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To Benghazi

Pride of the desert
Jewel of the Sea
Beacon of my voyage
Shore of my journey
Playground of my boyhood
Nobel hopes of my youth
Moonlit skies of my dreams
Dawn of my longings

Essence of my being
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ABSTRACT

This dissertation is concerned with the principles of pavement management systems
and their applications in western and developing countries. The first part of the

dissertation deals with the principles of pavement engineering and the role of the

different layers in order to gain the required knowledge in highway pavement

components, which will allow a cost-effective repair related to each specific defect.

The second part deals with the existing systems for monitoring pavement condition
and evaluates their benefit in assessing highway condition. The study shows the main
problems usually militate against using the sophisticated technology in monitoring
highway condition and implementing maintenance management systems In some

cities in developing countries.

In addition to the problems inherent in cities in developing countries, the city of

Benghazi in Libya has special factors which have developed as a result of UN

sanctions which were imposed in 1992. Therefore, the city of Benghazi has been

selected as a case study for this particular research since it is a typical example of
most cities in developing countries in terms of size, population and in terms of lack of

maintenance resources and skilled labour (Benghazi might have been so well

resourced that it would no longer fall into the category of developing city but for the

sanction).
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The objectives of the study are attained through conclusions which indicate that
establishing a pavement maintenance strategy in the city of Benghazi based on any or
some of the sophisticated technology in road condition monitoring is not appropriate.

This conclusion is tested by manufacturing a unique prototype measuring machine
and using it in pilot monitoring exercises in the cities of Newcastle and Sunderland.
The results of these pilot exercises are analysed to evaluate the benefit which such

appropriate technology equipment can bring to the issue of monitoring of pavement

condition in cities in developing countries having problems similar to those that

prevail in Benghazi.

The prototype equipment developed in this study is unique in that it is purely

mechanical and uses no electronics in monitoring road condition. Moreover, all parts
of the machine are fabricated from materials available in most cities in developing
countries and therefore such machines could be easily maintained locally. The
prototype described in this study is not only relevant to road monitoring but points the
way towards the development of similar equipment in many engineering situations in

developing countries. This research study points engineers in similar conditions in the
direction that the Author thinks they should follow in applying their engineering

abilities in developing countries.
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CHAPTER 1

INTRODUCTION

1.1.Background

This thesis discuses the management of highway network maintenance in a situation where there

are 1nsufficient resources to do all that is needed. It is particularly focussed upon those highway

networks where a significant level of maintenance is undertaken but that level is nonetheless

insufficient to prevent progressive deterioration in serviceability.

Because the highway network of the city of Benghazi falls into this category, it is used as a case
study in developing strategies and technique in the research discussed in this thesis. In addition to
the difficulties inherent in a large city in a developing country, Benghazi has additional special
factors which have come about as a result of sanction imposed in 1992. These sanctions mean

that the effective employment of limited resources is particularly crucial. For these reasons, the

outcomes of the research are particularly relevant and could be transferred to other authority

working against similar background.

Most developing countries are suffering from difficulties in developing an adequate maintenance

management system for their existing roads network. Even in some more developed countries

(such as Libya) shortages of skilled and experienced staff or regular training to update the staff

1-1



CHAPTER 1 INTRODUCTION

lead to difficulties in carrying out planning and management of the maintenance requirements of

the highway network (Robinson 1986).

Large highway networks constructed during the last twenty-five years in developing countries

have been subject to loads and use beyond levels for which they were designed. In many cases,
maintenance has been inadequate and this absence of adequate maintenance has caused both minor
and major deterioration to many roads which now need minor and sometimes major reconstruction

rather than a maintenance operation (Robinson 1986).

A pavement management system is a set of tools or methods that assist in decision-making and in

finding optimum strategies for providing and maintaining pavements in a serviceable condition

over a given period of time (Hudson 1987).

A maintenance management system is not an option or good idea to implement. It is a crucial and
important step towards preventing any premature or delayed maintenance activities from being
carried out, thereby enabling the allocated maintenance budget to be spent efficiently. The aim of

any maintenance management system is to keep the highway network serviceable to an acceptable

level during the road’s design life. Therefore, to implement a proper maintenance management
system using high technology machinery to assess road conditions will need high capital allocated
to the maintenance sector. This cannot be afforded by many developing countries. Therefore, the

aim of this study.is the development of measurement system of low capital and maintenance cost.
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1.2 Definition of Maintenance Terms

Maintenance activities can be classified in terms of road deterioration level as defined in TRL

Report number 145 (Robinson 1988) to the following five maintenance levels:

e Maintenance

The objective of maintenance is to reduce the rate of deterioration and to lower the vehicle
operating cost by providing reasonable riding quality and by keeping the road open on a
continuous basis. Maintenance only improves surface characteristics, without adding much to the

structural capacity of the road (Kerali 1986). For unpaved roads, regravelling can be considered
as maintenance. Gravel, which is the surfacing material, may be worn away by traffic or blown

away as dust and therefore, the subgrade will be exposed (ORN2 1987).

e Rehabilitation

When a road has deteriorated beyond the level at which the overlaying is a satisfactory

engineering treatment, rehabilitation is required to extend road life to carry additional traffic load.
Rehabilitation could be required also when the road was not built to the standards of quality
required by the original design.

e Reconstruction

Reconstruction is activity carried out to provide additional life to the road when the road as a

whole has failed. This kind of treatment is a high cost activity as it is means replacing most and

sometimes all of the pavement layers.
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e Upgrading
Upgrading may be required to provide additional capacity to the road either because of
unforeseen change in the traffic load or because the road is nearing the end of its design life. A

typical example of upgrading is the paving of gravel roads and the widening of roads.

e Stage construction

Like upgrading, stage construction aims to improve the standard of a road pavement, but at pre-
determined and planned stages throughout the project life. Typical example of stage construction

1s the construction of a gravel road initially to be later paved when traffic volume reaches a

certain level.

1.3 Objectives of the research

This thesis considers existing road condition monitoring systems in relation to the special factors
applying 1n cities in developing countries, which are explained in paragraphs 3.4, 3.5 and 3.6. It is
shown in Chapter 3 that many cities are experiencing unsatisfactory road and street performance,

because of the unavailability of pavement maintenance systems which are orientated towards

their specific and sometimes unique conditions.

The principal objectives of the thesis are to consider the special conditions relevant to cities in
developing countries and to show how these conditions militate against the use of monitoring
systems based upon sophisticated technology, then to draw conclusions regarding the type of
monitoring systems which seem appropriate to the city of Benghazi in Libya (Benghazi 1s

henceforth used as a case study for reasons which are explained in detail in Chapter 4).
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These conclusions are tested by manufacturing prototype monitoring equipment, using it in a
pilot monitoring exercise and thereby evaluating the benefit which such appropriate technology

equipment can bring to the issue of monitoring pavement in cities in developing countries. The

thesis includes a description of the development of the apparatus, comparing it with sophisticated

and therefore less appropriate western machines.

The objectives of the study are attained through conclusions indicating the influence of the

equipment developed in bringing potential tangible improvements to the condition of the roads in
Benghazi and by inference to the roads in developing countries generally. This project points
engineers 1n similar conditions in the direction that the Author thinks they should follow in

applying their engineering abilities in developing countries.
1.4.0utline of the thesis

In Chapter 2, a general review of the principals of pavement engineering and the role of the

different layers is presented, with more details about the most common bituminous material

which are used in road construction. In addition to the general properties of the material used in

the city of Benghazi road construction.

Chapter 3 considers the role and component of maintenance management systems. It presents the
visual inspection-based systems to assess the required maintenance and remedies to be
implemented throughout the highway network, together with an outline of the different high
technology machinery used for road condition data collection. In addition to the main problems

which obstructing the implementation of maintenance management systems in developing
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countries and the investment appraisal models which developed to be used in cities in some

developing countries.

Chapter 4 presents the data collected relating to roads and transportation in the city of Benghazi

from different aspects such as traffic volume and flow in the city, the number and influence of

commercial vehicles in the network and the future increase and growth in population and number

of vehicles in the city. It describes the general conditions in the city of Benghazi’s roads network,

using data collected during field trips to the city showing road condition and the concept of

maintenance in the city.

Chapter S discusses the principal of using low-cost systems for collecting road condition data in

the city of Benghazi, even with its high labour costs. It presents detailed drawings, photos and

description of a low-cost system assembled in the Civil Engineering Department at the University

of Newcastle Upon Tyne.

Chapter 6 analyses the data collected by the prototype monitoring equipment in different road
sections at the city of Newcastle and Sunderland. In addition to a made up example applied on
part of the city of Benghazi road network to show the influence of the equipment developed in

implementing a proper maintenance strategies in the city.

Chapter 7 summarises the conclusion of the study and recommendations for further studies in the

future regarding the development of low cost low technology equipment to assess other pavement

defects such as cracking, skidding resistance and longitudinal profile.

1-6



Contents:

Bound laver

Unbound laver

CHAPTER 2

Pavement Engineering
2.1-Introduction
2.2-The Soil Condition

2.3-The Subgrade

2.4-The Sub-base

2.5-The Roadbase

2.6-The Surfacing

2.7-Bitumimous Mixes

2.8-Types of Bituminous Mixes in Pavements Construction
2.9-Modes of Failure in Flexible Pavement
2.10-Pavement Design Criteria

2.11-Pavement Defects

2.12-Discussion



CHAPTER 2

PAVEMENT ENGINEERING

2.1 Introduction

This thesis starts with the fact that in the cities of many developing countries, highways pavement
are unserviceable (Robinson 1988). It is important to review the mechanics of highway pavement
behaviour, so that subsequently generated data can be assessed in an informed manner. By
understanding the mechanisms of pavement performance, it is possible to link together data
defining present pavement condition with a strategy for pavement remedial work. Knowledge of
the function and properties of highway pavement components will allow a cost-effective repair

related to each specific defect. This follows the principal that the first step in repair is learning

how the broken object was intended to operate.

A pavement is the whole structure of the road from foundation to surface that implying its ability
to absorb the stresses imposed by traffic and weather without cracking (Crony & Crony 1997).
The purpose of a road pavement is to protect the underlaying subgrade from deformation under

traffic loads and to provide a safe and comfortable riding surface (Hosking 1996). The structural

layers of flexible pavements (Bituminous Pavement) are as shown in Figure 2.1.

A flexible pavement usually comprises three main layers, the surfacing, the structure and the
foundation. The surfacing is generally divided to two main layers, the wearing course and the
basecourse (known as Binder course in Libya). These two layers are installed separately one
after the other. The surfacing is principally to provide adequate skid resistance and good
riding quality with little structural significant (Brown 1996). The structure roadbase (known

as base course in Libya) is the main structural element of the pavement. It is usually of dense

bituminous material, or of two layers, upper and lower roadbase which, are frequently either

lean concrete or dense bituminous macadam. In Libya, this layer is usually constructed of
2-1
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e T Surfacing
Upper roadbasc
Structure
L.ower roadbasc
T Foundation
Capping

e subgrace

Figure 2.1. The structural layers of flexible pavement
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CHAPTER 2 PAVEMENT ENGINEERING

unbound granular material. The foundation is a layer consisting of the underlying subgrade
soil, capping material if required and sub-base. The sub-base is usually constructed of crushed
rock material and used as a platform to carry the upper layers of construction.

In general, the main function of the different layers in the pavement construction is to limit

the stresses in the subgrade to an acceptable level. Therefore, to avoid any unexpected major

deterioration in the pavement foundation which, may prove expensive, it is essential to study

the nature of the soil on which the pavement will be constructed.

2.2 Soil properties

A lack of detailed subgrade information may lead to early structural maintenance (before the
end of the design life), particularly in large and heavy-traffic pavement projects, where
general estimation to the soil condition is not applicable (Crony & Crony 1997). Soil usually
comprises various shapes and sizes of particles plus water and some air. Particle size is the
indicator used to identify the type of soil, and particles size can be determined by using a
standard set of sieves. A sample soil is passing through a nest of sieves and the percentage of
the sample passing in each sieve 1s determined.

There are four groups describing particles size, gravel, sand, silt and clay. Each is defined in

terms of limiting particle sizes as follows:

gravel particles between 60mm and 2mm,

sand particles between 2mm and 0.06mm,

silt particles between 0.06mm and 0.002mm,
clay particles smaller than 0.002mm.

2.2.1 The state of the soil

The most important properties of soil related to pavement construction are strength properties,
which are referred mainly to the state of the soil in terms of density and moisture content.

Figure 2.2 shows the main three parts of a soil mass, which are air, water content and dry soil.

2-3



CHAPTER 2 PAVEMENT ENGINEERING

e Air voids (air content)

The space 1n the soil mass occupied by air is called air voids and from Figure 2.2 the

percentage ratio of the air volume to the total volume of soil is called the air content (a)

a—Kc—lxIOO
V

e Water content

The water content (w) 1s the percentage ratio of the weight of water to the weight of dry

solids.

=——x100
W Ws X

e Dry density
The dry density ( pd ) 1s the weight of dry material in unit volume of wet soil

Ws

V

2.2.2 Compaction

Compaction of soil means excluding the air from its mass by compressing particles closer to

each other, 1n order to increase dry density. Compaction has an important role in the quality of
the underlying earthworks and the road structure in order to withstand heavy traffic.

Compaction tests are carried out to provide an indication of the soil compactability in the
field. One of these tests is known as the Proctor Test (British standard 1377: 1975, Test 12).
In the proctor test, the soil is laid in a cylindrical mould of 101.6mm diameter and 116mm
height in three equal layers. Each layer is compacted by a hammer of 51mm diameter and
weight 2.5 Kg falling through a distance of 305mm 25 times. The dry density is calculated
from the moisture content of the soil and the volume of the mould. Another heavier

compaction test (Bntish Standard 137: 1975, Test 13) is employed to produce greater

densities. In this test, the sample is compacted in five layers using a hammer of 4.54-kg
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Volume Weight

vl Zero
Wi
Vyw
V
W,
Vi

Figure 2.2 Parts of a soil mass
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falling from a height of 457mm (Crony & Crony 1997). For asphalt layers, the degree of
compaction depends on the design mix of the materials, which comprise 95% by weight of
aggregates and the remaining 5% is made up of bituminous binder agent (Kirschner &
Kloubert 1988). Therefore, a mixture of crushed aggregates with high stone content, low filler

content (sand or cement) and hard binder is a difficult mix to compact. However a mixture of

softer binder and high binder and filler content with natural aggregates, makes the compaction
easier. Other factors such as layer thickness and weather condition (climate) have a great

influence in the compaction time where thicker layers in warm and dry climates need more

time for compaction.

2.3 The subgrade

The subgrade is the upper part of the soil, natural or constructed, that supports the loads

transmitted by the overlaying road structure. It is the soil immediately below the formation

level and its desirable properties are a high compressive strength to withstand all weather and
loading conditions. In flexible road projects, the structural design of the pavement is based on

the strength of the soil underneath. The most important foundation properties needed for the

structural design of the road pavement are the elastic modulus and the Poisson’s ratio of the
subgrade. British Standard 1377: 1975, Test 16 describes details of the CBR test procedure

(California Bearing Ratio test) (Figure 2.3), which is adapted to measure the rate of
penetration 1n a soil sample. A soil sample is compacted into the mould at the same moisture
content and dry density that it is estimated to achieve in the prepared subgrade. The soil
sample is subjected to applied load to record the rate of penetration and the reading given
shows the strength of the soil. The load required causing 2.5 and Smm penetration is recorded
and expressed as a percentage of the load required for the same penetration in a certain

standard material. The test provides information largely related to soil strength in terms of

stiffness and permanent deformation information (Dawson 1996).
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Figure 2.3 The CBR test apparatus
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In the case of low values of CBR (<5 per cent) at the formation level, a capping layer between
the subgrade and the sub-base is required. The capping layer is constructed from locally
available low-cost material with minimum CBR of 15% after compaction (Knapton &
Meletiou 1996). Table 2.1 shows the foundation thickness for different subgrade strengths. In
case of lower CBR values (< 2 per cent), the capping material may be separated from the

subgrade by a geotextile membrane to avoid losing its advantages as a capping due to

contamination by the wet soil. Table 2.2 shows the advantage obtained from a geotexile

membrane fabric between the soil and the selected material. Tests have been carried out by

the TRRL on crushed stone layers (200mm) laid over a weak soil of CBR < 2 per cent

(Croney & Croney 1997). The layers constructed with and without separation of material

using a fabric of 10.5 KN/m strength and both forms of construction were subjected to

repeated passes of load truck.

2.4 The sub-base

The sub-base is a one or more layer of material placed immediately above the subgrade. It 1s
generally of granular material comprising crushed rock or slag. It is structurally significant
and provides a working-platform to facilitate transport, laying, and compacting the upper

pavement layers (Powell et.al.1984). In the case of flexible pavements, the sub-base is the

layer that exist between the subgrade and the roadbase, The sub-base has two ways of
construction, either unbound compacted granular material or similar material bound with
cement. The sub-base layer has an advantage of accepting greater compressive stress than the

subgrade, which reduces the deformation of the pavement under traffic loading.

2.4.1 The unbound sub-base

Typel sub-base granular material comprises crushed rock aggregate, crushed slag or crushed
concrete. The material should lie within the grading envelope of Table 2.3, and should be

transported, laid and compacted without drying or segregation (Knapton & Meletiou 1996).
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Table 2.1 Foundation thickness for various subgrade strengths
(Knapton & Meletiou 1996)

CBR of Subgrade Capping Thickness (mm) | Sub-base Thickness (mm)

350 150

3% 250 150

=
N

Table 2.2, The influence of geotextile layer on deformation

Number of passes of truck Pavement deformation at the surface (mm)
without fabric with fabric
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Type 2 sub-base comprises crushed rock mixed with natural sand or gravel. The material
should lie within the grading envelope of Table 2.4. The material should satisfy the minimum

CBR requirement of 20%, and should be transported, laid and compacted without drying or

segregation.
2.4.2 The bound sub-base

The addition of cement to the granular material is an approach to increase its strength but 1t 1s

not recommended for the material with sufficient strength to act as an unbound (sand gravel

soil). Table 2.5 shows the grading limit for cement bound material category 1 (CBM1).

Special machines are used to distribute and mix the cement to compact the mixed product.
Laboratory tests should be carried out to determine the water cement ratio that been used to
obtain the required strength and cubes of 150mm are used to determine the cubes strength.

CBM1 should be made from materials that have a grading finer than the limits of Table 2.5.
CBM2 should be made from gravel-sand, washed granular material, crushed rock, slag or any
combination of these. The material should lie within the grading limits of Table 2.6. Cement
bound matenal 1s preferred if good quality sub-base materials are not available, particularly
for construction in wet weather situations. However, the structural contribution of a cement-

bound sub-base cannot be guaranteed to be greater than that of a Typel granular sub-base

(Powell 1984). Table 2.7 shows summary of foundation layers role in pavement construction.
The general specifications of the material used for the sub-base layer in the city of Benghazi

road construction should be granular, free draining and with Plasticity Index between 0-6%

maximum with minimum CBR reading of 25%.

2.5 The roadbase

The roadbase is one or more layers of material placed above the sub-base that constitute the
main structural elements of a flexible pavement, laid immediately below the bituminous

surfacing of a flexible pavement. Its purpose is to spread the stresses induced by traftic loads

2-10



CHAPTER 2 PAVEMENT ENGINEERING

Table 2.3 Sub-base Type 1 range of grading

BS Sieve Size Percentage by Mass Passing

o

o
o
> mm 25-45

Table 2.4. Grading limits for type 2 sub-base

BS sieve size Percentage by Mass Passing

75 mm

37.5 mm 85-100

10 mm 45-100

S mm 25-85

600 um 8-45

75 um 0-10
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Table 2.5 Material for CBM1-range of grading

BS Sieve Size

Table 2.6 Material for CBM2-range of grading

BS Sieve Size

50 mm

37.9 mm

20 mm

10 mm

gl

2.36 mm

600 micron

300 micron

75 micron

2-12

Percentage by Mass Passing

100

95-100

45-100

35-100

25-100

15-90

8-65

5-40

0-10
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Table 2.7 Summary of foundation role in typical flexible pavement section
(Dawson 1996)

“ Ability required The required layer | Material properties needed

Subgrade, capping

Construction traffic

To carry a few large Good stiffness, permanent

load spreading load cycles

and sub-base deformation resistance

Compaction platform | To present a firm base Capping, sub-base Good stiffness

for construction of and base

higher levels

Compaction control To maintain level

Permanent deformation

Capping and sub-base

resistance

Support of working To carry canalised

Subgrade, capping Reasonable stiffness and

load

small load cycles

and sub-base permanent deformation

resistance

Drainage layer To carry water out of

Capping and sub-base High permeability, good

pavement falls

Frost protection

To withstand frost from

Capping and sub-base | High permeability, thickness

heave and insulate
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over the foundation and to withstand internal stresses without excessive cracking or
deformation. The roadbase can reduce the vertical compressive stress induced by the traffic in
both the sub-base and the subgrade, thus it limits the deformation that may occur in these

layers. Roadbases fall into two main groups, unbound and bound roadbases.

2.5.1 Unbound roadbase

Unbound roadbases are those which depend on their internal friction to develop the necessary
bearing capacity (i.e. crushed rock and natural gravel) (Millard 1993). The common type of

roadbase material used in the city of Benghazi road construction is wet-mixed crushed stone.
The material obtained from approved sources consists of clean, hard, durable, well shaped

stone, free from soluble salts and sulphates, organic contamination, soft or weathered

fragments, shell and clay. The material is crushed, screened and blended to form a well-

graded mixture conforming to the grading limits in Table 2.8. The CBR should not be less
than 80% for a sample soaked in water and compacted to the maximum density. The material

1s laid by approved mechanical pavers in layers not exceeding 150-mm depth to give the

required thickness after compaction.

2.5.2 Bound roadbase

Bound roadbases are those in which a binder (cement, lime or bitumen) is used to enhance

their ability to reduce the traffic stresses on the layers underneath (Millard 1993).

2.5.2.1 Lean concrete (cement bound)

This material is made from coarse and fine aggregates, which can be crushed rock or gravel.
Table 2.9 (Croney & Croney 1997) shows the grading limits of lean concrete with maximum
sizes of 40mm and 20mm. This layer is very stiff and its stiffness is governed by the type and

amount of cement/water content and by the aggregate type and grading.
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Table 2.8 Unbound roadbase material grading limits in Benghazi

S0mm 100 100 100
I s I
il BN B

Table 2.9 Grading limits for lean concrete

BS sieve size Percentage passing
40mm 20mm

50 mm 100 .

o
-
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2.5.2.2 Bituminous roadbase materials

Bituminous roadbases can be either coated macadam (dense coated macadam or heavy-duty

macadam) or asphalt (rolled asphalt) which must have coarse aggregate contents of 60% to
50%. Dense coated macadam for compacted layers of 90 to 150mm thickness is of 40mm

maximum size aggregate, layers of 70 to 100mm thickness is of 28mm maximum size
aggregate. Table 2.10 shows the grading of both 40mm and 28mm maximum size. The
significant advantage of these types of bituminous roadbases is their high stiffness and

strength and their impervious surfacing to protect the lower layers from water ingress.

2.6 The surfacing

The surface of the road pavement is the layer between the vehicles tyres and the roadbase

layer and in bituminous pavements, it consists of two components, the basecourse (binder

course) and the wearing course. It is principally to provide adequate skid resistance and riding

quality, 1t has little structural significance. It may vary between a layer surface dressing (spray

and chip) to a 40-50 mm thickness dense bituminous mixture that contributes to the pavement

structural integrity (Brown 1996).

2.6.1 The basecourse (Binder course)

The purpose of the basecourse is to provide a good surface over which to construct the
wearing course and to protect the lower layers from any water penetration. Different types of
bituminous materials are used in the construction of the basecourse layer, depending on the

nature of the subgrade, the weather and the traffic flow of the road.

2.6.2 The wearing course

The wearing course provides a good riding surface whose texture and roughness ensure an

adequate skid resistance and at the same time prevent water penetration to the lower layers of

the pavement structure.

2-16



CHAPTER 2 PAVEMENT ENGINEERING

Table 2.10 The grading for 40 mm and 28 mm maximum size

BS sieve size

Percentage passing

40mm 28mm

T

—
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2.7 Bituminous mixes

Bituminous mixes used in pavement construction comprise a composition of mineral
aggregates, bitumen and air (Figure 2.4), and the mix properties are significantly dependent

on the volumetric properties of these three components.

2.7.1 Mineral aggregates

The particle size of aggregates used for bituminous mixes ranges from 37.5mm down to fine

dust (Cooper 1996). The grading of aggregate particle sizes is determined by carrying out a
sieve analysis. Table 2.11 shows the sieve analysis that may be used to define the proportion
of each size of the aggregate. The material passing the 0.075mm sieve, and collected in the
pan 1s classified as filler. The maximum aggregate size depends upon the type of mix, the
thickness of the layer and the application for which the mix is used. For example, the

maximum size of aggregate for bituminous mixes is 37.5mm for roadbase material, which can

be laid in depths of 100mm or more. However, for wearing course mixes the maximum

aggregate size is 14mm or 10mm (Cooper 1996).

The potential resources for building materials in Libya are of two major types; limestone and

sandstone. Limestone formations are widely spread in the north east of Libya (Benghazi).

Therefore, crushed limestone constitutes the main road construction aggregates (Municipality
of Benghazi 1993). Table 2.12 shows the grading limits of crushed limestone aggregate

processed at local quarries around the city of Benghazi used in road construction.

2.7.1.1 Aggregate polishing test (Millard 1993)

A sample of 10mm aggregate size is subjected to polishing by a pneumatic-tyre wheel (Figure
2.5) for six hours, divided into two stages of three hours each. The abrasive fed material 1n

each stage is different. The state of polish in the sample is measured in terms of the

coefficient of friction that ranges from zero to 30 for stones liable to become highly polished,

and from 55 to 60 for stones likely to remain rough.
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Yolume Viass
Vv
VMA L
M,
Vi
Aggregate
M,
V,
Figure 2.4 Composition of bituminous mixes
Note:

M, 1s mass of binder in Kg.
M, 1s mass of aggregate in Kg.
V, is volume of air voids in m”

; . , 3
V,, 1s volume of binder in m".

: : 3
V., 1s volume of aggregate in m.
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Table 2.11 Typical sieve sizes of aggregates in bituminous mixes
(Cooper 1996)

R
I

I

I

il Gl
™
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Table 2.12 Grading limits of limestone aggregate in Benghazi bituminous mixes.

B I
e I
I I
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T
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Figure 2.5 Aggregate polishing test
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In most developing countries, the accident rates are significantly high because of slippery
road surfacing (Millard 1993). In the city of Benghazi, road surfacing include crushed
limestone which is highly prone to polishing (Millard 1993). Therefore, the road surface

becomes slippery, either in wet condition because of a thin water-film or in dry condition

when there 1s a thin layer of a sandstorm dust.

2.7.1.2 Abrasion test

Aggregates in the wearing surface need to have adequate resistance to abrasion under the
traffic imposed. The abrasion resistance of the aggregate sample is the percentage loss in
weight after subjecting the sample to abrasion by a flat circular metal surface in the presence

of abrasion sand. The lower the losses in the aggregate weight, the stronger is the aggregate.

Therefore, aggregates of abrasion value (AAV) more than 16% will not provide adequate

resistance to abrasion in a wearing course except in case of light-trafficked roads (Crony &

Crony 1997).

Table 2.13 shows a summary of test result on asphalt aggregate carried out at the Municipality

of Benghazi Highway Laboratory.

2.7.1.3 -Ten per cent fines value

The ten per cent fines value test is used to determine the required load (in kn.) to produce 10%

fines. A series of loads between 40 tonnes and 1 tonne is applied to a sample to determine the
load which produces 10% of fines passing a 2.36mm sieve (Millard 1993). The test is
undertaking using a metal plunger to apply a load to a sample of crushed rock contained 1n a

test mould as showing in Figure 2.6. The results ranged from 10 kn. for material such as chalk

to 400 kn. for stronger aggregate.

2.7.2 Bitumen

Petroleum bitumen 1s supplied in a number of different forms for different road purposes.

Firstly, penetration-bitumen, which is the stiffer form of bitumen, having different grades
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Mould
filled with
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to depth of
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TEST
LOAD

i 154 mm dia.

Figure 2.6 Apparatus for 10% fines test
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depending on its penetration 1.e. its resistance in shear deformation. The most common type of

penetration-bitumen in Libya is that used in asphaltic concrete which i1s known as
continuously graded mix (Cooper 1996). Secondly, cutback bitumen is used for lower
temperature applications after blending the penetration bitumen with suitable oils to make it
more fluid. Cutback bitumen 1s classified according to its viscosity grade. It is commonly

used 1n surface dressing and is applied hot to the road surface before an application of

chippings. Thirdly, bitumen emulsion is used cold or at lower temperatures than penetration

bitumen (e.g. slurry seal, tack-coat, and surface dressing) after dispersing the bitumen in water
in the presence of emulsifying agent. This type of bitumen is available in Benghazi in two

forms, as MCO-2 tack coat to bind the binder course (basecourse) with the basecourse layer

(roadbase), and as RC2 to bind the wearing course with the binder course (basecourse).

2.7.2.1 Penetration test

The test 1s carried out using a standard needle set touching the surface of a bitumen sample
placed in a water bath at 25° C. The needle is released for exactly 5 seconds with 100 grams

load. The penetration is recorded as the depth in tenths of a millimetre that the needle

penetrates into the bitumen sample. Figure 2.7 shows the modern penetrometer used even in

developing countnies.

2.7.2.2 Softening point

In this test, two discs of bitumen samples contained in a standard model are placed in a water

bath. Two steel balls are mounted over the centre of each bitumen disc. The water bath

temperature is increased gradually by 5° C per minute and the temperature at which the steel

balls fall through the bitumen discs so as to touch the plate below is the softening point of this

sample. Figure 2.8 shows the apparatus used in the softening point test.
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Figure 2.7 Penetration test for bitumen binder
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Figure 2.8 Softening point test apparatus
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2.8 Types of Bituminous Mixes in Pavements Construction

The choice of type of bituminous mixture for use on a particular road depends on certain

factors. Firstly, local materials availability for making the mixture (size and type of

aggregates, bitumen penetration grade). Secondly, the application for which the bituminous
mixture is designed (Millard 1993). For example, high stiffness and deformation resistant
mixtures are desirable for roads carrying heavy traffic. Thirdly the nature of the layer, either
wearing course, basecourse or roadbase and the function of the layer, either for load bearing
(roadbase), protecting other construction layers from the effects of weather (rain) or for
skidding resistance as wearing course. In general, bituminous mixtures should embody the
following characteristics, adequate stiffness to spread the imposed load, stability to resist

deformation, durability to resist weather effect, workability for satisfactory laying and

compaction and fatigue resistance to resist cracking under repeated loads. The different

categories of bituminous mixes are as following.

2.8.1 Asphaltic concrete

This bituminous mixture comprises all sizes of aggregates from the maximum down to filler.

The bitumen used for asphaltic concrete is normally in the range 60-100-penetration grade,
with relatively high binder contents. This type has high strength and stability, with void

content ranges between 3% to 5%. Asphaltic concrete mixture is widely used in Libya, with a

penetration grade of 60-70 pen. Table 2.14 shows the municipality specification for asphaltic

concrete mix.

2.8.2 Mastic asphalt

Mastic asphalt is not likely to be readily available in many developing countries because of its
high cost and the specialist skills and equipment needed in manufacturing and laying (Millard

1993). Its high cost may be justified by its superior performance in carrying very heavy loads.

This mixture has a high stiffness and strength with high resistance to deformation. It is
2-29
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durable and voidless with high filler and binder content and hard penetration grade bitumen

(15-25 pen). In addition to its high cost, it has a smooth surface as wearing course, unless

precoated chippings are rolled into the hot surface by surface dressing. Mastic asphalt mixes

used in the city of Benghazi are most likely in bridge decks, building roofing or reservoirs.

2.8.3 Rolled asphalt

Rolled asphalt 1s a mixture of single size coarse aggregate, a graded fine aggregate and filler

finer than 75 pum that fills the voids between the coarser particles during the compaction

process. The nominal size and grading of the coarse aggregates depend on the use intended.

The main feature of rolled asphalt surfacing material is the dense and impermeable matrix of
fine aggregates and bitumen. However, it can be impervious to surface water if laid in

adequate depths so basecourse and the underlying layers of the road will be protected from

any deterioration owing to the entry of surface water. Like mastic asphalt, rolled asphalt is of
high cost and smooth surface unless precoated chippings are used to increase the texture
depth. It 1s not commonly used in Libya for surfacing, as the technique of rolling precoated

chippings to maintain adequate texture depth for users safety is not yet adopted.

2.8.4 Coated macadam

The essential feature of coated macadam mixtures is the size and grading of aggregates, the

mixtures range from open-grade through close-grade to dense coated macadam. Different

categories of coated macadam are used as road base, basecourse and wearing course. The
main ingredients of coated macadam are the aggregates of different types and grading, filler

(natural dust, ground limestone and Portland cement) and binder of different penetration

grade. These types of bituminous mixes gain their strength and stability from the internal

friction and mechanical interlock between the aggregate particles. Therefore, the resistance to

permanent deformation 1s high.
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In the city of Benghazi, it is recognised that most pavement problems are initiated by water
(Chapter 4), either surface precipitation or utilities water (storm, foul), in conjunction with
lack of road maintenance. Therefore, it should be recommended that, dense and impermeable
mixtures (mastic, hot rolled asphalt) be used for roadbases and basecoures. Moreover,

mixtures of high texture depth are used for wearing course to reduce spray and standing of
surface water and therefore increase skidding resistance. Table 2.15 shows a comparison

between the different bituminous mixtures and their main composition.

2.9 Modes of failure in flexible pavement

Pavement structures deteriorate gradually with time to a terminal level that may be considered
as failure. For example, the failure level criterion in the UK is taken to be a 20-mm rut depth
in the nearside wheel track or extensive cracking (Brown 1996). Modes of failure in flexible
pavements of bound roadbases are illustrated in Figure 2.9. They are (A) Horizontal strain at
the bottom of the bound layer causing the upward propagation of vertical cracks through this
layer (fatigue cracking). (B) Vertical strain at the top of the subgrade, causing consequent

deformation in the bound, unbound layers which in severe cases may extend to the surface

(permanent deformation) (Watson 1994).

2.9.1 Fatigue cracking

Fatigue cracking 1s one of the primary distress modes in flexible pavements. However,

“fatigue in bituminous pavements 1s the phenomenon of cracking. It consists of two main

phases; crack initiation and crack propagation and is caused by tensile strains generated in the

pavement by not only traffic loading but also temperature variations and construction

practice” (Read 1996).

Temperature variations in pavements will cause expansion and contraction in the pavement

structure, and differential movement between pavement layers. Thereby, this will generate

tensile strains in the pavement causing a reduction in the fatigue life of the structure.
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Table 2.15 Comparison of composition and properties of different bituminous
mixes (BACMI 1992) -

Type of mix Fine graded | Dense macadam/ Pervious Mastic asphalt | Rolled asphalt
macadam | Asphaltic concrete | macadam

R A R I I

Coarse aggregate Medium High Low Low
el I I Ml W
Fine  aggregate High High Low High High
Wl I Wl M Wl

L I N N R
o

Structural Low High Low High High
e Bl e
Deformation Low High Medium | Medium/High High
el I I il
Weather Low Medium Low Very high Very high
= T

Texture depth “ Good(chipped) | Good(chipped)

Spray & Noise Poor Very good Poor Poor
reduction

VoA
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Horizontal strain
causes vertical

cracks Wheel load

sound laver

Unbound laver

subgrace

Vertical strain at the top of
subgrade causes deformation

in other layers

Wheel load

Bound laver

Unbound laver

Subgade

Figure 2.9 Modes of failure in flexible pavement

2-34



CHAPTER 2 PAVEMENT ENGINEERING

2.9.2 Permanent deformation

Permanent deformation in pavements occurs as a result of vertical strain induced in a
bituminous mixture when a load is applied which remains after the load i1s removed (Gibb
1996). The accumulation of permanent deformation under repeated loading can lead to the

formation of longitudinal depressions (ruts) in the wheel paths. This rutting is one of the

principal forms of distress that affects flexible pavements. Resistance to permanent

deformation depends to a great extend upon the properties of the binder and the volumetric

composition of the mixture. Table 2.16 illustrates the main factors that affect rutting of

asphaltic concrete mixes.

2.10 Pavement Design Criteria

The selection of different pavement layers is controlled by number of factors. These factors

are different in their influence according to the location in the pavement. In some countries

freezing and thawing 1s significant (e.g. most western countries). In North Africa (Libya) hot

and humid weather 1s a much more significant factor in addition to the large temperature

variation between day and night in the south of Libya which would lead to fatigue problems.

2.10.1 Climate

The influence of temperature on the stiffness and strength of bituminous material should be

taken in consideration during pavement design. High temperature will decrease the stiffness

of the bituminous material, which leads to more loads transmitted to the lower layers.
However, low temperature will increase the stiffness of the bituminous material and make it
brittle which, may results a splitting between the aggregate and the binder (Crony & Crony
1997).

A study of the climatic conditions 1n Libya (Elazzabi 1975) has emphasised that in a country

like Libya where approximately 90% of its land is desert, the climate is characterised by

sandstorms high temperatures and shortage of water (rainfall). The coast which, is about 1800
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Table 2.16 Factors affecting rutting of asphalt concrete mix (Gibb 1996)

-

I il I

pndercontent | e e
Air void content Increase Decrease
Mixture Increase Decrease

- -

Temperature Increase Decrease

State of Increase in tyre contact Decrease

Change in factor Effect of change in factor

on rutting resistance

compaction

stress/strain pressure

Water Dry to wet Decrease if mix 1s water
sensitive

* The method of compaction may influence the structure of the system and therefore the
propensity for rutting
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Km long (from Tunis to Egypt) is under the influence of both the Mediterranean basin from
the north and the desert from the south. Summer is hot and dry and winter is cool and wet in
some places, particularly in the north (Benghazi). Rainfall throughout the country is erratic,
although it is not plentiful it comes in the form of heavy downpours. This amount and form of

runoff can reach damaging levels and causes serious road deterioration. However, the road

surface may be washed away if an adequate drainage system is not included in the road design

or if the road has not been maintained before the first onset of the rainy season. The most
common winds at Benghazi blow from the Northeast and from the North during summer and

from the Northwest, West and Southwest during winter. The wind velocity exceeds 60 Km/hr
during winter and spring and reaches its minimum during summer. During autumn, the city of

Benghazi experiences dust storms blowing from the south (desert), causing two principal

highway problems. Firstly, formations of sand or dust film on the road surface, which reduces
the skidding resistance and therefore causes, hazard to road users. Secondly, poor visibility

because of thick clouds of dust in the air, which restricts the visibility to not more than 150 to

200 metre.
2.10.2 The bearing capacity of the subgrade

The mechanical properties of all pavement materials and soils are to some extent adversely

affected by water (Brown 1996). It 1s important that the subgrade and the granular layers

should be well drained, as their bearing capacity depends on their moisture content condition.
Subgrade of high moisture content will require a strong foundation of granular material with

intermediate mechanical performance between the subgrade soil and the roadbase (sub-base).

In some cases, a capping layer of lower quality of granular material will be essential over the

subgrade in order to act as a working platform and to provide resistance to compaction effort.
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2.10.3 Traffic loading

The number and volume of traffic expected to pass over the pavement construction has a great

influence on pavement design. The different road categories (trunk roads, principal roads....

etc.) in the network are classified according to their volume of traffic and the importance of

the road in the network. The most important design criteria are listed in TRRL laboratory

report (Powell 1984) which can be summarised as following;

e subgrade should be able to withstand loads imposed by traffic without excessive

deformation. However, this can be achieved by determining the vertical compressive

stress or strain at the formation level,

e Roadbase materials (bituminous or cement-bound) must not crack under the influence of

traffic. This 1s controlled by the horizontal tensile stress or strain at the bottom of the

roadbase,

e Sub-base and capping layers must be capable of adequately spreading the loads imposed,

in order to provide a satisfactory foundation and working platform.

2.11 Pavement defects

Roads carrying regular traffic flow will deteriorates by time. This deterioration may extend to

a more serious stage if it 1s not maintained at the right time with the proper remedy. The
common defects and their remedy that usually occur in flexible pavement are varying
according to the function of the defective part of the road. Firstly, structural maintenance is
undertaken to protect the structural integrity of the existing road by carrying a regular
assessment of road conditions in terms of deflection and surface condition. Secondly, safety
maintenance is undertaken to provide the adequate skid-resistance and riding quality to the

road users, and to keep the traffic signs legible and visible to minimise road hazard. Finally,

environmental maintenance 1s undertaken to preserve the amenity aspect of the roads by

carrying out proper maintenance and cleaning of the drainage systems. This will ensure
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adequate flow of water from the road surface to avoid any serious structural or foundation

deterioration owing to water penetration.

The most common defects that usually occur on any flexible pavement are as follow:

2.11.1 Loss of skidding resistance

The loss of skidding resistance on the pavement surface occur when there is a difference

between the required and the actual values of friction force coefficient (para.3.4.2.) at a

particular location. However, appropriate treatment is recommended when this defect is

recorded in 30% or more of the sub-section length (Weller 1980). Pavement skid resistance is

a very important factor in terms of road user safety (Kalombaris 1990). The value of the

friction between the road surface and the vehicle tyre depends on the vehicle speed, the road

surface condition (wet or dry) and the type of aggregates used and its polishing value. The

level of skidding resistance depends on the following factors.

2.11.1.1 Aggregate’s polished-stone value

In order to maintain an adequate skidding resistance for the road surface, it is essential to use

aggregates with high polishing resistance to provide good micro-texture surface. Table 2.17

gives the required values of SFC at speed of 50 km/h for different sites. To achieve the

required value of SFC for each site, it 1s necessary to use suitable aggregates which have the

required value of polishing and abrasion. Table 2.18 shows the required Polished Stone Value

(PSV) and Abrasion Aggregate Value (AAV) in relation to the traffic volume on the road

surface

2.11.1.2 Depth of road surface texture

The surface texture depth (macro-texture) depends on the type of surfacing material used.

Table 2.19 shows the different types of surfacing material and the required texture depth for
each type, in the case of high-speed skid resistance, macro-texture has a significant role to

minimise the risk of skidding. Deep macro-texture allows water to flow through its natural
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Table 2.17 Minimum values of skidding resistance at speed of 50km/h (Salt 1977)

Site Definition SFC(at 50 km/h)

Risk rating

Very difficult Approaches to traffic

0.55 0.6 0.65 0.7 0.75

signals or pedestrian

crossing

Difficult Approaches to major

0.45 0.5 0.55 0.6 0.65
junctions, roundabouts,
bends with radius less

than 150 m on roads with

speed limit > 40 mph

Average Straight sections of

0.3 0.35 0.4 0.45 0.5 0.55

motorways, trunk and

principle roads

Easy Straight with light traffic | 0.3 0.35 0.4 0.45
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Table 2.18 Values of PSV and AAY to achieve the required SFC (Salt 1977)

Required SFC at 50 Km/h PSV

Traffic (in commercial vehicles per lane per day)

250 1000 1750 2500 3250 4000
30 35 40 45 50 335
35 40 435 50 3 60
40 45 50 335 60 65
435 50 35 60 65 70
50 35 60 65 70 75
33 60 635 70 75 -
60 65 70 73

635 70 75

70 75

75

Chipped 14 not> 12 not> 10
AAV surfacing
lIIiiiiiiiII“IlllllliiiiliillllllllIIIIIIIIIiiiiiiIIIIIIII“IIIIIIIIiiiiIiIIIIIIII

Table 2.19 Texture-depth of bituminous surfacing (BACMI 1992)

Surfacing material Texture depth (inm)

Dense bitumen macadam wearing course

Rolled asphalt wearing course(lightly chipped)
Rolled asphalt wearing course(heavily chipped)
Open textured macadam wearing course
Pervious macadam wearing course

Surface dressing

2-41



CHAPTER 2 PAVEMENT ENGINEERING

channels on the surface to prevent the presence of water film between the tyres and the road

surface.

The texture depth of a road surface can be measured by using a simple test on site called the

Sand-patch test (Figure 2.10). A specific volume of sand is slowly spreaded in a circular

shape to fill the surface voids at the tested point in the road. The measured diameter of the

sand gives an indication of the texture depth, whereby the smaller the sand-patch diameter the

deeper the surface texture.

2.11.1.3 The traffic volume

The volume of the traffic running on a road surface has an affect on the level of skidding

significantly during the first year of the road life. Heavy and high-speed traffic causes a rapid

wear to the road surface texture.

2.11.1.4 Tyres tread pattern

In the case of wet conditions, the tyre tread pattern provides drainage channels with the road

surface to allow surface water to flow beneath the tyre. However, in dry condition, smooth

tyres showed better resistance to skidding force than a pattern tyres (Rhodes 1996). In the

case of high speed, the need for tyre tread pattern in conjunction with adequate macro-texture

is crucial to reduce the risk of skidding (Rhodes 1996).

2.11.2 Rutting in the wheel paths

Rutting 1s the permanent deformation of the pavement owing to the regular passing of
commercial vehicles and buses over a pavement (Wingate & Peters 1975). Wheel track

rutting can be an indicator of surface, structure or foundation failure based on the depth and

width of the rut. Narrow ruts of 0.75 metre or less, will normally be associated with surface

failure and wider ruts of one metre or more are associated with structural failure. Foundation
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Figure 2.10 Sand-patch test
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failure might be associated with ruts which are more than 1.5 metres wide (Kennedy 1996

**)1_
The depth of the rutting is not always an indication of pavement structural failure, especially

if not associated by cracking (Weller 1980). Therefore, ruts associated with surface failure are

termed wheel track rutting (hazard and nuisance) and ruts associated with structural failure are

termed wheel track rutting (structural). Table 2.20 shows the different classification of road

surface condition according to the depth of rutting and the size of the cracks at the wheel path.

2.11.3 Deflection

The assessment of the structural condition of road pavement in the UK was in the early 1950s

(Ju-kun pan 1994), using a deflection beam. Currently, the measurement technique of road
deflection in UK 1s carried out using automated deflectographs (Hosking 1996). Therefore,
following this concept and developing an assessment of road defects techniques in developing

countries can be justified. Pavement deflection is the magnitude of the transient deformation

which occurs under traffic load and it may be important to carry out deflection surveys

regularly for two reasons;

e to predict the ability of the tested road to carry the future traffic load,

o to predict the ideal time for strengthening and the required thickness of overlay for the

road pavement (Smith & Jones 1980)

Because asphalt is a thermo-plastic material, bituminous pavements are hard in cold condition

and soft in hot condition. Because of this phenomenon, its stiffness is influenced by the
change in temperature and therefore, the measured deflection is affected as well. However,

the best time to carry out a deflection survey is during the spring and autumn seasons. The

pavement temperatures at that time are between 10 and 30° C, and the yearly variation in

! #x Personal communication through E-mail
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Table 2.20 Classification of Road Surface Condition in Terms of Rutting
(Weller 1980)

Classification Visible Evidence

Sound No cracking. Rutting less than 5 mm
2 | No cracking. Rutting from 5 mm to 9 mm

I No cracking. Rutting from 10 mm to 19 mm

Failed

Cracking limited to single crack or extending over less than half
of the width of the wheel path. Rutting 19 mm or less
Multiple cracking covering the greater part of the width of the
wheel path. Rutting 19 mm or less.

No cracking. Rutting 20 mm or more

Cracking same as code 4. Rutting 20 mm or more

Cracking same as code 5. Rutting 20 mm or more
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subgrade moisture contents and hence subgrade stiffness, 1s generally small (Kennedy 1978).

The pavement temperature is recommended to be measured either at the pavement surface or

at standard depths of 40 mm and 75 mm based on the bituminous layers thickness.

2.11.4. Cracking

The visual appearance of cracks on pavement surface is one of the evident indications of

pavement distress (Thom 1996). The different cracks pattern and types imply different modes

of distress (Figure 2.11).

o single longitudinal crack 1s a classic fatigue cracking of a relatively thick pavement

structure,

¢ Multiple longitudinal cracks are indication to either thinner pavement structure or a

surface effect,

e Crazing crack is an advanced stage of pavement deterioration and its block size is related

to the thickness of the cracked layers,
¢ Regular transverse cracking is often related to thermal cracks in a cement bound base,

e Multiple transverse cracking is most probably shallow cracks initiated during rolling.

2.12 Discussion

This Chapter has reviewed the principals of pavement engineering, the role of the different
layers and the most common bituminous material, which are used in road construction, in

order to understand the mechanisms of pavement performance and to assess subsequently

generated data in an informed manner. In addition, the properties of the material used in the
city of Benghazi road construction are described. Knowing the soil properties on which the
pavement layers will be constructed and the composition and behaviour of the bituminous

mixes will have a significant role in setting a cost effective repair to each pavement defect.
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The different systems employed to assess a road condition and the suitable remedy to each
defect in the road networks are discussed in details in Chapter 3, in order to emphasise the
importance of establishing a proper maintenance management system from aspects,

economically, socially and environmental.
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Single longitudinal cracks

Multiple longitudinal cracks

Regular transverse cracking

| | Multiple transverse cracking

Figure 2.11.Different cracks patterns appear on pavement surface
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CHAPTERS3

ROAD-MAINTENANCE MANAGEMENT

3.1 Introduction

One of the objectives of this thesis is to consider the existing systems for monitoring
pavement conditions and to evaluate the benefits of using sophisticated technology in
assessing highway conditions. Moreover, to discuss the possibility of establishing a
maintenance management system in the city of Benghazi, using a monitoring system

appropriate to the city maintenance strategy, which at present militates against using western

monitoring systems for road condition assessment.

The aim of highway maintenance management is to keep roads in good or acceptable

condition through their design life for the least expenditure. Regular roads maintenance is

crucial to achieve this aim and to prevent rapid premature deterioration of roads. A pavement

management system (PMS) 1s a set of tools or methods that assists decision makers in finding
optimum strategies for providing and maintaining pavements in serviceable condition over a
given period of ttme (Hudson 1987). Pavement Management System (PMS) has to satisfy the

need for effective management and control of road networks maintenance using need-based

budgeting (Brain 1985).

A PMS can increase the efficiency of decision-making, provide easy access to road condition

data, assess maintenance needs against defined standards, and determine the factors that may

contribute to pavement deterioration (climate, traffic, mix design of bituminous material).
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PMS is an established documented procedure which, links and arranges all of the activities

involved in Pavement Management in a systematic and co-ordinated manner.

3.2- Procedures to establish PMS

There are four principal sequential steps required to establish an adequate Pavement

Maintenance Management System for a road networks (Overseas Road Note 1 1987).

3.2.1-Network Referencing

Each length of road in the network must be defined by a unique reference code, either by

using numbers or by a combination of numbers and letters. In each road, lengths with similar

characteristic (traffic volume, category, and design) are divided into sections which must be

referenced with a unique node code at the junctions.

3.2.2- Set-up of Minimum Inventory

A team of trained inspectors must survey the whole road network to collect and set-up a
minimum inventory for each road. The inventory may consist of the number of lanes in the
road, the width, the drainage system and whether the road is double or single carriageway.

The inventory must comprise the essential data required only to avoid any delay or extra cost

during the processing of the maintenance system activities.

3.2.3-Network Historical Data

Historical information about each road in the network is required to link this information with

other factors which affect the carrying out of suitable maintenance activities, such as axle

load, environmental considerations and material available. Historical information may
comprise the following: -

e construction record,

¢ maintenance history,
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o traffic flow and loading.

3.2.4-Assessment of road condition

The road condition data can be collected by using either visual survey systems (para.

3.4.1) or machine-based systems (para. 3.4.2), depending on the budget allocated to the

maintenance sector, the skill of the inspection team and the type of defect to be inspected.

3.3-Components of Maintenance Management System

ORNI1 (Overseas Road Note 1 1987) and ORN2 (Overseas Road Note 2 1987) together
comprise a practical guide to the management of maintenance operations. They are useful

documents for improving efficiency and making more productive use of maintenance

resources (ORN1 1987). ORN1 and ORN2 are published by the Overseas Unit of the

Transportation and Road Research Laboratory (TRRL), in order to improve road maintenance
practices in developing countries. ORN1 outlines the maintenance operations required to keep
roads in good condition; the note does not cover any form of road improvement work,
pavement strengthening or reconstruction activity (ORN1 1987). ORNI1 gives advice leading

to good maintenance practice in a restricted area, but for any large highway network, the

savings in the maintenance budget achieved by following the ORNI1 techniques are not

substantial (Kerali 1986).

To carry on with an efficient maintenance system, a sequence of tasks must be assigned to the
maintenance team (the maintenance engineers, inspectors....) throughout the period of the
maintenance system implementation. Overseas Road Note 1 (ORN 1 1987) has described

these tasks in detail to assist and boost the maintenance team with the instructions required to

carry out a proper maintenance system.
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3.3.1-Inventory

The inventory is a set of information about the basic engineering and traffic characteristics of
the road network to give an indication of the level of traffic and the main features of each

section of road. The inventory should be kept as simple as possible and should include only

the necessary information about the road network so as to avoid gathering unnecessary
information and thus slow the operation of databases in the case of computer-based systems.

This type of information may includes the following:

e type of surface and construction,

e cross-section width,

e traffic volume (number of vehicles per day),

e location of junctions,

e road furniture (guard rails, road signs...),

e rainfall in the city,

e other structures in the road (pipe culverts, bridges...).

Overseas Road Note 1 has presented the information which, can be recorded in an inventory

using three useful approaches (Overseas Road Note 1 1987).

o A diagrammatic map in which a general road plan of the area is shown in terms of
construction type, width of lanes, traffic levels and category of road surface (Figure 3.1)

o A strip map used as a quick means of reference during the inspection. The strip map

records only the significant information about a section of road (Figure 3.2)

e A card index, which 1s a system used to record details about specific items such as road

signs and highway structures
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3.3.2-Inspection

The maintenance team must carry out an inspection survey throughout a road section in order
to measure the level of deterioration which, has occurred and so define the required
maintenance. Overseas Road Note 1 (ORN1 1987) has emphasised the importance of a site
visit by the Maintenance Engineer to determine the level of work and to assess the site
requirement. Overseas Road Note 1 (ORN 1 1987) has presented two standard inspection

forms (Figures 3.3 and 3.4) to be used during the site inspection; one for paved roads and the

other for unpaved roads. The inspection form should be easy to understand and complete and

the results filled in accurately throughout the inspection.

3.3.3-Maintenance needs

The Maintenance Engineer must decide the maintenance needs and the required form of

maintenance activity (para.3.3.5). Overseas Road Note 1 presents in tables, the intervention

levels for the different defects in both paved and unpaved roads in addition to the action and

the maintenance activity required for each defect. The intervention level is the stage at which
there are indications that a road section needs action to prevent any further deterioration.
Therefore, the pavement maintenance policy is defined as a series of intervention levels (Brain

1985). These levels are variable and depend on road category in the network and the type of

defect that has occurred in this category.

3.3.4-Estimation of Resources (Costing)

After identifying the maintenance needs in terms of intervention levels, it is important to
determine the resource requirement in terms of labour, equipment and materials required to

carry out the required work. Overseas Road Note 1 emphasises the importance of identifying

the method used to carry out the work (manually or using machinery) to estimate the amount
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of labour and equipment required. The required materials are estimated from inspection results
as quantities and measurements. Overseas Road Note 1 presents tables which include the
different activities on a site and the required men, equipment and matenals for each activity in

order to allocate the available budget efficiently.
3.3.5-Priorities

In the case of inability to fulfil the full program of work owing to a shortfall in budget
allocations, Overseas Road Note 1 suggests a method of setting priorities. This method
depends on the importance of a particular maintenance activity to the traffic performance of

the road, and the importance of the particular road in the network. Therefore, top priority for
maintenance must be given to both the strategically important roads in the network and the
roads that carry the heaviest traffic in terms of frequency and weight. Table 3.1 shows road
maintenance classtfication based on the category of importance as presented in Overseas Road
Note 1, where strategic roads have top prionity whatever the traffic flow because of the

important links that those roads have with other roads in the network. Therefore, regular

maintenance activities must be carried out throughout the network to keep the roads open to

traffic most of the time.

Overseas Road Note 1 classifies the different maintenance activities to be carried out regularly

throughout the network as follow.
e Urgent:  for unforeseen or emergency repairs which demand top priority.
e Routine: to be carried out whatever the road condition.

e Recurrent: to be carried out at intervals during the year.

e Periodic: required only at intervals of several years.
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e Special:  covering the high cost maintenance such as overlaying and reconstruction. This

activity to be treated as capital projects which, may not be covered by the regular

maintenance budget.

Table 3.2 sets out the different maintenance activities by category of priority based on the
importance of the road and the traffic level, in which 1 denotes high priority to urgent

maintenance on strategic roads and 48 denotes low priority for special works on unpaved

roads.

Table 3.2 i1s suggested by Overseas Road Note 1 to ensure that every road in the network
receives the minimum maintenance required to keep the road in service. The list of priorities
in Table 3.2 can be re-ordered to suit the local conditions for any highway network. There are

many local conditions which may influence maintenance requirements such as soil type,
topography and climate. Therefore, an accurate inventory for each single road in the network
would play a significant role in producing the ideal list of priorities for different road

categories. It 1s important to compare the actual costs of the proposed maintenance work and

resource with available funds. This would assist the maintenance engineer in deciding which

task can be included in the current financial year and which can be postponed to next year.

3.3.6-Scheduling and Execution

Overseas Road Note 1 recommends the scheduling of the work details to identify to the

maintenance team how much work is to be done each day and the required resources.

Overseas Road Note 1 has presented a simple worksheet form for work scheduling in order to

arrange different work elements such as target production, resources, period of time and

activity location.
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Table 3.1 Roads classified by category of importance

TRAFFIC SURFACE TYPE

CATEGORY

Strategic roads
> 1000
500-1000
200-500
> 200
<200
50-200

<350

Table 3.2 Maintenance priorities based on road traffic category

Category of Maintenance

activity

Routine maintenance
Recurrent work

Periodic work

Other routine work

Urgent 1 7 8 0 10 11 12 13
2 14 15 16 17 18 19 20
3 21 24 27 30 33 36 39
4 22 25 28 31 34 37 40
> 23 26 29 32 35 38 41
6 42 43 44 45 46 47 48

Special work
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3.3.7-Monitoring

Monitoring is important from two aspects. Firstly, to ensure the quality and effectiveness of the
work carried out and secondly to provide the essential data that is required to make
adjustments to future maintenance operations. The monitoring task consists of both field

inspection and desk review. Therefore, Overseas Road Note 1 has focussed on the role of the

maintenance engineer site inspection to gain the following advantages.

e To check the quality of the work and the labour’s skill.

e To make a personal assessment of the condition of the roads.

o To discuss problems on site directly with the staff concerned

Overseas Road Note 1 recommends a desk review for all the maintenance documentation
(reports, requirement forms, work schedules) to assess the degree of success in the
programmed work and to plan for future work. The office work will give an indication of the
accuracy of resources allocation.

ORN1 comprises very useful recommendations for improving maintenance methods and 1t
could be an initial step towards establishing a maintenance strategy in a city like Benghazi. The

road authority in the municipality of Benghazi (and Libya in general) is responsible for a large

and high standard highway network, without establishing any formal maintenance strategy to
maintain it (see Chapter 4). Therefore, following the recommendations cited in ORN1 and
ORN2 and encouraging the engineers and technicians to adopt their techniques may lead to
establishing the first proper maintenance strategy in the city. However, the need for
comprehensive and powerful maintenance management systems for cities in developing
countries and particularly the city of Benghazi is apparent. Other systems for maintenance

management and road investment appraisal are described elsewhere in this chapter (Para. 3.4)
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3.4 Road Condition Assessment Systems

A road network’s condition can be surveyed and assessed by using either visual inspection
systems or machine-based systems. On occasions, both systems may be used together. The
decision to choose a suitable system for a road network depend on the size of the road

network, size and type of inspection and survey required and the budget allocated to this task.

3.4.1-Visual Inspection Systems

There are many assessment systems based on visual evidence from the inspection team. The
best known and most widely used systems in the UK are CHART (Computerised Highway

Assessment of Rating and Treatments), and MARCH, (Maintenance Assessment, Rating and

Costing for Highways). The Burrow Snaith maintenance management system (BSM) is used in

developing countries.

3.4.1.1 CHART System

The Report of the Committee on Highway Maintenance (The Marshall Report 1970) included
recommendations on standards of maintenance for use by highway authorities. These
recommendations show how to inspect road's conditions by applying ratings to those standards
to assist in the determination of priorities for remedial treatment (Wingate and Peters 1975).
CHART is a visual survey system to assess the road condition. This system was designed and
developed by TRRL (Transport and Road Research Laboratory) to assess and record the
visual condition of a road by site inspectors using a mainframe or minicomputer to produce
management information. CHART 1s a management system used to assist the highway
maintenance engineer in assessing the structural maintenance needs of highways, using factual

data of the highway network condition obtained by systematic inspection (Wingate and Peters

1975). The main conditions assessed through the CHART system are as follows:

1. wheel track rutting,
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2. wheel track cracking,

3. whole carriageway major deterioration,
4. whole carriageway minor deterioration,
5. loss of skidding resistance,

6. surface irregularity (loss of riding quality),

7. adverse camber,
8. edge defects,

9. inadequate drainage of the surface,

10.existing patching,
11.footway deterioration,
12.1nadequate kerb upstand,

13.kerb deterioration,
14.need for kerbs.
In the CHART system, the above 14 standard defects, which are collected through the

inspection survey, are processed and rectified as follows to meet the suitable remedy

according to defined standards.

e Reconstruction for all defects 1 to 10.
e Resurfacing for defects 1 to 7 and defect 10.

¢ Surface dressing for defects 2 to 5 and defect 10.

e Edge repair for defect 8.

e Drainage treatment for defect 9.

For each of the above defect, there are rating values that vary according to the severity, extent

and importance of the detect. These rating values are based on linear relations between the

percentage defective and a rating value, which is a numerical value given to the remedial
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treatment for that defect. This relation is given by graphs for different defects (i.e. rutting,
roughness). Figure 3.5 is a typical graph from the CHART system, which shows the linear
relationship between the rating value and amount of defect for rutting and cracking. So, if a
micro-section has in one side 25% of its length with 16mm ruts contributing 300 points to the

basic rating, 40% of its length with 18mm ruts contributing 800 points and 35% of length with
19mm ruts contributing 1800 points. The total basic rating value for rutting in this micro-
section would be 2900 points and the higher of the two ratings from both sides is the rating
value of the sub-section. The defect rating values in each sub-section are then compared with
critical defect ratings to determine the treatment ratings and the treatments required for each

sub-section. In the CHART system, the road network is divided into sections and sub-sections

where the sub-sections have lengths of 100 metres as standard. The section is the length on

which data are inputted to the CHART system. Sections must be carefully selected as follows:

e cach section must have a unique identity through the data input,

e each section must start and finish at junctions,

e section must not cross section

e cach section must be of one of the above categories and road classification,

e ecach section must contain one named street,
e cach section should be of uniform carriageway construction,
¢ ecach section must be without large changes in traffic flow,

e cach carriageway of a dual carriageway road must be considered separately,

e cach carriageway of a dual carriageway road must be considered separately,

e roundabouts and very large junctions areas must be separate sections

o slip roads must be separate sections,

e sections must not exceed 9.9 kilometre in length for motorways,
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e short sections must be avoided. They must not be shorter than 24m and not longer than 3

km for trunk and main roads.

The main criterion for categorising roads in the CHART system is the importance of the road

in the area of the study. The main roads categories in the CHART system are as follows.

e Motorway and very important trunk roads.
e Other trunk roads and important principal roads.

e Other principal roads and important non-principal roads.

3.4.1.2 MARCH System.

Since the publication of the “Report of the Committee on Highway Maintenance”, (Marshall
Report 1970), the need for a system assessing the maintenance needs for highways based on

recommendations and standards cited in the Marshall Report has become essential. The

Marshall Committee has established uniform standards for types of remedial treatments, and

for road serviceability and maintenance (Kerali 1986).

The MARCH system was developed by the MARCH Policy Group. Like the CHART system,

the MARCH system 1s based on a visual inspection to collect the road condition data. The

processing of data in the MARCH system 1s faster and simpler than that in the CHART

system, and adequate for the 1nitial screening and priority assessment, but it is less precise in

its survey data (Snaith et al 1982)

The MARCH system has been developed for assessing budgeting costs, through a priority list
of the different defects and their treatment. The implementation of the MARCH system starts

with an inventory of the road network furniture, such as junctions and roundabouts. These

permanent features of the road network will be used as fixed markers for the maintenance
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lengths “stretches”. These stretches are about three kilometres long; each stretch has a unique
identification (numbers or letters), and i1s marked at both ends by one of the identifiable

features of the road (junctions). The stretch is divided into about ten equal maintenance

lengths, each with 1ts own identifier (Snaith et al 1982). The information collected i1s

combined together in a master file, which contain the critical deterioration limits

recommended in the Marshall Report together with codes for different traffic loads and tuning

factors used to set the priorities for maintenance.

The rating of defects in the MARCH system is calculated using equation 3.1 below, in order
to determine the priority of a maintenance length. This priority is based on selecting the
defects which exceed the critical level recommended in the Marshall Report in each

maintenance length so as to assign the proper treatment for each defect. Finally, the priority

rating of each defect in each maintenance length is calculated, so the highest priority is then

given to the defect with the highest rating

Rating = (px f)+(DLx f2xk)
DPF x TFF Equation 3.1
Where
p = percent of the defective length or area
f1 = percent factor

DL  =length of deterioration
12 = length factor

k = scale factor

DPF = priority factor of defect

TFF = traffic or footway factor
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The percent and length factors (f1,/2) are used for tuning the equation. As it could be used to

suit the local conditions, the scale factor k is equal to:

100

f = ——
average.length.of .elements

The Defect Priority Factor (DPF) 1s used to reflect the importance between the different

defects measured in a maintenance length. Thus, a square metre of major deterioration in a

carriageway 1S more important than a square metre of footway deterioration. The Traffic or

Footway Factor (7FF) relates to the traffic loading on the maintenance length, and the

importance of the road. However, the roads carrying high traffic loads are given a low value

of TFF which result in a higher priority.

A priority list of all maintenance lengths requiring remedial treatments is prepared to cost the
actual treatment. Following this, the total cost of remedial treatment required by maintenance
lengths of higher priority is produced. In the MARCH system, the defects for each road length
in the section are collected together before processing to determine the criticality for

treatment. Consequently, the location of a particular defect cannot be identified as in the

CHART system. The only information available is that there is a particular defect somewhere

in a particular road length.

The MARCH system has the advantage of incorporating cost and basic inventory modules,

where a list of the recommended remedial treatments in priority order is prepared with
individual cost to each treatment, and so provides a cumulative cost for all maintenance

lengths requiring treatment. The MARCH system is based mainly on three main stages:

e collection of data throughout the road networks,

e formation of the master file,
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e determination of treatment, costs and priorities.

3.4.1.3. The BSM System

The Burrow Snaith Maintenance Management System (BSM) is a second generation

management system developed for use primarily in developing countries, as a result of

experience with Overseas Road Note 1, MARCH and CHART (Snaith et al 1985). The
implementation of the BSM system is based on similar procedures followed in the MARCH
system for road condition data collection. However, the BSM system has the ability to adopt
the local conditions of the intended areas of application. The BSM system has been developed
to overcome the problem of establishing proper maintenance management in developing
countries, as neither of the previous systems (CHART, MARCH) were applicable for

developing countries because they were both developed to comply with the recommendations

given in the Marshall Report (Kerali 1985).

The BSM system has been tested in many developing countries, such as, Botswana, China,

Malaysia and Thailand, through funding from either the World Bank or the Overseas
Development Administration (Snaith et al 1985). The BSM System is based on a relatively

simple manual method, similar to that in the MARCH system. The national highway network
is divided into regions and districts, then to sections of 3 km in length demarcated by fixed

road features (i1.e. junctions). Each section is then divided into sub-sections of 250m in length.
The road characteristics (1.e. carriageway widths, shoulders) and conditions (i.e. rutting,
major/minor carriageway deterioration) are recorded by a Field Survey Team (FST). The

fixed road characteristics are combined into an Area Master File (AMF), and the sub-section’s

conditions are annually updated by the FST.
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The implementation of the BSM system in China and Thailand was covered in a three- phase
program:

e Pre-implementation

e Implementation

¢ Review

During the pre-implementation phase, a specialist adviser visited the recipient country to
decide with the local maintenance authority the required variation to bring the system BSM
into line with established practices in that country (Snaith, Kerali and May 1986). Then the

system was tailored in the UK to the needs of the recipient country and tested for about three

months.

In the second phase, all BSM system operation equipment was installed and commissioned.

This needed a two-month period to be completed. Then the headquarters staff and technicians

were introduced to the system and trained in its operation to become familiar and able to

commence using the system. At this stage the BSM system was introduced to a trial on a road

section, In order to test the technicians and to re-tune the system to suit the local condition.

Following this stage, the local trained teams continued collecting the condition data of the
trial area (500-km), and using the system to record all surveying information. This stage took
about six months. After this, the two-man team of experts in the system undertook a review of
the work done, assessing progress and making any final adjustments necessary to the system.

As a result of this training and implementation, the local teams would have sufficient

experience with the system to operate it without undue dependence on expatriate staff (Snaith

et al 198)5)
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The priornty rating method adopted in the BSM system 1s similar to the rating method used in
the MARCH system. However, this method is modified to suit the conditions, which exist in
the developing countries (Kerali 1985). It takes into account the importance of the road, type
of pavement, the degree of distress and the riding quality. As this system is developed to suit

the local conditions of the recipient country, the maintenance standards input to the Area

Master File (AMF) reflect the availability of materials and the maintenance practice in the

area of application

CHART and MARCH are maintenance management systems, which are mainly applicable to
UK conditions only (Kerali 1986). They are both based on recommendations given in the

Marshall Report, which defines a common standard for road maintenance in UK, and

recommends a system for determining priorities for maintenance projects. Unlike the

MARCH system, the CHART system is a very detailed and complex system requiring skilled

labour at the stage of data collection, with accurate results in identifying defective lengths.

The processing of data in the MARCH system is faster and simpler than that in the CHART

system, but less precise in relation to its survey data (Snaith et al 1982). In the MARCH

system the location of a particular defect cannot be identified as in the CHART system. The
only information available is that there is a particular defect somewhere in a particular road
length. The CHART system is fairly slow, with a daily survey capacity of 2 to 6 km (Kennedy
1996), depending on the skill of the inspection team, the weather conditions, the road
condition, the amount of data required and the traffic flow on the particular road during the

inspection.

The BSM system was developed by Highway Management Services Ltd (Robinson and

Sniath 1985). It is a microcomputer system combining data from the field inspection team
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describing the road condition. It then outputs a treatment priority order, together with its cost,
in order to prepare an annual report to the road authority setting out the maintenance needs
and the budget required to cover those needs. This system could be a good tool for
establishing a proper maintenance-management system in the city of Benghazi if the

following conditions could be met. Firstly, the road authority in the city could find the
resources to cover the implementation process, as Libya is not eligible for any funded aid

either from the World Bank or from donor agencies. Secondly, the road authority in the city

would have to encourage its highway engineers and technicians to adopt computer technology

and have regular intensive courses locally and overseas.

3.4.2-Machine-based survey systems

Surface condition assessment can be carried out nowadays using high technology systems,
which can operate at normal traffic speed without disruption to traffic. The use of machine-
based systems for collecting road condition has the significant advantage of minimising the
disruption to traffic, increase inspection capacity, maximising the operators safety during the

survey and providing reliable data in which the maintenance system is based.

The system currently employed in the UK (Kennedy 1996) uses the following equipment.

e High-Speed Road Monitor(HRM)

o Sideways-Force Coefficient Routine Investigation Machine(SCRIM)

e Deflectograph

o Falling Weight Deflectometer (FWD)

e The Bump Integrator(BI)
e Transverse profilometer

o High-speed profilometre
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3.4.2.1 High-Speed Road Monitor (HRM)

The HRM has been designed and developed by TRL (Transport Research Laboratory). A
trailer, which carries the equipment, is towed by a surveying vehicle, which contains
computer facilities to process the data collected during the survey. HRM is used to provide a

broad assessment of road condition in a single pass (skidding, texture depth, rut depth, riding
quality) and then special equipment for each defect may be used for more details.
HRM consist of five laser sensors, four are mounted on a rigid beam at the nearside of the

trailer and the fifth sensor is mounted on a transverse beam at the centre of the trailer. In

addition to two distance-sensors are fitted to the trailer wheels.

The new version of the HRM is a trailer less or self-contained vehicle developed by WDM

Ltd called Multifunction Road Monitor (MRM) (Figure 3.6). MRM is a vehicle-based system,
which can provide the objective routine assessment of road condition with low-labour cost,

safely and quickly with speeds up to 100 kph. MRM can merge with traffic without any
disruption to the other road users owing to its ability to collect data at variable speed, and the

sensors in MRM have been mounted on the vehicle chassis to provide a more compact and

manoeuvrable machine (Hosking 1996).

3.4.2.2) Sideways-force Coefficient Routine Investigation Machine (SCRIM)

SCRIM was designed by TRL and manufactured under license by WDM Ltd to measure
skidding resistance, which has a significant role in main road accidents owing to low macro
and micro texture of the surface. The vehicle (SCRIM) normally operates at 50 Km/h during
testing (Kennedy 1996). A fifth wheel is fitted on the vehicle at an inclination of 20 degree

with the direction of travel and can be lifted clear of the road when not in use. During the

testing,
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Figure 3.6 Multifunction road monitor
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the wheel is lowered and subjected to a vertical load of 200 Kg. A thin film of water poured in
advance of the test from a tank mounted beside the fifth wheel (Figure 3.7).

The Side Force Coefficient (SFC), which 1s the ratio of the force developed at right angles to
the plane of the wheel to the load imposed on the wheel (vertical reaction between <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>