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FOREWORD

The road network in Ethiopia provides the dominant mode of freight and passenger
transport and thus plays a vital role in the economy of the country. The network comprises
a huge national asset that requires adherence to appropriate standards for design,
construction and maintenance in order to provide a high level of service. As the length of
the road network is increasing, appropriate choice of methods to preserve this investment
becomes increasingly important.

In 2002, the Ethiopian Roads Authority (ERA) first brought out road design manuals to
provide a standardized approach for the design, construction and maintenance of roads in
the country. Due to technological development and change, these manuals require periodic
updating. This current version of the manual has particular reference to the prevailing
conditions in Ethiopia and reflects the experience gained through activities within the road
sector during the last 10 years. Completion of the review and updating of the manuals was
undertaken in close consultation with the federal and regional roads authorities and the
stakeholders in the road sector including contracting and consulting industry.

Most importantly, in supporting the preparation of the documents, a series of thematic peer
review panels were established that comprised local experts from the public and private
sector who provided guidance and review for the project team.

This Manual supersedes the Pavement Design Manual Volume I Flexible Pavements and
Gravel Roads part of the ERA Design Manuals of 2002. The standards set out shall be
adhered to unless otherwise directed by the concerned bodies within ERA. However, 1
should emphasize that careful consideration to sound engineering practice shall be
observed in the use of the manual, and under no circumstances shall the manual waive
professional judgment in applied engineering.

On behalf of the Ethiopian Roads Authority I would like to take this opportunity to thank
DFID, Crown Agents and the AFCAP team for their cooperation, contribution and support
in the development of the manual and supporting documents for Ethiopia. I would also like
to extend my gratitude and appreciation to all of the industry stakeholders and participants
who contributed their time, knowledge and effort during the development of the
documents. Special thanks are extended to the members of the various Peer Review Panels
whose active support and involvement guided the authors of the manual and the process.

It is my sincere hope that this manual will provide all users with both a standard reference
and a ready source of good practice for the pavement design of roads, and will assist in a
cost effective operation, and environmentally sustainable development of our road
network. I look forward to the practices contained in this manual being quickly adopted
into our operations, thereby making a sustainable contribution to the improved
infrastructure of our country.

Comments and suggestions on all aspects from any concerned body, group or individual as
feedback during its implementation is expected and will be highly appreciated.

Zaid Wolde Gebriel

Director General, Ethiopian Road Authority
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PREFACE

The Ethiopian Roads Authority is the custodian of the series of technical manuals, standard
specifications and bidding documents that are written for the practicing engineer in
Ethiopia. The series describe current and recommended practice and set out the national
standards for roads and bridges. They are based on national experience and international
practice and are approved by the Director General of the Ethiopian Roads Authority.

This Pavement Design Manual Volume [ Flexible Pavements - 2013 forms part of the ERA
series of Road and Bridge Design documents. The complete series of documents, covering
all roads and bridges in Ethiopia, includes the following documents:

Route Selection Manual

Site Investigation Manual

Geotechnical Design Manual

Geometric Design Manual

Pavement Design Manual Volume I Flexible Pavements
Pavement Design Manual Volume II Rigid Pavements
Pavement Rehabilitation and Asphalt Overlay Design Manual
Drainage Design Manual

e A R

Bridge Design Manual
. Low Volume Roads Design Manual

—_
— O

. Standard Environmental Procedures Manual

—_
N

. Standard Technical Specifications
13. Standard Drawings
14. Best Practice Manual for Thin Bituminous Surfacings

15. Standard Bidding Documents for Road Work Contracts — A series of Bidding
Documents covering the full range of projects from large scale works unlimited in
value to minor works with an upper threshold of $300,000. The higher level
documents have both Local Competitive Bidding and International Competitive
Bidding versions.

These documents are available to registered users through the ERA website:
WWWw.era.gov.et

Approach to Manual Updates

The following principles have guided the preparation of this revision to the Flexible
Pavement Design Manual:

o The manual provides design details for pavement structures that are known to be
successful in the overall environment in which the manual is to be used. The
manual provides choices but each choice is not likely to be suitable in all situations.
For example, the manual does not cater for situations where specifications are not
enforced on site (although it does provide guidance on which pavement structures
are ecasier to build and provides information on how quality control can be
improved).
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e Additional Specifications are required for implementation of the manual
recommendations on site. These Specifications are normally a subset of the details
in the manual, but with extra criteria to cater for construction-related issues.

e The manual includes pavement structures that might not be used in the near future
in Ethiopia but may be required in the longer term, for example when traffic levels
increase. The inclusion of these structures in the current version is intended to
encourage demonstration projects and further research.

e Local short term bad experience of the use of one type of structure has not been
used as a reason to exclude it from the manual if wider international experience
shows that it has been successful in similar environments. Pavement structures that
are currently expensive in Ethiopia are also not specifically excluded: they might
become more competitive in the future.

The pavement design charts have been reorganised into four groups for the current version
of the manual. The groups are based on the type of surfacing and the structure of the
pavement. Many of the layer thicknesses in the charts are the same as in the charts from the
2002 edition, but all thicknesses have been re-checked. Minor edits have been made for
consistency as traffic and subgrade strength changes from cell to cell. In view of the
revisions to the charts, Appendix H has been completely rewritten.

Manual Updates

Significant changes to criteria, procedures or any other relevant issues related to new
policies or revised laws of the land or that is mandated by the relevant Federal Government
Ministry or Agency should be incorporated into the manual from their date of
effectiveness.

Other minor changes that will not significantly affect the whole nature of the manual may
be accumulated and made periodically. When changes are made and approved, new
page(s) incorporating the revision, together with the revision date, will be issued and
inserted into the relevant chapter.

All suggestions to improve the manual should be made in accordance with the
following procedures:

1. Users of the manual must register on the ERA website: www.era.gov.et

2. Proposed changes should be outlined on the Manual Change Form and forwarded with
a covering letter of its need and purpose to the Director General of the Ethiopian Roads
Authority.

3. After completion of the draft review period, proposed modifications will be assessed by
the requisite authorities in ERA.

4. Agreed changes will be approved by the Director General of the Ethiopian Roads
Authority on recommendation from the Deputy Director General (Engineering
Operations).

5. All changes to the manual will be made prior to release of a new version of the manual.
6. The release date will be notified to all registered users and authorities.
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GLOSSARY OF TERMS

Aggregate Hard mineral elements of construction material mixtures, for
example: sand, gravel (crushed or uncrushed) or crushed rock.

Asphalt In American literature asphalt is another term for bitumen. The term
is also commonly used in this way in Ethiopia. In other countries,
asphalt is commonly used as shorthand for asphaltic concrete or,
indeed, any design of high quality bitumen/aggregate mixture.

Asphalt A mixture to predetermined proportions of aggregate, filler and
Concrete bituminous binder material plant mixed and usually placed by means
of a paving machine.

Asphalt The layer or layers of asphalt concrete constructed on top of the
Surfacing roadbase, and, in some cases, the shoulders.

Average Annual The total yearly traffic volume in both directions divided by the
Daily Traffic number of days in the year.
(AADT)

Average Daily ~ The total traffic volume during a given time period in whole days
Traffic (ADT) greater than one day and less than one year divided by the number of
days in that time period.

Base Course This is the main component of the pavement contributing to the
spreading of the traffic loads. In many cases, it will consist of
crushed stone or gravel, or of good quality gravelly soils or
decomposed rock. Bituminous base courses may also be used (for
higher classes of traffic). Materials stabilised with cement or lime
may also be contemplated.

Binder Course  The lower course of an asphalt surfacing laid in more than one course.

Bitumen The most common form of bitumen is the residue from the refining of
crude oil after the more volatile material has been distilled off. It is
essentially a very viscous liquid comprising many long-chain organic
molecules. For use in roads it is practically solid at ambient
temperatures but can be heated sufficiently to be poured and sprayed.
Some natural bitumens can be found worldwide that are not distilled
from crude oil but the amounts are very small in comparison.

Borrow Area An area within designated boundaries, approved for the purpose of
obtaining borrow material. A borrow pit is the excavated pit in a

borrow area.
Borrow Any gravel, sand, soil, rock or ash obtained from borrow areas, dumps
Material or sources other than cut within the road prism and which is used in

the construction of the specified work for a project. Not including
crushed stone or sand obtained from commercial sources.

Boulder A rock fragment, usually rounded by weathering or abrasion, with an
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Bound
Pavement
Materials

Camber

Capping Layer

Carriageway

Contraction

Joint

Cross-Section

Crossfall

Culvert

Cutting

Chippings

Deformed Bar

Design Period

Diverted
Traffic

Dowel

average dimension of 0.30 m or more.

Pavement materials held together by an adhesive bond between the
materials and another binding material such as bitumen.

The convexity given to the curved cross-section of a roadway.

(Selected or improved subgrade). The top of embankment or bottom
of excavation prior to construction of the pavement structure. Where
very weak soils and/or expansive soils (such as black cotton soils)
are encountered, a capping layer is sometimes necessary. This
consists of better quality subgrade material imported from elsewhere
or subgrade material improved by stabilisation (usually mechanical),
and may also be considered as a lower quality sub-base.

That portion of the roadway including the various traffic lanes and
auxiliary lanes but excluding shoulders.

A joint normally placed at recurrent intervals in a rigid slab to
control transverse cracking.

A vertical section showing the elevation of the existing ground,
ground data and recommended works, usually at right angles to the
centreline.

The difference in level measured transversely across the surface of
the roadway.

A structure, other than a bridge, which provides an opening under the
carriageway or median for drainage or other purposes.

Cutting shall mean all excavations from the road prism including side
drains, and excavations for intersecting roads including, where
classified as cut, excavations for open drains.

Stones used for surface dressing (treatment).

A reinforcing bar for rigid slabs conforming to “Requirements for
Deformations” in AASHTO Designations M 31M.

The period of time that an initially constructed or rehabilitated
pavement structure will perform before reaching a level of
deterioration requiring more than routine or periodic maintenance.

Traffic that changes from another route (or mode of transport) to the
project road because of the improved pavement, but still travels
between the same origin and destination.

A load transfer device in a rigid slab, usually consisting of a plain
round steel bar. Unlike a tie bar, a dowel may permit horizontal
movement.
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Equivalent
Standard Axles
(ESAS)

Equivalency
Factors

Equivalent
Single Axle
Load (ESA)

Escarpment

Expansion
Joint

Fill

Flexible
Pavements

Formation
Level

Generated
Traffic

Grading
Modulus (GM)

Heavy Vehicles

A measure of the potential damage to a pavement caused by a
vehicle axle load expressed as the number of 8.2 metric tonnes single
axle loads that would cause the same amount of damage. The ESA
values of all the traffic are combined to determine the total design
traffic for the design period.

Used to convert traffic volumes into cumulative equivalent standard
axle loads.

Summation of equivalent 8.16 ton single axle loads used to combine
mixed traffic to calculate the design traffic loading for the design
period.

Escarpments are geological features that are very steep and extend
laterally for considerable distances, making it difficult or impossible
to construct a road to avoid them. They are characterised by more
than 50 five-metre contours per km and the transverse ground slopes
perpendicular to the ground contours are generally greater than 50%.

A joint located to provide for expansion of a rigid slab without
damage to itself, adjacent slabs, or structures.

Material of which a man-made raised structure or deposit such as an
embankment is composed, including soil, soil-aggregate or rock.
Material imported to replace unsuitable roadbed material is also
classified as fill.

Includes primarily those pavements that have a bituminous (surface
dressing or asphalt concrete) surface. The terms "flexible and rigid"
are somewhat arbitrary and were primarily established to
differentiate between asphalt and Portland cement concrete
pavements.

Level at top of subgrade.

Additional traffic which occurs in response to the provision of
improvement of the road.

Related to the cumulative percentages by mass of material in a repre-
sentative sample of aggregate, gravel or soil retained on the 2.36 mm,
0.425 mm and 0.075 mm sieves;

GM =3— P36 + Fogps + Boors
100

where: P, ;, = percentage passing 2.36 mm sieve

P,

Y45 = percentage passing 0.425 mm sieve

R, ,,s = percentage passing 0.075 mm sieve

Those having an unloaded weight of 3000 kg or more.
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Hot mix
asphalt (HMA)

Longitudinal
Joint

Maintenance

Mountainous
(Terrain)

Normal Traffic

Overlay

Pavement
Layers

Project
Specifications

Pumping

Quarry

Reconstruction

Recycling

Rehabilitation

Reinforcement

This is a generic name for all high quality mixtures of aggregates and
bitumen that use the grades of bitumen that must be heated in order
to flow sufficiently to coat the aggregates. It includes Asphaltic
Concrete, Dense Bitumen Macadam and Hot Rolled Asphalt.

A joint normally placed between traffic lanes in rigid pavements to
control longitudinal cracking.

Routine work performed to keep a pavement as nearly as possible in
its as-constructed condition under normal conditions of traffic and
forces of nature.

Terrain that is rugged and very hilly with substantial restrictions in
both horizontal and vertical alignment. It is defined as having 26-50
five-metre contours per km. The transverse ground slopes
perpendicular to the ground contours are generally above 25%.

Traffic which would pass along the existing road or track even if no
new pavement were provided.

One or more courses of asphalt construction on an existing pavement.
The overlay often includes a levelling course, to correct the contour of
the old pavement, followed by a uniform course or courses to provide
needed thickness.

The layers of different materials which comprise the pavement
structure.

The specifications relating to a specific project, which form part of the
contract documents for such project, and which contain supplementary
and/or amending specifications to the standard specifications.

The ejection of foundation material, either wet or dry, through joints
or cracks, or along edges of rigid slabs resulting from vertical
movements of the slab under traffic.

An area within designated boundaries, approved for the purpose of
obtaining rock by sawing or blasting.

The process by which a new pavement is constructed, utilizing mostly
new materials, to replace an existing pavement.

The reuse, usually after some processing, of a material that has
already served its first-intended purpose.

Work undertaken to significantly extend the service life of an existing
pavement. This may include overlays and pre overlay repairs, and may
include complete removal and reconstruction of the existing
pavement, or recycling of part of the existing materials.

Steel embedded in a rigid slab to resist tensile stresses and
detrimental opening of cracks.
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Rigid Pavement A pavement structure which distributes loads to the subgrade having,
as the main load bearing course, a Portland cement concrete slab of
relatively high-bending resistance.

Roadbase A layer of material of defined thickness and width constructed on top
of the sub-base, or in the absence thereof, the subgrade. A roadbase
may extend to outside the carriageway.

Road Bed The natural in situ material on which the fill, or in the absence of fill,
any pavement layers, are to be constructed.

Road Bed The material below the subgrade extending to such depth as affects
Material the support of the pavement structure.
Road Prism That portion of the road construction included between the original

ground level and the outer lines of the slopes of cuts, fills, side fills
and side drains. It does not include sub-base, roadbase, surfacing,
shoulders, or existing original ground.

Roadway The area normally travelled by vehicles and consisting of one or a
number of contiguous traffic lanes, including auxiliary lanes and
shoulders.

Rolling Terrain with low hills introducing moderate levels of rise and fall with

(Terrain) some restrictions on vertical alignment. Defined as terrain with 11-25

five-metre contours per km. The transverse ground slopes
perpendicular to the ground contours are generally between 3 and
25%.

Side Fill That portion of the imported material within the road prism which lies
outside the fills, shoulders, roadbase and sub-base and is contained
within such surface slopes as shown on the Drawings or as directed by
the Engineer. A distinction between fills and side fill is only to be
made if specified.

Side Drain Open longitudinal drain situated adjacent to and at the bottom of cut or
fill slopes.
Stabilisation The treatment of the materials used in the construction of the road bed

material, fill or pavement layers by the addition of a cementitious
binder such as lime or Portland Cement or the mechanical
modification of the material through the addition of a soil binder or a
bituminous binder. Concrete and asphalt shall not be considered as
materials that have been stabilised.

Sub-base The layer of material of specified dimensions on top of the subgrade
and below the roadbase. The secondary load-spreading layer
underlying the base course. Usually consisting of a material of lower
quality than that used in the base course and particularly of lower
bearing strength. Materials may be unprocessed natural gravel,
gravel-sand, or gravel-sand-clay, with controlled gradation and
plasticity characteristics. The sub-base also serves as a separating
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Subgrade

Subsurface
Drain

Surface
Treatment

Surfacing

Tie Bar

Traffic Lane

Traffic Volume

Typical Cross-
Section

Unbound
Pavement
Materials

Wearing
Course

Welded Wire
Fabric

layer preventing contamination of the base course by the subgrade
material and may play a role in the internal drainage of the
pavement.

The surface upon which the pavement structure and shoulders are
constructed. It is the top portion of the natural soil, either undisturbed
(but recompacted) local material in cut sections, or soil excavated in
cut or borrow areas and placed as compacted embankment.

Covered drain constructed to intercept and remove subsoil water,
including any pipes and permeable material in the drains.

The sealing or resealing of the carriageway or shoulders by means of
one or more successive applications of bituminous binder and crushed
stone chippings.

This comprises the top layers(s) of the flexible pavement and consists
of a bituminous surface dressing or one or two layers of premixed
bituminous material (generally asphalt concrete). Where premixed
materials are laid in two layers, these are known as the wearing course
and the binder course.

A deformed steel bar or connector embedded across a joint in a rigid
slab to prevent separation of abutting slabs.

Part of a travelled way intended for a single stream of traffic in one
direction, which has normally been demarcated as such by road
markings.

Volume of traffic usually expressed in terms of average annual daily
traffic (AADT).

A cross-section of a road showing standard dimensional details and
features of construction.

Naturally occurring or processed granular material which is not held
together by the addition of a binder such as cement, lime or bitumen.

The top course of an asphalt surfacing or, for gravel roads, the
uppermost layer of construction of the roadway made of specified
materials.

Welded steel wire fabric for concrete reinforcement.
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ABBREVIATIONS

AADT Average Annual Daily Traffic

AASHO American Association of State Highway Officials (previous
designation)

AASHTO American Association of State Highway and Transportation
Officials

AC Asphalt Concrete

ACV Aggregate Crushing Value — a measure of aggregate strength

ASTM American Society for Testing Materials

BS British Standard

CBR California Bearing Ratio (as described in AASHTO T 193)

CRCP Continuously Reinforced Concrete Pavement

DCP Dynamic Cone Penetrometer

mp, m3 Drainage coefficients. Factors used to modify layer coefficients
in flexible pavements to take account of climate, the
effectiveness of internal pavement drainage and moisture
sensitivity.

ERA Ethiopian Road Authority

ESA quivalent standard axles. A measure of the damaging effect of
vehicle axles.

FWD Falling Weight Deflectometer

GM Grading Modulus

HMA Hot Mixed Asphalt

ICL Initial Consumption of Lime test

IRI International Roughness Index

LAA Los Angeles Abrasion Value — a measure of aggregate strength.

MDD Maximum Dry Density

NDT Non destructive test

JPCP Jointed Plain Concrete Pavement

JRCP Jointed Reinforced Concrete Pavement

ap, a, az Strength coefficients. The empirical strength coefficients used
for weighting the contribution of each layer of the pavement to
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the overall structural number (SN). They are modified by the
drainage coefficients (see above).

NDT Non destructive testing

PCC Portland cement concrete

PMS Pavement management system

RRD Representative rebound deflection

S1to S6 Subgrade strength classes used to characterize the subgrade in

pavement design.

SN and MSN Structural Number and Modified Structural Number. An index
of overall pavement strength based on the thicknesses and
strengths of each pavement layer.

SNegr and MSNege Effective Structural Number of an existing pavement.

T1to T8 Traffic classes used to characterize the anticipated traffic in
terms of ESA for flexible pavement design purposes.

hy, hy, h; Thicknesses of pavement surface, base and sub-base layers
(existing or required).

TRL Transport Research Laboratory, UK (formerly TRRL)
TRRL Transport and Road Research Laboratory, UK

VOC Vehicle Operating Costs

VFB Voids Filled with Bitumen

VIM Voids in the Mix

VMA Voids in the Mineral Aggregate

Ethiopian Roads Authority Page xxvii






Pavement Design Manual Volume 1 Chapter 1
Flexible Pavements - 2013 Introduction

1 INTRODUCTION

1.1 General

This manual gives recommendations for the structural design of ‘flexible’ pavements in
Ethiopia. The definition of a flexible pavement is simply a pavement that does not include
a layer of high strength concrete. Thus ‘flexible pavements’ include pavements with
unbound granular aggregate layers and pavements with aggregate layers that are bound
together with bitumen. It also includes pavements that may contain layers of aggregate that
are bound together (or stabilised) with hydraulic binders such as cement and lime, but with
relatively low levels of binder.

Pavements which include a layer of high strength Portland cement concrete are called
‘rigid’ pavements and are designed on different principles. The design of rigid pavements
is treated separately in the ERA’s Pavement Design Manual Volume II Rigid Pavements.

Gravel or ‘unpaved’ roads are also a form of flexible construction. Their design is similar
to that of other flexible structures but the gravel itself wears away, depending on traffic,
rainfall and terrain, hence additional material is required to make sure that the gravel is
always thick enough. The design of gravel roads is dealt with in ERA’s Design Manual for
Low Volume Roads.

The design of rehabilitation for worn out flexible pavements and the design of
strengthening overlays is covered in ERA’s Pavement Rehabilitation and Asphalt Overlay
Manual.

The manual is intended for engineers responsible for the design of new road pavements
and is appropriate for roads which are required to carry up to 80 million cumulative
equivalent standard axles in one direction. This upper limit is suitable at present for the
most heavily trafficked roads in Ethiopia.

1.2 Principles

Road pavements are designed to limit the stress created at the subgrade level by the traffic
travelling on the pavement surface so that the subgrade is not subject to significant
deformations. The pavement spreads the concentrated loads of the vehicle wheels over a
sufficiently large area at subgrade level. At the same time, the pavement materials
themselves should not deteriorate to any serious extent within a specified period of time.

However, it is inevitable that road pavements will deteriorate with time and traffic,
therefore, the goal of pavement design is to limit, during the period considered, the
deterioration which affects the riding quality of the road, such as rutting, cracking, potholes
and other such surface distresses, to acceptable levels.

At the end of the design period, a strengthening overlay would normally be required but
other remedial treatments, such as major rehabilitation or reconstruction, may be needed.
The design method aims at producing a pavement which will reach a relatively low level of
deterioration at the end of the design period, assuming that routine and periodic
maintenance are performed during that period.

An ‘acceptable’ riding quality depends on a match between what the users expect and what
the highway authority (and hence the government) is prepared to provide. For roads with
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high traffic levels designed with high geometric standards (and higher vehicle speeds as a
consequence), less distress will be expected or be considered acceptable. Hence trunk and
link roads are expected to offer a higher standard of rideability than lower standards of
road carrying lower levels of traffic such as collector roads, access roads etc.. These
differences are implicitly considered in the design, although in broad terms rather than in
precise, measurable economic terms.

To give satisfactory service, a flexible pavement must therefore resist the deterioration
caused by the various deterioration mechanisms that are at work. These are the effects of
traffic and the effects of the environment (essentially the effects of water and temperature).

The principal structural requirements are as follows and illustrated in Figure 1-1:

@y The subgrade should be able to sustain traffic loading without excessive
deformation; this is controlled by the vertical compressive stress or strain at this
level.

) Bituminous materials and cement-bound materials used in roadbase design should
not crack under the influence of traffic; this is controlled by the horizontal tensile
stress or strain at the bottom of the bound layer.

3) The roadbase is often the main structural layer of the pavement, required to
distribute the applied traffic loading so that the underlying materials are not
overstressed. It must be able to sustain the stress and strain generated within itself
without excessive or rapid deterioration of any kind.

4 In pavements containing bituminous materials, the internal deformation of these
materials must be limited.

(&) The load spreading ability of granular sub-base and capping layers must be
adequate to provide a satisfactory construction platform.

When some of the above criteria are not satisfied, distress or failure will occur. For
instance, rutting may be the result of excessive internal deformation within bituminous
materials, or excessive deformation at the subgrade level (or within granular layers above).

Page 1-2 Ethiopian Roads Authority



Pavement Design Manual Volume 1 Chapter 1
Flexible Pavements - 2013 Introduction

— . Moving wheel load

[Fatlgue crack

Bituminous layers /
2 €

r Horlzontal tenslie straln

e I
Cementitious or unbound
tranular layers ‘

|

R Horizontal tensile stress in cement bound layers
Subgrade g, € 2 Vertical compressive stress
‘ and strain

Figure 1-1 Critical Stresses and Strains in a Flexible Pavement Considered in
Current Design Methods

1.3 Design Process

The main steps involved in designing a new road pavement are shown in Figure 1.2:
1. Surveying the possible route (usually part of the feasibility study).

2. Estimating the traffic in terms of the cumulative number of equivalent standard
axles that will use the road over the selected design life (Chapter 2).

3. Characterizing the strength of the subgrade soil over which the road is to be built
(Chapter 3).

4. Selecting pavement materials (Chapters 6, 7, 8 and 9).

5. Using the input data obtained in steps 1 to 4 to select a suitable structure from the
catalogue of pavement structures presented in Chapter 10.

Intermediate chapters of the manual (Chapters 4 and 5) give guidance and background
information related to the soils, shoulder design, drainage, and cross section assumptions
underlying the design of the structures presented. The overall layout of the manual is
shown in Figure 1.3.
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MAIN ACTIVITY SUB-ACTIVITY
Assess geotechnical problems
SURVEY POSSIBLE -
ROUTES Search for sources of material
Choose route
Measure traffic volume by class
ASSESS TRAFFIC Measure axle load
(Assign traffic class)
Choose design life
Calculate total traffic
Assign climatic regime
MEASURE SUBGRADE Test soils
STRENGTH  (Assign
subgrade class) - - -
Define uniform sections
Design earthworks
Locate sources
SELECT PAVEMENT Test properties
MATERIALS
Accept, reject or modify
Assess severe sites
Cost analysis
SELECT Review local experience
STRUCTURE
Risk analysis (or full appraisal)
Design drainage
BUILD
Figure 1-2 Pavement Design Process
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1.4 Variability and Reliability

1.4.1 Traffic

Pavement design relies on knowledge of the expected level of traffic. Axle load studies (to
determine equivalent axle loads) and traffic counts (to determine initial traffic volumes) are
essential for a reliable design, together with estimates of traffic growth (Chapter 2). Yet
traffic forecasting remains a difficult and often uncertain task. The parameters are rarely
well known, particularly the axle loads and the projected growth. Although every effort
must be made to reduce the uncertainty inherent to these estimates, caution is still
recommended and some conservatism is justified. Moreover, sensitivity analyses of the
resulting pavement structures to these parameters are recommended.

1.4.2 Climate

Climate also has a strong influence on the pavement performance, and may be accounted
for in the design to some extent. This is particularly true for Ethiopia where a wide range
of climatic zones are encountered; from desert in the north-east triangle around Djibouti, to
temperate and mountainous (sub-alpine) over a significant part of the country, with annual
rainfall up to 1500 mm.

The climate influences the subgrade moisture content and strength (Chapter 3) and requires
precautions to ensure adequate drainage (Chapter 5). The rainfall also influences the
selection of adequate pavement materials, such as the allowable limits of materials
properties (Chapter 6), and is a potential incentive to use stabilised materials (Chapter 7).

The temperature influences the selection and design of bituminous surfacings (Chapters 8
and 9).

Climate also affects the nature of the soils and rocks encountered at subgrade level. Soil-
forming processes are very active and the surface rocks are often deeply weathered. The
soils themselves occasionally display unusual properties which can pose considerable
problems for road designers.

1.4.3 Materials and construction

Variability in material properties and construction control is generally much greater than
desired by the design engineer and must be taken into account explicitly in the design
process. Only a very small percentage of the surface of a road needs to show distress for
the road to be considered unacceptable by road users. It is therefore the weakest parts of
the road that show distress first which are important in design; it is not the average values
of road strength that is important.

In well-controlled full-scale experiments the variability in strength is such that the ten per
cent of the road which performs best will carry about six times more traffic before reaching
a defined terminal condition than the ten per cent which performs least well. Under normal
construction conditions this spread of behaviour becomes even greater.

Much of this variability can be explained through the variability of the main factors that
directly affect performance. For example, the strength of the subgrade varies from place to
place along the road, both laterally and longitudinally and this can be measured. Also the
strength and thickness of the pavement layers varies from place to place and typical values
for existing roads can also be measured (e.g. with a DCP). Therefore, if the likely
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variability is known beforehand, it is possible, in principle, for it to be taken into account
in design. It is false economy to minimise the extent of preliminary investigations to
determine this variability.

In practice it is the variability of subgrade strength that is most important. All other factors
are controlled by means of specifications i.e. by setting minimum acceptable values for the
key properties. However, even when the variability of subgrade strength and pavement
material properties is taken into account, there often remains a considerable variation in
performance between nominally identical pavements. Optimum design therefore remains
partly dependent on knowledge of the performance of in-service roads and quantification
of the variability of the observed performance itself. Thus there is always scope for
improving designs based on local experience.

It is the task of the designer to estimate likely variations in layer thicknesses and material
strengths so that realistic target values and tolerances can be set in the specifications to
ensure that satisfactory road performance can be guaranteed as far as is possible. The
thickness and strength values described in this manual are essentially minimum values but
practical considerations require that they are interpreted as lower ten percentile values with
90 per cent of all test results exceeding the values quoted. Random variations in thickness
and strength should be such that minor deficiencies in thickness or strength do not occur
concomitantly, or very rarely so. Good construction practices to ensure this randomness
and also to minimize variations themselves cannot be over emphasized.

1.5 Basis for the Design Catalogue

In view of the statistical nature of pavement design caused by the large uncertainties in
traffic forecasting and the variability in material properties, climate and road behaviour, the
design charts (Chapter 10) are presented as a catalogue of structures. Each structure is
applicable over a range of traffic and subgrade strength. Such a procedure makes the charts
easy to use, but it is important that the designer is conversant with the notes applicable to
each chart.

The pavement designs are based largely on the results of full-scale experiments and studies
of the performance of as-built existing road networks. However, pavement designs are now
required that are reliable up to relatively high traffic levels and empirical evidence for such
designs is much less than for the structures for low and intermediate levels of traffic. In
order to derive such designs, judicious use has been made of theoretical (or mechanistic)
analysis techniques. The details of this are shown in Appendix H. There are many
problems with such methods and it is thought by many experts that they generally result in
relatively conservative designs. In deriving the designs in this manual, care has been taken
to minimize this problem.

Another method of providing confidence in the extended designs is to compare them with
designs for similar conditions obtained by using methods developed in countries with a
strong history of pavement research such as the USA, Australia and RSA. This has been
done, however, the same problem still applies namely that there is much less evidence for
the performance of very heavily trafficked roads simply because there are very few of
them.
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1.6 Economic Considerations

The pavement design engineer, on the basis of the site investigations, should ascertain that
materials required for all components of the pavement structure are available. This task
should be performed concurrently with the design discussed in the following chapters
since, for a given traffic and subgrade conditions, several structures are offered. Hence, the
availability of materials will often influence or dictate the choice between the alternate
pavement structures.

Next, the prevailing unit costs of the materials should be compiled, based either on recent
works of similar type and magnitude in the vicinity of the proposed project, or by an
analysis of the mobilization, production and haulage costs.

In the past the selection of pavement type has been based simply on the lowest
construction cost on the assumption that the structures in the design catalogue for a
particular traffic level will all last as long as each other. Whilst this is true in principle,
different structures deteriorate in different ways and require differing levels of
maintenance. Furthermore some structures are more tolerant of poor maintenance and are
therefore likely to perform better if maintenance cannot be carried out in a timely manner.
The point here is that in the long term, and depending on the local circumstances, the best
choice of pavement structure can vary between those in the catalogue and will not
necessarily be the cheapest to construct. It is therefore good practice to carry out a life
cycle cost analysis, anticipating maintenance needs and risk factors and including them in
the analysis. In Ethiopia at the present time there is insufficient experience of many of the
possible structures and their likely maintenance requirements for this to be done with much
accuracy. However data is being accumulated to assist with this in future and more roads
need to be built using alternative structures. In the meantime use could be made of models
such as HDM 4 to investigate options, although care is required because such models must
be calibrated to local conditions; the lack of data is an impediment to accurate analysis.

Eventually it is also recommended that road user or vehicle operating costs are also
included in the life cycle cost analysis. This is because vehicle operating costs are the
highest costs in a transport system and depend on the surface condition or roughness of the
road. Smoother roads will save vehicle operating costs, which include fuel costs and other
costs that affect the national economy.

While researching the recent unit costs of particular materials, knowledge of past
experience with these materials should necessarily develop, and their performance can be
evaluated. This experience can, in turn, be incorporated into the process of selection of the
materials.

Vehicle operating costs depend on the condition of the road surface. The road surface
deterioration, hence its condition, depends on the nature of the traffic, the properties of the
pavement layers materials, the environment, and the maintenance strategy adopted.
Knowledge of the interaction between these factors is the object of ERA’s Pavement
Management System (PMS) and is expected to evolve and be refined as the PMS
procedures are implemented in Ethiopia. Ideally, in the future it will be possible to design a
road in such a way that, provided maintenance and strengthening can be carried out at the
proper time, the total cost of the road, i.e. the sum of construction costs, maintenance costs
and road user costs, can be minimized. As road condition surveys and PMS procedures are
conducted on a regular basis, additional information will be collected to allow road
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performance models to be refined. Pavement structural design and pavement rehabilitation
design may then become an integral part of the management system in which design could
be modified according to the expected maintenance inputs in such a way that the most
economic strategies could be adopted. These refinements lie in the future, but research in
this domain has been used, in part, in preparing the recommendations presented in this
manual.

For the pavement structures recommended in this manual, the level of deterioration that is
reached by the end of the design period should be limited to levels which yield acceptable
economic designs under most anticipated conditions. Routine and periodic maintenance
activities are assumed to be performed at a reasonable and not excessive level.
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2 TRAFFIC

2.1 General

The deterioration of paved roads caused by traffic results from both the magnitude of the
individual wheel loads and the number of times these loads are applied. It is necessary to
consider not only the total number of vehicles that will use the road but also the wheel
loads (or, for convenience, the axle loads) of these vehicles. Equivalency factors are used
to convert traffic volumes into cumulative standard axle loads and this is discussed in this
section. For paved roads, traffic classes are defined by ranges of cumulative number of
equivalent standard axles (ESAs).

The process by which traffic is evaluated is illustrated in Figure 2-1. A complete design
example of traffic calculations for flexible pavement design is presented in Section 2.7.

2.2 Design Period

Determining an appropriate design period is the first step towards pavement design. Many
factors may influence this decision, including budget constraints. However, the designer
should follow certain guidelines in choosing an appropriate design period, taking into
account the conditions governing the project. Some of the points to consider include:

1)  Functional importance of the road
i) Traffic volume

iii) Location and terrain of the project
iv) Financial constraints

v) Difficulty in forecasting traffic

Usually it is economical to construct roads with longer design periods for important roads
and for roads with high traffic volume. Where rehabilitation would cause major
inconvenience to road users, a longer period may be used. For roads in difficult locations
and terrain where regular maintenance proves to be costly and time consuming because of
poor access and non-availability of nearby construction material sources, a longer design
period is also appropriate.

Difficulties in traffic forecasting may also influence the design period. When accurate
traffic estimates cannot be made, it may be advisable to reduce the design period to avoid
costly overdesign and to adopt a stage construction strategy to cater for unexpected traffic
growth.
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Select design period

Estimate initial traffic volume
(Initial AADT) for each class
of vehicle

Estimate traffic growth rate

A

Determine the cumulative traffic volumes over the
design period for each direction of travel and for each
class of vehicle (remembering that AADT is for the
sum of both directions)

A

Estimate the mean esa for each class of
vehicle and for each direction of travel

A 4

Estimate the cumulative esas over the design
period for the direction of travel that carries
the greatest number of esas

Select appropriate traffic class
(based on esa) for flexible
pavement design

Figure 2-1 Traffic Evaluation

Bearing in mind the above considerations, it is important that the designer consults ERA at

the outset of the project to ascertain the design period. Table 2.1 shows the general
guidelines:

Table 2-1 Design Period

Road Classification Design Period (years)
Trunk Road 20
Link Road 20
Main Access Road 15
Other Roads 10
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2.3 Traffic Volumes

2.3.1 Vehicle Classification
The types of vehicles are defined according to Table 2.2.

Table 2-2: Vehicle Classification

Class Type Axles Description
1 Car 2 Passenger cars and taxis
2 Pick-up/4-wheel drive 2 Ef\l:;srj ’Iilz; Iﬁ%f&f;:;d
3 Small bus 2 <27 seats
4 Bus/coach 2 > 27 seats
5 Small truck 2 < 3.5 tonnes
6 Medium truck 2or3 3.5—7.5 tonnes
7 Large 2-axled truck 2 > 7.5 tonnes
8 3-axled truck 3 >7.5 tonnes
9 4-axled truck 4 *
10 5-axled truck 5 *
11 6-axled truck 6 *
12 2-axled trailer 2 *
13 3-axled trailer 3 *

*Not needed for definition

Traffic data may be available based on a simpler classification system using only five
classes namely Classes 1, 2 and 3 combined, Class 4, Classes 5 and 6 combined, Classes 7
to 11 combined and a class for articulated trucks. However, every effort should be made to
carry out a more detailed traffic classification as shown in Table 2.2 because the average
ESA values for the heavy vehicle classes can be very different; this more detailed
classification will enable a more accurate estimate of the total ESA values to be obtained.

232 [Initial Traffic Volumes

In order to determine the total traffic over the design life of the road, the first step is to
estimate initial traffic volumes. The estimate should be the (Annual) Average Daily Traffic
(AADT) currently using the route (or, more specifically, the AADT expected to use the
route during the first year the road is placed in service) classified into the thirteen classes
of vehicles described above. Adjustments will usually be required between the AADT
based on the latest traffic counts and the AADT during the first year of service. These
adjustments can be made using the growth factors discussed below.

Based on the review of various traffic studies conducted in Ethiopia in recent years, it has
been concluded that traffic volumes are very erratic and do not show any identifiable
general trends. This makes it difficult to predict growth rates and future volumes.
However, it is expected that, as traffic increases, the variability will decrease and it will
become a little easier to forecast traffic more accurately.

Ethiopian Roads Authority Page 2-3



Chapter 2 Pavement Design Manual Volume 1
Traffic Flexible Pavements - 2013

The AADT is defined as the total annual traffic summed for both directions and divided by
365. It is usually obtained by recording actual traffic volumes over a shorter period from
which the AADT is then estimated. It should be noted that for structural design purposes
the traffic loading in one direction is required and for this reason care is always required
when interpreting AADT figures. For long projects, large differences in traffic along the
road may make it necessary to estimate the flow at several locations.

Traffic counts carried out over a short period as a basis for estimating the AADT can
produce estimates which are subject to large errors because traffic volumes can have large
daily, weekly, monthly and seasonal variations. The daily variability in traffic volume
depends on the volume of traffic, with particularly high variability on roads carrying less
than 1000 vehicles per day. Traffic volumes vary more from day-to-day than from week-
to-week over the year. Thus there are large errors associated with estimating annual
AADTs from traffic counts of only a few days duration, or excluding the weekend. For the
same reason there is a rapid decrease in the likely error as the duration of the counting
period increases up to one week. For counts of longer duration, improvements in accuracy
are less pronounced. Traffic volumes also vary from month-to-month (seasonal variation),
so that a weekly traffic count repeated at intervals during the year provides a better base for
estimating the annual volume of traffic than a continuous traffic count of the same total
duration. Traffic also varies considerably through a 24-hour period and this needs to be
taken into account explicitly as outlined below.

Based on the above, and in order to reduce error, it is recommended that traffic counts to
establish AADT at a specific site conform to the following practice:

The counts are for seven consecutive days.

i)  The counts on some of the days are for a full 24 hours with, preferably, at least one
24-hour count on a weekday and one during a weekend. On the other days 16-hour
counts should be sufficient. These should be extrapolated to 24-hour values in the
same proportion as the 16-hour/24-hour split on those days when full 24-hour
counts have been undertaken.

ii) Counts are avoided at times when travel activity is abnormal for short periods due
to the payment of wages and salaries, public holidays, etc. If abnormal traffic flows
persist for extended periods, for example during harvest times, additional counts
need to be made to ensure this traffic is properly included.

iii) If possible, the 7-day counts should be repeated several times throughout the year.

Countrywide traffic data should, preferably, be collected on a systematic basis to enable
seasonal trends in traffic volumes to be quantified. The frequency of counting shown in
the following Table is recommended.

Table 2-3: Frequency of Traffic Counts

Road Classification 7-day Traffic Counts
Trunk Road Quarterly

Link Road Quarterly

Main Access Road Every 6 months

Other Roads Every 3 years

Page 2-4 Ethiopian Roads Authority



Pavement Design Manual Volume 1 Chapter 2
Flexible Pavements - 2013 Traffic

233 Traffic Forecast

Even with stable economic conditions, traffic forecasting is an uncertain process. Although
the pavement design engineer may often receive help from specialised professionals at this
stage of the traffic evaluation, some general remarks are in order.

To forecast traffic growth it is usually necessary to separate traffic into the following three
categories:

(a) Normal traffic. Traffic which would pass along the existing road or track even if
no new pavement were provided.

(b) Diverted traffic. Traffic that changes from another route (or mode of transport) to
the project road because of the improved pavement, but still travels between the
same origin and destination.

(c) Generated traffic. Additional traffic which occurs in response to the provision or
improvement of the road.

Normal traffic

The most common method of forecasting normal traffic is to extrapolate data on traffic
levels and assume that growth will either remain constant in absolute terms i.e. a fixed
number of vehicles per year, or constant in relative terms (a fixed percentage increase). As
a general rule it is only safe to extrapolate forward for as many years as reliable traffic data
exist from the past, and for as many years as the same general economic conditions are
expected to continue.

As an alternative, growth can be related linearly to anticipated growth of Gross Domestic
Product (GDP). This is normally preferable since it explicitly takes into account changes in
overall economic activity.

If it is thought that a particular component of the traffic will grow at a different rate to the
rest (e.g. a category of trucks, due to the development of an industry) it should be
specifically identified and dealt with separately; a uniform growth rate among the various
traffic classes should not necessarily be assumed a priori.

Whatever the forecasting procedure used, it is essential to consider the realism of forecast
future levels.

Diverted traffic

Where parallel routes exist, traffic will usually travel on the quickest or cheapest route
although this may not necessarily be the shortest. Thus, surfacing an existing road may
divert traffic from a parallel and shorter route because higher speeds are possible on the
surfaced road. Origin and destination surveys should preferably be carried out to provide
data on the traffic diversions likely to arise.

Analysis of origin / destination survey data can be done using computer based programs to
determine the diverted traffic volumes.

Diversion from other transport modes, such as rail or water, is not easy to forecast.
Transport of bulk commodities will normally be by the cheapest mode, though this may
not be the quickest.
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Diverted traffic is normally forecast to grow at the same rate as traffic on the road from
which it diverted.

Generated traffic

Generated traffic arises either because a journey becomes more attractive by virtue of a
cost or time reduction or because of the increased development that is brought about by the
road investment. Generated traffic is also difficult to forecast accurately and can be easily
overestimated.

The recommended approach to forecasting generated traffic is to use demand relationships
which show how traffic increases as the cost of a journey decreases. Studies carried out in
similar countries give an average for the price elasticity of demand for transport of about -
1.0. This means that a one per cent decrease in transport costs leads to a one per cent
increase in traffic. This is extra traffic over and above the increase in normal traffic.

At this stage, the designer has the required elements to determine the initial and forecast
AADT. For paved roads, it is still necessary to consider the axle loads in order to
determine the cumulative equivalent standard axle loads (ESA) over the design period (see
Section 2.4 below) in order to select an appropriate traffic class (Section 2.4).

Determination of Cumulative Traffic Volumes

In order to determine the cumulative number of vehicles over the design period of the road,
the following procedure should be followed:

1. Determine the initial traffic volume, AADT(m)y, of each traffic class (m) using the
results of the traffic survey and any other recent traffic count information that is
available.

29
1

2. Estimate the annual growth rate “i” expressed as a decimal fraction, and the anticipated
number of years “n” between the traffic survey and the opening of the road.

3. For each vehicle class, estimate the traffic in the first year that the road is opened to
traffic. For normal traffic this is given by
AADT(m); = AADT(m), (1+i)" Equation 2.1
4. For each vehicle class, add the estimate for diverted traffic and for generated traffic if
any are anticipated.

For structural pavement design the cumulative traffic loading of each of the motorised
vehicle classes over the design life of the road in one direction is required. For a given
class, m, this is given by the following equation:

T(m) = 0.5 x 365 x AADT(m), [(1+i/100)" — 1]/(i/100)  Equation 2.2

Where
T(m) = the cumulative traffic of traffic class m
AADT(@m); = The AADT of traffic class m in the first year
N = the design period in years
i = the annual growth rate of traffic in percent
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The cumulative traffic for each class of vehicle is multiplied by the average number of
equivalent standard axles of vehicles in that class to calculate the cumulative total number
of equivalent standard axles over the life of the road.

2.4 Axle Loads

24.1 Axle equivalency

The damage that vehicles do to a paved road is highly dependent on the axle loads of the
vehicles. For pavement design purposes the damaging power of axles is related to a
“standard” axle of 8.16 metric tons using empirical equivalency factors. In order to
determine the cumulative axle load damage that a pavement will sustain during its design
life, it is necessary to express the total number of heavy vehicles that will use the road over
this period in terms of the cumulative number of equivalent standard axles (ESAs).

Axle loads can be converted and compared using standard factors to determine the
damaging power of different vehicle types. A vehicle’s damaging power, or Equivalency
Factor (EF), can be expressed as the number of equivalent standard axles (ESAs), in units
of 80kN. The design lives of pavements are expressed in terms of the ESAs they are
designed to carry.

242 Axle Load Surveys

Axle load surveys must be carried out to determine the axle load distribution of a sample of
the heavy vehicles using the road (vehicles in Class 4 and Classes 6 to 13, Table 2-2). Data
collected from these surveys are used to calculate the mean number of ESA for a vehicle in
each class. These values are then used in conjunction with traffic forecasts to determine the
predicted cumulative equivalent standard axles that the road will carry over its design life.

Most countries have regulations for controlling the size and weight of vehicles using the
roads. However, in many, including Ethiopia, enforcement has proved difficult and, as a
consequence, vehicles are often grossly overloaded. Not only are the numbers of
overloaded vehicles very high but the magnitude of their overloads is also very high.
Examples have been reported where axle loads over 100 per cent higher than those
permitted in the regulations have been observed and where axle loads have exceeded the
range of portable weighbridges designed for the purpose of weighing vehicles. In such
cases, a pavement designer who assumes that the vehicles are conforming to the country’s
regulations on vehicle weight and axle loading will design roads that will fail very early in
their expected lives.

No regular axle load surveys are conducted in Ethiopia at present hence each individual
project depends on its own axle load survey data. Such surveys are for a limited time
period and may not provide reliable and representative data unless some care is taken in
selecting when the surveys are carried out and how they are conducted.

Ideally, several surveys at periods that will reflect seasonal changes in the magnitude of
axle loads are recommended. Portable vehicle-wheel weighing devices are available which
enable a small team to weigh up to 90 vehicles per hour.

The duration of the survey should be based on the same considerations as for traffic
counting outlined in Section 2.3.

Ethiopian Roads Authority Page 2-7



Chapter 2 Pavement Design Manual Volume 1
Traffic Flexible Pavements - 2013

On certain roads it may be necessary to consider whether the axle load distribution of the
traffic travelling in one direction is the same as that of the traffic travelling in the opposite
direction. Significant differences between the two streams can occur on roads serving
ports, quarries, cement works, etc., where the vehicles travelling one way are heavily
loaded but are empty on the return journey. In such cases the results from the more heavily
trafficked lane should be used when converting volumes to ESA for pavement design.
Similarly, special allowance must be made for unusual axle loads on roads which mainly
serve one specific economic activity, since this can result in a particular vehicle type being
predominant in the traffic spectrum. This is often the case, for example, in such areas as
timber extraction or mining areas.

It should be noted that vehicle owners and operators will quickly alter their behaviour if an
axle load survey is underway. They will, for example, divert to another route, if such a
route is available, or stop their overloading practices until the axle load survey is
completed. Thus a typical survey will show that axle loads will begin to decrease steadily
within half a day of its commencement and after three or four days most vehicles will be
legally loaded. Thus a good strategy is to carry out several very short surveys (say 2 or 3
days) rather than one long one.

Countrywide axle load data should, preferably, be collected on a systematic basis to enable
trends to be quantified and to provide data for road design purposes. The frequency of axle
load surveys shown in the following Table is recommended.

Table 2-4: Frequency of Axle Load Surveys

Road Classification 2 or 3-day Axle Load Surveys
Trunk Road Quarterly

Link Road Quarterly

Main Access Road Every 6 months

Other Roads Every 3 years

Once the axle load data has been gathered, the mean equivalency factor for each class of
vehicle must be calculated. Computer programs may be used to assist with the analysis of
the results from axle load surveys. Such programs provide a detailed tabulation of the
survey results and determine the mean equivalency factors for each vehicle type if
required. Alternatively, standard spreadsheet programs can be used.

The following method of analysis is recommended:

1. Determine the equivalency factors for each of the wheel loads measured during the
axle load survey, using Table 2-5 or the accompanying equation, in order to obtain
the equivalency factors for vehicle axles. The factors for the axles are added
together to obtain the equivalency factor for each of the vehicles.

2. For vehicles with multiple axles (tandems, triples etc.), each axle in the multiple
group is considered separately. Although the exact ESA values for multiple axles
have been shown to differ from this, the differences are dependent on road structure
and axle spacing but are relatively small compared with the problem of uneven
distribution of load between the axles in the multiple sets. Thus treating the axles
separately provides the most reliable estimate of road damage.
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3. Determine the mean equivalency factor for each class of heavy vehicle travelling in
each direction. It is customary to assume that the axle load distribution of the heavy
vehicles will remain unchanged for the design period of the pavement.

This method of determining the mean equivalency factors must always be used; calculating
the equivalency factor for the average axle load is incorrect and leads to very large errors.
2.4.3 Equivalent standard axles per vehicle class

The number of equivalent standard axles (ef) of an axle is related to the axle load as

follows:
ef= (L/8160)" (for loads in kg) Equation 2.3
or ef=(L/80)" (for loads in kN) Equation 2.4
Where:
ef =  number of equivalent standard axles (ESAs)
L = axleload (in kg or kN)
n =  damage exponent (n =4.5).

Table 2.3 shows the values of ESA for different axle loads.

The sum of the individual ef values for each axle of the vehicle gives the equivalence
factor for the vehicle as a whole, EF(m). Guidance on the likely average EF(m) for
different vehicle classes derived from historical data is given in Table 2.6. However, data
from any recent axle load survey on the road in question or a similar road in the vicinity is
better than using countrywide averages.

2.4.4 Cumulative Equivalent Standard Axles over the Design Period

The cumulative ESAs over the design period for each vehicle class is obtained by
multiplying EF(m) by the cumulative traffic, T(m). The total number of cumulative
standard axles for all vehicle classes is then obtained by adding together the values of
EF(m) x T(m) for all the classes.

In some cases there will be distinct differences in each direction and separate vehicle
damage factors for each direction should be derived. The higher of the two directional
values should be used for design.

On narrow roads the traffic tends to be more channelised than on wider two-lane roads. In
such cases the effective traffic loading is greater than that for a wider road and the design
traffic loading is calculated using the relationships given in Table 2.7.

The pavement design thicknesses required for the design lane are usually applied to the
whole carriageway width.
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Table 2-5 Equivalency Factors for Different Axle Loads (Flexible Pavements)

Wheel load (10°kg) | Axle load (10°kg) | Equivalence factor
1.5 3 0.01
2.0 4 0.04
2.5 5 0.11
3.0 6 0.25
3.5 7 0.50
4.0 8 0.91
4.5 9 1.55
5.0 10 2.50
5.5 11 3.93
6.0 12 5.67
6.5 13 8.13
7.0 14 11.3
7.5 15 15.5
8.0 16 20.7
8.5 17 27.2
9.0 18 35.2
9.5 19 449
10.0 20 56.5

Note:  The equivalency factors given in Table 2-5 are to be used solely for flexible pavement
design. Refer to Volume 2 for specific factors for rigid pavements

Table 2-6 Average equivalency factors for different vehicle types

Class Type No of Avgrage ESA per Ayerage ESA per(l)
axles vehicle - all loaded | vehicle - half loaded
1 Car 2 - -
2 4-wheel drive 2 - -
3 Minibus 2 0.3 0.15
4 Bus/coach 2 2.0 1.0
5 Small truck/PU 2 1.5 0.7
6 Medium truck 2 5 2.5
7 Large 2-axled truck 2 10 5
8 3-axled truck 3 12 3.5
9 4-axled truck 4 15 7.5
10 S-axled truck 5 17 8.5
11 6-axled truck 6 17 8.5
12 2-axled trailer 2 10 5
13 3 or 4-axled trailer 3/4 12 6

Note It is common to find that vehicles have no back-load hence half the vehicles are likely to be empty, or
nearly so.

Page 2-10 Ethiopian Roads Authority



Pavement Design Manual Volume 1
Flexible Pavements - 2013

Chapter 2
Traffic

Table 2-7 Factors for design traffic loading

Cross Paved Corrected design Explanatory notes
Section width traffic loading (ESA) P y
Double the sum of ESAs The dr1v1ng p?ttem on this
<35m i both directions cross-section is highly
channelized.
Sinel Min. 3.5 m The sum of ESAs in both | Traffic in both directions
1ng c but less than 4.5.m |directions uses the same lane
carrageway Min. 4.5 m but less | 80% of the ESAs in both | To allow for overlap in the
than 6 m directions centre section of the road
6 m or wider Total ESAs in the heaviest| Little traffic overlap in the
loaded direction centre section of the road.
?;[r?ge;;};aalr;}? ne 90% of the total ESAs in | The majority of vehicles use
direction the studied direction one lane in each direction.

2.5 Traffic Classes for Flexible Pavement Design

Accurate estimates of cumulative traffic are difficult to achieve due to errors in the surveys
and uncertainties with regard to traffic growth, axle loads and axle equivalencies. To a
reasonable extent, however, pavement thickness design is not very sensitive to cumulative
axle loads and the method recommended in this manual provides fixed structures of paved
roads for ranges of traffic as shown in Table 2.8.

Table 2-8 Traffic Classes for Flexible Pavement Design

Traffic Classes Range of ESAs (millions)
LV1 <0.01
LV2 0.01-0.1
T1/LV3 (see note) 0.1-0.3
T2/LV4 (see note) 0.3-0.5
T2/LVS5 (see note) 0.5-0.7
T3 0.7-1.5
T4 1.5-3.0
T5 3.0-6.0
T6 6.0-10
T7 10-17
T8 17-30
T9 30-50
T10* 50 - 80
T11 >80

Notes. There are more options available for the Low Volume classes which use granular
unbound road bases and sub-bases (i.e. Chart A). These are dealt with in the ERA

LVR Design Manual.

*T10 is suitable for traffic up to 80 mesas. At this level the pavement is expected
to be ‘long-life and suitable for higher traffic levels.

As long as the estimate of cumulative equivalent standard axles is close to the centre of one
of the ranges, any errors are unlikely to affect the choice of pavement design. However, if
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estimates of cumulative traffic are close to the boundaries of the traffic ranges, then the
basic traffic data and forecasts should be re-evaluated and sensitivity analyses carried out
to ensure that the choice of traffic class is appropriate. Depending on the degree of
accuracy achieved, if in doubt, selecting the next higher traffic class may be appropriate.

2.6 Design Example

Initial traffic volumes in terms of AADTSs have been established for a section of a trunk
road under study, as follows:

Table 2-9 Initial Traffic Volumes (Example)

Vehicle Class AADT
Car 1 250
Bus 4 40
Truck 6 130
Trucks with trailers 7 and 12 180

Note.  For simplicity only 4 traffic classes have been used

The anticipated traffic growth is a constant 5%, and the opening of the road is scheduled
for 3 years from now. In addition, an axle load survey has been conducted, giving
representative axle loads for the various classes of heavy vehicles, such as given below for
truck-trailers (it is assumed that the loads are equally representative for each direction of
traffic). Equivalency factors for the sample of truck-trailers, and a mean equivalency factor
for that class of heavy vehicles, can be calculated as shown:

Table 2-10 Equivalency Factors (Example)

Axle 1 Axle 2 Axle 3 Axle 4
TL%Ck Load Load Load Load ;gzglr
. (kq) Factor (kq) Factor (kq) Factor (kq) Factor
1 6780 0.43 14150 | 11.91 8290 1.07 8370 1.12 14.5
2 6260 0.3 12920 7.91 8090 0.96 9940 243 11.6
3 6350 0.32 13000 8.13 8490 1.2 9340 1.84 11.5
4 5480 0.17 12480 6.77 7940 0.88 9470 1.95 9.8
5 6450 0.35 8880 1.46 6290 0.31 10160 2.68 4.8
6 5550 0.18 12240 6.2 8550 1.23 10150 2.67 10.3
7 5500 0.17 11820 5.3 7640 0.74 9420 1.91 8.1
8 4570 0.07 13930 11.1 2720 0.01 2410 0.00 11.2
9 4190 0.05 15300 16.92 3110 0.01 2450 0.00 17
10 4940 0.1 15060 | 15.76 | 2880 0.1 2800 0.01 15.9
Mean equivalency factor for truck-trailers | 11.5

This Table should signal a warning to the design engineer. Of the 10 trucks weighed, none
appear to be empty or nearly so. In principle there is no need to actually weigh empty
trucks but their numbers need to be counted and, ideally, they should be recorded in the
field sheets so that there is no danger that the calculated average esa values will be
incorrect. There is no evidence in this Table that the empty trucks have been incorporated
in the calculation correctly. Because of this problem it is often recommended that all trucks
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are weighed (or a random sample if traffic is high). This eliminates any concerns that only
loaded trucks have been weighed. For the sake of this example, it is assumed that the
average esa figure is correct and that no empty trucks use this road.

In this example it is assumed that similar calculations have been performed, giving mean
equivalency factors for buses and trucks of 0.14 and 6.67 respectively.

The projected AADTS in three years can be calculated as (current AADTs) x (1.05)° and
the corresponding one-directional volumes for each class of vehicle in three years are:

Table 2-11 ADDT and Flow (Example)

Vehicle Class AADT in 3 years One directional flow
Car 1 290 145
Bus 4 46 23
Truck 6 150 75
Trucks with trailers 7 and 12 208 104

Selecting a design period of 20 years, the cumulative number of vehicles in one direction

over the design period is calculated as follows:

Table 2-12 Cumulative Traffic (Example)

Vehicle Class Cumulative number in one direction over 20 years
Car 1 365 x 145 x [(1.05)*°-1]/0.05 1,750,016
Bus 4 365 x 23 x [(1.05)°-1]/0.05 = 277,589
Truck 6 365 x 75 x [(1.05)°-1]/0.05 = 905,180
Trucks with |7 00412 | 365 x 104 x [(1.05)-17/0.05 = 1,255,184
trailers

Finally, the cumulative numbers of ESAs over the design period are calculated as follows,
using the cumulative numbers of vehicles previously calculated and the equivalency

factors:

Table 2-13 Cumulative ESAs (Example)

. Cumulative number Equivalenc Total ESA
Vehicle Class of vehicles | factor / (10%
Car 1 1,750,016 0 0.0
Bus 4 277,589 0.14 0.0
Truck 6 905,180 6.67 6.0
Truck-trailer 7 and 12 1,255,184 11.47 14.4
Total ESAs 20.4

Based on the above analysis, the trunk road under study belongs to the traffic class T8 for

flexible pavement design.
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3 SUBGRADE

3.1 General

The type of subgrade soil is largely determined by the location of the road. However,
where the soils within the possible corridor for the road vary significantly in strength from
place to place, it is desirable to locate the pavement on the stronger soils if this does not
conflict with other constraints. For this reason, amongst others, the pavement engineer
should be involved in the route selection process.

The strength of the road subgrade for flexible pavements is commonly assessed in terms of
the California Bearing Ratio (CBR) and this is dependent on the #ype of soil, its density,
and its moisture content. Direct assessment of the likely strength or CBR of the subgrade
soil under the completed road pavement is often difficult to make. Its value, however, can
be inferred from an estimate of the density and equilibrium (or ultimate) moisture content
of the subgrade together with knowledge of the relationship between strength, density and
moisture content for the soil in question. This relationship must be determined in the
laboratory. The density of the subgrade soil can be controlled within limits by compaction
at a suitable moisture content at the time of construction.

The eventual moisture content of the subgrade soil is governed by the local climate, the
depth of the water table below the road surface, and the provisions that are made for both
internal and external drainage.

It is useful to recall some basic relationships relating soil strength, density and moisture
content and how they affect the final subgrade strength (Section 3.2). In Section 3.3, the
various steps leading to the selection of a design CBR are described.

3.2 Density-Moisture Content-Strength Relationships of the Subgrade

During road construction the (dry) density of the subgrade soil (and its moisture content) is
modified from its original state by compaction at subgrade level (in cuts) and by
compaction of the excavated materials used in embankments. The moisture content is
adjusted in order to make it easier to achieve a high level of compaction.

Upon completion of the construction operations, the density of the compacted subgrade
soil will remain approximately the same except for some residual compaction under traffic
and possible volume variations of certain moisture sensitive soils. However the moisture
content of the subgrade will change, depending on climate, soil properties, depth of water
table, rainfall and drainage. It is knowledge of this condition of the subgrade that is
required in the design process.

To illustrate the above discussion, Figures 3.1 and 3.2 illustrate examples of relationships
between density, moisture content and CBR. Two figures are shown to emphasize that the
relationships are specific to the nature of the subgrade soil. The figures indicate a ‘likely
level of compaction achieved during construction’. It can be seen from the figures that, as
the moisture content increases at constant density (moving to the right) the CBR decreases
quite quickly. If the soil becomes saturated, i.e. the air voids become filled with water and
decrease to zero, the soil becomes very weak indeed.
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Figure 3-1 Dry Density, Moisture Content, Soil Strength Relationship for a Silty Clay
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Figure 3-2 Dry Density, Moisture Content, Soil Strength Relationship for a Well-
Graded Sand

3.3 Design Subgrade Strength

To determine the subgrade strength for the design of the road pavement, it is necessary to
first determine the density-moisture content-strength relationship(s) specific to the
subgrade soil(s) encountered along the road under study. It is then necessary to select the
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density which will be representative of the subgrade once compacted and to estimate the
subgrade moisture content that will ultimately govern the design, i.e. the moisture content
after construction.

3.3.1 Estimated Design Moisture Content of the Subgrade

After the pavement is constructed, the moisture content of the subgrade will generally
change. In the dry southeast and northeast parts of Ethiopia, a decrease in the moisture
content may be expected. The moisture content can increase elsewhere due to perched
water tables during wet seasons. In low-lying areas, the normal water table may be close to
the finished subgrade level and influence the ultimate moisture content. In areas with deep
water tables and proper design and construction, it is less likely that the subgrade will get
wetter after construction.

To simplify the estimation of subgrade strength for design, three classifications of
subgrade conditions are defined.

Category 1: The water table is high enough during the rainy season to govern the
moisture content.

The depth at which the water table becomes the dominant factor depends on the type of
soil. For example, in non-plastic soils the water table will dominate the subgrade moisture
content only when it rises to within 1 m of the road surface; in sandy clays (PI<20 %) the
water table will dominate when it rises to within 3m of the road surface; and in heavy clays
(PT>40 %) the water table will dominate when it rises to within 7m of the road surface.

For this category it is best to observe the water table in boreholes and determine its
seasonal high. When it has been established that the road is in a Category 1 zone, it is
necessary to determine the moisture content at the wettest/weakest likely condition.

The expected moisture content may be measured below existing pavements in the vicinity,
if such pavements exist. Care should be taken to make the measurements when the water
table is at its highest level. These pavements should be greater than 3m wide and more than
two years old and samples should preferably be taken from under the carriageway about
0.5m from the edge. Allowance can be made for different soil types by virtue of the fact
that the ratio of subgrade moisture content to plastic limit is the same for different
subgrade soils when the water table and climatic conditions are similar.

In some cases, such as in particularly low-lying areas or where it is determined (or strongly
suspected) that the water table is close to the subgrade finished level, it is appropriate to
consider whether the moisture content will reach or approach saturation. The design
strength must then be based on this assumption by testing samples compacted to the target
density at optimum moisture content but then tested after a period of soaking.
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Category 2: The water table is deep, but rainfall can influence the subgrade moisture
content under the road.

These conditions occur when rainfall exceeds evaporation and transpiration for at least two
months of the year. The rainfall in such areas, which represent the greater part of Ethiopia,
is greater than 250 mm per year and is seasonal. The moisture condition under an
impermeable pavement will depend on the balance between the water entering the
subgrade (e.g. through the shoulders and at the edges of the pavement) during wet weather
and the moisture leav