN
THE UPPER PARTS OF THE PAVEMENT
5LTIMATELY AS WITH ALL ROAD PROJECTS CONTROL OF CONSTRUCTION QUALITY
MAINTENANCE AND OVERLOADING WILL ENSURE THAT THE MAXIMUM BENElTS WILL BE
OBTAINED FROM THE RECOMMENDED DESIGN
G]j^gjeYf[]
"OX  7HY DO GRAVEL ROAD BASES OFTEN PERFORM BETTER THAN PREDICTED
-ANY BITUMINOUS PAVEMENTS CONSTRUCTED OF NATURAL GRAVELS HAVE PERFORMED
EXCEPTIONALLY WELL DESPITE EXTENSIVE OVERLOADING ACCORDING TO THE TH POWER LAW
AND POOR MAINTENANCE 4HE FOLLOWING FACTORS MAY EXPLAIN THIS
REDUCED TRAFlC LOADING EXTENDED hLIFEv DUE TO INAPPROPRIATE DAMAGE EXPONENT
GOOD STRONG SUBGRADE MATERIALS
PAVEMENT DESIGN THICKNESS BASED ON UNDULY CONSERVATIVE SATURATED SUBGRADE
CONDITIONS
PREDOMINANTLY DRY ENVIRONMENT
STIFFER PAVEMENT LAYERS THAN ANTICIPATED AT THE DESIGN STAGE BASE SUBBASE
AND SUBGRADE
INAPPROPRIATE MATERIALS SPECIlCATIONS

Ê

4HE ABOVE UNCERTAINTIES EMPHASISE THE NEED FOR DEVELOPING LOCAL STANDARDS
SPECIlCATIONS AND PAVEMENT PERFORMANCE RELATIONSHIPS
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5.5 Surfacing
5.5.1

Introduction

A

s highlighted in this Guideline, gravel deposits in many SADC countries
are not only a ﬁnite, non-renewable resource but, in many areas, are either
non-existent or inaccessible. There is also an increasing awareness that,
even at relatively low trafﬁc volumes, the upgrading of unpaved roads to a
sealed standardd can be more cost-effective than maintaining the unpaved gravel
road. As a result, the use of bituminous surface treatments over light pavement
structures for the upgrading of a substantial length of gravel roads in the
SADC region is expected to become more widespread.
There is a wide variety of bituminous surface treatments that can be used on
LVSRs. In addition to the traditional chip seal there are a number of relatively
little known “alternative surfacings” which, in appropriate circumstances,
allow non-standard local materials to be judiciously used in situations where
the use of conventional materials would be prohibitively expensive. There is
also a range of labour-based bitumen surfacing techniques which, although
still inadequately exploited, offer scope for providing beneﬁcial employment
to small contractors and local communities.

5.5.2

Objective

T

he main objective of this section is to highlight the wide variety of bituminous
surface treatment types that are available for use with LVSRs and to provide
guidance on their selection in relation to a range of prevailing circumstances.
In so doing, the section deals with the following aspects of surfacings for
LVSRs:
●
●
●

●
Role and Function of Surfacings.
Types and Performance Characteristics. ●
Constituents, Properties and Speciﬁcations.

Selection of Surfacing Type.
Surfacing Design.

Typical gravel road.

5.5.3

Role and Function of Surfacings

P

avement surfacings fulﬁl a variety of functions which offer a number of
advantages over unsealed roads. The characteristics of these functions are:

●

●

●

●

●

Typical LVSR offering many advantages
over an unsealed road. In certain circumstances a bituminous surfacing may be
warranted at trafﬁc levels of less than 100
vpd.

●

SADC Guideline on Low-volume Sealed Roads

seal and protect the base and provides strength at the road surface so
that the latter can resist the abrasive and disruptive forces of trafﬁc
transmit to the base the vertical and horizontal forces imposed by moving
trafﬁc. Have no signiﬁcant load-distributing properties
protect the pavement from moisture ingress, thus preventing loss of pavementt strength, thereby permitting the use of many materials thatt would
d
otherwise not be appropriate
improve safety by providing a superior skid-resistant surface, free from
m
corrugations, dust and mud, often increasing light-reﬂecting characteristics
and allowing the application of pavement markings
prevent gravel loss, resulting in elimination of the costs of replacing gravel,
a ﬁnite, non-renewable resource
generate savings in vehicle operating costs due to improved riding quality
and lower maintenance costs to maintain an acceptable level of service
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The mechanism of performance of slurry seals is similar to that of a very thin
bituminous premix, which tends to harden relatively rapidly and become stiff
and brittle. The behaviour of sand seals is similar to that of slurry seals but
they tend to remain ﬂexible for longer. As a result of the difference in the
mechanism of performance under trafﬁc between Category A and Category
B, they also differ markedly with respect to such factors as material requirements,
design approach, construction features. Examples of these differences are listed
in Table 5.12.
Table 5.12 - Relative differences in required properties
between surface treatment types on LVSRs
Parameter

Category A

Category B

Aggregate
quality

Relaxed requirements in terms of
strength, grading, particle shape,
binder adhesion, dust content, etc.
Allows extensive use to be made of
natural gravels.

Stringent requirements in terms of
strength, grading, particle shape,
binder adhesion, dust content, etc.
Allows limited use to be made of
locally occurring natural gravel.

Binder type

Relatively soft (low viscosity) binders
are required.

Relatively hard (high viscosity)
binders are normally used.

Design

Empirical approach. Relies on guide- Rational approach. Relies on conﬁrmline and trial design on site. Amenable atory trial on site. Not easily amenable
to design changes during construction. to design changes during construction.

Construction Not sensitive to standards of workmanship. Labour-based approaches
relatively easy to undertake if desired.
Durability
of seal

Sensitive to standards of workmanship. Labour-based approaches
relatively easy to undertake if desired.

Enhanced durability due to use of
Reduced durability due to use of
relatively soft binders and a dense seal relatively hard binders and open seal
matrix.
matrix.

Performance Characteristics
The performance of a bituminous surfacing in terms of its life depends on a
number of factors including:
type of surfacing
pavement structure (bearing capacity)
trafﬁc using the road
environment
road characteristics (geometry – curvature, gradient, camber, inter-sections,
etc.)

●
●
●
●
●

Experience in the SADC region has indicated the approximate ranges off lives for
the different seal types given in Table 5.13. In addition to the factors listed
above, seal life will also depend on such factors as aggregate quality, bitumen
type and durability, and construction quality.
Table 5.13 - Expected service lives for some of the typical surface seals

Example of a double Otta seal (using decomposed granite) after 10 years in service
in a harsh, semi-arid environment with
practically no maintenance.

Type of seal
Sand seal
Slurry seal
Single chip seal
Double sand seal
Double chip seal
Single Otta seal plus sand seal
Cape Seal (13mm + single slurry)
Cape Seal (19mm + double slurry)
Double Otta seal

SADC Guideline on Low-volume Sealed Roads

Typical service life (years)
2-4
2-6
4-6
6-9
7 - 10
8 - 10
8 - 10
12 - 16
10 -14
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Constituents, Properties and Speciﬁcations

T

he primary constituents of bituminous surface treatments are the aggregate and the bituminous binder, which together fulﬁl different functions,
depending on the type of surfacing.
Aggregates
The main functions of the aggregate are to provide:
●

●

●

The operational characteristics of the Otta
seal are such as to allow the use of as-dug
natural gravel which can be screened, if
necessary, to remove ﬁnes and oversize
material.

●

adequate resistance to crushing and abrasion caused by moving wheel loads
in order to transfer the tyre-induced stresses to the underlying pavement
structure
a skid-resistant surface in order to minimize skidding of vehicles, especially
in wet weather
a structure/matrix to accommodate the viscous and impervious binder
protection to the binder from harmful ultra-violet radiation

The physical attributes which affect the performance of the aggregate in a
surface treatment are related to their natural and processed properties, as
indicated
d in Table 5.14.
Table 5.14 - Requirements for surfacing aggregates
Property

Requirements/implications on performance

Strength

●
●
●

Screened gravel used as surfacing aggregate
in the Otta seal.

●

Durability

●
●

●

Adhesion

●
●

●
●
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need for adequate resistance to avoid crushing and abrasion under trafﬁc
and consequent loss of stone, bleeding/ﬂushing;
affected by particle shape, with cubical materials being stronger than
ﬂaky or elongated materials;
speciﬁcation limits are placed in terms of:
- Aggregate Crushing Value (ACV)
- 10% Fines Aggregate Crushing Value (10% FACT)
- Aggregate Impact Value (AIV)
- Los Angeles Abrasion (LAA)
- Texas Wet Ball Mill (TBM)
- Flakiness Index (FI)
tthe greater the percentage of weak/soft particles, the higher the ACV, AIV,
LAA or TBM values and the lower the 10% FACT
need for adequate resistance to weathering to avoid crushing, loss of
stone and bleeding/ ﬂushing
related to weathering of material and alteration of primary minerals in
the rock to secondary minerals (e.g. iron oxides, carbonates, clay
minerals)
speciﬁcation limits are placed in terms of:
- wet/dry 10% FACT/ACV/AIV ratios
- wet/dry 10% FACT/ACV/AIV ratios after 24 hour or 4 - day soaking
in ethylene glycol
- Durability Mill Index (DMI) test
- Magnesium/Sodium Sulphate soundness test
- Methylene Blue Value (MBV)
need for good adherence to binder and non-susceptibility to stripping so
as to prevent loss of aggregate/ravelling
aggregates containing acidic minerals (e.g. quartzite, granite) or very
ﬁne grained aggregates having smooth surfaces (e.g. silcretes or river
gravels) tend to exhibit poor adhesion properties
adhesion problems can be overcome through use of cationic bitumen
emulsionsand/or anti-stripping agents and/or pre-coating of aggregate
speciﬁcation limits placed in terms of:
- Riedel and Weber test.
- Static Immersion test (Modiﬁed Vialit adhesion test).
- Fines and dust content
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QHHGIRUPLQLPXPDEVRUSWLRQWRDYRLGKLJKELQGHUDEVRUSWLRQDQGORVV
RIVWRQHLIQRWFRPSHQVDWHGLQGHVLJQ
UHODWHGWRZDWHULQJUHVVDQGUHVXOWLQJGHFUHDVHLQVWUHQJWKGXUDELOLW\RI
DJJUHJDWHDQGVXVFHSWLELOLW\WRVWULSSLQJ
QHHGWRDOORZIRUELQGHUDEVRUSWLRQZKHQXVLQJDEVRUSWLYHDJJUHJDWHV
HJFDOFUHWH E\LQFUHDVLQJELQGHUDSSOLFDWLRQUDWHVDQGRUSUHFRDWLQJ
VSHFL¿FDWLRQOLPLWVDUHSODFHGLQWHUPVRIZDWHUDEVRUSWLRQ

¬
¬
¬
¬

3ROLVKLQJ

QHHGIRUJRRGUHVLVWDQFHWRSROLVKLQJLQRUGHUWRUHGXFHVFRSHIRUDFFLGHQWV
GXH WR VNLGGLQJHVSHFLDOO\ LQ ZHW ZHDWKHU UHODWHG WR PLFURWH[WXUH RI
DJJUHJDWHZKLFKLVDIXQFWLRQRILWVPLQHUDORJ\6RPHDJJUHJDWHV HJ
OLPHVWRQH DUHPRUHSURQHWRSROLVKLQJWKDQRWKHUV HJGROHULWH
VSHFL¿FDWLRQOLPLWVDUHSODFHGLQWHUPVRIWKH3ROLVKHG6WRQH9DOXH 369

¬

¬

0LQHUDORJLFDO
FRPSRVLWLRQ

QHHGIRU³IUHVK´GXUDEOHDJJUHJDWHVDVPDQLIHVWHGE\QRORZVHFRQGDU\
PLQHUDOFRQWHQWWRDYRLGORVVEUHDNGRZQRIVWRQH
PRVWVHFRQGDU\PLQHUDOVDUHGHOHWHULRXVWRWKHGXUDELOLW\RIDJJUHJDWHV
DQGVHFRQGDU\PLQHUDOFRQWHQWLVGLUHFWO\UHODWHGWRVXFKSURSHUWLHVDV
ZDWHUDEVRUSWLRQDQGLQGLUHFWO\WRVWUHQJWK HJ)$&7 
VSHFL¿FDWLRQOLPLWVDUHSODFHGLQWHUPVRIWKHVHFRQGDU\PLQHUDOFRQWHQW

¬
¬

0HOTOMICROGRAPH OF FRESH BASALT UNALTERED
PLAGIOCLASE MICROPHENOCRYSTS

¬

2UJDQLF
PDWWHU

QHHGIRUDJJUHJDWHWREHIUHHRIFRQWDPLQDQWVVRDVWRDYRLGSRRUELQGHU
DGKHVLRQDQGORVVRIVWRQHFRYHU
UHODWHGWRPDWHULDO¿QHUWKDQPLFURQVZKLFKQRUPDOO\KDVKLJK
ELQGHUDEVRUSWLRQ
QRRUJDQLFPDWWHUDOORZHGLQURFNV

¬
¬
¬

*UDGLQJ

QHHGIRUFRQWURORQJUDGLQJDQGGXVWFRQWHQWIRUUDWLRQDOGHVLJQSXUSRVHV
DVZHOODVWRDYRLGSUREOHPVZLWKELWXPHQDGKHVLRQFDXVHGE\GXVW\
DJJUHJDWHV
WKH XVH RI ODUJHU VLQJOHVL]HG VWRQH LQ FHUWDLQ VHDOV HJ FKLS VHDOV 
DOORZVPRUHODWLWXGHZLWKELQGHUDSSOLFDWLRQUDWHEHIRUHYRLGVDUH¿OOHG
DQGÀXVKLQJEOHHGLQJEHFRPHVDSUREOHP
VSHFL¿FDWLRQVOLPLWVDUHSODFHGRQJUDGLQJ

¬

¬

¬

3DUWLFOHVKDSH

IRUVRPHVHDOV HJFKLSVHDO QHHGIRUDJJUHJDWHWREHDVFXELFDODV
SRVVLEOHIRUEHWWHUSDUWLFOHLQWHUORFN
SDUWLFOHVKDSHLVVWURQJO\GHSHQGHQWRQW\SHRIFUXVKHU HJFRQHFUXVKHUV
WHQGWRSURGXFHEHWWHUSDUWLFOHVKDSHWKDQLPSDFWFUXVKHUV 
FHUWDLQPDWHULDOVDUHSURQHWRSURGXFLQJÀDN\PDWHULDO HJVLOFUHWH
EDVDOW
VSHFL¿FDWLRQOLPLWVDUHSODFHGRQWKH)ODNLQHVV,QGH[

¬
¬

#UBICAL CHIPINGS ARE ESSENTIAL FOR GOOD
PARTICLE INTERLOCK IN #HIP SEALS

¬
¬

9af\]jk
4HE FUNCTIONS OF THE BITUMINOUS BINDER ARE TO BIND THE AGGREGATE PARTICLES
TOGETHER AND TO THE UNDERLYING SURFACE AS WELL AS TO PROVIDE A WATERPROOF SEAL
4HE RHEOLOGY OF THE BINDER ALLOWS IT TO DEFORM AND RELIEVE STRESSES IN THE
SURFACING CAUSED BY DEmECTIONS OF THE PAVEMENT 4HE BINDER SHOULD BE CAPABLE
OF CONFORMING TO THE DEmECTIONS AT THE COLDEST CONDITIONS EXPECTED OTHERWISE
CRACKING WILL OCCUR /NCE CRACKS HAVE OCCURRED INGRESS OF WATER WILL USUAL
LY RESULT IN RAPID DEGRADATION OF THE SURFACING PARTICULARLY WHERE MOISTURE
SENSITIVE MATERIALS ARE USED IN THE CONSTRUCTION OF THE PAVEMENT
4HE DURABILITY OF THE BITUMINOUS BINDER IS A KEY FACTOR IN THE PERFORMANCE OF
SURFACE TREATMENTS "EING A THERMOPLASTIC MATERIAL BITUMEN STIFFENS WITH A
DECREASE IN TEMPERATURE AND SOFTENS WITH AN INCREASE 7ITH TIME THE BINDER
IN THE SEAL HARDENS UNTIL IT CAN NO LONGER WITHSTAND THE MOVEMENT CAUSED
BY DIURNAL TEMPERATURE CHANGES OR mEXURE UNDER HEAVY VEHICLES AND CRACKING
OCCURS OR UNTIL THE BOND BETWEEN THE COVER AGGREGATE AND THE BINDER FAILS AND
STONE PARTICLES ARE DISPLACED BY TRAFlC 4HE LIFE OF SUCH A SURFACING IS THUS
CRITICALLY DEPENDENT ON THE RATE OF THE HARDENING OF THE BINDER AND DEPENDS ON THE
FOLLOWING FACTORS
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climatic regime (solar radiation, maximum and minimum temperature)
binder ﬁlm thickness
intrinsic resistance of the binder to thermal oxidation hardening. This can
be measured by the ARRB Durability test or by the Rolling Thin Film
Ovenn test (RTFOT)

In areas where low temperatures are experienced the binder may become
sufﬁciently hard during cold periods for the surfacing to become distressed.
On the other hand, if the same surfacing is in an area with a mild climate,
then distress will not occur until the binder has aged. Thus, the hardness level
at which seals ﬁrst show signs of distress (as indicated by viscosity measured
at 45OC) will vary with climate.
Figure 5.21 shows the relationship between bitumen hardening and seal life
for bitumen of a given durability in an environment (Australia) which is very
similar in many respects to that of the SADC region. This relationship shows
the signiﬁcant effect of temperature on the ageing/hardening of bitumens.
A 5OC difference in the yearly mean of daily maximum and minimum air
temperatures causes a halving of seal life. Since the rate of ageing/hardening
is dependent on the durability of a binder, every effort should be made to
use bitumens with the highest levels of durability.
The ARRB Durability Test43
The ARRB Durability test measures the
intrinsic resistance of a bitumen to thermal
oxidation hardening. In the test, a 20 micron
ﬁlm of bitumen is deposited onto the walls
of glass bottles and these are exposed in
a speciall oven at 100 OC. Bottles are then
withdrawn periodically, the bitumen is removedd and its viscosity measured at 45 OC.
The durability of the bitumen, is the time in
days for it to reach an apparent viscosity of
5.7 log Pa.s (distress viscosity).

The ARRB durability test has been used in Australia since the mid 1970s for
measuring bitumen durability. Most Australian State Road Authorities specify
a minimum durability requirement for their bitumen. This test or the RTFOT
is certainly worthy of wider use in the SADC region in order to engender a
keener appreciation of the quality of the bitumens being used and of the effect
of bitumen durability on seal life.
Cape seals and single or double Otta seals with a sand seal cover, are
generally less susceptible to ageing and surface cracking than conventional
chip seals as indicated in the empirical data in Table 5.13. The close textured surface provided by the graded aggregate in Otta seals, together with
the sand seal or the rich slurry (in Cape seals), offer a higher degree of
protection to the binder in the underlying layers than is provided by the second
seal in the more open-textured chip seals.

Figure 5.21 - Bitumen hardening graph for bitumen of a given durability44

SADC Guideline on Low-volume Sealed Roads
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4HE MODEL ILLUSTRATED IN &IGURE  TAKES THE FOLLOWING FORM
,OG d  49 n $9 
7HERE d 
4
$
9
4

0EARSON MULTIPLE CORRELATION  
3TANDARD ERROR OF ESTIMATE OF LOG d  
THE VISCOSITY OF THE BITUMEN RECOVERED FROM THE SPRAYED SEAL 0AS AT /#
AVERAGE TEMPERATURE OF THE SITE CALCULATED FROM THE EQUATION
!22" $URABILITY 4EST RESULT DAYS
NUMBER OF YEARS SINCE THE SEAL WAS CONSTRUCTED
4MAX 4MIN 
4MAX  YEARLY MEAN OF DAILY MAXIMUM AIR TEMPERATURE /#
4MIN  YEARLY MEAN OF DAILY MINIMUM AIR TEMPERATURE /#

#OMMONLY USED BINDERS 4HE FOLLOWING TYPES OF BITUMINOUS BINDERS ARE IN
COMMON USE IN THE REGION

(EALTH ASPECTS OF FOAMED TAR
4AR IS OFTEN PERCEIVED TO BE CARCINOGENIC IN
ALL FORMS WITHOUT CONSIDERING THE MANNER IN
WHICH THE CONSTITUENTS OF THE TAR ARE PRODUCED
4HE TWO MAIN METHODS OF TAR PRODUCTION ARE
PYROLYSIS OF COAL WHICH FORMS COKE OVEN TAR
AND THE ,URGI PROCESS WHICH PRODUCES GAS
IlER TAR
4HOSE COMPONENTS OF TAR WHICH ARE BE
LIEVED TO BE CARCINOGENIC ARE RELEASED TO THE
ATMOSPHERE ONLY AT TEMPERATURES  O# !T
THAT TEMPERATURE THE HARMFUL CARCINOGENS
ARE PREVALENT IN COKE OVEN TAR BUT PRACTI
CALLY INSIGNIlCANT IN GASIlER TAR 4HUS
COLD PLACED FOAMED TAR IS A SAFE VIABLE
CONSTRUCTION MATERIAL FOR STABILISATION OF
SUB STANDARD PAVEMENT MATERIALS

¬

0ENETRATION GRADE  OR  PENETRATION GRADE IS NORMALLY
USED IN MOST SURFACE TREATMENTS EXCEPT IN /TTA SEALS WHICH REQUIRE SOFTER
GRADES USUALLY IN THE FORM OF CUTBACK BITUMENS

¬

!S A GENERAL GUIDE THE VISCOSITY OF PENETRATION GRADE BINDERS IS CHOSEN
WITH REGARD TO THE PREVAILING TEMPERATURES DURING CONSTRUCTION AND THE
STABILITY UNDER TRAFlC (ARDER HIGH VISCOSITY GRADES ARE MORE DIFlCULT TO
USE BUT MAY BE NECESSARY TO CATER FOR HEAVY TRAFlC IN HIGH AMBIENT
TEMPERATURES

¬

#UTBACK BITUMEN -#  AND -#  ARE COMMONLY USED MOSTLY
IN COLDER CLIMATES WHERE A RELATIVELY LOW VISCOSITY BINDER IS REQUIRED TO
COAT lNE GRAINED AGGREGATES EG IN AN /TTA SEAL OR DAMP AGGREGATES
OR TO IMPROVE BINDERAGGREGATE ADHESION -# AND -#  ARE USED
AS A PRIME COAT

¬

#UT BACK BITUMENS ARE PRODUCED BY DILUTING A PENETRATION GRADE
BINDER WITH THE APPROPRIATE hCUTTERv TO ACHIEVE THE DESIRED CHARACTERISTICS
!FTER CONSTRUCTION THE DILUENTS EVAPORATE WITH TIME AND THE BINDER REVERTS
BACK TO ITS ORIGINAL PENETRATION GRADE

¬Ê

"ITUMEN EMULSION "OTH ANIONIC AND CATIONIC EMULSIONS WITH HIGH BITUMEN
CONTENT  ARE USED IN MOST SURFACE TREATMENTS AND IN A DILUTED FORM
FOR THE REJUVENATION OF SURFACE TREATMENTS OR IN SITUATIONS WHERE IT IS NOT
POSSIBLE TO USE HIGH CUTTER CONCENTRATIONS

¬

4AR 4HIS IS KNOWN FOR ITS GOOD ADHESIVE AND COATING PROPERTIES AND GOOD
RESISTANCE TO STRIPPING BY THE ACTION OF WATER (OWEVER CERTAIN TARS COKE
OVEN RATHER THAN GASIlER ARE NO LONGER IN COMMON USE BECAUSE OF POTENTIAL
ENVIRONMENTAL DISADVANTAGES ,OW VISCOSITY  %64 TAR IS USED AS A
PRIME COAT
-ODIlED BITUMEN "INDERS MODIlED WITH RUBBER OR WITH OTHER CONSTITUENTS
GENERALLY EXHIBIT IMPROVED DURABILITY PROPERTIES AND ARE GENERALLY USED
Ê IN SPECIAL CIRCUMSTANCES SUCH AS IN VERY AGGRESSIVE CLIMATIC EXTREME
TEMPERATURE ENVIRONMENTS

¬Ê

Ê

Ê

Ê

Ê

2ECOMMENDATIONS ON THE USE OF THE ABOVE BINDERS AND THE RELATED SAFETY
ASPECTS ARE COVERED IN VARIOUS 3!")4! MANUALS
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Jh][ax[Ylagfk
3PECIlCATIONS FOR SURFACING AGGREGATES VARY FROM COUNTRY TO COUNTRY IN THE
REGION BOTH IN THE TYPE OF SPECIlCATIONS AND IN THE APPLIED LIMITS OF SIMILAR
TEST METHODS 4ABLE  GIVES THE SPECIlCATION LIMITS FOR VARIOUS AGGREGATE
TESTS FOR A REPRESENTATIVE SELECTION OF 3!$# AND OTHER COUNTRIES 3OME COUNTRIES
PLACE MORE DEMANDING LIMITS THAN OTHERS AND SOME COUNTRIES QUALIFY THEIR
SPECIlCATIONS BY TRAFlC AND OTHERS DO NOT
4ABLE  3OME SPECIlCATIONS FOR SURFACING AGGREGATES
7HVW
3URSHUW\

%RWVZDQD

)$&7 N1
'U\
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4HE SCALES USED TO DESCRIBE THE DEGREE OF STRIPPING VARY BETWEEN COUNTRIES

!GGREGATE lTNESS FOR PURPOSE

%XAMPLE OF A  YEAR OLD CRUSHED CORAL
STONE SURFACING AGGREGATE WHICH DOES NOT
MEET TRADITIONAL STRENGTH AND DURABILITY
CRITERIA BUT NONETHELESS HAS PERFORMED
VERY SATISFACTORILY IN A ,632 SITUATION

"OX  (OW APPROPRIATE ARE EXISTING AGGREGATE SPECIlCATIONS
-OST EXISTING NATIONAL AGGREGATE SPECIlCATIONS ARE hBLANKET TYPEv SPECIlCATIONS
COVERING MATERIALS FOR ALL CATEGORIES OF ROADS 4HEY SUFFER FROM A NUMBER OF
SHORTCOMINGS INCLUDING
¬Ê
4HEY ARE SELDOM TRAFlC RELATED AND OFTEN RULE OUT THE USE OF NON STANDARD
AGGREGATES &OR EXAMPLE A MATERIAL THAT IS MARGINAL IN TERMS OF STRENGTH
MAY FAIL WHEN CARRYING HIGH TRAFlC VOLUMES ON A MAIN ROAD WITH A HIGH
PERCENTAGES OF HEAVY VEHICLES BUT MAY PERFORM VERY SATISFACTORILY IN A
LOW VOLUME RURAL ROAD SITUATION
¬Ê
4HEY DO NOT TAKE INTO ACCOUNT THE DIFFERING MECHANISMS OF PERFORMANCE OF
THE DIFFERENT SEAL TYPES &OR EXAMPLE A STRONG CUBICALLY SHAPED AGGREGATE
WITH A LOW mAKINESS INDEX MAY BE CRITICAL FOR THE SATISFACTORY PERFORMANCE OF A
CHIP SEAL BUT MUCH LESS SO FOR AN /TTA SEAL
¬Ê
4HE BASIS OF DERIVATION OF SOME SPECIlCATIONS EG THE MINIMUM  &!#4
VALUE OF  K. AS EMPLOYED IN A NUMBER OF COUNTRIES SEEMS TO BE RELATED
TO THE TRADITIONAL USE OF STEEL WHEELED ROLLERS TO EMBED THE CHIPPINGS AND
THE RELATED NEED FOR AGGREGATE WITH A RELATIVELY HIGH CRUSHING STRENGTH
(OWEVER THE CURRENT COMMON USE OF PNEUMATIC TYRED ROLLERS FOR THIS
PURPOSE DOES NOT REQUIRE AGGREGATES WITH SUCH HIGH CRUSHING STRENGTH
YET THE LIMITS REMAIN THE SAME AS BEFORE
4HE ABOVE EXAMPLES INDICATE THAT IN MANY INSTANCES TRADITIONAL AGGREGATE
SPECIlCATIONS ARE INAPPROPRIATE FOR USE WITH ,632S AND THAT THERE IS CONSIDER
ABLE SCOPE FOR RELAXING THEM ON THE BASIS OF EXPERIENCE AND RESEARCH EVIDENCE
5LTIMATELY THE CHALLENGE IS TO lT THE MATERIALS AVAILABLE TO AN APPROPRIATE
SEAL TYPE AND DESIGN RATHER THAN VICE VERSA
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Proposed Revision to Speciﬁcations
Revisions to the speciﬁcations for the commonly used chip seal are proposed
and are given in Table 5.16. These are based on a review of international
speciﬁcations, notably in Australia and New Zealand, as well as on experimental evidence and experience of the performance of surfacing aggregates
in the SADC region. Speciﬁcations for Otta seals are included for comparison.
Table 5.16 - Recommended revisions to chip seal speciﬁcations for LVSRs
Design limits
Chip Seals
Current
Proposed

Property
Strength
10% FACT (kN)

≥ 210

Grading

As typically speciﬁed As typically speciﬁed

Wide grading

Durability
Wet/dry 10% FACT

≥ 75%

≥ 65%

≥ 75% (> 100 vpd)
≥ 65% (< 100 vpd)

≤ 35
≤ 35

If crushed material used,
≤ 35 (weighted on 4.75
to 13.2 mm fractions)

Flakiness Index (%)
19.0 – 13.2 mm
≤ 25
9.5 – 6.7 mm
≤ 30

≥ 180 (>500 vpd)
≥ 150 (100-500 vpd)
≥ 120 (<100 vpd)

Otta Seals1

Adhesion

R &W≥3

No relaxation. Precoat
if R & W <3

Water Absorption

-

≤5

Polished Stone
Value

-

≤ 50 (> 500 vpd)
≤ 45 (< 500 vpd)

≥ 110 (> 100 vpd)
≥ 90 (<100 vpd)

Spray rate adjusted

1 – Otta Seal speciﬁcations should comply with the Botswana Roads Department Guideline No. 1.

5.5.6

Selection of Surfacing Type

Factors affecting choice
he choice of the appropriate surfacing type in a given situation will depend
on the relevance of a number of factors, including the following:

T
●
●
●
●
●
●
●
●
●
●

Trafﬁc volume for surfacing selection and
design purposes is often expressed as the
number of “equivalent light vehicles” (elv)
per day. This is equal to the sum of the number of light vehicles and 40 times the number
of heavy vehicles.

trafﬁc (volume and type)
pavement (type - strength and ﬂexural properties)
materials (type and quality)
environment (climate - temperature, rainfall, etc.)
operational characteristics (geometry - gradient, curvature, etc.)
safety (skid resistance - surface texture, etc.)
construction (techniques and contractor experience)
maintenance (capacity and reliability)
economic and ﬁnancial factors (available funding, life-cycle costs, etc.)
other (external factors)

Trafﬁc volume and type: Practically any type of seal will be appropriate for
low trafﬁc situations, i.e. less than 750 equivalent light vehicles (elv)/lane/
day. However, at very low levels (<250 elv/lane/day), lack of trafﬁc moulding of the binder will result in relatively faster degradation of the seal, mostly
through drying and oxidation of the binder, with the development of shrinkage
cracking. In such a situation, early rejuvenation of the seal may be required
to retain the stone under trafﬁc.

SADC Guideline on Low-volume Sealed Roads
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4HE USE OF SAND AND SLURRY SEALS IS GENERALLY NOT RECOMMENDED FOR TRAFlC
LEVELS OF MORE THAN ABOUT  ELVLANEDAY AS THEY TEND TO hBLEEDv QUICKLY
AND EVENTUALLY BREAK UP !T TRAFlC IN EXCESS OF  ELVLANEDAY THE USE OF
A COMBINATION OF A SINGLE CHIP AND SAND SEAL IS ALSO RISKY
7HERE HIGH PERCENTAGES OF HEAVY VEHICLES PARTICULARLY THOSE WITH TANDEM AND
TRIDEM AXLES ANDOR HARSH TRAFlC ACTIONS EG HEAVY BRAKING AND TIGHT CORNERING ARE
LIKELY THE USE OF SAND SLURRY AND SINGLE SEALS SHOULD BE AVOIDED )N SUCH SITUATIONS
ASPHALTIC CONCRETE OR A DOUBLE CHIP #APE OR /TTA SEAL IS PREFERABLE

(EAVY BRAKING AND TIGHT CORNERING SITUA
TIONS REQUIRE AN APPROPRIATE CHOICE OF HIGH
STABILITY SURFACINGS !SPHALTIC CONCRETE AND
POSSIBLY #APE OR DOUBLE /TTA SEALS ARE
PREFERRED TO SAND SLURRY CHIP OR SINGLE
/TTA SEALS

4YPE OF PAVEMENT !N EVALUATION OF THE PERFORMANCE OF VARIOUS TYPES OF SEALS
TYPES CONSTRUCTED ON LIGHT PAVEMENT STRUCTURES IN SOUTHERN !FRICA HAS REVEALED
THAT SEAL LIFE WAS VERY DEPENDENT ON THE STIFFNESS OF THE PAVEMENT 4HE STIFFER
THE PAVEMENT STRUCTURE THE LONGER THE LIFE OF THE PAVEMENT BEFORE CRACKING
$EmECTION OR hRADIUS OF CURVATUREv MEASUREMENTS GIVE AN INDICATION OF THE
LIKELY EFFECTS ON SEAL LIFE &IGURE   3INCE SURFACE DEmECTION IS DIRECTLY
RELATED TO THE ELASTIC MODULUS OF THE UNDERLYING PAVEMENT LAYERS WHICH IN TURN
DEPENDS ON IN SITU DENSITY THEN WHERE FEASIBLE EVERY EFFORT SHOULD BE MADE TO
COMPACT THE PAVEMENT LAYERS OF ,632S TO THE HIGHEST DENSITY PRACTICABLE
IE hCOMPACTION TO REFUSALv SEE 3ECTION  

&IGURE  %FFECT OF SURFACE DEmECTION ON SEAL LIFE
)N SITUATIONS ON ,632S WHERE WEAK SUBGRADES OCCUR EG IN EXPANSIVE OR
SOFT CLAY AREAS OR WHERE SEASONAL MOISTURE VARIATIONS ARE HIGH LEADING TO
RELATIVELY HIGH DEmECTIONS IN THE WET SEASON THEN THE SEAL TYPES WHICH ARE
MORE TOLERANT OF RELATIVELY HIGH DEmECTIONS SHOULD BE SELECTED FOR USE &OR
EXAMPLE /TTA SEALS OR CHIP SEALS WITH APPROPRIATE MODIlED BINDERS ARE MORE
TOLERANT OF HIGH DEmECTIONS THAN OTHERS EG SLURRY SEALS #APE SEALS 

"LEEDING DUE TO EMBEDMENT OF SURFACING
AGGREGATE IN BASE

! UNIFORM DEFECT FREE SURFACE IN THE UNDERLYING LAYER IS ALSO REQUIRED TO AVOID
LOCAL DISTRESS IN THE SEAL &OR EXAMPLE SOFT BASES WILL RESULT IN EMBEDMENT OF
SURFACING AGGREGATE LEADING TO LOSS OF SKID RESISTANCE AND POSSIBLE BLEEDING
4HIS PROBLEM CAN BE MITIGATED TO SOME EXTENT BY THE USE OF A LOW VISCOSITY
PRIME WHICH WILL PENETRATE AND STRENGTHEN THE UPPER LAYER OF THE BASE AND THUS
REDUCE EMBEDMENT OF THE AGGREGATE )N CONTRAST VERY HARD BASES COULD RESULT
IN BREAKDOWN OF SOFT SURFACING AGGREGATE DURING ROLLING 4O REDUCE THE SEVERITY
OF THIS PROBLEM RUBBER TYRED PNEUMATIC ROLLERS RATHER THAN STEELWHEELED ROLLERS
SHOULD BE USED
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-ATERIALS 4HE TYPE OF AGGREGATE AVAILABLE FOR USE IN A SURFACE TREATMENT HAS
A MAJOR IMPACT ON THE SELECTION OF THE SEAL TYPE 7HERE TRADITIONAL AGGREGATES
ARE AVAILABLE WITHIN AN ECONOMIC HAUL DISTANCE THEY LEND THEMSELVES TO USE
IN CONVENTIONAL SEALS EG SLURRY SEALS CHIP SEALS #APE SEALS  #ONVERSELY
WHERE SUCH AGGREGATES ARE NOT AVAILABLE THEN RECOURSE TO THE USE OF MORE
MARGINAL AGGREGATES IN TERMS OF FOR EXAMPLE STRENGTH OR SHAPE IS QUITE FEASIBLE
WITH GRADED AGGREGATE SEALS SUCH AS THE /TTA SEAL 4ABLE  INDICATES THE
TYPES OF SEAL THAT ARE BEST SUITED TO VARIOUS AGGREGATES WITH MARGINAL
PROPERTIES
4ABLE  3EAL SELECTION BASED ON MARGINAL PROPERTIES
0DUJLQDO
3URSHUW\
*UDGLQJ
6WUHQJWK
'XUDELOLW\
6KDSH
'XVWLQHVV
:DWHUDEVRUSWLRQ

5HFRPPHQGHGVHDOV

,QDSSURSULDWHVHDOV

2WWDVDQG
2WWDVDQGVOXUU\
2WWDVDQGVOXUU\&DSH
2WWDVDQGVOXUU\
2WWDVDQG
2WWDVDQG

6OXUU\FKLS&DSH
&KLS&DSH
&KLSVOXUU\
&KLS&DSH
&KLSVOXUU\
&KLSVOXUU\

%NVIRONMENT %NVIRONMENTAL CONDITIONS IN TERMS OF THE EXPOSURE OF THE SEAL
TO SOLAR ULTRA VIOLET RADIATION PARTICULARLY IN HIGH TEMPERATURE CONDITIONS
PLAY A CRITICAL ROLE IN THE PERFORMANCE OF ALL SEALS 4HE THINNER AND MORE
OPEN TEXTURED SEALS SUCH AS SAND SLURRY AND SINGLE CHIP SEALS ARE PARTICULARLY
PRONE TO EARLY DEGRADATION RESULTING FROM OXIDATION AND CONSEQUENT EMBRITTLE
MENT OF THE BINDER AND RAVELLING OF THE AGGREGATE )N CONTRAST /TTA SEALS SINGLE
PLUS SAND SEAL OR DOUBLE AND #APE SEALS ARE ESPECIALLY SUITED TO HIGH
TEMPERATURE CONDITIONS OWING TO THE CLOSE INTERLOCKING AGGREGATE TEXTURE
AND SAND OR SLURRY COVER THAT PROTECTS THE UNDERLYING BINDER FROM EXPOSURE
TO SOLAR RADIATION

,OSS OF SECOND SEAL DUE TO BITUMEN HARDENING
AND EMBRITTLEMENT



4HE SLURRY SEAL LENDS ITSELF TO CONSTRUCTION
BY LABOUR BASED METHODS

/PERATIONAL CHARACTERISTICS 4HE GEOMETRY OF THE ROAD ALIGNMENT IN TERMS OF
GRADIENT AND CURVATURE CAN HAVE AN ADVERSE IMPACT ON SEAL PERFORMANCE /N
STEEP GRADES OR TIGHT CURVES SEALS ARE SUBJECTED TO SIGNIlCANT TYRE INDUCED
HORIZONTAL STRESSES FOR WHICH SEALS WITH ADEQUATE SHEAR STRENGTH ARE REQUIRED
)N THESE CIRCUMSTANCES THE USE OF ASPHALTIC CONCRETE MIGHT BE APPROPRIATE AND
TO A LESSER EXTENT DOUBLE CHIP #APE OR /TTA SEALS WOULD BE PREFERABLE TO SAND
SLURRY OR SINGLE CHIP SEALS
3AFETY )N AREAS SUCH AS INTERSECTIONS SHARP BENDS AND STEEP GRADES ADEQUATE
SURFACE TEXTURE MAY BE REQUIRED FOR SAFETY REASONS PARTICULARLY IN HIGH
RAINFALL SITUATIONS )N SUCH SITUATIONS CERTAIN SEALS SUCH AS CHIP SEALS AND
COARSELY GRADED /TTA SEALS BECAUSE OF THEIR BETTER SKID RESISTANCE PROPERTIES
WOULD BE PREFERABLE TO SAND OR SLURRY SEALS
#ONSTRUCTION 4HE CONSTRUCTION TECHNIQUE EMPLOYED WILL USUALLY INmUENCE
THE SELECTION OF THE TYPES OF SEAL 4HE PLANT AVAILABLE USE OF LABOUR BASED
TECHNIQUES OR SMALL CONTRACTORS WILL RESULT IN THE SELECTION OF THE TYPES OF
SEAL SUITED TO THESE CONDITIONS 3IMILARLY THE EXPERIENCE OF THE CONTRACTOR WITH
SPECIlC TYPES OF SEAL CAN INmUENCE THE QUALITY OF SOME SEALS EG CHIP SEALS
TO A CONSIDERABLY GREATER DEGREE THAN WITH SAND OR /TTA SEALS
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Maintenance: Where maintenance capacity is high, ravelling, potholes and
cracks can be rapidly and effectively repaired using sand, slurry and Otta
seals. However, where a time lapse between the development of defects
and maintenance is likely, more resistant/thicker seals such as double Otta
seals, double chip seals, Cape seals or even asphaltic concrete are recommended.
Special conditions: Where speciﬁc problem conditions occur, the seal
selection
n must take this into account. For example, where there is a saline
subgrade or where saline construction materials are involved, then a highly
impermeable seal is required, such as a bitumen-rich double chip seal or a
Cape Seal.
Costs: The cost of constructing bituminous seals can be a signiﬁcant
proportion
n of the overall cost of a pavement, particularly in remote areas
where trafﬁc is light and aggregate may have to be hauled over long distances.
In very broad terms, for a typical LVSR project with no unusual circumstances in
n terms of excessive hauls or very remote areas, coupled with
competitive
m
tendering, the cost of priming, aggregate, binder and construction
together make up between 10 and 20 per cent of the total road construction cost.
The relative costs of various seals compared with a double chip seal (1.0) are
given in Table 5.18.
Table 5.18. - Relative construction costs of LVSR surfacings
Type of seal
Sand seal
Slurry seal
Single chip seal
Double sand seal
Double chip seal
Single Otta seal plus sand seal
Cape seal (13mm + single slurry)
Cape seal (19mm + double slurry)
Double Otta seal

Relative cost
With prime
Without prime
0.56
N/A
0.85
N/A
0.56
0.58
0.90
0.70
1.00
N/A
1.00
0.75
1.20
0.60
1.60
0.90
1.00
0.90

The ﬁnal selection of the type of surfacing would depend on the outcome of
a life-cycle cost analysis which combines the discounted unit costs of the
following items during service life of the seals under consideration:
●
●
●
●
●
●
●
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Suitability for use on LVSRs
The suitability of various types of surfacings for use on LVSRs, in terms of
their efﬁciency and effectiveness in relation to the operational factors outlined above is summarized in Table 5.19.
Table 5.19 - Suitability of various surfacings for use on LVSRs
(Key: SS = sand seal, SlS = slurry seal, SCS = single chip seal, DCS = double chip seal,
CS = Cape seal, SOS+SS = Single Otta seal + sand seal, DOS = double Otta seal, AC =asphaltic concrete)
Parameter

Degree
SS

Service life
required

Short

Trafﬁc level

Light

SlS

SCS

Type of surfacing
DCS
CS SOS+
SS

DOS

AC

Medium
Long
Medium
Heavy

Impact of
trafﬁc turning action

Low

Gradient

Mild

Medium
High
Moderate
Steep

Material
quality

Poor
Moderate
Good

Pavement
and base
quality

Poor
Moderate
Good

Suitability for labourbased methods
Contractor
Low
experience/
Moderate
capability
High
Maintenance
capability

Low
Moderate
High

Key

Suitable/
p
preferred

Less suitable/
not preferred
p

Not suitable/
not applicable
pp

Whilst not exhaustive, the factors listed in Table 5.19 provide a basic format
which can be adapted or developed to suit local conditions and subsequently
used to assist in making a choice of surfacing options. These options can then
be subjected to a life-cycle cost analysis and a ﬁnal decision made with due
regard to prevailing economic factors and the overall ﬁnancial situation.
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"OX  !DVANTAGES AND DISADVANTAGES OF /TTA SEALS
!LTHOUGH THE CHOICE OF SURFACING WILL DEPEND ON THE PARTICULAR CONDITIONS
PREVAILING ON ANY PARTICULAR PROJECT AND ULTIMATELY A LIFE CYCLE COST ANALY
SIS THE /TTA SEAL MERITS PARTICULAR MENTION 4HIS RELATIVELY NEW TYPE OF
SEAL HAS BEEN FOUND TO BE PARTICULARLY ADVANTAGEOUS IN SITUATIONS WHERE THE
FOLLOWING FACTORS PLAY AN IMPORTANT ROLE
¬Ê

!N EXAMPLE OF A SINGLE /TTA SEAL WITH A SAND
SEAL PERFORMING VERY SATISFACTORILY AFTER
MORE THAN  YEARS IN SERVICE AND WITHOUT
ANY SURFACING MAINTENANCE IN A HARSH ENVI
RONMENT

¬Ê
¬Ê

¬Ê
¬Ê

ROAD CONSTRUCTION IN REMOTE AREAS WHERE FOR EXAMPLE ONLY NATURAL GRAVELS
OCCUR AND WHERE IT MAY BE PROHIBITIVELY EXPENSIVE TO SET UP CRUSHING FACILITIES
CONTRACTOR CAPACITY MAY BE LOW AND WORKMANSHIP MAY BE OF INDIFFERENT QUALITY
mEXIBILITY AND DURABILITY OF THE SURFACING IS REQUIRED TO TOLERATE FOR EXAMPLE
COMPARATIVELY LOW QUALITY LOW BEARING CAPACITY BASES WITH RELATIVELY HIGH
DEmECTIONS
LOW MAINTENANCE CAPABILITY
HIGH SOLAR RADIATION RESULTING IN AN INCREASED RATE OF WEATHERING OF THE BINDER

4HE DISADVANTAGES OF USING /TTA SEALS INCLUDE THE FOLLOWING
¬Ê
¬Ê

NEED TO CATER CONTRACTUALLY FOR THE POST CONSTRUCTION hAFTER CAREv OF THE SEAL
BLENDING OF HOT BITUMEN AND CUTTING AGENTS ON SITE

ÛJmj^Y[af_Û;]ka_f

4

HE COMPLEXITY OF SURFACING DESIGN DEPENDS VERY MUCH ON THE TYPE OF
SEAL INVOLVED 3OME TYPES OF SEALS SUCH AS CHIP SEALS AND THE #APE SEAL
ENTAIL A FAIRLY COMPLEX RATIONAL DESIGN PROCESS WHICH INVOLVES SELECTION OF THE
APPROPRIATE AGGREGATE SIZE AND CALCULATION OF THE AGGREGATE AND BITUMEN SPRAY
RATES TAKING INTO ACCOUNT SUCH FACTORS AS EMBEDMENT OF STONE INTO THE BASE OR
EXISTING SURFACE GRADIENT CLIMATE TRAFlC SPEED ETC &ORMULAE AND lGURES
ARE AVAILABLE IN THE DESIGN MANUALS THAT ALLOW THESE FACTORS TO BE DETERMINED
FAIRLY EASILY
)N CONTRAST TO CHIP AND #APE SEALS /TTA SAND AND SLURRY SEALS ARE DESIGNED
ON THE BASIS OF BROAD GUIDELINES AND CONSTRUCTED BY hFEELv WITH THE REQUIRED
ABILITY OF SITE PERSONNEL TO ADJUST OR CORRECT THE AGGREGATE AND BINDER APPLICATION
RATES AS A PROJECT PROCEEDS OR AS THE MATERIAL QUALITY VARIES
4HE GENERAL ASPECTS OF SEAL DESIGN FOR THE VARIOUS SURFACING TYPES DISCUSSED
ABOVE EXCEPT FOR THE /TTA SEAL HAVE ALL EVOLVED FROM EXTENSIVE 3OUTH !FRICAN
AND "RITISH PRACTICE AS CONTAINED IN THE FOLLOWING DOCUMENTS
¬Ê
¬Ê
¬Ê

$RAFT 42(   
42, /VERSEAS 2OAD .OTE 
3!")4! -ANUAL 

5NTIL RELATIVELY RECENTLY NO FORMAL GUIDELINE OR MANUAL EXISTED FOR THE DESIGN
OF /TTA 3EALS (OWEVER THIS SHORT COMING HAS BEEN RECTIlED BY THE PRODUCTION
OF THE FOLLOWING DOCUMENTS
¬Ê

4HE /TTA 3EAL GUIDELINE CONTAINS DETAILED
INFORMATION ON THE DESIGN CONSTRUCTION
MAINTENANCE SPECIlCATION AND CONTRACTUAL
ASPECTS OF /TTA SEALS

¬Ê

¬Ê
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5.6 Summary

T

he key points arising in this chapter are:

1.

The main factors affecting the performance of low-volume roads are
trafﬁc and environment, with the latter being more signiﬁcant at low
levels of trafﬁc. Drainage in terms of the crown height is particularly
important. Thus, measures that improve the pavement environment
will signiﬁcantly improve the performance of low-volume roads.

2.

Examination of the origins of testing procedures and speciﬁcations for
road-building materials often reveal that they emanated from very
differentt environments and for levels of trafﬁc different from those
that prevail on low-volume roads in the SADC region. It is on the basis
of these tests and speciﬁcations that many local materials are classiﬁed
as “sub-standard” or “marginal” but which often perform much better
than expected.

3.

Measures that provide an improved (drier) road environment, such
as sealing of shoulders and deepening of side drains, also enable locally
available materials, previously considered unsuitable for road construction
purposes to be used with greater conﬁdence.

4.

The materials available for road construction in much of the region are
weaker than those generally found in Europe or the USA but subgrade
soils tend to be stronger. Thus, strong subgrades and the generally
drier prevailing environment facilitate the use of these “sub-standard”
local materials in the upper pavement layers.

5.

Pavement designs that are based on research in the region and include
local environmental factors are now available. These designs are
intended
d to make the best use of locally available materials without
incurring unacceptable risk of failure. Familiarisation with local
conditions and advice from local professionals will help to ensure
that more appropriate designs can be implemented with conﬁdence.

6.

The traditional surfacing for sealing low-volume roads was a chip seal
using a single sized stone with a high strength speciﬁcation. Other
options are now available that enable lower strength locally available
aggregates to be used in designs that produce durable road surfacings.

7.

Forecasts of vehicle loading and predicted damage to road pavements
are usually based on the 4th power law. In dry environments, road
pavements can be stiffer than usual and there is evidence to suggest
that a lower exponent might be more applicable, thus reducing the
effectt of heavy vehicles by comparison with that of lighter ones.

This chapter has covered aspects of pavement design, materials and surfacing
of LVSRs, which are subject areas in which substantial advances in knowledge
have been made through research in the region. The judicious use of the
recommended
d designs together with the appropriate construction methods
covered in Chapter 6, will reduce sealed road construction costs and increase
the provision of rural road infrastructure.
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3EQUENCE OF ACTIVITIES

0LANNING
$ESIGN
#ONSTRUCTION
-AINTENANCE
$URATION OF ACTIVITIES

#

ONSTRUCTION IS A PRACTICAL MANIFESTATION OF THE PLANNING AND DESIGN
PHASES OF ,632 PROVISION IN WHICH THE CONSTRUCTOR FACES THE CHALLENGE
OF ADOPTING A CONSTRUCTION STRATEGY THAT IS APPROPRIATE TO THE PREVAILING SOCIAL
ECONOMIC CULTURAL AND OTHER NEEDS OF A PARTICULAR COUNTRY )N THE 3!$#
REGION SUCH A STRATEGY SHOULD BE AIMED AT OPTIMISING THE USE OF LIMITED
FUNDING BY MAKING MAXIMUM USE OF THE RELATIVELY ABUNDANT RESOURCE OF
LABOUR INDIGENOUS MATERIALS AND CONSTRUCTION SKILLS
/NE OF THE SECONDARY OBJECTIVES AND CONSEQUENCES OF ADOPTING AN APPROPRIATE
CONSTRUCTION STRATEGY IS THAT IT SHOULD REDUCE THE DEMAND FOR SCARCE FOREIGN
EXCHANGE PRINCIPALLY BY REDUCING THE NEED FOR PLANT INTENSIVE OPERATIONS
WHERE FEASIBLE 4HIS OFTEN REQUIRES MODIlCATION OF CONVENTIONAL CONSTRUCTION
MANAGEMENT TECHNIQUES CONTRACT CONDITIONS TENDER EVALUATION PROCEDURES
AND THE ADMINISTRATION AND lNANCING PROCEDURES NORMALLY USED FOR THE
CONSTRUCTION OF MAJOR HIGH VOLUME ROADS
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Irrespective of the construction strategy adopted, the quality of the
construction process is critical as this can have a signiﬁcant impactt on the
subsequent costs of maintaining the road. For example, any initial savings
made during construction through the inadequate provision of drainage or
lax quality control are likely to paid for, many times over, during the life of
the road through additional maintenance and road user costs.

6.1.2

Drainage

D

Disruption of trafﬁc and pedestrian movements due to ﬂooding of rivers is a common
problem in many rural areas.

rainage is widely recognised as the single most important factor that
controls the performance of any road, the more so a LVSR in which
naturally occurring, often moisture sensitive, materials are used. The lack
of good drainage can lead to ingress of water into the road structure, leading
to structural damage and costly repairs and surface water can form a road
safety hazard, especially on high-speed roads when it can cause aquaplaning.
For these reasons, adequate attention to drainage is not only an important
aspect of the preceding design process, but also of the construction and
maintenance phases of road provision.
A clear distinction should be made between internal and external drainage.
Internal drainage is concerned with controlling the movement of water within
the road pavement or embankment, whereas external drainage is concerned
with the control of surface water by various measures taken in the design and
construction stages. In the ﬁnal analysis, a balance has to be struck between
the cost of the drainage measures and the function of the road as perceived
by road users.

6.1.3
In view of the signiﬁcance of labour-based
methods in the construction of LVSRs,
wherever this issue arises, it is indicated as
follows:

LBM

Purpose and Scope of Chapter

T

he main purpose of this chapter is to highlight the signiﬁcant differences in approach to the construction of LVSRs by comparison with
those of high volume, major highways. In view of the importance of utilising
the most abundant resource in the region - labour - this chapter also seeks
to raise awareness of the scope for utilising labour-based construction and of
the type of equipment that is best suited to complement this approach. The
importance of appropriate internal and external drainage is also highlighted
as being of crucial importance in the performance of LVSRs.
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6.2 Construction Issues
6.2.1

Characteristics of LVSRs

T

he construction process for LVSRs does not, in principle, differ from
that used for other types of road. However, LVSRs are much more
sensitive then other types of road to the social, economic and technical
context in which they are built. Variations can be considerable with regard
to the choice of construction method, type of resources available and type of
construction materials being used. Moreover, aspects regarding social and
environmental impacts, including the need for any resettlement action plan,
require particular attention prior to the start of construction.
One aspect of the provision of LVSRs that is receiving increased attention
is the use of labour-based construction. All the governments in the region
recognise that economic growth and redistribution of wealth rely upon increased
employment opportunities. Continuous efforts are therefore being made to
create productive employment through the use of labour-based construction
and maintenance, where these are technically and economically feasible.

6.2.2

Labour-Based Construction

T

he objective of labour-based construction is to maximise the number of
job opportunities per unit of expenditure. This approach involves using a
combination of labour and light equipment rather than heavy plant, without
compromising the quality of the end product. It optimises the use of labour
and employs equipment only for those activities that are difﬁcult for a labour
force alone to undertake efﬁciently and cost-effectively. Unfortunately, despite
the well-publicised and substantial potential beneﬁts offered by labour-based
construction, a number of myths and problems relating to this technology
still persist in the minds of some practitioners.
Box 6.1 - Common misconceptions about the use of labour-based methods and
small scale labour-based contractors1
Myths:
• standards should be lowered to allow for labour-based methods
• labour-based construction is out of date and incompatible with the modern world
• labour-based methods can be used for any construction activity
• labour-based construction is only intended for welfare relief schemes
• poorly educated contractors will never understand tender procedures
• voluntary labour can be used to keep costs down
Problems:
• lack of suitable documentation for the management of labour-based contracts
• many clients are still not open to even considering a labour-based approach for
new projects
• many clients are unable to process payment for labour and materials fast enoughh
to keep a labour-based contract operating smoothly

The development of a White Paper on
Labour-based Works Policy is an example
of a pro-active strategy by a SADC governmentt to achieve increased utilization of
abundant human resources in the roads
sectorr2.

In order to overcome these problems, suitable forms of contract need to be more
widely used; clients need to gain experience in awarding and managing labour-based
contracts and small-scale contractors need to gain experience in managing such
contracts efﬁciently. Government ministries also need to develop strategies that
facilitate the implementation of pro-employment policies.
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Suitability of Construction Activities for Labour-Based Projects
Many activities are well suited to labour-based methods such as site
clearance/bush clearing and ditch excavation wheneas activities, such as
compaction of pavement layers or haulage of materials over long distances
(typically > 5 km) are not. Quite apart from economic considerations, some
construction activities (e.g. the manipulation of heavy precast sections) are
just not possible without the help of the right machinery. However, these
kinds of problem can be avoided if emphasis is given to those activities that
can be undertaken effectively by labour-based methods, and design options
selected that minimise the requirements for plant.
Labour-based projects usually employ a relatively large number of labourers.
In such a situation, the site management staff should be particularly good
“man-managers” with strong managerial and technical backgrounds. They
should be familiar with local traditions and social structures in order to avoid
serious disputes on site that could threaten the progress of construction and,
ultimately, the sustainability of the project.

6.2.3

Environmental Considerations

R

oad construction can adversely affect the environment in a variety
of ways. Assuming that the necessary mitigating measures have been
incorporated in the contract documents, it is important that the contractor
be made fully aware of his environmental responsibilities as part of his
contractual obligations. Moreover, compliance with the environmental
requirements of the project should be monitored throughout the construction
process in order to correct problems before they occur (Section 3.4).
Box 6.2 - Typical best practice guidelines for environmental mitigation3.

Screening of aggregate for road surfacing.

Before construction starts, all relevant
environmentall assessments should be
completed
d to ensure that the project does
not achieve its own goal at the expense of
loss or inconvenience to non-beneﬁciaries
or future generations 3.

• Construction process: Ensure the existence of an Environmental Management
Plan which sets out the speciﬁc undertakings for the necessary environmental
protection responsibilities, measures, monitoring and auditing to be undertaken
during construction in order to achieve the environmental requirements set outt
in the contract.
• Construction procedures: Ensure that procedures are adopted that:
❍ minimise disturbance to ﬂora and fauna
❍ minimise sedimentation and erosion by implementing effective drainage/
stormwater control measures
❍ minimise generation of dust and noise
❍ progressively revegetate disturbed areas during road construction
❍ minimise visual impacts and environmental disturbance at site camps
❍ minimise environmental impacts of stockpiles and storage of materials
❍ minimise construction wastes and dispose at an approved environmentally
sustainable location
❍ provide environmentally sound management for the handling, storage and
disposal, if necessary, of fuel, oil, lubricants, bitumen and chemicals used
in the road construction process
• Auditing: Ensure the existence of a documented environmental due diligence
system to measure compliance with environmental management requirements
throughout the construction process with the objective of correcting problems
before adverse environmental impacts occur.
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6.2.4

Mobilisation

Preliminary and General Items
VSRs are often constructed in remote areas and establishment costs
normally make up a substantial part of the total project cost. The cost of
preliminary and general items, where establishmentt is included, is a larger
proportion of total construction cost for LVSRs than that used on more
heavily trafﬁcked roads.

L

However, where labour-based methods are utilised, one can expect mobilisation
costs to be considerably lower than these for large machine-based units. This
favours the use of labour-based methods in remote locations, in circumstances
where projects are relatively small or where larger projects can be split up
into smaller contracts.
Health and Safety on Site
Road construction ranks among the most hazardous occupations in all
countries of the world, particularly on projects where a large amount of
labour is involved. The following typical LVSR site situations require that
particular attention be paid to health and safety precautions on site:
• LVSRs are often constructed in remote areas where access to emergency
medical care is limited, thereby aggravating the consequences in the case
of accidents on site. Under these circumstances, greater awareness is
needed of the risks attached to certain especially hazardous operations
and appropriate measures should be taken to minimise these risks. For
example, trained First Aid staff should be employed on site andd an adequate
stock of First Aid equipment and medicines should be kept in a secure
clean place. This may, however, be a requirement under national employmentt
law.
• Handling of hot bitumen is potentially harzardous due to the risk of burns
and inhalation of fumes. The use of bitumen emulsion, which can be
manufactured on site, is preferable4.

Handling of bitumen is a hazard and
requires suitable locations for storage,
heating or blending.

• Trafﬁc safety measures in remote areas with low trafﬁc densities are often
given less attention than they deserve. However, trafﬁc moving through
constructionn sites at high speed always poses a severe danger to constructionn
staff.
HIV/AIDS
All governments in the SADC region are committed to combating HIV/
AIDS. In this regard, construction operations are relevant on account of the
following:

Counselling ahead of project commencement
is an important measure to combat the spread
of HIV/AIDS as a result of construction
activities.

• Construction of roads requires the services of skilled personnel, depending
on the type of operation and project. This leads to migration of labour
and sometimes to the division of families, a situation that is widely
considered
d to be a contributory factor in the spread of HIV/AIDS.
• LVSRs are often constructed in sparsely populated areas where the local
communities are vulnerable to the transient effects of the inﬂux of large
numbers of workers. The establishment of a road camp may cause a rapidd
change in the local economy, which further exacerbates these effects.
Awareness and active involvement in taking measures to combat HIV/AIDS
have become necessary requirements for sustainable operations and affect all
responsible parties involved in road construction.
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4HE THREE MAIN DELIVERY MECHANISMS THAT MAY BE ADOPTED FOR EXPANDING
LABOUR BASED METHODS OF CONSTRUCTION AND MAINTENANCE AMONGST SMALL SCALE
CONTRACTORS ARE SHOWN IN &IGURE  AND ARE BRIEmY DESCRIBED AS FOLLOWS
s 4HE 'OVERNMENT RUN -ODEL )N THIS MODEL THE RESPONSIBILITY FOR ALL ASPECTS
OF CONTRACTOR DEVELOPMENT INCLUDING SMALL CONTRACT ADMINISTRATION AND
PAYMENT LIES WITH THE GOVERNMENT ROADS AGENCY
s 4HE !GENCY -ODEL 2ESPONSIBILITY FOR ALL ASPECTS OF CONTRACTOR DEVELOPMENT
LIES WITH AN INDEPENDENT NON PROlT MANAGEMENT AGENCY OR WITH A FOR
PROlT CONSULTING lRM
s 4HE $EVELOPMENT 4EAM -ODEL 4HE RESPONSIBILITY IS DIVIDED BE BETWEEN
THE EMPLOYER A CONSTRUCTION MANAGER AND A MATERIALS MANAGER
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&IGURE  !LTERNATIVE ARRANGEMENTS FOR UNDERTAKING LABOUR BASED WORKS
4HE TYPE OF MODEL TO BE ADOPTED WILL DEPEND PRIMARILY ON THE COUNTRYS
CONTRACTING ENVIRONMENT AND ON THE EXTENT TO WHICH THE INSTITUTIONAL REFORMS
MENTIONED IN #HAPTER  HAVE BEEN EMBRACED &OR EXAMPLE IF THE ROADS AGENCY
IS FUNCTIONING WELL AND REFORM CAN BE FACILITATED THE 'OVERNMENT RUN MODEL
MAY BE THE MOST APPROPRIATE #ONVERSELY IF THE ROADS AGENCY IS UNABLE TO EFFECT
THE REQUIRED REFORMS WITHIN A REASONABLE TIME OR WOULD PREFER TO PASS A PORTION
OF THE RISK OF CONTRACTOR DEVELOPMENT TO THE PRIVATE SECTOR A $EVELOPMENT
4EAM -ODEL MAY BE THE MOST SUITABLE
IakcÛ8kh][lk
7HEREVER ROADS ARE CONSTRUCTED WITH INNOVATIVE METHODS OR MARGINAL QUALITY
OF MATERIALS THE ASPECT OF RISK INEVITABLY PLAYS A ROLE IN THE PROCESS #HAPTERS
0AVEMENT $ESIGN 3ECTION   2ISK NEEDS TO BE CAREFULLY CONSIDERED AND
MANAGED IN RELATION TO THE POTENTIAL BENElTS OFFERED 4HE ROADS AGENCY IS OFTEN
IN THE BEST POSITION TO ALLOCATE RISK AS IT SEES lT AS IT IS GENERALLY IN CONTROL OF
THE CONDITIONS THAT CONTROL THE PROJECT
4HE CONSTRUCTION OF ,632S OFFERS MUCH SCOPE FOR INNOVATION AND COST SAVINGS
AS HIGHLIGHTED IN EVERY CHAPTER OF THIS 'UIDELINE (OWEVER GIVEN THE NATURE
OF THE CONSTRUCTION INDUSTRY THE PARTY MOST ABLE TO PROMOTE INNOVATION IS THE
ROADS AGENCY )N SO DOING THE AGENCY CANNOT EXPECT TO REAP THE POTENTIAL
BENElTS OF REDUCED CONSTRUCTION COST THAT LIE IN THE USE OF INNOVATIVE METHODS
UNLESS IT IS ALSO WILLING TO CARRY A PART OF THE ANY POTENTIAL RISKS THAT MAY BE
PERCEIVED TO BE INVOLVED
6$'&*XLGHOLQHRQ/RZYROXPH6HDOHG5RDGV
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A commercially operating contractor or consultant will have to price risk
into a contract, involving insurance cost and potential losses in execution of
the project if problems occur. This aspect is a common hindrance to
innovations that would result in considerable beneﬁts to society by providing
LVSRs in rural areas using more cost-effective methods. It therefore appears
reasonable that society, through the agency, also carries a large part of the
calculated risk, bearing in mind that society is also the potential beneﬁciary
in the use of innovative methods. Thus, the roads agency should carefully
consider the merits of sharing some of the risk that normally lies with the
contractor when allowing, encouraging or prescribing the use of methods or
materials that are perceived to carry increased risk.
Planning and Design Stages
The key to ensuring optimal operations in construction with marginal materials
and in a variety of different climatic conditions, lies in the preparation and
planning/design of the contracts. Deriving maximum beneﬁt from the use
of marginal materials relies on the contractor’s use of appropriate methods
of winning the materials and subsequently processing them to meet the
prescribed speciﬁcation. The aim is to utilise the full potential of the material
sources found in the project area once the appropriate standard has been set
for the project. As illustrated in Box 6.3, incentives can be included in the
conditions of contract to ensure that the contractor and the agency responsible
for the project are both striving for the same end result.
Box 6.3 - Issues to consider during contract preparation
As contractors normally depend strongly on their cash ﬂow to meet their
ﬁnancial obligations for the project, the following aspects should be given
particular attention in the preparation of contracts for the construction of
LVSRs:
• A contractor may be reluctant to stockpile materials well ahead of

Use of rock materials in bulk earthworks
can speed up construction by:

construction (an approach that improves the management of marginal
materials), unless there is separate payment for borrow pit operations
that secures his cash ﬂow.
• Contractors are unlikely to select the better of two materials that both

• Allowing thick layers to be constructedd
in a single lift.

meett minimum quality requirements if they have to carry the entire
amount of any additional cost incurred.

• Eliminating the need for construction
water and mixing in earthwork.

• The inclusion of haulage costs in the contract plays a key role in

directing and creating incentives for the contractor to locate and use
material sources of non-standard quality, the use of which is considered
desirable and, ultimately, also of beneﬁt to the roads agency.

• Minimising the need for laboratory
testing.

• Although the speciﬁcation should be written to cater for producing an

acceptable end product with marginal, variable materials, there may be
instances where exceeding the speciﬁcation minimum may be beneﬁcial to
the project. However, a contractor is unlikely to use additional resources
or time in processing in order to achieve a better than speciﬁed end
result unless an appropriate reward scheme is in place.
• In the choice between use of machinery or manual labour, a contractor

is likely to select the option that gives the best utilisation of his own
resources and gives the better cash ﬂow. This may not coincide with
the optimal resources for the project from a national socio-economic
perspective. Thus, where warranted, it may be necessary to specify
certain operational methods in the conditions of the contract.
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4HE ULTIMATE GOAL OF ALL PARTIES INVOLED IN A CONSTRUCTION PROJECT IS TO MAKE
THE OPTIMAL USE OF THE AVAILABLE RESOURCES TO MEET THE PRESCRIBED STANDARDS
IN THE MOST EFlCIENT MANNER (OWEVER AFTER THE PROJECT HAS STARTED IT MAY
NOT ALWAYS BE POSSIBLE TO MAKE CHANGES IN ITEMISATION AND PAYMENT SCHEDULES
WITHOUT INCURRING A CLAIMS SITUATION .ONETHELESS THE SUPERVISORY STAFF CAN
FACILITATE THE ATTAINMENT OF OPTIMAL SOLUTIONS IN A NUMBER OF WAYS WHICH
AVOID CLAIMS 4HE FOLLOWING ARE TYPICAL EXAMPLES

4HE AMOUNT OF EARTH WORKS IS DECIDED BY
s THE DESIGNER WHERE PRE MADE GEOMETRIC
DESIGNS ARE USED
s THE SITE STAFF WHERE DESIGN BY EYE
METHODS ARE USED

h$ESIGN AND CONSTRUCTv METHODS CAN PRO
VIDE BENElTS IN THE FORM OF INCREASED SPEED
OF CONSTRUCTION AND IN SOME CASES REDUCED
EARTHWORKS QUANTITIES WITH ASSOCIATED COST
SAVINGS (OWEVER THIS APPROACH IS ONLY
VIABLE WHERE THE lELD STAFF HAVE THE REQUIRED
SKILLS AND KNOWLEDGE AND IF THE APPROPRI
ATE MEASUREMENT FOR PAYMENT PROCEDURE
IS IN PLACE

s

)F AVAILABLE THE USE OF BETTER QUALITY MATERIALS CAN BE PROMOTED BY
POINTING OUT TO THE CONTRACTOR THE POTENTIAL FOR REDUCING THE TIME NEEDED
FOR PROCESSING OF THE LAYER THE OFTEN REDUCED NEED FOR THE ADDITION OF WATER
AND A GREATER LIKELIHOOD OF ATTAINING THE SPECIlCATIONS MORE CONSISTENTLY

s

#ONSISTENTLY IMPROVING THE WORKMANSHIPMETHOD CAN JUSTIFY THE INCREASED
USE OF METHOD SPECIlCATIONS REDUCED FREQUENCY OF CONTROL TESTING OR USE
OF SIMPLER TEST METHODS 4HIS WILL IN TURN BENElT THE CONTRACTOR BY INCREASING
THE SPEED OF CONSTRUCTION

ÛÛ <Yjl`ogjckÛHmYflala]kÛYf\Û;]ka_fÛYf\ÛÛ
Û
:gfkljm[l¿ÛD]l`g\k

Û

4

HE COST OF EARTHWORKS IN ,632 CONSTRUCTION COMPRISES A LARGER
PROPORTION OF TOTAL COSTS THAN IS THE CASE WITH MAJOR HIGHWAYS WHERE
MORE EXPENSIVE OPTIONS FOR PAVEMENT STRUCTURES AND OTHER INSTALLATIONS ARE
OFTEN USED 4HUS A KEY FACTOR IN REDUCING TOTAL ROAD COSTS IS TO MAXIMISE
THE USE OF lLL MATERIALS IN THE ROAD ALIGNMENT AND MINIMISE HAUL DISTANCE
OR PREFERABLY TO AVOID IT ALTOGETHER IE CUT TO lLL BY MACHINE OR TO BORROW
FROM WITHIN THE ROAD RESERVESIDE DRAIN 4HE REDUCTION OF lLL IS A KEY FACTOR
IN REDUCING THE COST OF EARTHWORKS
"OX  &IELD STAFF REQUIREMENTS WHEN USING hDESIGN AND CONSTRUCTv
METHODS
7HERE hDESIGN AND CONSTRUCTv METHODS ARE USED IT IS VITAL THAT lELD
STAFF UNDERSTAND THE CONSEQUENCES OF THE SELECTION OF ALIGNMENT 4HIS IS
IMPORTANT FOR
s TRAFlC SAFETY
s INTERNAL AND EXTERNAL DRAINAGE OF THE PAVEMENT
s MEASURES REQUIRED TO DEAL WITH POOR IN SITU SOILS
s QUANTITY MEASUREMENT FOR PAYMENT
4HE HORIZONTAL ALIGNMENT SHOULD ALWAYS BE GIVEN THE HIGHEST PRIORITY WHEN
RESOURCES ARE ALLOCATED FOR ALIGNMENT SELECTION 4HIS IS BECAUSE OF THE
BENElTS THAT ACCRUE FROM NOT HAVING TO CHANGE THE ROAD ALIGNMENT IF THE
ROAD IS SUBSEQUENTLY UPGRADED (OWEVER IN lXING THE ALIGNMENT CAREFUL
ATTENTION SHOULD BE GIVEN TO A LARGE VARIETY OF FEATURES WITHIN THE ROAD
CORRIDOR INCLUDING DWELLINGS lELDS GRAVES COMMUNITY ACCESS DRAINAGE AND
IRRIGATION CHANNELS CATCHMENT AREAS PROXIMITY OF IN SITU MATERIAL AVOIDANCE
OF ROCK AND UNSUITABLE MATERIALS PRESERVATION OF mORA AND FAUNA ETC
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#

OST SAVINGS CAN BE MADE WHERE TIMING OF THE CONSTRUCTION OPERATIONS
CAN BE PROGRAMMED TO SUIT FAVOURABLE WEATHER CONDITIONS (OWEVER A
mEXIBLE APPROACH IS REQUIRED FOR THIS )N CONTRACT WORK SUCH AN APPROACH MAY
BE DIFlCULT TO ACHIEVE OWING TO CONTRACTUAL DIFlCULTIES UNLESS THE CONTRACTS
ARE TAILORED ESPECIALLY FOR THE PURPOSE &ORCE ACCOUNT CONSTRUCTION OFFERS
MORE SCOPE FOR mEXIBILITY TO TAKE ADVANTAGE OF LOCAL CONDITIONS THAT OFTEN
CHANGE RAPIDLY AND ARE NOT EASILY FORESEEABLE 4HEY ALLOW CHANGES TO BE MADE
AND NEW PROCEDURES TO BE INTRODUCED ON SITE WITHOUT TRIGGERING CONTRACTUAL
DISPUTES
!N EXAMPLE OF hWORKING WITH NATUREv IN A HOT AND DRY CLIMATE IS TO MINIMISE
THE USE OF WATER FOR COMPACTION THEREBY REDUCING ASSOCIATED COST AND DELAYS
3UCH TECHNIQUES MAY INCLUDE
s

3UPPLY OF CONSTRUCTION WATER MAY INVOLVE
THE CONSTRUCTION OF TEMPORARY PIPELINES

s
s

,"-

2EMOVING OVERBURDEN FROM BORROW PITS BEFORE THE RAINY SEASON IN ORDER
TO ALLOW WATER TO PENETRATE DEEP INTO THE GRAVEL SEAM THEREBY INCREASING
THE MOISTURE CONTENT PRIOR TO STOCKPILING
#ARRYING OUT COMPACTION OF THE SUBGRADE DURING OR JUST AFTER THE RAINY
SEASON IE IN CONDITIONS NEARER TO THE OPTIMUM FOR COMPACTION 
!DDING AND MIXING IN WATER AT NIGHT IN ORDER TO MINIMISE LOSS BY
EVAPORATION

(OWEVER IT IS IMPORTANT TO BE AWARE THAT IT CAN BE MORE EXPENSIVE TO DRY
OUT GRAVEL ABOVE THE OPTIMUM MOISTURE CONTENT THAN TO IMPORT WATER FOR
COMPACTION

 ÛÛ JlYZadakYlagf

.

OT ALL NATURAL GRAVELS ARE SUITABLE FOR USE AS ROAD PAVEMENT MATERIALS
IN ,632S AND SOME FORM OF IMPROVEMENT MAY BE REQUIRED TO ACHIEVE
ADEQUATE STRENGTH AND TO LIMIT PERMEABILITY 4HERE ARE NUMEROUS TYPES OF
STABILISERS AVAILABLE FOR THE PURPOSE OF ACHIEVING THESE IMPROVEMENTS OF
WHICH THE CONVENTIONAL ONES CEMENT AND LIME HAVE HAD CONSIDERABLE
SUCCESS IN THE PAST WITHIN THE REGION 3TABILISATION WITH POZZOLANS CAN BE
EXPECTED TO BE SIMILARLY EFFECTIVE IF APPLIED CORRECTLY "ITUMEN HAS BECOME A
VIABLE OPTION IN RECENT YEARS AS A RESULT OF THE DEVELOPMENT OF EMULSIONS AND
FOAMING TECHNOLOGIES FOR USE WITH NATURAL MATERIALS
)N ADDITION TO THE CONVENTIONAL AND WELL PROVEN STABILISERS THE MARKET
NOW OFFERS LITERALLY HUNDREDS OF BRANDS OF ALTERNATIVE CHEMICAL STABILISERS
(OWEVER EXPERIENCE WITH THE USE OF THESE STABILISERS HAS GENERALLY BEEN
MIXED AND THEY SHOULD BE USED WITH EXTREME CAUTION

3TABILISATION WITH LIME OR CEMENT CAN BE
SUCCESSFULLY APPLIED WITH BASIC METHODS
AND USE OF MANUAL LABOUR

!S A GENERAL RULE STABILISERS OF ALL KINDS SHOULD ONLY BE USED AFTER CAREFUL
CONSIDERATION HAS BEEN GIVEN TO ALL OTHER OPTIONS INCLUDING IN PARTICULAR
SCREENING OF MATERIALS TO IMPROVE THEIR GRADING OR MECHANICAL STABILISATION
THROUGH BLENDING OF MATERIALS 5NLESS THERE IS SOME PREVIOUS EXPERIENCE
OF USING THE PRODUCTS THERE IS AN INHERENT RISK IN ADDING SUBSTANCES TO
NATURAL MATERIALS THAT MAY NOT WORK AS EXPECTED AND MAY RESULT IN INCREASED
CONSTRUCTION COSTS &OR EXAMPLE THERE IS THE RISK THAT FAILURE OF THE STABILISATION
METHOD COULD MAKE REWORKING OF THE MATERIAL DIFlCULT AND COSTLY BECAUSE
PREVIOUSLY STABILISED GRAVEL COULD REQUIRE THE ADDITION OF AT LEAST  PER CENT
FRESH GRAVEL FOR THE REMEDIAL WORKS
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4RAFlC LOADING ON NEWLY CONSTRUCTED PAVE
MENTS BY CONSTRUCTION EQUIPMENT IS A CONCERN
ON LONG DURATION PROJECTS WHERE VERY HEAVY
LOADING TAKES PLACE AFTER COMPLETION OF THE
SURFACING )N SUCH CASES CONSTRUCTION
TRAFlC SHOULD BE INCLUDED AS PART OF THE
DESIGN TRAFlC /THERWISE WORK SEQUENCE
PLANNING WILL BE NEEDED AND MEASURES APPLIED
TO MINIMISE THE EFFECTS OF CONSTRUCTION
TRAFlC

~ÛÛ @fljg\m[lagf

4

s
s
s
s
s

HE CHOICE OF THE MOST APPROPRIATE TYPE OF EQUIPMENT FOR A PARTICULAR
PROJECT IS NORMALLY DEPENDENT ON THE FOLLOWING MAJOR FACTORS
SITE CONDITION
TYPE OF OPERATION
SIZE OF THE PROJECT
SOIL CONDITIONS AND TYPE MATERIAL USED
THE EXTENT TO WHICH MANUAL LABOUR IS USED IN THE OPERATION

%QUIPMENT IN CURRENT USE FOR CONSTRUCTION OF ,632S IN THE REGION VARIES
FROM HEAVY EQUIPMENT FOR MAJOR HIGHWAYS TO THE LIGHT PLANT USED FOR LABOUR
BASED METHODS )T WILL OFTEN NOT BE APPROPRIATE TO USE HIGH CAPACITY HEAVY
EQUIPMENT ON MANY ,632 SITES BECAUSE OF THE SMALLER QUANTITIES OF MATERIALS
AND DIMENSIONS OF THE WORKS 3UCH EQUIPMENT IS CERTAINLY NOT APPROPRIATE
WHERE LABOUR BASED METHODS ARE USED TO ANY SIGNIlCANT EXTENT 5SE OF
MANUAL LABOUR FOR CONSTRUCTION OPERATIONS REQUIRES mEXIBLE SOLUTIONS WITH
MANY SMALL UNITS OF EQUIPMENT

ÛÛ <imahe]flÛLk]\Ûoal`ÛCYZgmj¤9Yk]\ÛD]l`g\k
,"-

7HEEL BARROWS CONSTITUTE PART OF THE EQUIP
MENT USED IN ,"-

,"-

4HE CONCEPT OF USING LABOURERS AND SMALL
TRACTOR DRAWN BUCKETS IS A GOOD EXAMPLE OF
LABOUR BASED METHODS

&

ULLY LABOUR BASED METHODS USUALLY REQUIRE IN ADDITION TO HAND TOOLS
THE PROVISION OF SIMPLE EQUIPMENT SUCH AS WHEEL BARROWS AND PERHAPS
ANIMAL DRAWN CARTS OFTEN SUPPORTED BY SOME MECHANICAL TRANSPORT )N
ADDITION HAND OPERATED COMPACTORS MAY BE USED FOR COMPACTION 4HESE
REQUIRE THE USE OF SPECIlC METHODS TO BE EFFECTIVE SUCH AS CONSTRUCTION WITH
A MAXIMUM LAYER THICKNESS OF  MM AND ARE UNLIKELY TO BE EFFECTIVE IN
OPERATIONS WHERE PAVEMENT MATERIALS REQUIRE COMPACTION ON A LARGE SCALE
#OMPACTION EQUIPMENT HEAVIER THAN THE LIGHT EQUIPMENT NORMALLY USED ON
LABOUR BASED UNSEALED ROADS MAY BE REQUIRED FOR COMPACTION OF THE PAVEMENT
LAYERS FOR SEALED ROADS 0ENETRATION MACADAM EMULSION TREATED BASE AND THIN
REINFORCED CONCRETE PAVEMENT CAN ALL BE CONSTRUCTED ENTIRELY BY LABOUR BASED
METHODS WHEREAS DENSELY GRADED MATERIALS REQUIRE THE USE OF PLANT BASED
METHODS IN ORDER TO BE EFFECTIVE
CYZgmj¤8\Yhl]\Û<imahe]flÛ¤ÛKjY[lgjÛLfalk
#ONSTRUCTION UNITS WITH AGRICULTURAL TRACTORS WILL PROVIDE mEXIBILITY IN THE
USE OF THE SMALLER ITEMS OF EQUIPMENT THAT SUIT OPERATIONS WHERE MANUAL
LABOUR IS A MAJOR COMPONENT IN CARRYING OUT THE ROADWORKS 4HE USES OF
AGRICULTURAL TRACTORS IN KEY OPERATIONS INCLUDE
,OADINGTRANSPORT ! SMALL NUMBER OF TRACTORS CAN OPERATE INTERMITTENTLY
MANY SMALL BUCKETS OR TRAILERS THEREBY GIVING LABOURERS SUFlCIENT TIME TO
LOAD THESE WHILST MAXIMISING THE UTILISATION OF THE TRACTORS "UCKETS AND
TRAILERS SHOULD BE OF SUCH HEIGHT THAT THEY CAN EASILY BE LOADED BY HAND
)F THIS IS NOT POSSIBLE THE BENCH METHOD CAN BE USED TO FACILITATE HAND
LOADING
3PREADINGSHAPING 'RADERS SUITABLE FOR TOWING BY AGRICULTURAL TRACTORS ARE
AVAILABLE IN SEVERAL SIZES TO UNDERTAKE SPREADING AND SHAPING OPERATIONS
!LTERNATIVELY THESE OPERATIONS CAN ALSO BE DONE BY HAND IF SOME REDUCTION
IN THE REGULARITY OF THE LONGITUDINAL PROlLE CAN BE TOLERATED

6$'&*XLGHOLQHRQ/RZYROXPH6HDOHG5RDGV
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7ATERING 4RACTORS CAN BE USED TO TOW WATER BOWSERS lTTED WITH SIMPLE SPRAY
BARS TO SPREAD THE WATER EVENLY ON SECTIONS PREPARED FOR COMPACTION
-IXING ON THE ROAD !GRICULTURAL DISC HARROWS TOWED BY LARGE TRACTORS ARE
VERY EFFECTIVE FOR MIXING INCLUDING MIXING MATERIALS ON THE ROAD WITH WATER
AND FOR STABILISATION OR BLENDING
#OMPACTION 4OWED VIBRATING GRID OR TAMPING ROLLERS &OR LABOUR BASED
METHODS ROLLERS ARE OFTEN HAND CONTROLLED 
3URFACE PREPARATION 4OWED MECHANICAL BROOMS
&OR SCARIlCATION AND STOCKPILING IN BORROW
PITS THERE IS LITTLE PRACTICAL USE FOR TRACTORS
"ULLDOZERS AND EXCAVATORS ARE NORMALLY
REQUIRED ,ABOUR CAN ALSO DO THIS WORK
UNDER FAVOURABLE SITE CONDITIONS

"ITUMEN OPERATIONS 4OWED BITUMEN SPRAYERS CAN BE USED FOR PRIMING
AND BINDER APPLICATION IN CONJUNCTION WITH SUITABLE HEATING AND PUMPING
EQUIPMENT &OR LABOUR BASED METHODS BITUMEN EMULSIONS ARE GENERALLY
PREFERRED TO AVOID THE NEED FOR HEATING TO HIGH TEMPERATURES
3URFACING AGGREGATE 3PREADING AGGREGATE BY HAND FROM TOWED TRAILERS ALSO
USED FOR TOWING BACKCHIP UNITS
"OX  !DVANTAGES OF USING TRACTOR UNITS
/PERATIONALLY TRACTOR BASED UNITS HAVE THE FOLLOWING ADVANTAGES THAT ARE
WELL SUITED FOR USE BY EMERGING CONTRACTORS AND FOR OPERATIONS IN REMOTE
AREAS

! TYPICAL TRACTOR UNIT USED IN LABOUR BASED
CONSTRUCTION

s

0LANT OPERATION &EWER MECHANICAL ITEMS ARE IN USE AND UNITS ARE
SIMPLE TO MAINTAIN WITH ORDINARY MECHANICAL SKILLS

s

0LANT AVAILABILITY )T IS OFTEN EASY TO lND LOCALLY AVAILABLE PLANT OUTSIDE
THE PLOUGHING SEASON THEREBY OFFERING mEXIBILITY IN mEET MANAGEMENT

s

"ETTER UTILISATION OF AGRICULTURAL TRACTORS

s

)T IS OFTEN EASIER TO OBTAIN SPARE PARTS FOR AGRICULTURAL TRACTORS THEN FOR
HEAVY CONSTRUCTION MACHINERY

ÛÛ ?]YnqÛ<imahe]flÛLfalk

#

ONSTRUCTION UNITS OF VARIOUS SIZES BASED ON CONVENTIONAL EQUIPMENT
AS OPPOSED TO TRACTOR BASED UNITS HAVE BEEN WIDESPREAD IN THE REGION
4HE COMPONENTS IN TYPICAL UNITS OF THIS KIND HAVE THE FOLLOWING FEATURES IN
THE CONTEXT OF CONSTRUCTING ,632S IN REMOTE AREAS OFTEN BY AN EMERGING
CONTRACTING INDUSTRY

4YPICAL GRAVEL LOADING OPERATIONS

"ULLDOZERS FOR STOCKPILING ,ARGE BULLDOZERS EXAMPLE TONNES ARE DIFlCULT
TO UTILISE ECONOMICALLY WHERE MATERIAL SOURCES ARE SMALL SCATTERED AND OF VERY
VARIABLE QUALITY WITHIN EACH BORROW PIT 3MALLER MODELS ARE NORMALLY BETTER
SUITED FOR THIS OPERATION "ULLDOZERS REQUIRE REGULAR PREVENTIVE MAINTENANCE
BY SKILLED STAFF
&RONT END LOADERS FOR LOADING &RONT %ND ,OADERS ARE AVAILABLE IN A VARIETY
OF SIZES 4HEY ARE USED MOSTLY FOR LOADING GRAVEL BUT USE OF THIS TYPE OF
EQUIPMENT IS ALSO DEPENDENT ON THE SIZE OF TRUCKS AVAILABLE &OR ,"- A
4RACTOR ,OADER "ACKHOE IS ALSO SUITABLE AND CAN LOAD A  CUBIC METRE TRUCK
IN  MINUTES

6$'&*XLGHOLQHRQ/RZYROXPH6HDOHG5RDGV
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'RADERS ARE VERSATILE FOR PROCESSING MATERIALS
ON THE ROAD



3CRAPERS 4HESE ARE EFFECTIVE WHERE EARTHWORKS QUANTITIES ARE LARGE AND
WHERE MATERIAL QUALITY IS NOT CRITICAL 4HE CONTROL OF MATERIAL QUALITY IS
VERY DIFlCULT WHEN USING SCRAPERS  4HE ADVANTAGE OF SCRAPERS IS THAT THEY
CAN BE USED FOR CUTTING THE ROADWAY EXCAVATION OF DRAINS lLLING SPREADING
AND TO SOME DEGREE COMPACTION (OWEVER MOTOR SCRAPERS INCUR VERY HIGH
INVESTMENT AND OPERATIONAL COSTS AND CONSEQUENTLY REQUIRE HIGH UTILISATION
AND MECHANICAL SKILLS FOR THEIR MAINTENANCE 4HUS THEY ARE EXPENSIVE TO
OPERATE AND CURRENTLY TEND TO BE REPLACED BY A COMBINATION OF OTHER TYPES OF
PLANT
-OTOR GRADERS ARE VERSATILE AND ARE TYPICALLY USED TO LEVEL TIPPED HEAPS
SPREAD GRAVEL BREAK DOWN OVERSIZE MIX IN WATER PLACE GRAVEL LAYERS FOR
COMPACTION CUT LEVELS SHAPE ROAD PRISM SHAPE CUT OFF BERMS AND CUT MITRES
-OST OPERATIONS CARRIED OUT BY THE USE OF MOTOR GRADERS CAN BE UNDERTAKEN
BY LABOUR BASED METHODS (OWEVER ON MORE HEAVILY TRAFlCKED ROADS IT MAY
BE PREFERABLE TO CUT THE lNAL LEVELS WITH A MOTOR GRADER FOR ACHIEVING GOOD
RIDING QUALITY 4HIS CAN BE CARRIED OUT AS A ONE OFF OPERATION WHENEVER A
SUFlCIENT LENGTH SAY  KM OF BASE HAS BEEN PLACED BY HAND

%XCAVATORS ARE CONVENIENT FOR VARIOUS
APPLICATIONS INCLUDING LIFTING

%XCAVATORS ,ARGE EXCAVATORS CAN CARRY OUT THE OPERATIONS OF BOTH A BULLDOZER
AND A FRONT END LOADER FOR EARTH MOVING IN THE ROADWAY AND IN THE BORROW
PITS AND IS AN ECONOMICAL OPTION 3ELECTION OF MATERIAL QUALITY IS VERY DIFlCULT
AND SUCH OPERATIONS CAN THEREFORE BE USED ONLY WHERE MATERIAL QUALITY IS
UNIFORM OR CAN BE MIXED IN SITUATIONS WHERE QUALITY ASSURANCE IS NOT CRITICAL
EG FOR BULK EARTHWORKS 
!RTICULATED DUMP TRUCKS 4HESE INCUR HIGH INVESTMENT AND OPERATIONAL COSTS
WITH STRINGENT REQUIREMENTS FOR MECHANICAL SKILLS IN THEIR MAINTENANCE 4HEY
CAN BE EFlCIENT IN HIGH CAPACITY OPERATIONS AND PROVIDE BOTH AN OFF ROAD
AND AN ON ROAD DRIVING CAPABILITY WHEREVER THE UNITS CAN LEGALLY USE PUBLIC
ROADS
4IPPER TRUCKS /RDINARY TIPPER TRUCKS ARE OFTEN FAVOURED BY EMERGING
CONTRACTORS BECAUSE THEY CAN BE USED FOR OTHER TRANSPORT PURPOSES AND
ARE READILY AVAILABLE ON THE SECOND HAND MARKET GENERALLY WITH READILY
AVAILABLE SPARE PARTS 4HE SKILLS REQUIRED FOR THEIR MECHANICAL MAINTENANCE
ARE MODERATE

ÛÛ :gehY[lagfÛ<imahe]fl
"REAKING DOWN OF ANY OVERSIZE FRACTION
WILL BENElT THE GRADING AND QUALITY OF THE
AVAILABLE MATERIAL

)

N ADDITION TO CONVENTIONAL ROLLERS FOR COMPACTION THERE ARE OTHER TYPES OF
EQUIPMENT THAT GIVE PARTICULAR BENElTS IN THE CONSTRUCTION OF EARTHWORKS
AND PAVEMENT LAYERS FOR ,632S 4HESE INCLUDC

'RID ROLLERS 4HIS IS A STATIC ROLLER TOWED AT A RELATIVELY HIGH SPEED APPROX
KMHOUR FOR BREAKING DOWN OVERSIZE AND FOR COMPACTION )N THIS MANNER
THE MATERIAL IS BETTER UTILISED AND PROBLEMS ARISING FROM OVERSIZE PARTICLES
ARE AVOIDED 'OOD RESULTS ARE GENERALLY OBTAINED WITH THE USE OF THIS PLANT
FOR THE COMPACTION OF PAVEMENTS CONSTRUCTED WITH NATURAL GRAVEL AND OF lLL
LAYERS WITH MARGINAL QUALITY MATERIALS WHICH CAN SOMETIMES BE DIFlCULT TO
COMPACT TO THE FULL LAYER DEPTH

'RID ROLLER

4HE ROLLER ALLOWS COMPACTION OF THE LAYER TO TAKE PLACE IN SEVERAL SMALLER LIFTS
AT THE SAME TIME AS THE GRADERS SPREAD THE MATERIAL 4HIS IS ACHIEVED WITHOUT
FORMING LAMINATIONS AND SHEAR PLANES WITHIN THE LAYER BECAUSE OF THE PATTERN
OF THE SURFACE OF THE ROLLER

#LOSE UP OF GRID
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Very heavy towed pneumatic rollers: This type of roller can weigh up to
50 tonnes on one axle and has been used successfully for compaction and
proof-rolling of the roadbed, especially in thick layers of single-size sand. Its
advantage is it provides a uniform and sound foundation for the pavement,
achieved by collapsing and densifying any soft areas.

Pneumatic roller.

Impact compactors: These are non-circular, relatively high-energy ‘rollers’,
typically three-, four - or ﬁve - sided. Large-wheeled tractors are used for
pulling the compactors at operational speeds of 12 - 15 km/hr producing a
series of high amplitude/high impact blows delivered to the soil at a relatively
low frequency (90 - 130 blows per minute) with the energy per blow varying
between 10 and 25 kilojoules, depending on the mass and amplitude of the
compactor.

Close-up.

Owing to their very high energy density per blow, their main advantage over
conventional compaction plant is their depth-effectiveness, typically of the,
order of one metre of ﬁll or in situ layers, thereby producing deep, wellbalanced, relatively stiff pavement layers. These rollers are well suited for
densifying collapsible soils. They have been successfully used in low-cost
road systems and, when appropriately speciﬁed, offer a cost-effective option
for LVSR construction.
3-sided Impact compactor.

Selection of Compaction Plant
Figure 6.2 provides a broad guide to the selection of compaction equipment.
Each roller has been positioned in its economic zone of application. However,
it is not uncommon to ﬁnd them working out of their zones. Moreover, the
exact positioning of the zones can vary with differing material conditions.
Compactive principle

Compactor zone of application
100 % Clay
Sheepsfoot

100 % Sand

Rock
KNEADING

Grid

KNEADING

Vibratory

VIBRATION

Smooth steel drum
Heavy pneumatic

KNEADING

Towed tamping foot

KNEADING

High speed tamping foot

KNEADING

)MPACT
Tamping foot

COMPRESSION

IMPACT
Rock tamping
foot

KNEADING

Figure 6.2 - Compaction equipment selection guide9
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The degree to which soils and natural gravels
can be utilized in LVSR construction, instead
of more expensive processed materials, will
determine the success of the project in terms
of economy in both construction and maintenance.
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6.3 Utilising Soils and Natural
Gravels
6.4.1

General Considerations

Natural Gravel Resources
n areas where natural gravel and soils are available for road building
purposes, these materials constitute the most valuable resource in the
construction of LVSRs, hence, every effort should be made to use them in
a creative manner - a challenge that has met with signiﬁcant success in the
SADC region. However, this has required that particular attention be paid to
construction methods.
LBM

I

Box 6.6 - Labour-based methods in borrow pit operations

Labour-based methods in borrow pit operations may be utilised for combined
stockpiling/loading in pits without overburden and where the ground does
not require ripping. Labour-based operations may also be viable in combined
operations where heavy plant is used for removal of overburden, while loading is
carried out with manual labour. Where bulldozers have removed overburden, it is
advantageous to let the same machines scarify the gravel and perhaps undertake
stockpiling before manual loading.
Large thickness of overburden does sometimes exclude labour-based methods for
winning gravel materials. (The example
shown in the picture is from construction of
LVSRs where the thickness of the overburden
is in excess of 2 m).

Compaction
Compaction is a vital, integral aspect of LVSR construction that results in
all-round improvements of soil properties and its performance as a pavement
supporting layer. A well compacted subgrade possesses enhanced strength,
stiffness and bearing capacity, is more resistant to moisture penetration and
less susceptible to differential settlement.
One of the critical aspects of using natural gravels is to maximise their
strength and increase their stiffness and bearing capacity through effective
compaction. This can be achieved, not necessarily by compacting to a
pre-determined relative compaction level as is traditionally done, but
by compacting to the highest uniform level of density possible without
signiﬁcant strength degradation of the particles (“compaction to refusal”).
In so doing, there is a signiﬁcant gain in density, strength and stiffness, the
beneﬁts of which generally outweigh the costs of the additional passes of
the roller.

% of MDD BS Compaction

Permeability cm / sec

10 -6

90 92

94

96 98

100 102 104 106 108 110

5
3
2
10 -7
5
3
2
10 -8

1.50

1.60

1.70
Dry Density Mg/m3

1.80

1.90

Permeability-dry density relationship for a
lateritic gravel (Kenya).

Figure 6.3 - Illustration of concept of “compaction to refusal”
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Compaction to refusal ensures that the soil has been compacted to its near
elastic state as shown in Figure 6.3 with the signiﬁcant beneﬁt of reduced
permeability and, hence, susceptibility to moisture ingress.
In general, the effectiveness of the compaction process depends on three
important, inter-related factors, namely:
• soil moisture content during compaction
• soil type
• type and level of the compactive effort
A maximum allowable moisture content during construction should be
speciﬁed and proper precautions for surface and sub-surface drainage (where
required) should be taken on all road-building projects to ensure optimal
performance of the road.
Different types of soils respond to compactive effort in different ways.
Thus, it is important to ensure that the compaction plant being used is
appropriate for the type of soil being compacted and the purpose intended.
For example, sand or sandy soils are most efﬁciently compacted with high
frequency vibrating rollers, whereas cohesive soils are most efﬁciently
compacted by static pressure, high-amplitude compaction plant. In addition,
if the requirement is to compact and to produce a good riding quality of base
course, this is unlikely to be achieved with a very heavy roller that compacts
to a great depth and, in the process, disturbs the surface.

6.4.2

Materials Management10

P

roper management of the material sources is essential to ensure that
the best qualities of available material are used in the top layers of the
pavement structure. The efforts made to locate the best quality of locally
available and often scarce materials for road base are of no avail if this
material ends up in earthworks layers. Good management of materials
resources is, therefore, a critical operation in LVSR construction.
Good management procedures that prevent
rejection of material on the road create
conﬁdence in the quality assurance system
and greatly reduce the risk of shortcuts and
poor practice.

Box 6.7 - Procedure for materials management
Stockpiling forms an important part of materials management by promoting
appropriate selection of materials as well as providing opportunities for
blending materials and for testing materials before transportation to the
road. The biggest threat to good materials management is when borrow pit
operations are not kept sufﬁciently ahead of the construction.
There is considerable experience to show that the following sequence of
procedures will ensure good management of the material resources:

It is important to ensure that rejection or
acceptance of materials is carried out at
the source and not after the material has
been transported to the road.

• Initial investigation of material sources by trial holes.
• Stockpiles to be clearly marked.
• Allocation of materials for speciﬁc layers on speciﬁc sections of the roadd
after stockpiles are completed.
• Laboratory testing should be conducted if possible.
• Loading from stockpiles according to allocation for transportation to site.
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The procedure set out in Box 6.7 requires sufﬁcient plant for opening of
borrow pits to avoid construction demands exceeding the materials supply
from the borrow pits. In cases where the opening of borrow pits cannot keep
ahead of construction, there is a considerable risk that materials selected for
basecourse, will end up in the lower layers of the pavement, causing pressure
on the supply of material when base course materials are needed at a later
time.

6.4.3

Borrow Pits and the Community

O

perations in borrow pits will always put a strain on surrounding
areas and the environment as a whole. Work in borrow pits has
environmental disadvantages, such as temporary noise and dust pollution,
and creates trafﬁc safety problems and other hazards to livestock and humans.
Some of the effects may remain after construction is completed, such as
permanent changes to the topography and disturbance of the soil cover. The
Environmental Management Plan, which should be developed in conjunction
with the community, will indicate the agreed procedures for the opening and
re-instatement of borrow pits.
Wishes of the Community
The wishes of the community will vary according to their needs in the
particular area and may include one or more of the following:
• provision of future access to borrow materials for utilisation by the
community
• use of the depression for water collection, sometimes requiring fencing
or sloping of sides to at least 1:3 for the safety of people as well as to
protect livestock from drowning
• levelling of the area in order to prevent collection of water that may leadd
to mosquito breeding and water-borne diseases
• use of the depression for landﬁll (rubbish) deposits, always requiring
special precautions to prevent pollution
• reinstatement of the area for farming purposes, requiring fertile topsoil
replacement, which must be self-draining
• reinstatement and landscaping of the area for building or recreational
purposes
It should be noted that the public perception of beneﬁts in leaving borrow pits
open is often exaggerated and, as a rule, borrow pits should be reinstated.
Before decisions on the future use of a borrow area are ﬁnalised, the
community should be made aware of the disadvantages of leaving borrow
pits open.
Backﬁlling of borrow pits, i.e. replacement
of the material from the pit, is only viable
where the material for backﬁlling is either:

• spoil material, or
• originates from a source where excavtions
give considerably less disadvantages than
in the borrow area. The cost of this methodd
is likely to be very high.

Reinstatement of Borrow Pits
The extent of the work required to comply with the wishes of the community
will depend entirely on the requirements in each individual case. In the
cases where no particular standard for reinstatement has been established,
one should routinely carry out reinstatement as described in Box 6.8. The
condition of all areas used for access roads should be assessed in the same
manner as for the borrow areas.
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Box 6.8 - General procedure for borrow pit re-instatement.
The following simple procedure will minimise the limitations that the construction
activity has placed on future use of the land:
• Shape mounds and steep banks down to a slope (steepest 1:3) that is
naturally found in the landscape.
• Spread the topsoil evenly back into the pit in order to promote growth
of vegetation.
• Ensure the area is self-draining.
Reinstatement operations in a borrow pit.

Before reinstating a borrow pit, one should assess the need for materials in
future road maintenance and then stockpile appropriate quantities of gravel
for this purpose.

6.4.4

Clearing, Grubbing and Removal of Topsoil

I

Burrowing animals such as termites can
cause damage to pavement layers unless
nests are removed properly and poisoned
with an approved pesticide during clearing
and grubbing.

t is particularly important to take account of environmental aspects at the
early stages of construction so that sensitive operations such as clearing
and grubbing are conducted as carefully as possible. It is important that
damage to the vegetation cover is minimized, shifting of soil and associated
damage due to erosion is avoided and that any mitigation measures set out
in the Environmental Impact Assessment are observed, (Section 3.4). All
topsoil that is stripped should be stockpiled for use in areas that are being
reinstated for farming purposes or to promote vegetation. Any vegetation
being removed should be disposed of in a manner that is to the beneﬁt of the
community, e.g. for fuel wood.
Box 6.9 - Clearing and grubbing using manual labour

Clearing and grubbing is eminently suitable for labour-based operations where
the required speed of construction and availability of labour makes it possible.
Labourers may experience problems in achieving the required result as described
in speciﬁcations due to the need for ripping, depth of grubbing, size of roots, etc.
In such cases it is advisable to review speciﬁcations in the light of the requirements
of a low-volume road and to ascertain whether there is actually a realistic risk
of damage to the pavement resulting from reduced standards of grubbing by
comparison with current speciﬁcations.

6.4.5
Research has been carried out to establish
whether it is possible to compact ﬁlls in dry
regions without costly addition of water.
Although possible, such practice could result
in the compacted layer having a high void
content and the risk of settlement at a later
time if water enters the ﬁll materials.

LBM

Construction of Earthworks

T

he optimal techniques and methods for undertaking earthworks operations
are largely dependent on available equipment in addition to the operational
skills and experience of the ﬁeld staff. Section 6.4 gives an indication of the
advantages and disadvantages of the various types of equipment available for
earthworks operations.
When compacting earthworks it may be difﬁcult to adjust in situ moisture
content before compaction, especially when using clayey material types
where a good distribution of water in the material is difﬁcult to achieve. To
mix water into such materials requires much effort and is not very effective.
The possibility of adjusting moisture contents of earthworks is particularly
difﬁcult in wet climatic regions, whereas in dryer areas it is possible to dry
out materials that are too wet. Careful timing of earthworks, where possible,
can, to some extent, alleviate the problem.
Box 6.10 - Labour-based methods in earthworks

LBM

The use of labour-based methods in earthworks is only appropriate where the quantities
are moderate or where there is a large source of labour available for the work.
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There is evidence to show that the performance of well constructed base courses of
natural gravel can be equal to or betterr than
base courses constructed of highly reﬁned,
but less well constructed, crushed materials.

In the case of natural gravel with high ﬁnes
contents, the required density to the full
depth of the layer is often far more difﬁcult
to achieve then that of well graded granular
pavement materials. This often requires
special techniques, such as the use of grid
rollers, to obtain a good result - see Section
6.3.4.
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6.4.6

Construction of Pavement Layers

Use of Natural Gravel Materials
ptimal use of natural materials is a constant challenge that is faced in
the construction of pavement layers for LVSRs. However, depending on
local conditions, it may sometimes be necessary to resort to processing of
these natural gravels by crushing/ screening, or stabilisation. Natural gravel
materials offer levels of performance that are directly related to successful
construction methods and workmanship. Aspects of construction that require
particular attention are:

O

• Natural gravels with high contents of ﬁnes or clay particles gain their
strength as a result of suction following drying back, rather than from
friction between particles. This means that the in-service moisture regime
of the pavement, achieved through appropriate internal drainage measures,
is of vital importance for the performance of the layer.
• Correct moisture content (material dependent, however just below optimum
m
moisture content) and achievement of the speciﬁed density for the differentt
layers, is essential.
• Depending on the construction plant used, a good surface ﬁnish is sometimes difﬁcult to attain. It is essential that the base has a smooth dense
surface ﬁnish before sealing to ensure that a good bond is obtained between
the base course and the bituminous seal and for subsequent good pavementt
performance.
• Natural materials often include some weak larger particles and, when
such materials are compared, these larger particles may break down, hence
changing the properties of the material as a whole. An assessment of the
consequences of this processing action is therefore required in order to
establish whether or not the material meets the speciﬁcation requirements
following construction.

Close up.
The use of mixing equipment, such as
ploughs or large disc harrows, greatly
reduces the time required for mixing water
into the material, by comparison with blade
mixing with a grader, particularly where
relatively poorly graded gravels with high
ﬁnes contents are used.

Moisture for Compaction of Pavement Layers
Experience with materials in the region has shown that thorough mixing of
water with soil or gravel over the full width and depth of the layer at the
optimum moisture content is essential for achieving the required density and
an even surface ﬁnish. The optimum moisture content for the appropriate
level of compaction determined in the laboratory is a good guide to the
amount of water required in the ﬁeld compaction process, although modern
compaction plant normally requires a lower moisture content than the
optimum indicated from laboratory compaction methods.
Box 6.11 - Effective mixing of water into the material
It is often far more difﬁcult to achieve the required density to the full depth
of the layer in natural gravels with a high ﬁnes content than in well-graded
granular materials. Effective mixing with water is, therefore, of particular
importance when these materials are used.
Much as natural gravels may need to be brought near to saturation moisture
content for efﬁcient compaction, it is also good practice to allow a
signiﬁcant amount of drying back to occur before sealing takes place. This
is particularly beneﬁcial for ﬁne-grained materials that rely on suction and
cohesion as their predominant source of shear strength.
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Experience has shown that the rapid premature failure of the uppermost layer of the
base course can be linked to poor ﬁnishing
of this layer with subsequent loss of bond to
the surfacing.

6 - 19

Finishing of Base Courses
If the operation of mixing, spreading and compaction is not completed before
drying out of the surface takes place, then a loose upper layer (biscuit layer)
will result. If this happens, the bituminous surfacing will not have a hard
surface on which to bond resulting in base course failures resulting from
shearing by wheel loads. Such failures may appear to be the result of
insufﬁcient material strength, but studies of construction records, and evidence
of good performance under similar conditions in base course layers of poorer
material qualities, indicate that ﬁnishing of the base course layers is vital and
decisive for the good performance of LVSRs.
Box 6.12 - Cutting ﬁnal levels of natural gravel base courses
A critical operation affecting the future performance of LVSR pavements is
the cutting of ﬁnal base levels. Attempts to make minor adjustments to the
surface should not be allowed. The cutting of ﬁnal levels should be conﬁned
to the cutting off of high areas and not the ﬁlling in of low areas. Thus, it is
much better to make corrections to geometric levels at subbase level where
surface ﬁnish is not critical. Thereafter, construction of the base course
can be carried out ‘by eye’ and with normal control of layer thickness. It is
strongly advisable to cut ﬁnal levels of natural base courses by eye rather
than by following geometric levels set out in the ﬁeld.

LBM

Figure 6.4 illustrates a recommended procedure for ﬁnishing off base courses
made of natural gravel. The advantage of this method is the speeding up of
the processing of the base course to prevent drying out of the surface whilst
ensuring that full attention is given to achieving a good surface ﬁnish rather
then to dealing with minor irregularities in geometric levels. Trimming of the
surface should be conﬁned to the action only of cutting off gravel to side spoil
or be off loaded for use in subsequent sections. Spreading loose material over
the surface in a thin layer is unacceptable because this is likely to prevent a
ﬁrm ﬁnish of the layer which will inhibit the bond with the bituminous
surfacing.
LBM
Box 6.13 - Pavement construction with labour-based methods
Labour-based methods for construction of pavement layers have varying
potential depending on the type of layer being constructed. Certain types
of road pavement and surfacing are more “labour-friendly” than others as
far as their construction is concerned.
• Penetration macadam may be constructed entirely by labour-based
methods, including production of materials at hard rock sources.

In most cases, the removal of oversize
material is best carried out by the use of
manual labour.

• Granular materials, including natural gravel, may be spread, mixed and
levelled by labour. Compaction can be done effectively by labour-based
methods as long as the method is appropriate to meet the requirements
of a sealed road.
• Improved riding quality is obtained if a motor grader is used to cut the
ﬁnal level.
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Step A:
3URFACE PATTERN OF THE BASE COURSE AFTER USE OF GRID ROLLERS FOR BUILDING UP
THE FULL THICKNESS OF THE BASE COURSE IN SEVERAL THIN LAYERS

(Base course dumped, mixed and compacted 'by eye' to an even, final
LAYER THICKNESS MADE UP OF MANY THIN LAYERS BY USE OF GRID ROLLERS 

4OP OF SUBBASE CUT TO GEOMETRIC LEVELS 

When trimming off the pattern from grid rollers in the surface of the base, it is important
to ensure that any dragging marks from
stones is ﬁlled in immediately and before
smooth rollers are applied.

Step B:
"ASE COURSE TO BE CUT TO FINAL LEVEL BY TRIMMING OFF THE PATTERN LEFT BY
THE GRID ROLLER gBY EYEg WHILE STILL MOIST .O FILLING IN OF DEPRESSIONS TO BE
ALLOWED )F THE SURFACE HAS DRIED OUT APPLY A LIGHT SPRAY OF WATER AND
SUBSEQUENTLY APPLY SMOOTH VIBRATING ROLLERS FOR SOME FINAL COMPACTION
0NEUMATIC ROLLERS MAY BE REQUIRED IN THE FINAL STAGES FOR ACHIEVING A
DENSE SURFACE

"ASE COURSE 

4OP OF SUBBASE 

Admixture of Kalahari sand to calcrete can
potentially improve the material properties
by reducing plasticity and improving stability,
reducing the damaging effect of soluble salt
contents in the calcrete and improving
workability to achieve the required density.

Figure 6.4 - Illustration of procedure to ﬁnish off base courses made of
natural gravel

6.4.7

Dealing with Variability

Utilisation of Local Material Sources
he mixing of two different materials to achieve a quality that exceeds that
of either of the two individual materials is the most common and probably
one of the best methods of improving the engineering properties of natural
gravels. Mixing ﬁne-graded materials with those that lack ﬁnes, such as some
volcanic tuffs, can create a material with less potential for breaking down
under compaction, with a higher density through improved grading and
improved stability and workability.

T

Mixing of sand in proportions up to a third of the total material quantity has
shown beneﬁts without adverse effects. However, the optimal proportion
varies depending on material properties. Simple laboratory investigations and
ﬁeld trials (test sections) are required in each individual case.
Box 6.14 - Optimal use of natural gravel
Optimal use of local materials requires innovative engineering solutions to
obtain the best performance from available resources. Mechanical blending
is often the best option for increasing the quantity of an acceptable material
quality or improving the quality of the ﬁnal material.
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3OME MIXING DURING STOCKPILING IS A GOOD OPTION WHEN THIS PROCESS CAN BE
CARRIED OUT BY DIGGING THROUGH TWO GRAVEL SEAMS OF THE MATERIALS TO BE MIXED
"ULLDOZERS ARE NOT WELL SUITED FOR THIS PURPOSE NOR WILL HEAPING THE BORROW
MATERIALS IN HIGH CONES GIVE SATISFACTORY RESULTS "UILDING UP STOCKPILES IN
LAYERS AND SUBSEQUENTLY LOADING FROM THEM IN A SPECIAL MANNER OR SEQUENCE
IS FEASIBLE BUT REQUIRES VERY CLOSE CONTROL OF BORROW PIT OPERATIONS "EST
RESULTS ARE OBTAINED BY MIXING ON THE ROAD
7HEN MATERIALS ARE MIXED IN A BORROW PIT THE
PROPORTIONS WILL NORMALLY BE LESS ACCURATE
THAN WHEN MIXED ON THE ROAD 4HIS METHOD OF
BLENDING IS NOT RECOMMENDED

3EPARATE STOCKPILING IN ADVANCE IS NECESSARY
TO CONTROL THE PROPERTIES OF THE INDIVIDUAL
MATERIALS BEING MIXED AND THE QUALITY OF THE
lNAL MATERIAL MIXTURE

Dapaf_ÛK][`faim]ÛgfÛl`]ÛIgY\
7HEN MIXING TWO TYPES OF GRAVEL ON THE ROAD MOTOR GRADERS SHOULD BE USED
IN COMBINATION WITH DISC HARROWS IF AVAILABLE TO ACHIEVE A HOMOGENEOUS
MIX 4HE METHOD SHOULD BE TO DUMP GRAVEL ! ON THE ROAD IN THE REQUIRED
QUANTITY THEN TO mATTEN THE HEAPS AND TO SPREAD THE GRAVEL OVER HALF THE WIDTH
OF THE BASE COURSE 4HEN GRAVEL " SHOULD BE DUMPED ON TOP OF THE SPREAD
MATERIAL ! AND SPREAD OVER THE SAME HALF WIDTH -IXING SHOULD PROCEED AS
NORMAL WITH THE BLADING OF BOTH MATERIALS ! AND " 3EE lGURE  
3TEP ! 3EPARATE STOCKPILING

3TEP " !LT #ONTROLLED DUMPING ON THE ROAD
3TEP " #ONTROLLED DUMPING ON THE ROAD
-IXING OF DIFFERENT MATERIAL TYPES REQUIRES
PARTICULAR ATTENTION TO BE PAID TO BLENDING
THE FULL THICKNESS OF THE DUMPED LAYER OF
MATERIAL ON TO THE ROAD MIXING IT PROPERLY
AND ADDING WATER AT THE SAME TIME

&IGURE  )LLUSTRATION OF TWO ALTERNATIVE MIXING TECHNIQUES ON THE ROAD
-IXING BY LABOUR BASED METHODS NORMALLY
GIVES EFFECTIVE MIXING 7HERE QUANTITIES ARE
MODERATE THIS METHOD MAY BE A VIABLE
ALTERNATIVE TO PLANT MIXING

5NSEALED SHOULDERS PLACE PARTICULAR DEMANDS
ON THE TYPE OF GRAVEL MATERIALS BEING USED AS
THEY NEED TO BE DURABLE WHEN EXPOSED 4HIS
DESIGN MAY THEREFORE COMPLICATE OPERATIONS
BY REQUIRING SEPARATE CONSTRUCTION OF SHOUL
DERS AND CARRIAGEWAY

 ÛÛ J`gmd\]jÛ:gfkljm[lagf
>]f]jYd
ESIDES THE MAINTENANCE AND TRAFlC SAFETY BENElTS GAINED BY SEALING OF
SHOULDERS THERE ARE BENElTS RELATED TO THE LOAD BEARING STRENGTH OF THE
PAVEMENT 3EALED SHOULDERS REDUCE THE RISK OF WATER PENETRATING INTO THE
PAVEMENT LAYERS RESULTING IN A DRIER ROAD ENVIRONMENT ESPECIALLY NEAR AND
UNDER THE OUTER EDGE OF THE RUNNING SURFACE

"

"OX  3IMPLIlED CONSTRUCTION WITH SEALED SHOULDERS
4HE CONSTRUCTION OF SEALED SHOULDERS WITH THE SAME MATERIAL AS THAT IN THE
BASE COURSE IS THE PREFERRED OPTION 'ENERALLY THERE HAS TO BE A CONSIDERABLE
DIFFERENCE IN MATERIAL COST FOR CARRIAGEWAY AND SHOULDERS TO JUSTIFY THE USE OF
DIFFERENT MATERIALS IN THESE TWO COMPONENTS )T MAY BE JUSTIlED WHERE HIGHLY
RElNED BASE COURSE MATERIALS ARE USED BUT THIS IS UNLIKELY IN ,632S

6$'&*XLGHOLQHRQ/RZYROXPH6HDOHG5RDGV
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An increasing number of countries in the SADC region are embarking on the
sealing of shoulders on roads that were originally constructed with gravel
shoulders. This is operationally difﬁcult and there are critical aspects with
regard to construction technique that are likely to determine the success of
such programmes. The following should be given particular attention:
• Materials in the paved shoulder should be at least as permeable as the
materials in the adjacent base. If this cannot achieved, then suitable ﬁlters
should be incorporated in the shoulder in order to prevent the collection
n
of water in the base.
• A well-compacted joint can only be achieved if the joint between the
surfacing and the new shoulder is initially cut straight and clean before
shoulder materials are placed.
• The shoulders have to be at least 2.5 m wide to enable a motor grader
to mix and place the shoulder gravel as well as to accommodate the
width of water trucks and compaction equipment. Excess width can,
if required, be cut off on completion of shoulder layer works.
• Shoulders should be ﬁnished off and compacted at least 10mm higher
than the adjacent base, and subsequently cut to level, as shown in Figure
6.6. Proper compaction and a ﬁrm surface for shoulder surfacing is otherwise impossible to achieve.
• Where widening of the road prism is necessary, earthwork ﬁlls should be
benched and compacted in order to prevent pavement damage resulting
from differential settlement.

Figure 6.6 - Construction of sealed shoulders to existing bitumenised
roads initially having unsealed shoulders

Blinding off shoulder seals with a bituminous
sand seall is often an appropriate method to:
• arrest loss of aggregate
• provi de a good surface for pedestrians
and bicycles
• give a desired visual contrast to the
carriageway

Shoulder Seals
Seals on shoulders should have a higher bitumen content than those on the
carriageway, unless the shoulders are expected to be regularly trafﬁcked, e.g.
in built-up areas. This can be achieved without higher binder spray rates by
using a smaller size aggregate than in the carriageway.

Edge marking of the running surface with a
paint line is also desirable if the resources
to do this are available.
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ÛÛ

:gfkljm[lagfÛg^ÛJ]Ydk

~ÛÛ J]d][lagfÛg^ÛJ]YdÛKqh]ÛYf\ÛDYl]jaYdk
$ESIGN OF SEALS AND SELECTION OF APPRO
PRIATE TYPE OF SEAL IS FULLY COVERED UNDER
#HAPTER  0AVEMENT $ESIGN -ATERIALS AND
3URFACING

$

ECISIONS ON UTILISATION OF AGGREGATE SOURCES FOR BITUMINOUS SURFACING
OFTEN REQUIRE REVISION AT THE CONSTRUCTION STAGE AS A RESULT OF INCREASED
KNOWLEDGE ABOUT AVAILABLE MATERIAL SOURCES AS CONSTRUCTION PROCEEDS 4HIS IS
OF PARTICULAR RELEVANCE TO ,632S BECAUSE

s ! WIDE RANGE OF AGGREGATE TYPES AND QUALITIES CAN BE USED FOR THE BITUMINOUS
SURFACING
s 3ITE INVESTIGATIONS AT THE DESIGN STAGE TEND TO BE FOCUSSED ON IDENTIFYING
BULK MATERIALS FOR THE PAVEMENT LAYERS !S CONSTRUCTION PROCEEDS AND
MATERIALS ARE EXCAVATED FOR THE PAVEMENT LAYERS SOURCES OF BETTER QUALITY
SURFACING MATERIALS ARE SOMETIMES REVEALED THAT WERE NOT DISCOVERED AT THE
DESIGN STAGE


"OX  5TILISATION OF LOCAL MATERIAL SOURCES FOR BITUMINOUS SEALS
3ITE STAFF SHOULD BECOME FAMILIAR WITH THE WIDE RANGE OF SEAL TYPES AND SUITABLE
AGGREGATES FOR ,632S AND WITH THE SCOPE FOR APPLYING LABOUR BASED METHODS IN THE
PRODUCTION OF AGGREGATE AND CONSTRUCTION OF THE SEAL 4HE INABILITY TO FULLY UTILIZE
LOCALLY AVAILABLE RESOURCES IN THE CONSTRUCTION OF LOW COST BUT DURABLE SEALS RESULTS IN
LOST OPPORTUNITIES FOR ACHIEVING CONSTRUCTION COST SAVINGS

ÛÛ I]kgmj[]kÛI]imaj]\ÛgfÛJal]
3AND SEALS REQUIRE LOWER LEVELS OF SKILL
MATERIAL QUALITY AND EQUIPMENT THAN CHIP
SEALS OR #APE SEALS )F APPLIED OVER AN
/TTA SEAL LOCALLY AVAILABLE SAND ALONG THE
ROADSIDE MAY BE OF ADEQUATE QUALITY FOR THE
SAND SEAL

!

S INDICATED IN 4ABLE  EACH OF THE VARIOUS TYPES OF SURFACING HAS
DIFFERENT REQUIREMENTS AS REGARDS THE NECESSARY RESOURCES ON SITE TO
ACHIEVE A SATISFACTORY END RESULT )T IS IMPORTANT TO OBSERVE THESE REQUIREMENTS
WHEN DECIDING ON AN APPROPRIATE CHOICE OF SEAL FOR A ,632
4ABLE  2EQUIRED INPUT FOR ACHIEVEMENT OF A GOOD BITUMINOUS SEAL
5HTXLUHGLQSXWIRUDFKLHYHPHQWRIDJRRGUHVXOW
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0L[LQJVOXUU\LQFRQFUHWHPL[HUVLVSUHIHUUHGHYHQZKHQOD\LQJE\KDQG6HOI
SURSHOOHGVOXUU\PDFKLQHVLQFUHDVHHI¿FLHQF\EXWDWPXFKKLJKHUFRVW
  &RDUVHVDQGVRPHWLPHVDYDLODEOHE\VFUHHQLQJFDQLQFUHDVHWKHPDWHULDOTXDOLW\
WR³PRGHUDWH´ZKHUHVDQGVHDOVDUHXVHGDORQHDVSHUPDQHQWVHDOV:KHUHVDQG
VHDOVDUHXVHGDVFRYHUVHDOVWKHPDWHULDOTXDOLW\UHTXLUHPHQWVFDQEHUHGXFHGWR
³ORZ´
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XVXDOO\FRQ¿QHGWRDUHDVZLWKZHWFOLPDWHVDQGRUVWHHSWHUUDLQ
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6.5.3

Aggregate Production

T

able 6.2 outlines the operations required to win and produce aggregate
for each type of surfacing that may be used with a LVSR.
Table 6.2 - Production of aggregate for bituminous surfacing

A small, simple crushing/ screening plant
can be combined with labour-adapted
tractor operations.

Applying aggregate for surface dressing
using mechanical chip spreaders.

High contents of dust and ﬁnes in the
aggregate are more critical for the good
performance of a surface dressing than for
that of an Otta seal.

Drag brooming is sometimes applied in order
to improve distribution of aggregate.

Type of seal

Type of aggregate

Winning and processing
of materials

Surface dressing

Crushed stone or rock.

Crushing and screening.

Otta seal

Gravel, natural or crushed.

Sand seal (used
alone)
Sand cover seal
(over Otta seals)

River sand (crusher dust may be
used, but can be expensive).

Slurry

Crusher dust.

6.5.4

Any non-plastic sand.

Stockpiling. Normally
screening is also required.
Stockpiling (while river is
dry). Screening out pebbles.
Stockpiling if sand is not
available along the roadside.
Crushing and screening.

Construction Procedure

A

ll types of sprayed surfacing, such as surface dressings, Otta seals and
sand seals, follow a similar construction procedure:

1.

Priming of the base (may sometimes be omitted).

2.

Base repair (chip and spray by hand using emulsion) to even out the
occasional rut caused by a stone under the motor grader blade.

3.

Spraying of bituminous binder.

4.

Spreading of aggregate.

5.

Chip spreading requires uniform aggregate cover. A drag broom can
assist this process on large areas.

6.

Rolling is preferably carried out with pneumatic rollers but can also
be done by trafﬁcking.

7.

Repeat steps 2 to 6, if a double layer is applied.

8.

An emulsion “fog spray” is sometimes applied to chip seals after they
have been laid to enhance adhesion of the chippings.

In slurry seals, crusher dust, bitumen emulsion, water and cement ﬁller are
premixed with either a specialised “mix and spread” machine or in a concrete
mixer for spreading by hand with squeegees. Mixing by hand is possible but
is not recommended.

6.5.5

Labour Friendliness

T

he various types of bituminous surfacing appropriate for LVSRs offer
different degrees of suitability for labour-based application. Table 6.3
provides an assessment of the suitability of each surfacing type for the use of
manual labour in the production of aggregate and construction respectively.

Rolling of sand seal.
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Table 6.3 - Labour friendliness of various surfacing types

Activity

LBM

LBM

‘Friendliness’ for labour-based methods
(Good – Moderate – Poor)
Surface
Otta
Sand
Slurry 3) AC 4)
dressing 1) seal 2)
seal

Production of
aggregate

Quality

Poor

Good

Good

Good

Poor

Output

Poor

Good

Good

Poor

Poor

Construction of
surfacing

Quality

Moderate

Good

Good

Good

Poor

Output

Good

Good

Good

Moderate

Poor

1)

Hand-crushing of aggregate for surface dressing tends to produce ﬂaky chippings
with some rock types.

2)

Oversize and ﬁnes can be removed by hand screening of natural gravel aggregate
for use with Otta seals.

3)

Output of aggregate production for slurry (crusher dust) depends entirely on availability on the commercial market.

4)

Although included for comparison with other seal types, AC would not normally
be used on a LVSR.

Box 6.17 - Labour-based methods in surfacing operations

LBM

• The ease of application of labour-based methods for construction of seals
varies with seal type. However, in general, all seal types offer good scope
for labour-based operations, both as regards production of aggregate
as well as construction on site. However, the uniform binder spray rates
requiredd for chip seals are more difﬁcult to achieve with labour-based
methods.

Screening aggregate by labour-based methods
(Otta seal is shown, sand seals would be
similar).

LBM

• Where labour-based methods are desirable, seal types that are most
suited for this type of construction should be given the preferential
consideration. It may be necessary to provide training to ensure that
the ﬁnal product will be of the desired standard.
• All seals, except the slurry seal, need rolling and therefore require
some form of machine-based equipment for this purpose. Where trafﬁc
volumes are sufﬁciently high, it may be possible to rely on trafﬁc for
rolling, but at the risk of an inferior result and speed will need to be
strictly controlled.

Spreading gravel using labour-based methods.
(Otta seal), from heaps placed along the
road.
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6.6

Quality Assurance and Control

6.6.1

Introduction

Q

uality assurance in road construction includes the total system within the
construction site that ensures correct quality of the ﬁnal road and
associated structures. Besides conventional site control, quality assurance
also includes the measures that contractors themselves apply for this purpose
during operations.
Quality control includes laboratory and ﬁeld testing of materials and
construction and forms part of the overall quality assurance system. It is
applied in various ways, depending on the type of contract. Conventional
contract relations with a supervising body - often a consultant - carrying out
control of the works is a common system used in the region. Under these
circumstances, end-product quality control is routinely included in elaborate
systems and is applied with great effect on projects where roads are
constructed. It is commonly considered necessary to establish full laboratory
services on site for control of workmanship and material quality. The resources
one can afford for such control during the construction of LVSRs are often
less, for the following reasons:

Effective quality control for LVSRs does not
necessarily require a full-scale programme
of laboratory testing.

• The cost of quality control measures that are applied to more highly
trafﬁ
f cked
d roads would represent a much larger proportion of the
construction costs of LVSRs.
• Contractors and consultants involved in the construction of LVSRs are
often smaller and have less resources available than
n those routinely constructing larger projects.
• LVSRs are often executed as small projects where the establishment of
full site-testing facilities is often not viable. Distances to central laboratory
services may also render this option impractical.
This section sets out a conceptual approach to ensure the best possible quality
assurance with a reasonable level of control in constructing LVSRs. The
inherent compromise in this approach will often require innovative solutions
and focus on the overall quality assurance system to achieve optimal results.

6.6.2

Methodology

General
s the resources available for quality control in construction of LVSRs are
often limited, it is important to utilise whatever means are available as
efﬁciently as possible and to combine conventional control methods with
other quality assurance methods.

A

Quality Assurance with Reduced Resources
Quality assurance procedures where control systems are applied at reduced
levels include the following:
Density control is important in ’calibration’ of method speciﬁcations, but full-scale
test programmes are not always viable on
LVSRs owing to lack of resources.

• stockpiling as a means of selecting qualities and ensuring known quality
of the materials being used
• good management procedures to ensure that materials are used to their full
potential and to prevent rejection of material after transportation to the
road
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s SYSTEMATIC USE OF METHOD SPECIlCATIONS
s CONTROL BY OBSERVATION OF CONSTRUCTION PROCEDURES BY AN EXPERIENCED
PRACTITIONER
s PROOF ROLLING EG WITH LOADED TRUCKS TO TEST THE STABILITY OF LAYERS BEFORE
PROCEEDING WITH CONSTRUCTION
s USE OF METHODS FOR DIRECT STRENGTH MEASUREMENTS BY CORRELATION WITH
KNOWN PARAMETERS EG PROBING METHODS SUCH AS $#0 AND OTHERS 
s LABORATORY TESTING FOR @CALIBRATION OF METHOD SPECIlCATIONS
s LABORATORY TESTING OF TYPICAL MATERIAL SOURCES FOR @CALIBRATION OF VISUAL
OBSERVATIONS
GjagjalqÛafÛHmYdalqÛ:gfljgd
(AVING SPRAY CANS WITH BITUMEN EMULSION
AVAILABLE AT ALL TIMES DURING SURFACING
OPERATIONS FOR REPAIRING MINOR FAULTS IS
PART OF GOOD QUALITY ASSURANCE

"OX  /PTIMUM PRIORITY FOR QUALITY CONTROL
4HE RESOURCES PUT INTO QUALITY ASSURANCE SHOULD BE APPLIED WHERE THERE IS A
MAXIMUM BENElT FROM THE EFFORTS IE WHERE THE BENElTS IN TERMS OF STRUCTURAL
LIFE OR SURFACE LIFE ARE GREATEST IN RELATION TO EFFORTS MADE IN THE CONTROL
,632S TYPICALLY UTILISE NATURAL GRAVEL IN THE BASE COURSE FOLLOWED BY A THIN
BITUMINOUS SEAL 4HIS PAVEMENT STRUCTURE IS SENSITIVE TO ANY IRREGULARITIES IN THE
SEAL IN THE INTERFACE BETWEEN SEAL AND BASE COURSE AND IN THE BASE COURSE
ITSELF #ONCEPTUALLY THE PRIORITY WHEN ALLOCATING RESOURCES TO QUALITY
ASSURANCE SHOULD THEREFORE BE AS SHOWN IN 4ABLE  4HE TABLE SETS OUT THE
PRIORITY ON THE BASIS OF WHAT IS POSSIBLE FROM A TECHNICAL POINT OF VIEW IN
RELATION TO THE INPUT OF RESOURCES FOR CONTROL )T DOES NOT TAKE ACCOUNT OF
CONTRACTUAL AND INSTITUTIONAL ISSUES 4HESE ASPECTS WILL VARY CONSIDERABLY AND
REQUIRE VARYING MEASURES FOR OPTIMAL QUALITY ASSURANCE

$IRECT STRENGTH MEASUREMENT CAN ASSIST BUT
CANNOT REPLACE MATERIALS MANAGEMENT
AND OBSERVATION OF THE WORK PROCEDURES
AS THE MOST POWERFUL MEANS OF QUALITY
ASSURANCE

6$'&*XLGHOLQHRQ/RZYROXPH6HDOHG5RDGV
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Table 6.4 - Priority in quality control
Priority

1

Layer
Bituminous
surfacing

Comments

•
•

2

Visual control of the bitumen distributor
and continuous inspection of the work on
site are important parts of the quality control
procedures and can reduce ﬂaws in thin
seal that could lead to premature failure of
the surfacing.

3
4

Surface ﬁnish
of the base
course

Material quality
of the base
course
Compaction
control of the
base course

•
•

Visual assessment, plus choice of equipment and
working method is of greatest importance.

•

Laboratory equipment is not essential for effective
control during operation.
Laboratory tests in advance and after construction,
combined with indicative tests or observations
during construction, are essential.
Method speciﬁcations, appropriate choice of
method and equipment, visual assessment and
proof rolling, in combination with regular testing
forr ‘calibration’.
The extent of testing required for ‘calibration’
purposes should be adapted to site conditions and
available resources.
Visual assessment and laboratory tests ahead of
construction give improved conﬁdence in material
quality.

•
•

•

5

Subbase and
earthworks

•
•

Continuous visual control by skilled staff
through the entire operation when processing the base course for LVSRs is essential.
Inadequate compaction of natural gravel is
often caused by poor mixing, insufﬁcient
moisture content or poor ﬁnal spreading
and compaction of the layer.

SADC Guideline on Low-volume Sealed Roads

Choice of equipment, choice of material type,
visual assessment and measurement of application
rates is of greatest importance.
Only basic laboratory equipment is essential for
effective control during operation.
Biscuit layers are the most common reason for an
unacceptable product. A geological hammer/pick
can be used to identify such ﬂaws.

Method speciﬁcations, visual control, proof rolling
and appropriate choice of method and equipment
are sufﬁcient for site control of workmanship.
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6.7 Drainage
6.7.1

Introduction

D

rainage is probably the most dominant factor affecting the performance of a
LVSR. When such roads fail it is often because of inadequacies in drainage
resulting in the ingress of water into the road structure, structural damage and
costly repairs. In addition, surface water can form a road safety hazard by
causing aquaplaning of vehicles.
Unfortunately, many LVSRs have evolved with inadequate initial engineering and
drainage design. Even with properly engineered LVSRs, on-site inspection is
often necessary to correct any unforeseen conditions during construction. Such
an approach is more cost-effective than maintaining or correcting deﬁciencies
after the road has been in service for several years.
Two inter-related aspects of drainage require careful consideration during
construction, namely:
• Internal drainage of the pavement which seeks to avoid the entrapment of
water by allowing it to permeate through and drain out of the pavement
structure.
• External drainage which seeks to divert water away from, and prevent its
ingress into, the pavement structure through measures such as the construction of sealed shoulders, side drains, etc.

6.7.2

Internal Drainage

General
nternal drainage involves measures to minimise moisture contents in the
embankment and pavement layers and importantly to prevent unwanted
movement of water within the structure. Internal drainage is vital for the
satisfactory performance of earthworks and pavement layers made of natural soils
and gravel, especially those that utilise ﬁne grained and plastic materials such as
those commonly used for LVSRs12. (Refer to Chapter 5 for more details).

I

It is important to create an awareness
amongst the public so that actions that lead
to impaired drainage of the pavement can
be prevented.

Permeability of pavement layers
Wherever possible, each layer in pavement and earthworks should be more
permeable than the overlying layer in order to prevent any water entering the
structure from being trapped. It is often not possible to meet this requirement
consistently and the provision of cross-fall in all earthworks and layer works for
water to escape from the pavement structure can alleviate the problem (see also
Section 5.4.3 and Box 5.7). Under severe conditions, especially where there is
risk of water seepging into the pavement structure, consideration should be given
to installing subsurface drainage systems or, better still, to increase the height of
the road in such areas.
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Research in the region has shown that a
minimum crown height is a critical parameter
that correlates well with the actual service
life of pavements made of ﬁne grained and/
or slightly plastic materials. A minimum
crown height of 0.75 m is recommended.
See Chapter 5 - Pavement Design, Materials
and Surfacing, Section 5.3.4.
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Crown Height
Crown height is the vertical distance from the bottom of the side drain to the
ﬁnished road level at centre line and needs to be sufﬁciently great to allow
proper internal drainage of the pavement layers. Economical ways to achieve
sufﬁcient crown height include the use of material from the side drain and road
reserve a common procedure where scrapers/motor graders are used for
construction. Maintaining sufﬁcient crown height through cuttings is of particular
importance, owing to the unfavourable drainage conditions in such areas.
However, this may result in a considerable increase in the quantity of earthworks
cut. Alternatives, such as subsurface ﬁlter drains, should be considered as a last
resort because of cost and maintenance implications. The trafﬁc safety aspects
of large crown heights should be taken into account by moving the side drain
further away from the shoulder break point.
In areas where in situ soils are considered to be self-draining, such as in sandy
areas and desert-type areas, priority should be given to providing good side
support within a low embankment proﬁle and shallow side slopes (typically 1:6
or 1:8) rather than a large crown height and relatively steep side slopes.
Seepage and subsurface drains
Unfortunately, inadequate surface and
subsurface drainage are typical deﬁciencies
associated with cut-and-ﬁll pavement
sections for LVSRs, as shown in Figure
6.7. Such deﬁciencies can affect the
pavement by erosion, decreasing soil
support or initiating creep or failure of
the downhill ﬁll or slope. They should be
addressed during construction rather
than
n waiting until failures occur because
it is much more expensive to undertake
remedial works.

Water seepage
from rock and soil

Ditch almost non-existent

f ce drainage
Inadeqate surfa
surface

Ditch provides surface drainage
subsurface seepage zone
not intercepted
Paved shoulder

Blocked side drains may lead to surfacing
failures.

Potential slope fa
ffailure
ilure
due to seepage
Potential fo
fforr high capillary rise
Seepage zone

Figure 6.7 - Typical drainage deﬁciencies associated with cut-and-ﬁll
pavement sections13
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In the design of the vertical alignment of LVSRs, it is advisable to try to
avoid cutting into the ground to reduce the risk of encountering subsurface
water. Thus, the “depressed pavement construction” shown in Figure 6.8
should be avoided except where soil moisture conditions are suitable or the
drainage systems effectively eliminate water-related problems.
Shallow ditches
poor surface drainage

Natural surface
Water ponding
Shallow
cut
Moisture migration
migrattion

Figure 6.8 - Potential drainage problems associated with depressed
pavement construction
Localised seepage can be corrected in
various ways but seepage along pervious
layers combined with changes in road
elevation (grades) may require subsurface drains as well as ditches, as
shown in Figure 6.9.

From
rock
Paved
shoulder
(a) Ditch & gutter

LBM

Seepage
Subsurface drains can be made of geozone
textiles wrapped around aggregate, with
or without pipes installed, but various
Perforated
subsurface
specialised systems are also marketed. (b) Perforated drain
drain
alternate
Such drains have commonly been made
out of aggregate surrounded by ﬁlter Figure 6.9 - Beneﬁcial interception
sand instead of geotextiles, depending of surface runoff and sub-surface
seepage13.
on the grading of the in-situ soils.

As subsurface drainage systems usually incur relatively high installation costs
and there is the risk of blocking of buried systems, alternative options are
preferred.

Construction of ﬁlter drains is well suited
for labour-based methods. Geotextiles used
for ﬁlter drains should be of a type that does
not get blocked by ﬁnes from surrounding
soils.

Shoulders
Construction of shoulders needs to be undertaken carefully if typical drainage
problems are to be avoided. Preferably, the granular base should extend to
the embankment slope with sufﬁcient height above the ditch to prevent water
intrusion. Trench, canal or “bathtub” construction, in which the pavement
layers are conﬁned between continuous impervious shoulders, should be
avoided as this has the undesirable feature of trapping water at the pavement/
shoulder interface and inhibiting ﬂow into the drainage ditch.
Shoulder materials should be selected which have a permeability similar to
that of the base course, so that water does not get trapped within the pavement.
However, the material properties for unsealed shoulders may well be different
from those required for the base for reasons of durability. Unsealed shoulders
are similar to a gravel wearing course and require material with some
plasticity, which is a property that might be considered less desirable for
road base material.
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A common problem is water inﬁltration into the base and subbase, which
occurs for a number of reasons as, illustrated in Figure 6.10. These include:
• rutting adacent to the sealed surface
• build up of deposits of grass and debris
d
• poor joint between base and shoulder (more common when a paved
shoulder has been added after initial construction)
Water in rut

Water infiltration

(a)
Grass and debris buildup

Ponding of water

Water infiltration

(b)

Water inﬁltration in shoulder and rut leading
to edge failures.

Paved shoulder
added later
Water infiltration

(c)
Figure 6.10 - Typical drainage deﬁciencies associated with
pavement shoulder construction13
Ideally, as illustrated in Figure 6.11, the base and subbase layers should be
extended outwards to form the shoulders, which should preferably be sealed.

Running surface

Use of different materials in the shoulder
and the carriageway is often uneconomical
because of disruption in the construction
procedures. Use of the same material in the
carriageway and the shoulder eliminates
the risk of trapping water.

Camber or crossfall
at least 1 in 40 (2.5%)

Shoulder

Side drain

Crossfall 1
in 20 (5%
)

Typically +/- 750 mm

Figure 6.11 - Ideal shoulder construction/drainage arrangements
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6.7.3

External Drainage

Introduction
xternal drainage involves methods of crossing of watercourses, measures
to divert water away from the road and prevention of damage caused by
erosion. In the construction of LVSRs there is often wide scope for the use
of various measures to improve external drainage, such as low-level structures,
drifts etc. where 100% passability to trafﬁc throughout the year may not be
required.

E

Caution is required in undertaking drainage
work as interference with the natural drainage pattern can lead to major environmental
damage in sensitive areas.

It is not within the scope of this Section to provide a detailed
d description of
all the various measures that make up a good drainage system. Conditions on
site will vary tremendously in respect of in-situ soils, topography, vegetation,
climate, human settlement patterns, environmental concerns, etc. The skills
of site personnel and knowledge about local conditions are critical for
successful installation of mitre drains, catch-water drains, side drains, berms,
channels, cut-off drains and crossings along the road 14.

6.7.4

Hydrology and Hydraulic Calculations

Introduction
he use of sophisticated methods to estimate run-off and for the calculation
of the size of waterway structures is not always appropriate for LVSR
because either the data and/or the resources required are not available. Thus,
alternative methods, which also rely on visual observations and historical
evidence from consultations with the local populations are often more
appropriate. Furthermore, ﬁnancial constraints also mean that a compromise
is often required between structures that provide all-weather access and those
that can be constructed with the available resources.

T

Method
The capacity of drainage structures should ideally be calculated on the basis
of local experience gathered over a long period of time and should be updated
to cater for any recent changes in rainfall pattern and climate. However, such
information is often not readily available in many countries, prompting a
need to develop standards for drainage design and calculations. In all cases
it is advisable to combine calculations with observations on site, in addition
to information from reliable local sources.
With the ever-increasing cost of maintenance, it is desirable to increase the
size of drainage structures to a minimum of a 600 mm opening so that they
can be easily maintained.

Overtopping on LVSRs, although undesirable,
has less impact on the economy than if it
occurs on HVRs.

Return Period
The return period for a given ﬂow of water is related to the estimated
statistical risk of overtopping of drainage structures. It is part of the hydraulic
calculations required for each type of structure for each project on the basis
of policy and anticipated consequences to the road or the public. The return
period is therefore a critical parameter in the design of LVSRs because it
controls the level of risk in relation to cost of construction and the type of
structure that is appropriate. As a broad guide, the following return periods
can be considered for LVSRs:
• Bridges: 10 - 50 years.
• Culverts: 5 - 10 years.
• Drifts or well-protected culverts: 0 - 5 years.

SADC Guideline on Low-volume Sealed Roads

July 2003

Construction and Drainage

6 - 34

6.7.5
LBM

Inadequate culvert capacity, particularly in
combination with high embankments can
result in severe damage and expensive
remedial works.

Drainage Structures

Introduction
his chapter gives some examples of the range of solutions available to
designers and constructors of LVSRs. The techniques shown are the
results of innovative methods tried out and applied in many countries in the
region over a number of years. A basic requirement in the construction of
structures for crossing water courses is to assess the need for protection of
the structure against erosion during the construction period as well as
assessing the risk that structures that are not designed to withstand ﬂooding
will actually experience overtopping, so that additional protection measures
can be taken. Construction of low, “sacriﬁcial” points for overtopping should
be considered where available resources do not allow for the provision of
structures with adequate capacity 15.

T

Low-level structures
A low-level structure is designed to accept overtopping without damage, and
is ideally suited for LVSRs in locations where less than full all-weather
passability is acceptable to the community. The two basic types listed below
have been used with success in the region. Various alternative names are
sometimes used to describe these structures.
• Drifts are designed to provide a ﬁrm driving surface in the riverbed, where
trafﬁc can pass when water levels are moderate.

Low-level drift.

• Vented drift sometimes named fords, causeways or Irish bridges, larger
structures are called low level bridges) allow water to pass through openings,
but can withstand overtopping without damage. Openings in vented drifts
should, like culverts, be made large enough, preferably not less than
0.9 m so that cleaning during future maintenance is made easier and the
risk off blockage is minimised.
A common feature of all low level structures is that they require proper
foundations and anchoring, as well as scour protection to the road prism.

Vented drift.

Culverts
Types: Culverts are constructed on LVSRs using a variety of methods and
materials. Examples include corrugated plastic pipes, steel pipes or arches,
pre-cast or fresh concrete pipes, boxes, arches or half arches (“shelverts”),
reinforced concrete slabs resting on blockwork in a box culvert proﬁle and
wooden culverts in a box or circular proﬁle.
As indicated in Box 6.19, there are many innovative ways of producing
inexpensive culverts.

Banks of pipe proﬁles culverts are prone
to blockage by trees even when large sizes
are used.
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"OX  )NNOVATIVE CONSTRUCTION OF CULVERTS

)NNOVATIVE METHODS ARE IN USE IN THE REGION FOR SIMPLE AND EFlCIENT
CONSTRUCTION OF CULVERTS THAT ARE PARTICULARLY WELL SUITED FOR APPLICATION
IN ,632S ESPECIALLY WHERE LABOUR BASED METHODS ARE USED %XAMPLES OF
SUCH TECHNIQUES INCLUDE
s USE OF LOCALLY PRODUCED TREATED PLANKS PINE FOR YARD PRODUCTION OF PIPE
CULVERTS STRAPPED WITH STEEL BANDS 4ANZANIA
s USE OF INmATABLE RUBBER BALLOONS AS FORMWORK FOR SITE CASTING OF CONCRETE
PIPE CULVERTS IN A LARGE VARIETY OF DIMENSIONS 4ANZANIA UP TO SEVERAL
METRES IN DIAMETER
s USE OF DRUMS AS FORMWORK FOR STANDARDISED YARD PRODUCTION OF CONCRETE
MODULES FOR PIPE CULVERTS :IMBABWE
s USE OF DRUMS AS FORMWORK LEFT BEHIND FOR SITE CASTING OF CONCRETE PIPE
CULVERTS 4ANZANIA
s USE OF TIMBER FOR SITE CONSTRUCTION OF SQUARE PROlLE CULVERTS
)NmATABLE RUBBER BALLOONS HAVE BEEN USED
SUCCESSFULLY AS FORMWORK FOR CONSTRUCTION
OF CONCRETE PIPE CULVERTS ON SITE #ONCRETE
IS POURED DIRECTLY AGAINST THE SIDE OF THE
TRENCH WHICH IS PROTECTED WITH PLASTIC
SHEETS

s USE OF BLOCKWORK FOR SITE CONSTRUCTION OF SQUARE PROlLE CULVERTS
"OTSWANA
s SHELVERTS ARE PRE CASTS CONCRETE HALF ARCHES THAT REQUIRE LESS SKILL FOR
CONSTRUCTION THAN CULVERTS
s MASONRY VERTICAL BRICK WALLS WITH CONCRETE SLABS CAST ON SITE

,OCATION 7HEREVER POSSIBLE CULVERTS SHOULD BE LOCATED IN THE ORIGINAL
STREAM BED WITH THE INVERT FOLLOWING THE GRADE OF THE NATURAL CHANNEL 3TREAM
BED REALIGNMENT MAY BE UNDERTAKEN IN EXCEPTIONAL CASES

5PSTREAM PROTECTION AGAINST BLOCKAGE BY
TREES CAN BE SUCCESSFULLY CONSTRUCTED FROM
OLD RAILWAY STEEL SLEEPERS WELL ANCHORED
INTO THE RIVERBED



3KEW CULVERTS 7ATER COURSES INTERCEPTING THE ROAD AT AN ANGLE OF SKEW OF LESS
THAN  DEGREES CAN GENERALLY BE ACCOMMODATED BY A CULVERT PLACED AT RIGHT
ANGLES TO THE ROAD CENTRE LINE )N SUCH CASES THE CULVERT INLET SHOULD BE
POSITIONED AT THE POINT WHERE THE CHANNEL MEETS THE ROAD AND ANY MODIlCATION
TO THE CHANNEL MADE DOWNSTREAM OF THE OUTLET 7ATER CROSSINGS WITH A SKEW
ANGLE GREATER THAN  DEGREES SHOULD BE PROVIDED WITH A SKEW CULVERT
)NLETS 4O AVOID SILTING CULVERT INVERTS SHOULD BE PLACED AT A GRADE OF NOT LESS
THAN  PER CENT FOR PIPES AND  PER CENT FOR BOX CULVERTS )NVERT GRADIENTS
SHOULD BE INCREASED BY ONE PER CENT IN THE CASE OF CULVERTS PROVIDED WITH DROP
INLETS
/UTLETS 4HE INVERT LEVEL AT THE OUTLET OF A CULVERT SHOULD COINCIDE WITH GROUND
LEVEL 7HERE CULVERTS ARE UNAVOIDABLY CONSTRUCTED ON A STEEP SLOPE THE ENERGY
GENERATED MUST BE DISSIPATED TO AVOID SERIOUS EROSION AT THE DISCHARGE END OF
THE CULVERT ! STILLING BOX AND WIDENING AT THE OUTLET ARE EFFECTIVE METHODS OF
REDUCING THE VELOCITY OF THE WATER
&OUNDATION )DEALLY CULVERTS SHOULD BE LOCATED ON SOUND FOUNDATIONS SUCH AS
ROCK 3OFT SATURATED AND EXPANSIVE CLAYEY SOILS MAY CAUSE SETTLEMENTS OR
SEASONAL MOVEMENTS OF THE CULVERT 2EMOVAL OF POOR SOILS OR STABILISATION OF
THE FOUNDATION SHOULD BE CONSIDERED

#ONCRETE CULVERTS ARE ONLY PRACTICAL FOR USE
IN LABOUR BASED METHODS IF EACH SECTION IS
NOT TOO HEAVY FOR HANDLING BY LABOUR OR BY
MECHANICAL EQUIPMENT AVAILABLE ON SITE
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,ABOUR BASED METHODS ARE VERY WELL SUITED FOR THE CONSTRUCTION OF DRAINAGE
STRUCTURES EXCAVATION OF DRAINAGE CHANNELS CONSTRUCTION OF SOIL BERMS STONE
PITCHING SCOUR PROTECTION ETC 0RE CAST CONCRETE CULVERTS ARE NOT WELL SUITED
FOR ,"- IF THE WEIGHT OF EACH ELEMENT IS TOO GREAT FOR MANUAL HANDLING
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6.7.6
LBM

Blockwork has been used successfully for
simpliﬁed construction of headwalls on
small culverts and for the support of concrete
slabs to make a box culvert.

Erosion

Introduction
Any disruption to the natural ﬂow of water carries a risk of erosion that may
lead to environmental degradation, silting, damage to roads, damage to
buildings and services, destruction of farming land and loss of fertile soil.
Thus, there is a responsibility to ensure that the construction of the drainage
system for a LVSR receives the same attention to good practice as the
construction of other roads. Indeed, avoidance of erosion can be more critical
in the case of LVSRs because of the greater challenges faced in maintaining
the drainage system in remote areas where these roads are often located.
Scour Checks
There are many examples in the region of inexpensive and effective methods
that are used to protect drainage channels and side drains by the use of scour
checks that are easily constructed by labour-based methods. The scour checks
can be made of wooden sticks, rocks, concrete or other materials depending
on the most economical source of materials. The frequency of scour checks
needs to be properly adjusted according to slope gradient in order to prevent
erosion between the checks causing damage to the system. The following can
be used as a guide:
Gradient of the ditch
4% or less
5%
8%
10%

Erosion in outlet channels can cause considerable environmental damage in sensitive
areas.

Scour check spacing (m)
(not required)
20 m
10 m
5m

Erosion of Culverts
Short culverts requiring high headwalls and wingwalls are prone to erosion
around both inlets and outlets, especially along the wingwalls. Constructing
culverts that are sufﬁciently long to reach the toe of the embankment will
minimise necessary protection measures, future maintenance and the risk of
damage to the embankment around the openings. It is necessary to carefully
assess the additional cost of lengthening culverts against these beneﬁts,
especially in the case of LVSRs that are often located in remote areas where
regular maintenance is a challenge.

Concrete scour checks in side drain.

Slope Protection
If required, placing of topsoil and planting of vegetation on the slopes of
embankments should take place in order to minimise erosion before indigenous
vegetations can establish roots.
Box 6.20 - Planting of vegetation for protection of slopes against erosion
Where grass or other vegetation is planted for protection of slopes, it is
absolutely vital that professional advice to be obtained from a botanist.
Failure to do this could lead to intrusion of non-indigenous species that
could threaten the environment or cause damage to local farming.

When there is a risk of erosion at outlets,
suitable aprons and other protective measures
are required.
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6.8 Summary

T

he key points raised in this chapter are:

1.

The characteristics of LVSRs are such that the methods employed for
their construction may be different from those for more highly trafﬁcked
roads. In some circumstances labour-based methods can be effectively
employed for many, if not all, of the construction activities.

2.

Construction of LVSRs are often carried out in remote rural areas.
These circumstances can give rise to special problems relating to
health, safety and the environment and appropriate measures need to
be taken to ameliorate any detrimental effects of the road construction
processes on local populations and the environment.

3.

A higher degree of awareness of the properties and use of materials is
required in the construction of LVSRs so the use of the (often) scarce
resources of good quality road-building material can be well managed.

4.

The nature of LVSRs construction provides a range of both technology
choice and equipment use. The selection of equipment must be matched
to the chosen technology in order that the the highest quality of
construction is attained with the resources available.

5.

Compaction of natural gravels is an essential component for the good
performance of LVSRs. Where the materials are suitable, compaction
to refusal during construction adds relatively little to construction costs
but is likely to produce signiﬁcant beneﬁts from improved road
performance. Conversely, poor compaction is likely to lead to lower
density, moisture ingress, deformation and increased maintenance.

6.

Good quality control during construction is important in the construction
of all roads but is particularly important on LVSRs, where greater use
is made of locally available resources. It is important that these roads
provide a good quality riding surface and pavement performance so
that unexpected maintenance inputs do not occur.

7.

Many of the natural gravels used in the construction of LVSRs provide
high strengths when dry but are also moisture sensitive. Keeping the
pavement dry through good drainage is, therefore, a critical factor in
the performance of LVSRs and it is important that measures that reduce
moisture ingress are applied at the construction stage rather than
later, when they are generally much more expensive to carry out.

8.

Perceived risks associated with the use of unconventional approaches,
technology and materials can be sensibly managed through relatively
low-cost measures that ensure good performance.
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Maintenance and
Road Management

7
7.1 Introduction

Sequence of activities

7.1.1

Maintenance

Planning
Design
Construction
Maintenance
Maintenance
Duration of activities

Deﬁnition of road maintenance
“To conserve as nearly as possible, the
original designed condition of paved and
unpaved roadways, and of trafﬁc signs,
signals and markings, in a manner most
likely to minimize the total cost to society of
vehicle operation and accident cost, plus
the cost of providing the maintenance itself,
under the constraints of severe resource
limitations, in respect of skilled manpower,
equipment and money, both local and
foreign.” (PIARC).

R

oad maintenance is an integral component of the LVSR provision process,
the type and cost of which are inﬂuenced signiﬁcantly by decisions made
during the preceding planning, design and construction phases. Proper
maintenance contributes to the preservation of the road asset and to prolonging
the road’s life to its intended service duration. Without adequate maintenance,
roads deteriorate rapidly, become dangerous and costly to use and, ultimately,
the costs to the economy are substantial.
Whereas design and construction of LVSRs are dominated by engineering
issues, maintenance is essentially a multi-dimensional issue in which the
management and technical aspects are inﬂuenced by political, social and
institutional issues. For example, the use of maintenance works as a
poverty alleviation tool through appropriate community involvement is
assuming increasing importance.
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Maintenance currently constitutes one of the major preoccupations of roads
agencies in the SADC region. In the early stages of road development, most
of the road expenditure was spent on construction. However, as these
networks have become more developed, the expenditure required for
adequate maintenance and rehabilitation has increased relative to that
required for new construction.

Figure 7.1 - Pattern of road expenditure in the SADC region
Unfortunately, for a variety of reasons, including lack of adequate funding,
provision of satisfactory road maintenance still remains an elusive goal for a
number of SADC countries. As a result, these countries, and the region as
a whole, have paid a high price in terms of deteriorating road networks, very
high transport costs and the reluctance of donors to assist with the funding
of new or rehabilitation projects. Fortunately, however, roads agencies are
beginning to tackle the maintenance challenges in a more holistic manner to
improve efﬁciency and effectiveness and to achieve sustainability.
Example of a badly deteriorated road that
has received little, if any, maintenance since
it was ﬁrst constructed? Result? Very high
vehicle operating costs and loss of most of
the original investment.

7.1.2

Road Management

T

he SADC road system represents a major investment and is one of the
region’s largest public sector assets, with a replacement cost of more than
$50 billion (2000). Indeed, the asset value of the road system often exceeds the
combined value of all the other surface transport systems. Therefore, it is
extremely important that this asset be preserved through effective and efﬁcient
management. In the absence of this, the investment can be eroded quite quickly
because roads that are not maintained deteriorate very rapidly.
Even for relatively low-trafﬁcked road networks, reliable information has
become essential for effective management. This has led to the development
of management tools, including various types of road management systems,
that assist roads agencies in allocating resources in a manner that achieves
the best value for money. However, to be sustainable, such systems should
be carefully chosen to match the available resources - both technical and
ﬁnancial - of the roads agency. Unfortunately, there are a number of examples
of systems which have failed to work satisfactorily.

7.1.3

Purpose and Scope of Chapter

T

he main purpose of this chapter is to provide guidance on how to improve
the maintenance and management of LVSRs through the adoption of
appropriate institutional arrangements, management strategies and technical
standards. Guidance is also given on criteria for establishing road management
systems to assist roads agencies in the overall management of their road
networks. Aspects of maintenance operations are not covered in detail because
sufﬁcient reference texts on this topic already exist.
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7.2 Maintenance Issues
7.2.1

Maintenance Setting

Why Maintenance?
he case for maintenance is compelling. Having spent time, effort and
money in planning, designing and constructing a road, it is vital to
ensure that the asset is preserved by timely and effective maintenance. Such
maintenance has three principal purposes:

T

Routine maintenance: Fixed cost activities
that are carried out irrespective of the
engineering characteristics of the road or
the density of trafﬁc (e.g. grass cutting)
and cleaning of drains.
Recurrent maintenance: Activities required
throughout the year but whose frequencies
vary with trafﬁc, topography and climate
(e.g. road marking).
Periodic maintenance: Those recurrent
activities that are required at intervals of
several years (e.g. resealing).
Lengthman: A man engaged on a contract
basis responsible for routine maintenance
on a ﬁxed length of road adjacent to his
own home. He is paid a ﬁxed sum per day
or month to keep drainage ditches clear, ﬁll
in potholes, cut grass, repair minor erosion
to shoulders, etc.

•

it prolongs the life of the road and postpones the day when renewal will
be required

•

it reduces the cost of operating vehicles on the roads

•

it helps to keep roads open and ensures greater regularity, punctuality
and safety of road transport services

The ﬁrst purpose corresponds most directly to the interest of the roads
agency, the second to that of operators of vehicles, and the third, more
generally, to that of the inhabitants of the area traversed by the road.
Typical Maintenance Activities
Maintenance activities are either cyclic or reactive and can be of a routine or
periodic nature. Cyclic activities are those that are carried out at regular
intervals. Reactive activities are those that are carried out in response to an
occurrence e.g. erosion, drainage repairs or a condition defect exceeding
values dictated by maintenance standards, e.g. rutting greater than a given
value.
Table 7.1 - Maintenance activities
Works
Category
Routine
Maintenance

Periodic
Maintenance

Grass cutting - a typical, labour-based,
routine maintenance activity.

Maintenance Activity
General:
Grass cutting
Removal of obstacles
Culvert clearing/repair
Bridge clearing/repair
Drain clearing
Erosion control/repair
Carriageway markings
Repairing road signs
Pavement:
Pothole repairs
Surface patching (local sealing)
Crack sealing
Edge repairs
Rejuvenation seal
Resealing
Shoulder regravelling/reshaping

Type
Cyclic Reactive
x
x
x
x
x
x
x
x

x
x
x
x
x
x
x

Many of the activities in Table 7.1 can be carried out cost-effectively
using labour-based methods. If some of the routine maintenance work is
contracted on a “lengthman contract” basis, for example, there would be
little or no requirement for maintenance labour camps for transport to and
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from the work site, thereby saving money. Some periodic maintenance work
may still require specialised equipment, e.g. bitumen sealing operations, but
labour-based methods can be used for many activities.
Lack of attention to simple maintenance tasks can impose a multitude of
problems for road users, society and the national economy, as illustrated in
Table 7.2.
Table 7.2 - Maintenance problems, effects and solutions
Issue/Problem

Road Safety
Effect

Vegetation growth

Impairs driver visibility

Potholes

Danger to motorists

Flooding (blocked culverts)

Reduces pavement strength

Dirty, damaged or missing
trafﬁc signs
Faint road markings

Increases likelihood of
trafﬁc accidents

Damaged bridges and guardrails
Scoured highway shoulders

Increases safety hazards to
road users

Issue/Problem
Clear link established
between pavement condition
and vehicle operating costs
and embodied in transport
investment models (e.g.
HDM-4).

Impairs integrity of road
pavement

Causes more road trafﬁc
accidents

Road User Costs
Effect
An increase in surface
roughness causes vehicle
operating costs to increase
Signiﬁcant additional costs
incurred by road users
when maintenance requirements are overlooked.

Solution
Ensure safety standards
are established and maintained.
Carry out routine inspections to identify deterioration likely to lead to a
reduction in road safety.
Record and analyse accident
data to provide clues to
maintenance deﬁciencies .

Need for effective and
timely road maintenance

Solution
Identify, programme and
control maintenance operations.







Rate of pavement
deterioration is often not
contained, causing surface
roughness to increase at
an accelerating rate

Additional costs to highway
users

Use of an appropriate
maintenance management
system

Issue/Problem
Feasibility and design strategies
assume: that: (a) regular pavement strengthening will be carried
out to arrest deterioration, (b)
care will be taken to deal with
localised imperfections as they
arise (e.g. crack sealing).

Assumptions often not realised
in practice.
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Life-Cycle Costs
Effect
Failure to control deterioration
results either in an earlier
requirement for strengthening
or substantially increased costs
of reconstruction.


Economic penalties incurred
which result in a need for
premature reconstruction.

Solution
Optimise investment by
judiciously applying
maintenance interventions
to arrest rate of deterioration
and to preserve structural
integrity of each road link in
the network.

Use of an appropriate
pavement management
system.
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Deterioration Characteristics

E

ven with strict adherence to proper standards of construction, roads
deteriorate with the passage of time. The rate of deterioration may vary
greatly depending on the climate, the strength of the pavement and underlying
subgrade, the trafﬁc volume and axle loads. The wear and tear of road
surfaces by trafﬁc is aggravated by rainwater and by changes in temperature.
Cracking occurs in the bituminous surfacing which, together with the ingress
of rainwater, often leads to pavement failures.
Figure 7.2 illustrates how road condition deteriorates with time and how road
life may be extended by controlled maintenance.
Controlled deterioration
of Road Asset (by wise
investment of funds)

Uncontrolled deterioration
of Road Asset (little or no
maintenance)
Level of maintenance
required to control
deterioration and extend life

All roads deteriorate with time. However,
LVSRs are particularly sensitive to the
vagaries of the physical environment so
that timely and effective control of their
deterioration becomes the key challenge to
the management of road maintenance.

CONDITION

Date of
Construction

Minimum
tolerable
condition

Standard of
Maintenance for
Resurfacing

Major
maintenance
e.g. resurfacing

Remaining
Service Life

Condition at
which pavements
are actually
replaced

Remaining Actual Life
AGE

Year X

Figure 7.2 - Typical road condition deterioration with time
Of particular signiﬁcance in responding to the maintenance requirements of
LVSRs is the fact that, in contrast to more heavily trafﬁcked roads, the
proportion of total distress resulting from environmentally-related inﬂuences
is very high, as illustrated in Figure 7.31.
6

Roughness (IRI, m/km)

In Zimbabwe, the environmental component
of roughness progression varied by a factor
of almost 4, with low-volume roads built
to lower cross sectional standards having
the highest rate of progression and higher
volume roads with standard designs having
the lowest rate of progression. Corresponding
crack initiation times and rates of crack
progression were almost half and double
those of standard designs respectively1.

SNPd
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YE4
m

5

=3
= 50 mm
= 0.1
= 0.023

Environmental component
Rutting component

4

Cracking component
Structural component

3

2
0

5

10
Pavement Age (years)

15

20

Figure 7.3 - Contribution to total predicted road roughness of different
components for a low-medium volume paved road1
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7HETHER THE INCREASED RISK OF DETERIORATION IS IMPORTANT IN ANY LOCALITY
WILL ULTIMATELY DEPEND ON THE LOCAL CLIMATIC TRAFlC PAVEMENT DESIGN
CONSTRUCTION WORKMANSHIP AND MAINTENANCE FACTORS #ONSEQUENTLY KNOWLEDGE
OF LOCAL RATES OF DETERIORATION WILL BE VITAL /N THE OTHER HAND HIGHER LEVELS OF
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THE RISKS AND MANAGE THESE WITHIN THE DECISION MAKING FRAMEWORK FOR JUSTIFYING
INVESTMENT LEVELS SEE 3ECTION 
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S A GENERAL RULE ,632S ARE BUILT TO LOWER GEOMETRIC AND PAVEMENT
DESIGN STANDARDS THAN ROADS WHICH CARRY HIGHER TRAFlC VOLUMES 4HUS
THEY MAY BE EXPECTED TO HAVE THE FOLLOWING CHARACTERISTICS WHICH HAVE
SIGNIlCANT IMPLICATIONS ON MAINTENANCE OPERATIONS
s

! LOW CROSS SECTION PROlLE THUS MAKING THEM MORE SUSCEPTIBLE TO MOISTURE
INGRESS AND GENERAL DETERIORATION IE DETERIORATION OF THE CROSS SECTION
WHICH HAS SERIOUS IMPACTS ON OVERALL PERFORMANCE

s

-EASURES TO PROTECT THE DRAINAGE SYSTEM ARE USUALLY MINIMAL
OFTEN LEADS TO INCREASED EROSION

s

4HIN BITUMINOUS SURFACINGS ARE COMMONPLACE CONSEQUENTLY PROGRESSIVE
EMBRITTLEMENT POOR CONSTRUCTION OR OTHER CAUSES OF DAMAGE TO THE SURFACE
CAN EASILY LEAD TO MOISTURE INGRESS AND CONSEQUENT ACCELERATED DETERIORATION
OF THE PAVEMENT

s

4HE UPPER PAVEMENT MATERIALS ARE USUALLY PLASTIC IN NATURE THIS CAN LEAD
TO A CONSIDERABLE LOSS IN STRENGTH ON WETTING UP AND ACCELERATED DETERIORATION
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STRETCHED TO THE LIMIT TO CONTAIN ROAD DETERIORATION
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(632S FOR THEIR PROPER MAINTENANCE 4HEIR CHARACTERISTICS PARTICULARLY THEIR
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With maintenance often being seen as a public responsibility, funds allocated
for maintenance have, on occasions, been diverted to other sectors that may
be considered more deserving causes in the eyes of those involved in high
level decisions. Through the 1980’s and early 1990’s, problems of this kind
led to the deterioration of extensive parts of the main road network in many
countries in the SADC region. This has contributed to the high transport
costs - some four to ﬁve times higher than those in developed countries thereby making the region globally uncompetitive. The cycle of the effects of
inadequate maintenance is shown in Figure 7.4.

OPERATING
INEFFICIENCY

DETERIORATING
FACILITIES

LOW COST
RECOVERY

INADEQUATE
MAINTENANCE

POOR
SERVICE
DELIVERY

Figure 7.4 - The vicious cycle of inadequate maintenance
Funding of Maintenance
Although the concept of protecting the capital investment of road provision
through timely ﬁnancing of road maintenance is generally well understood,
the application of this concept has presented formidable problems, primarily
because of a lack of a sustainable source of funding.
In most SADC countries road maintenance expenditures are generally well
below the levels needed to keep the road network in a stable long-term
condition. Worse, budget allocations are often cut at short notice in response
to difﬁcult ﬁscal conditions, funds are rarely released on time and actual
expenditures are often well below agreed budget allocations. This has led to
a maintenance crisis in many countries where there is now a build-up of
roads in poor condition. The net result is that the road transport sector is
operating well below its optimum level, which has had an adverse impact on
many other sectors of the national economy.
Box 7.1 - Maintenance backlog on the SADC main road network2
Recent studies indicate that about US$ 1.7 billion per annum (about 1 per cent of
regional GDP) needs to be spent on regular maintenance of the region’s roads,
including a cycle of reseals and rehabilitation of paved roads. However, little more
than one half of this amount is allocated.
GDP (1999)
165,000

Actual
Annual
Expenditure
960

Estimated
Annual
Requirement
1,760

Annual
Shortfall

Back-log
Maintenance

800

6,400

Note: All ﬁgures in millions of US $

It is also necessary to bring a signiﬁcant kilometrage of main roads back to
maintainable condition which is estimated to cost about US $6.4 billion.
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Inadequate Road Maintenance
New paved roads, if inadequately maintained, deteriorate slowly and almost
imperceptibly during the ﬁrst half to two-thirds of their service life, after which
they deteriorate much more rapidly. Without timely maintenance, they simply
break up and, as a result, the costs of operating vehicles - and of transporting
goods - increase rapidly. Worse, vehicle operators who pay these costs, then
pass them on to the general public and the cost of living increases.
In rural areas, where roads often become impassable during the rainy season,
poor road maintenance has a profound effect on agricultural output. Poor
roads and poor transport services also have adverse effects on the provision
of health, education and other social services; these effects are not easy to
quantify, but are of vital importance to the people living in rural areas and
in helping to eliminate poverty in its widest sense.
Box 7.2 - The costs of poor road maintenance

• Drains get blocked (leading to ﬂooding),
verges become overgrown and obscure
the driver’s view, thereby increasing the
incidence of road accidents.
• The surface deteriorates, gets rough,
develops potholes and becomes difﬁcult
to drive on and vehicle operating costs
increase.
• Soon, stretches of the road become
impassable for long periods of the year.
• Eventually, and usually more quickly
than most people realise, the road needs
reconstructing, often at three to four
times the cost of effective and timely
maintenance.
• Where maintenance funds are not available,
the road becomes abandoned, commerce
and business stagnates, rural areas become isolated and condemned to remain
poor without adequate communications.

A LVSR in good condition, carrying about 200 vpd, requires resealing,
costing about $10,000 per km, every seven years to keep it in good condition.
This has a net present value (NPV) discounted at 12 per cent over twenty
years, of $7,000 per km. Without maintenance, the road will deteriorate from
good to poor condition. This will increase vehicle operating costs by about
$2000 per km which has an NPV, when discounted over twenty years, of
$18,000 per km. The beneﬁt cost ratio of a fully funded road maintenance
programme is almost 3!
Poor road maintenance also increases the long-term costs of maintaining the
road network. Maintaining a LVSR for ﬁfteen years costs about $60,000 per
km. If the road is not maintained and allowed to deteriorate over the ﬁfteen
year period, it will then cost about $200,000 per km to rehabilitate it. Thus,
rehabilitating paved roads every ten to twenty years is more than three times
as expensive, in cash terms, as maintaining them on a regular basis, and 35
per cent more expensive in terms of NPV, discounted at 12 per cent per year.
In quantitative terms, when a road is not maintained, and is allowed to
deteriorate from good to poor condition, each dollar saved from not carrying
out maintenance increases VOCs by $2 to $3. Thus, as illustrated in Figure 7.5,
far from saving money, cutting back on road maintenance increases the costs
of road transport and raises the net cost to the economy as a whole. This fact
is a powerful one and one which roads agencies can use to convince
government of the high cost that countries pay for inadequate funding of road
maintenance.
Cost

Minimum
Transport
Cost

Excess
Transport
Costs

Sum of costs

Agency´s
Maintenance Cost

Budget
Shortfall

Road User Cost
Actual Budget

Optimum Budget

Maintenance Standard

Figure 7.5 - Relationship between maintenance standard and transport cost
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Overload Control
To protect the huge investment in road infrastructure, all SADC countries
have promulgated Road Trafﬁc Acts that stipulate permissible axle load and
gross vehicle mass limits. These limits are meant to ensure that roads last for
their full design life with normal maintenance expenditures. Unfortunately,
overloading is rife in most countries, with rates of up to 50%. Such overloading
causes not only a disproportionately high degree of road damage, because of
the exponential relationship between axle load and road damage, but also
contributes to the poor road safety record in many countries. Thus, overload
control is particularly important on LVSRs.
Unfortunately, the current, traditional government-driven approaches to
overload control have been ineffective in many countries for the following
reasons:
•
•
•
•
•
•

current systems provide a criminal response with low conviction rates
in-house operation with low-paid staff is susceptible to corrupt practices
there is no link between level of ﬁnes and damage to the road
constraints in the criminal justice system result in low priority being
given to overloading offences
road authorities often have a limited role in regulating overloading
current systems do not have the primary goal of preserving road infrastructure

There is, therefore, a need for a new approach and a vehicle loading reform
strategy has been developed for the region which will form annexes to the
SADC Protocol on Transport, Communications and Meteorology.
The main elements of this initiative are:
•
•
•
•
•
•

introduction of a Regional Overloading Control Association
introduction of a regional strategy for overload control
operation of a self-regulatory system by transport operators
decriminalisation of offenders by administering an overloading fee
linking the level of the imposed fees to the actual cost of road damage
outsourcing weighbridge operations to the private sector

7.2.5

Lessons Learned

T

he ineffectiveness of maintenance operations, management and ﬁnancing
of LVSRs (and, indeed, of all roads) in the SADC region has been the
subject of much study and investigation by international and local
organisations. The worst cases of maintenance ineffectiveness have been
found to occur in countries where some or all of the following conditions
occur, not necessarily in order of importance:
•

a weak institutional framework which suffers from high vacancy rates
and reliance on contract personnel

•

a large amount of maintenance work carried out through “force account”
operations with reliance on plant and equipment provided from governmentt
plant pools “free of cost”

•

lack of basic management systems and procedures which has compromisedd
the ability of roads agencies to manage their road networks in a satisfactory
manner
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Hierarchy of management issues
(Adapted from Brooks et al., 1989)
Technical
Factors
Institutional
Factors
External
Factors
Until the external and institutional frameworks are improved, it is extremely difﬁcult
to overcome the numerous technical and
human resource problems which hamper
attainment of efﬁcient and effective
managementt of road networks in the
SADC region.
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•

poor regulation of various aspects of road management, including control
of overloading

•

inadequate involvement of the community in maintenance

It is apparent that the key issues raised above are predominantly social and
organisational rather than technical. They support the widely emerging view
in the SADC region that many of the endemic problems associated with
inefﬁcient and ineffective management of road networks are symptoms of a
deeper problem. The real causes are weak or unsuitable institutional
arrangements for managing and ﬁnancing roads.
New approaches
As indicated in Chapter 2, through the SADC Protocol on Transport,
Communications and Meteorology3, the SADC region has embarked on a
programme of road sector reform that has fundamentally changed the way in
which road maintenance is undertaken and ﬁnanced.
Box 7.3 - New approaches to road maintenance operations,
management and ﬁnancing in the SADC Region
A new approach to road maintenance in its various aspects is emerging in
the SADC region. It is no longer being viewed as a mundane topic for
second-rate engineers. Today, it operates in a changed environment and
with a changed approach. It now holds a key position in roads agencies as
a concept that espouses the need to preserve the value of the road asset, to
provide improved service to road users and to contribute to environmental
quality. Sustainable sources of road maintenance ﬁnancing are increasingly
being provided by road users.
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7.3 Maintenance Management
7.3.1

Main Purpose

M

aintenance management is essentially a systematic means of efﬁciently
planning, programming, budgeting, scheduling, controlling, collecting
data, monitoring, etc. In conjunction with the road planning, appraisal and
design processes, it attempts to optimise the overall performance of the road
network over time. At a practical level it aims to ensure that the correct
activities are performed on the network at the right time, and to the desired
quality. The challenge is to set policies which can contribute the greatest
beneﬁt to communities whilst supporting broad national goals.
The undertaking of the various inter-related activities associated with the
management of maintenance can be facilitated by the use of an appropriate
maintenance management system. Such a system must be well conceived and
careful consideration should be given to pursuing a strategy for its development
which should be based on methodologies, techniques and resources that are
matched to local circumstances.

7.3.2

Inventory

A

road inventory is necessary for any maintenance function. It is used as
a basic reference for planning and carrying out inspections in relation to
a location reference system. The essential elements include road nodes, route
name and length, functional classiﬁcation, type of pavement and surfacing.
The inventory is a set of information about the basic engineering
characteristics of the road network and is vital for any management function.
It deﬁnes the key features of each section of road and is an essential reference
source for inspection and analysis. The content of the inventory should be
directly relevant to maintenance management. When it is ﬁrst drawn up it
should be as simple as possible and need only contain information on the
following items.
•
•
•
•
•

route name
functional classiﬁcation
section length
type of surface and construction
cross-section width

As the inventory is built up, further information can be added on all factors
inﬂuencing the management activities. In addition, data about the distribution
and engineering properties of soils will be useful in identifying possible
sources of maintenance materials. Inventory data are expensive to collect and
keep up-to-date. Generally, the inventory should be as simple as possible and
not be overloaded with unnecessary information.
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Components

T

here are four distinct and inter-related components of road maintenance
which, together, comprise a management framework for successfully
addressing the maintenance challenge4. As illustrated in Figure 7.6, these
are: Planning, Programming, Preparation and Operations.

Road maintenance management
At a practical level, road maintenance management aims to ensure that the correct activities
are performed on the network at the right time
and to the desired quality. The challenge is to
set policies which can contribute the greatest
beneﬁt to communities whilst supporting broad
national goals.

Figure 7.6 - Road maintenance management functions in relation to
the road network and users 5
An implication of Figure 7.6 is that, if road maintenance at the point of
delivery is to be optimised, then there is also a need to optimise the higherlevel functions of planning, programming and preparation. However, the
higher level functions will need to reﬂect the needs of road users on the
network - an issue that has taken on added signiﬁcance with the more
commercialised approaches to road management currently being pursued in
the SADC region in which road users have become “customers”” of roads
agencies which are now “service providers’. The challenge is to set policies
which can contribute the greatest beneﬁts to stakeholders whilst supporting
broad national goals.
An important conclusion from the above is that any successful change to
improve maintenance operations on SADC road networks should be driven
from the needs and requirements of users and the network (“bottom-up”)
whilst supporting broader national goals of economic development and
poverty alleviation. The remainder of this chapter focuses on such issues
in the context of the LVSRs maintenance management cycle.
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Management Cycle

M

aintenance management strives to achieve maintenance policy objectives
through a series of well deﬁned, organised and executed functions.
They relate to both long- and short-term decisions, and concern the whole
network, sub-networks and individual lengths of road. The sequence of
activities moves in a cycle that begins with planning and moves through
programming, preparation and then operations in the manner shown in Figure
7.74,6.
0,!..).'
SETTING OBJECTIVES
DEFINING STANDARDS
DETERMINING RESOURCES
ALLOCATING FUNDS

/0%2!4)/.3
IMPLEMENTING WORKS
SUPERVISING WORKS
QUALITY CHECKS

0REDOMINANTLY
02/*%#4 ,%6%, /2
$%#%.42!,)3%$
AND SHORT TERM

$!4!
COLLECTING
STORING AND
PROCESSING

0REDOMINANTLY
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PREPARING AND ISSUING
CONTRACTS

Figure 7.7 - The cycle and scope of maintenance management functions
The following issues are important, though not exclusive, to LVSRs:
•

Effective management depends on the availability of sufﬁciently comprehensive data on all assets, trafﬁc and costs.

•

Participation, or effective representation, at the highest level, i.e. network
planning, is usually essential to ensure that adequate resources are made
available for maintenance.

•

Whilst general programming and prioritisation might be done at a central
level, more detailed programming will beneﬁt from greater local knowledge
and participation.

At each stage, procedures are required to guide staff in their duties, and
should form the basis of more formal management systems which, for
low-volume sealed roads, may comprise simple manual or spreadsheet-based
systems.
Having deﬁned in general terms the nature of maintenance, the following
sections consider the operational environment within which maintenance
resides with a view to offering solutions to its more effective delivery.

SADC Guideline on Low-volume Sealed Roads

July 2003

Maintenance and Road Management

7.3.5

7 - 14

Maintenance Policy and Organisation

A

policy framework is required to provide the context within which road
maintenance is carried out in the SADC region. Maintenance policy
would be expected to support Government policy in the roads sector.
Increasingly, maintenance policy is now focusing on broader national issues
pertaining to the attainment of socio-economic goals, greater involvement of
the private sector and more attention to fulﬁlling users’ expectations.
Box 7.4 - Typical Maintenance Policy Objectives for LVSRs
The following are examples of typical policy objectives which are essential
for ensuring that maintenance is carried out in a sustainable way:
•

Poverty reduction through employment creation and the related use of
labour-based methods wherever feasible.

•

Local community involvement in the planning and execution of
maintenance of rural road facilities.

•

Private sector involvement (local contractors) in road maintenance
(rather than undertaking such maintenance by force account
operations).

•

The use of the most cost-effective rather than most technologically
advanced approaches in carrying out road maintenance.

•

Minimising the environmental impact of material resource developments
by adopting Environmental Impact Assessments.

•

The use of maintenance standards that balance life-cycle costs
(construction, maintenance and vehicle operating costs).

•

The use of simple contract documents appropriate for use by small
contractors.

The SADC protocol on Transport, Communications and Meteorology
envisages an institutional framework which clearly differentiates between the
roles played by road sector stakeholders in policy formulation, policy
delivery and works execution. The arrangements were illustrated earlier in
the General Introduction to this Guideline (Chapter 2, Figure 2.5 - SADC
institutional framework). This is a signiﬁcant change from the previous
arrangements which led, in one way or another, to the road maintenance
crisis of the 80’s and 90’s.
Another signiﬁcant change relates to the private sector, which is now
involved as network maintenance contractors and network management
consultants. The nature of the contracts may also be long-term and outcomebased, as opposed to the more traditional “schedule of rates” approaches.
Regional agencies, with a greater degree of autonomy than previously, can
be expected to be involved in priority setting and communities might also
deliver services at the operations level.
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Table 7.3 - Functions of various road sector stakeholders
Function
Policy

Strategic
Planning

Programming

Preparation

Operations

Monitoring
and
Evaluation

7.3.6

Typical aims
Policy formulation.
Formulation of strategic
objectives.
Deﬁning standards.
Determining resources to
support deﬁned standards
and objectives.
Determining the work programme that can be executed
within the budget period
and resource constraints,
including local priorities.
Design of works.
Preparation and issue
of contracts and works
instructions.
Undertaking tasks as part
of works activities.
Measuring achievements
against performance, end
product and ﬁnancial targets.

Spatial
coverage

Organisations
concerned

Network-wide.

Ministry.

Network-wide.

Network-wide to
Region or subnetwork wide.

Roads Agency (HQ)
with approval by Ministry policy advisors.
Regional Agencies
or Consultant and
Contractors and
Communities.

Sub-network,
Road-link,
Section or project.

Regional Agencies
or Consultants and
Contractors.

Sub-network,
Road-link,
Section or project.
Network-wide to
project level.

Contractors and
Consultants and
Communities.
Representatives of all
functions, including
Road Fund Board.

Maintenance Standards

I

n the constrained budgetary situations that prevail in most SADC countries,
maintenance standards and associated levels of user service should be set,
wherever possible, on the basis of minimising total transport costs over the
life-cycle of the road link. If maintenance is carried out too frequently, or to
a too high standard, the maintenance provided will be unnecessarily costly
and resources will be wasted just as they will be if too little maintenance is
carried out.

Badly potholed road.
Is this acceptable?
No

Road with occasional potholes which
can be maintained through patching,
but with a waterproof surface.
Is this appropriate?
Yes

Road in excellent condition.
Is this always affordable?
No

Figure 7.8 - Choosing appropriate maintenance standards
For LVSRs, the range of choices is typically as illustrated in Figure 7.8. In
many cases the middle example will often provide the most appropriate
solution, but this will depend on local circumstances and the extent to which
it ﬁts with the current views of policy makers and users, and those of engineers
and planners.
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Assessing Needs

R

oad condition surveys are an important aspect of the maintenance
process and are carried out to establish maintenance requirements and,
subsequently, priorities. Such surveys are normally carried out in two
stages:
•

Network screening survey - in the ﬁrst stage, an engineer or senior
technician undertakes a drive-over survey of the network to identify
those sections likely to need treatment.

•

Detailed pavement testing - the second stage involves a small team, led
by a technician, whose task is to determine the requirements for reactive
and periodic works, and to identify those sections where detailed investigations are needed prior to carrying out renewal works.

Visual condition survey.

Measuring bearing capacity using Benkelman
Beams.

Figure 7.9 gives a ﬂow diagram of road condition surveys. Visual condition
surveys, including a drive-over of the network, are normally adequate for
LVSRs, with a detailed walk-over survey done selectively for sections
appearing to need major works. Detailed pavement testing e.g. using a FWD,
Benkelman Beam or DCP, is required for pavement rehabilitation design but
this is not the main concern in this Guideline. The concept of Information
Quality Levels (IQL)8 have been developed with a level of detail that is
appropriate for LVSRs.

Condition Surveys

Visual Surveys

Roughness can be measured by using rapid
or slow measuring devices such as a Bump
Integrator or Merlin device.

Visual
Assessment
- Surfacing
- Structural
- Functional

Instrument Surveys

Functional
- Riding
quality/roughness
- Skid resistance

Structural
- Surface
deﬂection or
strength
- Rut depth

Figure 7.9 - Flow diagram of road condition survey tasks
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Common types of road condition data collected during surveys are given in
Table 7.5.
Table 7.5 - Condition data elements
Data Category
Visual (to be followed,
if necessary, by more
detailed inspection and
measurement)

Visual and/or instrument

Data Elements

•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

Texture
Surfacing failure
Surfacing cracks
Block cracks
Crocodile cracks
Longitudinal cracks
Transverse cracks
Pumping

•
•
•
•
•
•
•

Aggregate loss
Binder condition
Bleeding/Flushing
Rutting
Settlement
Patching
Potholes

Deﬂection (FWD or
Benkelman Beam)
DCP
Rut depth
Riding quality/roughness
Skid resistance
Surface drainage
Cross - section

•
•
•
•
•

Laboratory tests
Side drainage
Shoulder condition
Edge break
Passability

It is preferable that direct measures for each type of distress are reported for
maintenance management purposes rather than combining several distress
parameters into a single index. This is because different types of distress
often require different treatments. A combined index obscures the severity
levels of the various distress types and therefore makes it difﬁcult to identify
optimum treatment. Nevertheless, a combined index, such as the Present
Serviceability Index (PSI), can be useful for reporting the condition of roads
to non-specialists, who are unlikely to understand the engineering importance
of the different type of distress that may occur.
Irrespective of the road class, measurement of distress should be undertaken
tri-annually, with the statistics presented in a cumulative frequency distribution
for each road class, as illustrated in Figure 7.10. This can be used to
illustrate the current condition of the asset in relation to target values and
previous and current conditions.

Figure 7.10 - Example of roughness distribution for different road classes
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Cost-effectiveness methods: These methods introduce other considerations
into the prioritisation process that are not addressed by conventional transport
economic approaches. These considerations include:
•
•
•
•

magnitude of population served
weighting for degree of poverty in the communities
potential for agricultural or other development
number of social and other services

This approach might best be applied to rural feeder or collector roads, where
the geographical area which beneﬁts from an improvement can be precisely
deﬁned. It also lends itself to application at a local level through the direct
participation of representatives of various stakeholder groups. Reference
should also be made to Chapter 3 in this regard.
Economic NPV and NPV/Cost methods: These methods are appropriate for
relatively heavily trafﬁcked roads relying on user beneﬁts for
economically justifying maintenance interventions. They are employed in
models such as HDM-4 or RED which have been described in Chapter 3.

7.3.9

Management Systems and Tools

I

n the SADC region, where allocations to the roads sector have generally
not kept pace with requirements, it is vitally important that scarce funds
are allocated to competing components of the road system in an optimal
manner. However, even with the best of intentions, the determination of such
a balance cannot be competently assessed by traditional methods which
generally relied on ﬁxed standards, subjective judgement and intuition. Nor
can appropriate funding and pricing strategies for promoting more efﬁcient
use of resources in the roads sector be developed. To this end, the use of an
appropriately structured Road Management System can greatly assist roads
agencies in managing and ﬁnancing their road networks efﬁciently and
effectively.
The main objectives of a Road Management System are to:
•

Provide a systematic and structured means of developing annual work
programmes, resource requirements and budgets based on optimum
m
economic standards.

•

Ensure an equitable distribution of funds over the country and enable
priorities for allocations to be determined in a rational way when available
funds are inadequate.

•

Authorise and schedule work.

•

Provide a system for monitoring the efﬁciency and effectiveness of
maintenance works.

The potential beneﬁts of efﬁcient road management systems are well
documented. However, few systems have been sustainable within developing
environments. Current difﬁculties are partly a consequence of the substantial
resources required to operate them effectively, particularly the basic data
collection itself and the over ambitious expectations of users. Key elements,
such as the importance of cost-effective standards, proven treatment selection
and prioritisation methods and the quality of service delivery are often given
insufﬁcient attention.
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Experience from the SADC region and elsewhere indicates that the
‘institutional’ dimension has often been sadly neglected and that, if the
foundations and commitment required for sustainability do not exist, the
systems will fall into disuse and become ineffective. This has been put into
sharp focus throughout the region as a result of the road reform process and
the resulting changes in responsibilities, which have clearer outcome-based
objectives and require more transparency and accountability.
For a road management system to be sustainable, commitment from senior
people is vital. However, complexity and excessive resource requirements,
especially at the early stages, are serious risks. Sustainability is likely if a
step-wise approach is adopted for its introduction, starting with a simple
system requiring modest data collection in keeping with the current institutional
capacity of the roads agency. An integrated modular design should be
employed to facilitate future expansion and improvements and these should
be introduced gradually as the operation of the system becomes
institutionalised.
Speciﬁcation of Road Management Systems (RMS)
The approach for developing a speciﬁcation for a system for application to
low-volume sealed roads, and most other categories of road infrastructure,
should6:
•

be simple, since this will ultimately retain a greater feel of transparency
and comprehension by users

•

specify the scope of the system and its component modules or sub-systems

•

identify the prospective users of the system and their role in managing its
various parts and the access they will require across the whole system

•

conﬁrm the outputs that its users will require

•

select the categories of data and models required to produce the outputs,
and how the data will be collected and processed

An example of a simple, basic RMS is shown in Figure 7.11.

)NPUTS
2OAD
)NVENTORY

0OLICY FRAMEWORK
3TANDARDS
AND
INTERVENTION

/UTPUTS
.ETWORK

490)#!, /540543 &2/-!.!'%-%.4 3934%-3
.ETWORK STATISTICS

0AVEMENT

4RAFFIC

$ATA
BASE

0ROGRAMMING

0ROGRAMME OF WORK INCLUDING
LIST OF USER SELECTED SECTIONS TO
BE FUNDED IN ORDER OF PRIORITY
AND WITHIN AVAILABLE BUDGET

0REPARATION

0ROJECT FORMULATION WORKS
ORDER INCLUDING "/1

0ROCESSING

2-3 COMPONENTS
FOR BASIC SYSTEM

Figure 7.11 - Example of a simple, basic RMS
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4HE SCOPE AND COMPONENTS OR SUB SYSTEMS TYPICALLY INCLUDE
s

! .ETWORK )NFORMATION 3YSTEM AT THE CORE THAT IS USED TO ASSEMBLE
ORGANISE AND STORE DATA ABOUT THE NETWORK INCLUDING ROAD INVENTORY
PAVEMENT DETAILS STRUCTURES TRAFlC lNANCE INCLUDING BUDGETS ON
GOING AND PLANNED ACTIVITIES AND RESOURCES

s

! NUMBER OF $ECISION 3UPPORT 3YSTEMS $33 TO ASSIST IN THE TASKS THAT
FORM THE MANAGEMENT CYCLE

$ECISION 3UPPORT 3YSTEMS PRODUCE OUTPUTS WHICH INFORM MANAGEMENT OF
DECISIONS WHEREAS INFORMATION SYSTEMS SIMPLY LIST OR PRESENT INPUT DATA IN
TABULAR GRAPHICAL OR MAP FORMAT
4HE ABOVE APPROACH TENDS TO EMPHASISE THE OVERALL PURPOSE OF THE SYSTEM
AND DE EMPHASISE THE SOFTWARE AND HARDWARE CONSIDERATIONS WHICH THOUGH
IMPORTANT ARE PERIPHERAL TO THE DEVELOPMENT OF A SYSTEM AT LEAST IN ITS EARLY
STAGES 4HIS APPROACH ALSO EMPHASISES USER CONTROL AND PLACES SYSTEMS IN
THEIR APPROPRIATE PLACE
7HETHER DATA ARE COLLECTED AND PRESENTED IN SIMPLE TABLES OR SPREADSHEET
FORMATS OR MANIPULATED IN DATABASES AND PROCESSED THROUGH AN ANALYTICAL
TOOL THE RULES AND PROCESSES EMPLOYED SHOULD REmECT THE TECHNICAL PROCEDURES
DESCRIBED IN THE FOREGOING SECTIONS -ORE DETAILED GUIDANCE ON SYSTEM
SPECIlCATION AND EXAMPLE OUTPUTS ARE GIVEN IN VARIOUS SOURCE DOCUMENTS  
AND PROPRIETARY SYSTEMS MANUALS
;YlYÛI]imaj]e]flk
0ROBABLY THE LARGEST COMPONENT OF RUNNING COSTS FOR A 2OAD -ANAGEMENT
3YSTEM IS THAT INCURRED IN DATA COLLECTION 4HUS THE TYPE AND QUALITY OF DATA
TO BE COLLECTED WILL DEPEND ON WHAT IS ACTUALLY NEEDED AND WHAT CAN BE
REALISTICALLY ACHIEVED /NLY DATA WHICH CAN BE REGULARLY UPDATED AND
MAINTAINED SHOULD BE COLLECTED AND VERIlED FOR CONSISTENCY AND COMPLETENESS
4O THIS END THE FOLLOWING CRITERIA SHOULD BE CONSIDERED WHEN SELECTING DATA
ITEMS


RELEVANCE HAVING A DIRECT INmUENCE ON THE REQUIRED OUTPUT



APPROPRIATENESS BOTH TO THE STAGE OF PLANNING AND MANAGEMENT
PROCESS AND TO THE AUTHORITYS CAPABILITY TO UNDERTAKE THE REQUIRED
DATA COLLECTION



RELIABILITY IN TERMS OF ACCURACY COVERAGE COMPLETENESS AND
CORRECTNESS



AFFORDABILITY IN BOTH lNANCIAL AND STAFF REQUIREMENT TERMS
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Mode of administration
centralisation
❍
audit process
❍

The range of data quality and detail required, in terms of Information Quality
Levels (IQL), depends on the management function and should also be
matched with resources available. Guidance on various aspects of data
management for road management systems is provided in literature on this
subject7.
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7.4 Maintenance Operations
7.4.1

Organisational Roles and Models

C

urrent and previous practice in many countries in the SADC region and,
indeed, in most other countries in the world, has been to carry out
maintenance (particularly routine maintenance) by direct labour i.e. labour
permanently employed by roads agencies. However, this has proved to be
inefﬁcient in many countries and, in accordance with the SADC Protocol,
there has been a gradual change in the execution of maintenance works
towards the increased use of the private sector.
Roles
The terms used to describe the organisational roles which prevail in the
SADC region are as follows4:
Owner: The organisation responsible for funding, establishing road policy
and the legal and regulatory framework for management of the road network.
Typically, this will be a ministry of transport or works acting as the de facto
owner on behalf of the state.
Administrator: The organisation responsible for implementing policy and
ensuring that the performance of the road network meets the overall political
and economic aims of the owner. In many countries, this is referred to as the
road authority or agency.

Model 1
Owner/Administrator

Manager: The organisation, responsible for specifying activities to be carried
out, supervising, controlling and monitoring activities. In most situations,
the manager role is combined with that of the administrator, but increasingly
worldwide there is a move to appoint managers under contract (typically,
engineering consultants).

Manager

Contractor: The organisation, responsible for delivery of operations by
executing or undertaking works for the road administrator.

Contractor (DLO)

Models
Model 1 - In-house works unit (Direct Labour Organisation - DLO):
This is the traditional model for undertaking routine and, occasionally,
periodic maintenance works. In this case the administrator, manager and
contractor are all part of the same organisation. In many cases, this will be
the owner´s organisation, such as a ministry of public works.

Model 2
Owner/Administrator

This traditional approach is gradually being phased out in the SADC region
as more and more agencies are becoming autonomous or semi-autonomous
organisations with a greater separation of “client” and “supplier” roles
within organisations.

Manager

contracts

Several
External
Contractor

Model 2 - Conventional contractor: In this model, the road administrator,
who lets conventional civil engineering contracts to an external contractor
for carrying out the works, takes the manager role. The model is widely used
for carrying out development and periodic maintenance works but is less
widely used for carrying out routine and special maintenance works.
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Model 3 - Conventional contractor-consultant: In this model, the road
administrator lets contracts for both the manager and contractor roles.
Consultants typically undertake the manager´s role and have the task of
supervising the work undertaken by contractors.
Many of the new Roads Agencies continue to employ this model, but with
the Agency itself being bound by a “Performance Agreement” with the
Owner Ministry. Their performance is monitored by a Road Board, or other
independent body, which essentially fulﬁls an audit role.

Supervision

-O D E L 
/WNER!DMINISTRATOR
3INGLE

CONTRACT

%XTERNAL
SERVICE PROVIDER
MULTI FUNCTIONAL

Model 4 - Total service provision: In this model, a single contract is let by
the road administrator to the manager who is responsible for providing
services to the administrator. The manager organisation may choose whether
to undertake the contractor roles itself, or engage contractors. There are
few existing examples of this, although this type of arrangement is gaining
favour.

7.4.2

Performance and Contractual Agreements

The change in circumstances requires a new set of agreements to be identiﬁed
which are both legislative in nature, in that they transfer established
responsibilities to a new organisation or responsible body, and contractual in
nature. The changes also transfer a substantial amount of ﬁnancial and
technical risk to service providers, including road managers and contractors,
and require new approaches for monitoring and evaluation. The appropriateness
of the arrangements needs to be considered from the perspective of the
supplier’s ability to accept risk and to provide the necessary quality
management. This will ultimately decide the scope of works which various
providers can deliver.
The characteristics of the various types of contract, in which their relevance
in rural situations, is emphasised, are indicated below:
Day labour: This type is purely a supply-only contract, and could be
extended to include plant and materials. It continues to be appropriate where
contractor development and the scale of operations is small or uncertain. An
appropriate example would be the supply of labour by ‘lengthmen’
contractors, perhaps organised through a community association, but with
overall management vested in a local works department or managing
agents.
Schedule of rates: This is the most common form of contract, (Model 2
above,) where the contractor is not subject to signiﬁcant performance-based
requirements, and undertakes a prescribed set of activities at speciﬁed
intervals, or when conditions exceed ‘intervention standards’. Rates are
negotiated, or in some cases stipulated by the purchaser; the reason for
the latter is related to the stage of ‘commercialisation’ in the sector. The
quality of workmanship will be speciﬁed, and work planning and method
guidelines may be provided to ensure consistency in approach to each
operation. Many road authorities in the region have adopted such
guidelines.
Performance-based, short-term: Performance-based contracts require the
contractor to accept the greater part of the risk and to plan and specify the
long-term maintenance needs to satisfy the outcome-based performance
speciﬁcation of the Client, and are usually lump sum contracts. The scope of
work includes routine and emergency works and can extend to include
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above,) where the contractor is not subject to signiﬁcant performance-based
requirements, and undertakes a prescribed set of activities at speciﬁed
intervals, or when conditions exceed ‘intervention standards’. Rates are
negotiated, or in some cases stipulated by the purchaser; the reason for
the latter is related to the stage of ‘commercialisation’ in the sector. The
quality of workmanship will be speciﬁed, and work planning and method
guidelines may be provided to ensure consistency in approach to each
operation. Many road authorities in the region have adopted such
guidelines.
Performance-based, short-term: Performance-based contracts require the
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long-term maintenance needs to satisfy the outcome-based performance
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7.4.4
LBM

Boiling of bitumen on road side and later
mixing with aggregate, is an appropriate
method for patching potholes in a sealed
road.

LBM

Increasing the Use of Small-scale Contractors

A

range of clients and contractors of differing capacity are usually present
in all countries. Different sized contractors will respond to different
types of client: for example, medium- and large-scale contractors will often
have little interest in low-cost, dispersed rural routine maintenance contracts.
In addition, many smaller local contractors might only be working currently
in the building sector. A contractor development programme would enable
them to compete for work in road maintenance and might achieve the
objectives of increased use of labour-based methods and increased local
employment in such areas. This has been done in some countries. The use of
local contractors and scope for labour-based maintenance, community
involvement and responsibility has been dealt with in some detail in road
maintenance policy seminars as part of the Road Maintenance Initiative (see
Bibliography.)
Community Contracting
Many maintenance works offer possibilities for community participation and
contracting, that are often not fully exploited. However, this is only likely to
happen if:
•
•
•

Road marking using labours have been
successfully used in many SADC countries.
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the infrastructure concerned is of direct beneﬁt to them
a sustainable institutional framework exists
initial external inputs are made available for system development, funding,
demonstration and training

Participation in community contracting initiatives implies stakeholder
involvement in the planning, organising and implementation of the works. To
this end, community bodies decide on local priorities and become responsible
for managing the execution of the maintenance works by agreed means (e.g.
through local contracts, paid labour/unpaid labour freely provided by the
community with material support etc.).
Ultimately the successful involvement of small contractors or communities in
carrying out maintenance works, by using labour-based methods where
feasible, is important as a means of creating employment and helping to
alleviate poverty. Fortunately, there are a number of manuals and guidelines
available which deal with the development of small contractors employing
labour-based techniques, including an introduction to business principles11.
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7.5 Summary

T

he key points arising in this chapter are:

1.

Largely as a result of inadequate funding, the provision of satisfactory
road maintenance still remains an elusive goal in many countries. The
net effect is poor road conditions, high operating costs and an adverse
impact on national economies.

2

The key maintenance challenges are predominantly political, social
and institutional rather than technical.

3.

The road sector reform process currently being pursued in the region,
including the establishment of dedicated road funds, is critically
important for the sustainability of maintenance funding. In this regard,
the recommendations of the SADC Protocol on Transport,
Communications and Meteorology should be implemented.

4.

The pursuit of sustainable maintenance policies through the use of
labour-based methods, where cost-effective, and the involvement of
local communities and small contractors, is crucially important as a
means of employment creation and are directly linked to poverty
alleviation.

5.

The lack of a systematic and structured approach to road maintenance
results in inefﬁcient and ineffective utilisation of scarce funds. However,
the use of elaborate and complex management systems should be
avoided and, instead, simple systems which are appropriate to local
conditions should be introduced and implemented gradually.

The subject of road maintenance and its management aspects that are essential
for the preservation of the LVSR network as well as other inﬂuencing factors,
such as vehicle overloading, have been covered in this chapter. The potential
beneﬁts to be derived from the recommendations contained in this chapter and
earlier chapters of this Guideline will only be realised through implementation,
which is discussed in Chapter 8.
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Vision to Practice

8
8.1 Motivation

T

here has been a very strong motivation for preparing this Guideline on
Low-volume Sealed Roads in the SADC region. In essence:

•

Many aspects of LVSR provision have stemmed from technology and
research in Europe and the USA in environments very different from that
prevailing in the SADC region.

•

Whilst changes have inevitably occurred in the region, much of the basic
philosophy concerning LVSR provision remains unchanged, as have
many of the norms and standards to be found in guidance documents,
which have not been revised for many years.

•

A signiﬁcant amount of research work spanning some 20 - 30 years has
been carried out in the region by a number of specialist organisations,
collaborating country agencies and, in some cases, by country agencies
themselves.

•

Much of the research has been aimed at low-volume secondary and
feeder roads including planning, appraisal, design, use of local materials,
surfacing techniques, construction methods and ﬁnance for maintenance.
Where implemented, the results of this research have invariably been
highly beneﬁcial and cost-effective.

•

Unfortunately, there is still a general tendency to use a conventional
approach to provision of LVSRs that is often perceived to be “safe”. As
a result, few of the results of relevant research have been put into practice
and the potential beneﬁts of so doing have not been gained.
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8.2 Pathway to Implementation

T

he beneﬁts of the Guideline will only be achieved if the approaches
recommended are implemented. However, the path from research to
implementation is a tortuous and time-consuming one. It has been estimated
that, in engineering, in each of the steps in the pathway that begins in
obtaining funding for research through to implementation, the magnitude of
difﬁculty increases by a factor of between 2 and 8. These activities include
carrying out the research, processing the results, developing standards,
disseminating the information, right through to actual implementation. Thus,
it can be quite difﬁcult to get the results of engineering research put into
practice, despite the evidence that very large savings can accrue where this
has been done.

Research

Development
(Speciﬁcations)
(Standards)
(Guidelines)

Dissemination

Implementation

The implementation stage can be accelerated by understanding the process
that is involved in technology transfer, identifying the likely obstacles and
adopting a strategy that seeks to mitigate them. In broad terms there are ﬁve
stages to the process of innovation1:

Moving technology from the research environment to an operating environment will involve
considerable technology transfer effort and
resources to overcome various obstacles to
implementation.

Stage 1: Idea generator - the initial perceived need for developing the
Guideline.
Stage 2: Technology generation, adaptation and transfer - which has been
achieved by raising awareness of the results of research carried out in the
region, the adaptation of appropriate standards and the knowledge shared in
the development of the Guideline.
Stage 3: State and local roads agencies - the importance of “buy-in”, which
has been achieved through the process of stakeholder involvement in the
compilation of the Guideline.

The Curve of
Resistance to Change
Resist
Change

Avoid Change
But Go Along

Prevent
Change
Inhibitors

Stage 4: Speciﬁcations and contracts - the modiﬁcation of conventional
speciﬁcations and contract types to suit local conditions; the important role
of contractors in embracing the new approaches as embodied in project
applications.
Make
Change

Conservatives

Innovators

Stage 5: Beneﬁts - the substantial potential beneﬁts to be gained by
implementing the recommendations in the Guideline.

“There is nothing more difﬁcult to take in
hand, more perilous to conduct or more uncertain in its success, than to take the introduction of a new order of things, because the
innovator makes enemies of all those who
prospered under the old order, and only
lukewarm support from those who would
prosper under the new”.

The production of this Guideline forms a major part of Step 3 as well as
contributing to parts of Steps 2 and 4. This chapter is concerned with the
pathway from here to full acceptance and implementation. The various
obstacles and associated problems that remain and suggestions for overcoming
them are discussed below.

Machiavelli, The Prince (1513).

G

8.2.1

Political

overnment Policy: The road transport sector cannot be properly planned
without reference to overall government transport policy. For effective
planning, SADC governments need to take a comprehensive view of the
whole transport sector, with road sector policy being designed to meet the
wider social and economic goals of each country.
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It is important that the key messages from this Guideline on the beneﬁts
to be derived from LVSRs are included in the debate leading to the
development of a policy document. The policy should cover such issues as
poverty alleviation, employment creation, technology choice, etc. The
outcome of this process will dictate the type of planning system that is
most appropriate.
In one SADC country, the use of a slurry
seal on a low-volume access road was
politically over-ruled because in an adjacentt constituency the more traditional chip
seal had been used on a similar access road
and was perceived as being of a “better”
standard.
Acceptance of new techniques requires
open mindedness and a willingness to learn
from planners and engineers who must apply
it. It also requires the political will to resist
pressure from vested interests and make the
best use of the resources that they have at
their disposal.

Political and Public Perceptions: The intense competition for scarce public
funds makes it imperative that appropriate, cost-effective standards are
adopted at all times in the provision of LVSRs. This may well imply the use
of lower, but nonetheless appropriate, standards on these roads. However,
such standards can still provide a satisfactory level of service with no
compromise on road safety.
It is important that the public and political authorities accept the standards
adopted for LVSRs. However, their perceptions as to what is an appropriate
standard of pavement or surfacing can adversely affect technical decisions.
Very often, such perceptions are conditioned by standards adopted for high
volume trunk roads; a lower, albeit more appropriate, standard on a LVSR is
often perceived to be “sub-standard” and, hence, unacceptable.
More effort needs to be expended on educating politicians and the general
public as to the basis on which technical standards are determined so that
they are more readily accepted. Ranking policy changes according to their
political costs and beneﬁts can help policy makers obtain support from
politicians and the general public.

Vehicle overloading is still rife in the
SADC region with estimates ranging from
10 - 50%. The costs of such overloading
has been estimated to run into millions of
dollars.
A 22% overload from 82 to 100 kN will, in
broad terms, increase the damaging effect
on a pavement by a factor of 2.5 and reduce
the pavement life by a factor of 0.6.

Axle Load Control: Inadequate axle load control remains arguably one of the
most serious challenges faced by road authorities in the SADC region. As
indicated in Chapter 5 of the Guideline, pavement performance is critically
inﬂuenced by trafﬁc loading which, in turn, controls the life of the pavement.
LVSRs are normally constructed of lighter (thinner) pavements using naturally
occurring materials that are often very sensitive to the impact of overloading.
This makes them particularly susceptible to overloading which has an adverse
and disproportionate effect on pavement life. Thus, overloading is not only
an increased risk to the road, including bridges, it is also not justiﬁed on
economic grounds. A more determined effort should be made to control
overloading.
Effective control of overloading requires a strong political will which is
sometimes not evident. The move towards new methods of overload control,
as contained in the SADC Memorandum on Vehicle Loading, provides a
strategy Control of Overloading, which should be implemented by all
countries as soon as possible.
Risk: The need to adopt more appropriate standards and speciﬁcations in the
construction of low-volume road pavements has been clearly recognized in
the SADC region for some time. However, whilst there are many examples
of the successful adoption of such a strategy, few are well documented and,
until relatively recently, the conditions necessary for successful performance
were not adequately deﬁned. Thus, there has been an understandable
reluctance, particularly by consultants and donors from outside the region,
to utilize non-standard materials because of an undoubtedly greater perceived
risk of problems or even failure.
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Fortunately, the results of research undertaken in the region over the past 20
years make it possible to utilize local resources with greater conﬁdence.
Moreover, risks can be mitigated by ensuring that standards/speciﬁcations
apply to local environments.
The perceived risks associated with the use of non-standard materials and
non-traditional designs can now be sensibly managed and a larger
proportion of unsurfaced roads can be economically surfaced without
additional risk.

8.2.2
Appropriate labour-based strategies utilise
the dual output of infrastructure provision
whilst creating employment. Labour-based
methods do not imply the elimination of plant
but rather selective replacement. Nonetheless, such methods have a relatively higher
potential for employment creation (typically
up to four times more than equipment-based
methods). Road infrastructure provision offers
one of the highest employment potentials
compared to other sectors. In the process,
there is NO compromise on infrastructure
speciﬁcations such as ﬁtness for use and
purpose.
ASIST Bulletin No. 11 2000.

Social

E

mployment creation: More and more governments in the SADC region
are promoting the use of labour-based methods as an alternative to the
more traditional plant-based operations as a means of combating high
unemployment levels. In this regard, road programmes that maximize the
use of surplus manpower that might exist in a rural community are more
likely to engender a positive attitude to the future maintenance of the road
than programmes that are plant-based and require the import of a limited
amount of skilled manpower.
Despite the above, negative perceptions still persist in some SADC countries
that such approaches are uneconomic, time consuming and sub-standard.
Where labour-based operations are indicated, government will need to
make a clear policy commitment for change. This will call for special
institutional arrangements, comprehensive planning as well as effective
managerial and administrative systems and procedures.

8.2.3

Institutional

T

he institutional framework of roads sector organisations in the SADC
region critically affects all aspects of LVSR provision. Historically,
traditional approaches to the management and ﬁnancing of road infrastructure
have proved to be unsuccessful. Fortunately, the agreed SADC institutional
framework for management and ﬁnancing of roads offers a promising
alternative to traditional approaches and, where implemented, has begun to
show positive results.
Where the recommendations of the SADC Protocol on Transport,
Communications and Meteorology that deal speciﬁcally with road
management and ﬁnancing have not yet been implemented, Governments
in the SADC region should accelerate the reform process.

8.2.4

Use of inconsistent, inappropriate standards
should be avoided and, instead, regional
standards should be promoted by governments
and donors.

Technical

T

echnical Standards: The consistent application of appropriate technical
standards and design methods is critical if cost-effective, sustainable
solutions are to be obtained. In the past, there was an understandable
tendency in the SADC region to rigidly apply imported standards,
speciﬁcations and geometric and pavement design methods as “best practice”
simply because there was little alternative other than taking an unquantiﬁed
risk in using untried materials and design methods.
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With the wealth of research and development work undertaken in the region
during the past three decades, new, “indigenous” standards, speciﬁcations
and pavement design methods have now emerged in a number of innovative
ways on the basis of quantiﬁed evidence. Nonetheless, due sometimes to
donor insistence or to lack of awareness of the existence of regional standards,
there is still a tendency in some countries to use imported standards.
The time has come for government policy to stipulate that where regional
standards, including speciﬁcations and design methods exist, they should
be used in preference to imported standards.

8.2.5

Economic

T

he results of research have shown, quite unequivocally, that adoption of
the methods described in this Guideline result in low-volume roads that
are less expensive to build, are no more expensive to maintain and reduce
the costs of operating both motorised and non-motorised transport during
their service lives. Thus, both agency costs and total (life-cycle) costs are
reduced. Furthermore, although economic assessments cannot readily take
into account social beneﬁts, if these are included, the beneﬁts of following
the principles advocated in the Guideline should be obvious. Nevertheless it
is necessary to demonstrate this repeatedly and as clearly as possible for the
beneﬁt of administrators, economists and others in authority who should not
be expected to be conversant with the engineering principles involved in road
building and maintenance.
Research should be undertaken to develop improved appraisal methodologies for LVSRs so as to take better account of the socio-economic
beneﬁts that are often a large component of the total beneﬁts.

8.2.6

Financial

T

he ﬁnancing of road building and maintenance has been mentioned
frequently in the Guideline. The main challenge is to secure sufﬁcient
funding both to maintain the existing network and to accommodate the
extensions to the network that are deemed to be necessary for rural
development and for the attainment of poverty reduction goals.
The SADC Protocol on Transport Communications and Meteorology has
addressed comprehensively the issue of road ﬁnancing and the associated
institutional arrangements necessary to secure sustainable funding to maintain
road networks in the region. The measures recommended in the Guideline
support the goals set out in the protocol.
In those countries where Road Funds have not yet been established, the
Governments concerned should expedite their creation.

8.2.7

Environmental

T

he continued use of large amounts of gravel is not only causing serious
environmental problems in the SADC region but is also unsustainable in
the medium to long term. This provides a strong impetus for adopting the
strategies that are promoted in the Guideline which seek to improve the
“environmental” performance of the road transport sector. This can be
achieved, for example, through more extensive use of local materials, use of
low-cost road surfaces, preservation of resources of high quality stone, cost
and safety conscious design, consideration of non-motorised trafﬁc,
community participation in planning and many more.
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List of Useful
Organisations
American Association of State Highway & Transportation Ofﬁcials (AASHTO)
AASHTO is a not-for-proﬁt, nonpartisan association representing highway and
transportation departments in the USA and Puerto Rico. It represents the ﬁve
transportation modes of air, highways, public transportation, rail and water. Its goal
is to foster the development, operation and maintenance of an integrated national
transportation system by advocating transportation policies, providing technical
services, demonstrating the contributions of transportation and facilitating
institutional change.
444 North Capitol Street N.W., Suite 249
Washington DC 20001
USA

T: +1 (202) 624 5800
F: +1 (202) 624 5806
E: info@aashto.org
www.transportation.org/
aashto/home.nsf/FrontPage

ASTM International
ASTM International is a not-for-proﬁt organisation that provides a forum for the
development and publication of voluntary consensus standards for materials,
products, systems, and services. These standards are an important part of the
information infrastructure that guides design, manufacturing, and trade in the global
economy. ASTM International has more than 20,000 members from over 100
countries representing producers, users, consumers, government and academia.
PO Box C700
100 Barr Harbor Drive
West Conshohocken
PA 19428-2959
USA

T: +1 (610) 832 9585
F: +1 (610) 832 9555
E:service@astm.org
(Customer service)
www.astm.org

Australian Road Research Board (ARRB) Transport Research
ARRB is the leading Australian provider of transport-related research and technical
services. It has a pool of experienced researchers, engineers, laboratory technicians
and support staff and has particular expertise in infrastructure asset surveying and
management, road safety and trafﬁc engineering and transport policy and
management. ARRB works in many countries throughout Asia, Europe and the
Americas with a variety of customers, including international aid agencies, national
and local governments, state road authorities and construction, transport and mining
companies.
Head Ofﬁce
500 Burwood Highway
Vermont South
Victoria 3133
AUSTRALIA
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Austroads
Austroads is the association of Australian and New Zealand road transport and trafﬁc
authorities. Its purpose is to contribute to improved Australian and New Zealand
transport by developing and promoting best practice for the safe and effective
management of the road system, providing professional support and advice to
members, assessing and developing Australian and New Zealand standards and
managing the National Strategic Research Programme.
PO Box K659
Haymarket
NSW 2000
Australia

T: +61 2 9264 7088
F: +61 2 9264 1657
E: austroads@austroads.com.au
www.austroads.com.au

Council for Scientiﬁc and Industrial Research (CSIR)
CSIR is a scientiﬁc and technological research, development and implementation
organization and plays a part in the development of South Africa as a nation and in the
Southern African Development Community. One of eight operational divisions,
Transportek offers specialist expertise in the ﬁelds of transportation research, trafﬁc
management, transport infrastructure and technology and information management,
contractor development and rural and accessibility planning.
PO Box 395
Pretoria 0001
South Africa

T: + 27 12 841 2911
F: +27 12 349 1153
E: webmaster@csir.co.za
www.csir.co.za

Department for International Development (DFID)
DFID has a large programme of development assistance and also commissions
research and dissemination projects with a transport theme. DFID also has a website
whose purpose is to raise awareness of the importance of transport for development,
within the context of developing countries. Many documents can be downloaded from
this website. The address is www.transport-links.org
1 Palace Street
London SW1E 5HE
United Kingdom
Public Enquiry Point

T:P (within the UK):
0845 300 4100
T (outside the UK):
+44 (0)1355 84 3132
F: +44 (0)1355 843 632
E: enquiry@dﬁd.gov.uk
www.dﬁd.gov.uk

ILO – Advisory Support, Information Services and Training (ILO/ASIST)
The International Labour Organisation (ILO) is the UN agency which seeks the
promotion of social justice and internationally recognised human and labour rights.
The ILO has a unique tripartite structure with workers and employers participating
as equal partners with governments. ILO/ASIST, part of the ILO’s EmploymentIntensive Investment Programme, seeks to contribute towards the alleviation of
poverty through the use of local-level planning methodologies and employmentintensive strategies in the provision of rural and urban infrastructure. ILO/ASIST
has two Regional Programmes, run by the following ofﬁces, and publishes a regular
Bulletin.
ASIST – Asia Paciﬁc
UN Building 7th Floor B-side
PO Box 2-349
Rajdamnern Nok Avenue
Bangkok 10200
Thailand
T: +66 2 2882235
F: +66 2 2881062
E: asist-ap@ilo.org
www.ilo.org/asist & www.iloasist.org
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ASIST – Africa
PO Box 210
Harare
Zimbabwe
T: +263 4 369 824-8
F: +263 4 369 829
E: asist@ilo.org
www.ilo.org/asist
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Institution of Civil Engineers (ICE)
ICE is an independent engineering institution representing almost 80,000
professionally qualiﬁed civil engineers in the UK and worldwide. The objectives of
ICE are to promote learning and training, provide professional status, act as a voice
of the profession and facilitate best practice. ICE also publishes standard forms of
contact, including the NEC series of contracts, suitable for international use.
Great George Street
Westminster
London SW1P 3AA
United Kingdom

T: +44 (0)207 222 7722
F: +44 (0)207 222 7500
www.ice.org.uk

International Forum for Rural Transport and Development (IFRTD)
IFRTD is a global network of individuals and organisations encompassing community
organisations, national and international NGOs, academia, governments, donor
agencies, consultants and technical institutions. Its mission is to promote policies
and practices that address access and mobility as a means to eradicating rural
poverty. IRFTD has a decentralised Secretariat based in the UK, Kenya, Peru and
Senegal. IFRTD publishes Forum News quarterly. The UK address is given above.
113 Spitﬁre Studios
63-71 Collier Street
London N1 9BE
United Kingdom

T: +44 (0)207 713 6699
F: +44 (0)207 713 8290
E: ifrtd@ifrtd.org
www.ifrtd.org

International Federation of Consulting Engineers (FIDIC)
FIDIC is an international federation of national associations of consulting engineers.
FIDIC acts as a forum for the exchange of views and information and actively
encourages the discussion of matters of mutual concern among member associations.
More information, including order forms for contracts and other publications, is
available on the website.
PO Box 311
CH-1215
Geneva 15
Switzerland

T: +41 22 799 49 00
F: +41 22 799 49 01
E: ﬁdic@ﬁdic.org
www.ﬁdic.org

International Road Federation (IRF)
The IRF is a non-governmental, not-for-proﬁt international organization with public
sector, private sector and institutional members in approximately 70 countries.
Established in 1948 by business and industry leaders, its mission is to encourage and
promote the development and maintenance of better and safer roads and road
networks. Today the IRF continues to provide the lead in international road
infrastructure and management development through its two programme centres
listed below.
Geneva Programme Centre
Chemin de Blandonnet 2
CH-1214 Vernier (Geneva)
Switzerland
T: +41 22 306 0260
F: +41 22 306 0270
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Washington Program Centre
1010 Massachusetts Avenue NW
Suite 410
Washington DC 20001
USA
T: +1 (202) 371 5544
F: +1 (202) 371 5565
info@irfnet.org
www.irfnet.org
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TRL Limited
TRL Limited is one of the largest and most comprehensive international independent
research centres working in land transport. The international staff work on projects
for a range of clients, including DFID, the World Bank and the African and Asian
Development Banks.
Centre for International Development
Old Wokingham Road
Crowthorne
Berkshire RG45 6AU
United Kingdom

T: +44 (0)1344 773131
F: +44 (0)1344 770356
E: international_enquiries@trl.co.uk
www.trl.co.uk

World Bank
The World Bank ﬁnances many rural transport projects in developing countries and
coordinates the Rural Travel and Transport Programme and the Road Maintenance
Initiative of the Sub-Saharan African Transport Program (SSATP). Its Rural
Transport Thematic Group has produced important knowledge products on rural
transport. A large amount of material is available at www.worldbank.org/transport/
rt_over.htm
1818 H Street N.W.
Washington D.C.
20433
USA

T: +1 (202) 473-1000
F: +1 (202) 477-6391
www.worldbank.org

World Road Association (PIARC)
PIARC is a non-political and non-commercial association with a main objective of
becoming the world leader in providing information on roads and road transport
policy and practices within an integrated sustainable transport context. It co-ordinates
international technical committees, organises international seminars and publishes
documents.
La Grande Arche
Paroi nord, niveau 8
92055 La Defense
Paris
France
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T: +33 (1) 47 96 81 21
F: +33 (1) 49 00 02 02
E: piarc@wanadoo.fr
www.piarc.org
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