PAVEMENT FAI LURE | NVESTI GATI ON
CASE STUDY: KATABU - PAMBEGUA - JCS RQOAD

BY
Okechukwu Chukwugozi e Amu - Nnadi (Engr)
B.Sc (Gvil) University of
Ni geria - Nsukka

A t hesi s submtted to t he Post gr aduat e School ,
Ahmadu Bell o University Zaria, in partial fulfillment ot the
requirenments tor the award of the Master of Science (M )

degree in Cvil Engineering Construction Materials.

Departnment of Civil Engineering
Ahmadu Bello University

Zari a.

JUNE, 1991

(1)



DECLARATION

This 1s to certify that this work/dissertation has been
o

composed and compileq by myself and that it is a record ot
my own research work carried out in the Civil Engineering
Department of Ahmadu Bello University and my past work
experiences 1n the Federal Minisry of Works and Housing and
also i1n the Pavement Evaluation Unit of the Federal Ministry
of Works and Housing in Katabu, Kaduna State.

It has never been a presentation ftor a higher degree or

diploma anywhere.

o —{;

AMU - NNADI, O. C.

(ii)



DEDICATION

This work is dedicated to my wife and children whose
support saw me through to the eventual completion of the

project.



CERTIFICATION

This thesis entitled PAVEMENT FAILURE INVESTIGATION
CASE STUDY:- KATABU - PAMBEGUA - JOS ROAD by AMU- NNADI, O C
meets the regulations governing the award of the degree of
Masters ot Science (Civil Engineering 1Fonstruction
Materials) of Ahmadu Bello University and is approved Ifor

its contribution to knowledge and literary presentation.

---------------------- Date:
B. K. Yanney

(Chairman Supervisory Committee)
———————————————————————— Date:
D. P. Katale

(Member Supervisory Committee)
----------------------- Date:

Prot O. Adebisi
(Member Supervisory Committee)
(Head of Dept of Civil Engineering)

S0 N\,

————— o e . e e B Date: ﬂl! 1 A

Dean Post Graduate School

(iv)



ACKNOWLEDGEMENTS

The presentation of this thesis has become possible due
to the guidance of the following people whose assistance and
direction 1 very much appreciate and therefore acknowledge.

Foremost are Mr B. K. Yanney and Prof. 0. Adebisi
who were the principal propelling forces urging me on till
the work was completed. Prot. A. O. Abatan also contributed
in no small measure to the eventual compietipn ot this
thesis as the rormer Head of department.

I am also 1ndebted to other lecturers such as Mrs
Nytko, Mr Katale and Dr. Oyetola, and all the other members
of staff of the Civil Engineering Department, Ahmadu Bello
University who 1n one way or the other contributed to
the success ot this thesis.

Special thanks go also to all staff of Federal Ministry
ot Works and Housing at both the Pavement Evaluation Unit
and the Highways Division, most especially Messrs §S. O.
Mbachu, I. S. Ngout, E. Ijeh, R. Akinsiku, 8. Tukur, H. O,
Udeh, 0. Obeka, M. 1. Chukwuma and others for their
encouraging contributions, corrections and remarks towards
the eventual presentation ot this thesis

Finally, mention will be made of the principal
characters whose acts propelled me into embarking on this
course - such as Mr H. O. Sunmonu, my former boss, and Mr C.
P. Enwonwu. Without these people, this work would not have
been possible.

To all of these people, 1 give my sincere thanks.

(v)



ABSTRACT

Pavenment Investigation or Evaluation is the study which
provides information to the general investnent and planning
programme and nmai nt enance phases of pavenent nanagenent. It
assesses the deficiencies and defects of existing sections
of pavenent thereby pinpointing the rehabilitation needs or
ot herw se.

This case study centred on a selected nmjor highway
linking Kaduna and Plateau states i.e. Katabu - Panbegua -
Jos Road whose pavenent has tailed and is in a very
depl orabl e condition. The nost fundanental nethods of
| aboratory and field tests have been adopted in the study

i.e. CBR and materials classification and characterisati on.

Sone of the mmjor causes of failure were identified as
use of very poor quality lateritic materials, poorly graded
stone base aggregates, use of asphaltic concrete which
excl uded sone aggregate fractions wth the resul t ant
reduction in stability and resistance of the asphalt. Al so,
t he conmpaction of various pavenent |ayers was quite

i nadequate in addition to other poor worknmanshi p.

From the test results of +the investigation, sone
remedi al nmeasures, ranging from conplete reconstruction in
sone sections to crack sealing and asphaltic overlay for the
restoration of both structural and functional deficiencies

of the pavenent have been recomrended.
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CHAPTER ONE

1.000 INTRODUCTION

1.100 PREAMBLE

In all highway designs, the most important and the most
critically studied and analysed item, apart from the
bridges, is the pavement structure. The cost of the pavement
in most major road constructions is between 33,33% and 50%
of the capital outlay during construction. When a highway
condition deteriorates rapidly during its life span, the
cost of maintaining the pavement alone is usually 80% of the
total maintenance cost. Also, in the event of total failure,
the pavement takes more than 90% of the cost of
reconstruction/rehabilitation or overlay as the case may be.

These explain why more emphasis is laid by all highway
departments of the ministries involved in c¢ivil engineering
works on the structural stability of the pavement.

In Nigeria, huge sums of money are spent on highway
projects yearly. In some instances, some of these roads fail
soon after construction, thus negating the purpose for which
such sums of money were spent.

There 1is, therefore, the need to pinpoint the major
causes of failure or rapid deterioration of some
roads/highways in Nigeria. Since most road failures are
noticeable on the pavement and since any failure arising
elsewhere must be transmitted solely to the pavement as

failure propagates, it is imperative that the study must



start from the investigation of the causes and modes of

failure on the pavement.

1.200 STUDY TARGET:

It will be difficult and time consuming studying all
roads in order to come out with the major causes and mode of
failure of our roads and highways. This study therefore
investigated the mode and causes of failure of a particular
road to show the study method; then, usings. the result
obtained from this particular study, arrive at very useful
information on pavement structural failure and stability so
as to make some useful recommendations on the use of
materials.

The road chosen for this study is Katabu - Pambegua -
Jos road. This 1is a major road linking Kaduna and Jos
through Pambegua and Saminaka, and serves as an important
link between Kaduna, Plateau, Bauchi, Gongola and Borno

States.

1.300 DESCRIPTION OF THE EXISTING ROAD CONDITION AND

PROJECT AREA.

The road which was constructed between 1979 and 1982
at present has a pavement consisting of 150 mm each of
laterite base and sub - base sealed with 40 mm binder and 25
min wearing asphaltic concrete except, between about
kilometer 140 and kilometer 221 where the base is of 150 mm
crushed stone. These are the generally specified standard

pavement layer thicknesses. Some portions of the road have
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Plate 1: Surface bleeding, shoulder drop off and exposure to moisture infilt-
ration.
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1.600 METHODOLOGY .

The study of the pavement failures has been effected by
adequate assessment of the pavement elements or layers of
the selected road. Some tests which involve field work are
classified as Field and Inspection Tests while other tests
which involve investigation in the laboratory of quality and
characterisation of materials are classified as Laboratory

Tests. These tests are detailed below in general terms:-

1.601 Asphaltic Concrete (Wearing and Binder Courses)

The following tests were performed on recovered
cores:-

(a) Laboratory Tests:-

(i) Measuring thickness ot the binder and wearing courses
(where seperable).
(ii) Determination of the Bulk Specific Gravity/ density of
the recovered cores.
(iii) Determination of the Marshall stability.
(iv) Determination of the bitumen coﬁtent by extraction.

-

(v) Grading test on left over aggregate after extraction.

1.602A Base:- Lateritic Base.

The following tests were performed on the lateritic

base material:-

(a) Field Tests and Inspection:-
(i) Measurements of base thicknesses.

(ii1) Determination of in situ dry density and moisture



content.

(b) Laboratory Tests:-
(1) Compaction tests on recovered materials.
(ii) CBR tests (soaked and unsoaked} on recovered base
materials applying West African Compaction Standard.
(iii) Determination of the Atterberg Limits =~ Liguid,
Plastic and Shrinkage Limits.
(iv) Grading tests (Particle 8ize Distribut}onj on

recovered materials.

1.602B Base:- Crushed Stone Base.

The tests below were performed on the crushed stone

base materials:-

(a) Field Tests and Inspection:-
(i) Measurement of base thickness.
(ii) Determination of 1in situ dry density and moisture

content.

(b) Laboratory Tests:-

(i) Compaction and CBR tests applying modified AASHTO
Compaction Standard.
(ii) Grading the aggregates of the recovered crushed stone

base materials.

1.603 Sub - Base.

The following tests were performed on the sub -base:-



(a) Field and Inspection Tests.

(i) Measurement of sub - base thickness.
(ii) Determination of in situ dry density and moisture

content.
(b) Laboratory Tests.

(i) Compaction tests - applying West African Compaction
Standard - on recovered materials. .
(ii) CBR (Soaked) test - applying West African Compaction
Standard - on recovered material.
(iii) Determination of Atterberg Limits - Liquid, Plastic

and Shrinkage Limits - on recovered material.

(iv) Grading tests on recovered sub - base materials.

1.604 Subgrade.

The following tests were carried out on the subgrade

materials:-

(a) Field and Inspection Tests:-

(1) In situ dry density and moisture content tests.

(ii) Determination of moisture contents deep down into the
the subgrade at 50cm, 90cm, 150cm and 200cm from
formation level to determine the water table position
if it is near the surface and the depth/extent of use

of good materials.

10



(b) Laboratory Tests:-

(i) Compaction test - using the British Standard Compaction
effort method.

(ii) Soaked CBR test =~ using the British Standard
Compaction method.

(i11) Determination of Atterberg Limits - Liquid, plastic
and Shrinkage Limits - on recovered materials.

(iv) Grading tests on recovered subgrade materials.

L

1.700 TRAFFIC CObNT AND TRUCK AXLE LOAD MEASUREMENTS

There is no way a failure investigation will be carried
out without an investigation into the volume and
distribution of traffic as well as the axle load
distribution for the trucks and other heavy vehicles (truck
welight). Traffic count and axle load measurements were
carried out at locations along the road wusing Federal

Ministry of Works and Housing's handy movable weigh bridge.

1.800 GENERAL REVIEW.

Finally, a general review was made of the field and
laboratory test results and observations. From these, causes
of failure were established and then recommendations and
suggestions made based on the findings. Extent of compliance

with the existing Federal Ministry of Works specification

a ey )

\ —

was also considered.
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CHAPTER TWO

2.000 LITERATURE REVIEW

2.100 ROAD/HIGHWAY DEVELOPMENT IN NIGERIA

It is widely recognised that the socio - economic
development, growth and progress of a couhtry are dependent
on the provision of adequate transport facilities. Roads in
Nigeria have developed over the past eighty years from bush
paths and tracks to modern expressways and other types of
highways. According to a policy outlined by Sir Percy
Girouard, a transport expert and successor to Sir Federick
Lugard, early efforts on improvement were directed towards
the clearing of paths through the bush "say of ten to twenty
feet in width" to cutting of drifts on unbridged streams and
construction of bridges where practicable% The policy
further stated that "until the time arrives when natives
will adopt wheeled transport, there would appear to be
little advantage in clearing broad roads and none whatscever
in the construction of metalled ones". Therefore, no
special consideration was given to pavement at all.

In 1904, a cart road for mule and ox - cart was begun
soon after the seat of the Northern government was
established in Zungeru, firstly to reduce the tremendous
strain thrown on the inland provinces in the provision of
carriers (porters) and secondly because it was hoped that
the earthworks would be suitable for eventual construction
of 1light railway. An outfit for a superintendent of Roads
had been established in Calabar in the East as early as

1903. In the West, roads were built out from the railway as

12



it was being extended north from Lagos. For example, in 1906
road motor services were opened from lIbadan, Oshogbo and Ede
on the railway to Oyo, Ilesha and Iwo; and by 1914, about
two thousand miles (3,200 kilometers) of road had been built
which were motorable.

As road haulage is a most important means of transport
in Nigeria, the roads themselves must not only be able to
cope with the needs arising from economic expansion but
should also act as catalyst to further grow;h. It then

became necessary to improve on the road strength, hence the

pavement consideration came into being.

From a total of 3,200 kilometers in 1914, the road
network increased to 65,704 kilometers at the time of
independence in 1960; and now to an estimated total of
120,400 kilometers, comprising both unpaved and paved

roads.

2,101 PAVEMENT STRUCTURE

The pavement structure normally consists of a few
layers of strong materials to ensure adequate pavement
stability under traffic loads and environmental Iimpacts.
Beyond the strength to carry anticipated traffic and resist
atmospheric and climatic conditions, pavement should be
even, so that vehicles can move at high speeds without
discomfort. The road surface texture should be rough encugh
to provide adequate skid resistance and also be wear

resistant. In addition, the pavement should comply with

13
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health and environmental requirements of the locality. The
schematic structure of a high guality pavement is shown in
Figure 2.{2) above.

Generally speaking, pavements may be divided into two
broad classificationa, wviz:- Rigid and Flexible pavements.
The term rigid applies to wearing surface whose bases
comprise of portland cement concrete while flexible
pavements refer +to all other types of pavement. There is
also the composite pavement which is a combination of both
rigid and flexible types. The principal elements of the
pavement structure are surfacing materials, base course,
sub = base course and subgrade. See Figure 2.1, The bases
and sub - bases are constructed of materials of lower
strength than those used for wearing surface (quality of
materials decrease with increase in depth). The materials
may be placed in 1lifts with strength of the courses
decreasing away from the surface as the stresses created by

(2)

wheel loads abate downwards. (See Figure 2,2) above.

2.102 PAVEMENT DESIGN METHODS

The behaviour of flexible pavements under wheel loads
is a fairly complicated matter which hardly lends itself to
description by mathematical methods only. Consequently, no
uniformly acceptable procedure exists to design and
establish pavement thickness. Designers in different
locations therefore employ a variety of methods for the

purpose. Below are some of the widely used methods of

15



(3)
design:-

{a) Methods derived from empirical studies of pavement
performance e.g U.K. Method; Catalogue of

Structures (French Method); AASHTO Method.

(b) Methods which either use or are derived from
theoretical studies of the mechanical behaviour of
the pavement and its elements - Analytical Method.

24103 PAVEMENT DISTRESS

Pavement distress is the condition of a reduction in
the serviceability of the pavement. Serviceability of
pavements reduces with the age of the pavement. There are
several types of distress which can be grouped into three

main categories or classes, namely:-

(a) FRACTURE : Which is the condition of a pavement
being broken apart e.g fatigue cracking, spalling, slippage,

etc

(b) DISINTEGRATION: Which involves decomposition or

abrading into constituent elements e.g stripping, ravelling,

scaling, potholes, etc

(c) DISTORTION : This involves change 1in shape of

pavement component from its original shape and condition

such as rutting, shoulder drop off, etc

16



DISTRESS MANIFESTATIONS

2.104 PAVEMENT FAILURE

Failure of a pavement is generally not pronounced as in
the catastrophic failure of a steel rod in tension or the
collapse of a concrete beam in both tension and compression.

A pavement is considered failed if at a point certain
of its characteristics such as riding qualitzv reaches an
unacceptable 1limit, as a result of both environmental and
traffic effects or when the distress from the system exceeds
an acceptable level. There are however two major types of
failure:-

(a) Functional failure

(b) Structural failure

Functional failures occur if the pavement no longer can
sustain or carry its function. Functional failure is an

indication of a loss in performance.

Structural failure is the type whose manifestation is a
breakdown of one or more of the pavement components.
Structural failures may occur due to surface fatigue;
failure of or shear developing in the surface layer, base,

sub base or even the subgrade ; and also consolidation.

2.105 SUBGRADE FAILURE

This is usually caused by inadequate compaction and
excessive moisture content. Also thin pavement layer and /

or very heavy traffic loads resulting in excessive

17



rutting, fatigue, or cracking (alligator types).

Cracks have been classified into three main groups:

(4)

classes I - III,
CLASS 1 :- These are longitudinal cracks in the wheelpaths.

They are not inter connected with short transverse cracks.

They are many and often criss - cross.

CLASS 1II:- These are the types which have praogressed into

being interconnected and exhibit a grid pattern. This type
of cracking is commonly refered to as Alligator Cracking.
The crack pieces are always intact and disintegration is yet

to start.

CLASS 111:- This is progressing cracking from class 11

resulting in spalling occuring at the edges of the cracks.
The segments of the pavement surface loosen and pieces may
usually move under traffic loads. Ingress of water then

occurs resulting in eventual pot holing and total failure.

2,108 TRANSIENT STRESS ON PAVEMENT UNDER LOADS

The distribution of wheel loads of the traffic carried
by a normal road whose strength is subject to the effects of
a range of temperature and moisture conditions, generates a
very wide spectrum of transient stresses and strains within

the pavement.

The heaviest wheel loads in combination with extremes

of temperature and adverse moisture conditions in the

19



stress/strain being passed on to the subgrade cause severe
failures. Even when the pavement is well designed and
carefully constructed, but the subgrade is of very poor
quality and workmanship, a little stress when fully
propagated will immediately cause failure on the sugrade

which in turn results in the failure of all the pavement

components being carried by the subgrade.

2.106 SUB BASE/BASE FAILURE

This may be attributed to a number of causes which
include:-

(a) Use of very poor materials.

(b) Use of very thin surface layer.

(¢) Inadequate compaction.

(d) Loss of lateral support to the base/sub base.

(e) Poor drainage.

The road base and/or sub base carries the surface layer
1ie pavement. Therefore, any failure in the base results

failure also.

SURFACE FAILURE

1iilure can occur if any of the supporting

ts fails; or when the thickness of the

igned for the unexpected load; when

~erial is used or when the workmanship

‘e is manifested by shear failure,



subgrade produces values of stresses and strains which may
approach wultimate values; while less damaging combinations
will produce stress/strain values likely to contribute
cummulative deformations and cracking which may lead to
final failurefs)

The early life of flexible pavements is characterised
by rapid but limited permanent deformation. The normal
result of this "compaction" phase is to Aﬁmprove the

stiffness and strength of the road to an extent which

depends on the type of construction and materials used.

As the degree of under design or use of poor materials
increases, the proportion of damaging stress and strain
increases also, and the development of distress is
correspondingly more rapid wuntil the deterioration of
pavement associated with the initial compaction stage
continues wuntil a failure condition is reached. Visible
evidence of failure is the development of rutting, followed
by cracking and break - up of the road surfacé?l

The Nigerian standards usually specify uniqgue or
constant parameters to define test limits or values that may
be safely allowed. However, the parameters that characterise
quality of materials and construction practices are seldom
unique. Every parameter possesses some level of randomness
and, as such, the specifications should not only limit mean

values but also the spread of the distribution.

20



2.109 MAJOR CONCLUSIONS/DEDUCTIONS FROM PREVIOUS

STUDIES 1IN NIGERIA

CONCLUSIONS

(1) Good gquality lateritic materials are not easily
available in many parts of Nigeria, and when found have to
be hauled over long distances. The commenly available base
materials have a CBR range of between less than 40% to above
80% , and most times have excess of fines and Plasticity
Index of above 1256, ;

(ii) The moisture contents in the base/sub base layers for
roads studied were lower than its optimum moisture content
at the end of rainy seasons, when it should be at its
maximum. This factor itself permits the use of lower CBR
material when test 1is to be carried out at its optimum
moisture content.

(iii) The Federal Ministry of Works and Housing has followed
the policy of adopting several worldwide accepted material
and construction specificationsf?)However, care should be
taken, as modifications may always be needed to adopt these
standards to the particular material and environmental
conditions of Nigeria. For example, a limiting value of
plasticity index (PI) of subgrade may not be required in
certain parts of the world, but a specification is essential
in Nigeria whose subgrades are often comformed by lateritic
clayey gravel deposits to control the PI of the subgrade
fines.

(iv) Very poor construction practices and improper control

of material guality contribute to major failures.

21



2,130 PAVEMENT EVALUATION TECHNIQUES

Pavement evaluation is a detailed, systematic and
periodic programme of monitoring the performance of the in -
service behaviour of pavements. Pavement evaluation provides
information to the highway agency concerned with the
administration of highways. All information necessary for
proper pavement management, from the time of planning,
constructuion and so on, up to the time ofm maintenance,
rehabilitation, overlay or when the pavement might have
deteriorated or failed completely. In the case of new road
pavements, information from existing section serve as "feed
bacK" to design and construction.

Therefore, evaluation is essential to good management.
It is tied to all the phases (investment, programming,
design, construction, maintenance and research) and it is
impossible to operate effectively without such information,
especially in very developed countries where technological
advancement has made it easy and functional. In developing
countries such as Nigeria it has not been very easy, and it
will not be in the near future , to effectively evaluate our
pavements, However, a Pavement Evaluation Unit has already
been established in the Nigerian Federal Ministry of Works
and Housing for this purpose. This Unit 1is dgrossly
inadequate for all the road pavements in the country.

The degree of detail and frequency of measurement
necessary in the pavement evaluation depends upon the

situation and the particular requirements of the agency

22



involved. Whatever the agency, however, there should be a
recognised or specific evaluation within the overall set of

activities.

2.111 PURPOSE OF PAVEMENT EVALUATION

The measurement of pavement characteristics and the
evaluation of the data acquired have three main objectives
viz :-

(1) To check whether the intended function and expected

performance are being achieved.

(2) To provide information for “planning,

rehabilitation/overlay or other remedial measures
for the existing pavements.

(3) To provide information for improving the technology

of design, construction and maintenance.

24112 MAJOR TYPES OF PAVEMENT EVALUATION

The evaluation of pavements for the previously listed
objectives can involve one or more of the following:-
(i) Structural capacity assessment,
(ii) Physical deterioration or distress evaluation.

(iii) Evaluation of user - related factors such as riding
comfort, safety and appearance.

(iv) Evaluation of user - related costs and benefits

associated with varying serviceability and with

various rehabilitaticn measures.

23



2.113 FACTORS THAT CAUSE PAVEMENT DETERIORATION

A large number of factors acting simply or in
combination can affect the rate of deterioration of a
pavement and thereby affect its serviceability to users.
These generally fall into the following classes:-

(i) Traffic factors.

(ii) Climatic and/ or environmental factors.

{iii) Pavement layer thickness.
(iv) Pavement layer materials and subgrade
characteristics. |

(v) Construction factors.

(vi) Maintenance factors.

Though not most of these are controllable, all of them
need to be considered in pavement management system. The
effects of these factors are various forms of deterioration,
such as decreased structural capacity for carrying loads,
increased roughness distress (ie cracking, disintegration,

(8)

distortion, etc) and decreased skid resistance.

2,114 METHODS OF EVALUATION

The evaluation of structural or load carrying capacity
of a pavement can be conducted in either one or both of two
basic ways. The first involves laboratory testing of the
materials and use of results to estimate the structural
capacity of the layers in which they are incoporated. The

second is to measure the structural capacity directly by in

24



- place tests combined with laboratory tests, some of which
are =
Elastic layers structural analysis, for example,
requires properties from tests such as:-
(i) Complex Modulus (dynamic)
(ii) Resilient Modulus (dynamic)
(iii) Flexural Stiffness
(iv) Dynamic or Static Indirect Tension
( v) Stiffness Modulus by (indirect) Nomograph means
Viscoelastic layers structural analysisi as another
example, requires properties from tests such as:-
( i) Creep Compliance
(ii) Relaxation
(iii) Complex Modulus
Without extensive field correction, drawing inferences
about structural capacity from laboratory tests alone can be
risky. Most authorities therefore prefer direct field tests
to evaluate existing pavements. Some field tests commonly
used includes :-
(i) California Bearing Ratio (CBR)
(ii) Plate Loading
(iii) Benkelman Beam
(iv) Dynaflect
In this study, the CBR method in addition to other
field and laboratory tests have been used to evaluate the
said road pavements. The Benkelman Beam and the dynaflect
have not been used mainly because both facilities are not

easily available and even when available require well
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trained staff to operate them.

2.115 EVALUATING PAVEMENT SERVICEABILITY

The primary operating characteristics of pavement at
any particular time is the level of service provided to the
users. Variation of the level of service or serviceability
with time is a measure of pavement performance. There are
several methods of measuring serviceability at any
particular time. 2

In some places Riding Comfort Index (RCI}) is commonly
used. It is a subjective measure of the riding "quality"
provided by a pavemené?) It represents the travelling
publics' opinion and is usually measured by representative
user rating panels. Procedures for obtaining user opinion of
pavement riding gquality by constituting rating panels and
having the members of these panel drive over a number of
pavement sections are well established and documented in the
Association of Asphalt Paving Technologists Handbook.

The Car Road Meter (CRM) is another widely used
approach to measuring pavement roughness. Car road meters
have become so popular recently, the most common being the
Mays Rider Meter or simply Maysmeter. It is normally a
devise mounted on a station wagon. It is a simple electro -
mechanical devise that measures the number and magnitude of
vertical deviations between the body of the automobile

station wagon and the centre of the rear axle by means of a

flexible cable passing over a pulley and restrained by a
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tension spring. It can also be mounted on a specially
designed trailer of known weight and towed by a vehicle
preferably a car.

Other methods such as the US Bureau of Public Roads
type of roughometer, the Rolling Straight Edge (RSE) are
also available. Roughness measurements from different
devises are correlated with each other for one or both of
the following reason:-

(i) Using one devise to estimate the output of another

(ii) Using one devise (generally the one that provides
the more accurate and repeatable output) to periodically
calibrate another whose output may vary with time and use.

The major use or objective of roughness measurements is
for estimating (subjectively) the Riding Comfort Index
(RCI). This require quite some capital outlay and therefore

were not used in this study.

25116 EVALUATING PAVEMENT SAFETY

Evaluation of pavement safety is usually thought of in
terms of skid resistance. However, there are several safety
components including :-

{i) Skid Resistance.

(ii) Ruts (as they relate to accumulation of water and

the consequent dangers of hydroplanning plus loss
of visibility due to vehicle spray)

(ii) Light reflectivity of the pavement surface.

(iv) Lane demarcation.
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(v) Debris or foreign objects (especially where airport
pavements are concerned)

There are several ways of evaluating these components

but they could not be used in this study because it involves

enormous funds, consumes time and involves quite a large

number of personnel.

s B B EVALUATING PAVEMENT DISTRESS

This is concerned with condition strvey used
periodically to measure and evaluate distress. Pavement
surface condition is periodically measured by most
authorities in terms of the ability of the structure to
continue to provide the required service to the public.

Condition survey together with RCI, Skid Resistance and
other measurements are used in determining the maintenance
needed to prevent accelerated future distress or to
determine the rehabilitation measures needed. Componenets of
the condition surveys include the measurement of various
types of and degrees of distress, such as cracking,
deformation, and other defects, The following general
classes of factors mostly considered are(fl

(i) Surface defects.

{ii) Permanent deformation or distortion.

(iii) Cracking.

(iv) Patching.
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CHAPTER THREE

3.100 FIELD AND LABORATORY TESTS RESULTS

3.100 BACKGROUND INFORMATION ON STUDIED ROAD

Katabu - Pambegua - Jos road was constructed between
1979 and 1982, At present, it has a pavement consisting of
150 mm each of laterite base and sub - base sealed with 40
mm binder course and 25 mm wearing course asphaltic concrete
except between about kilometer 140 and kilometer 221 where
the base is of 150 mm crushed stone. These are the generally
specified standard pavement layer thicknesses.

Various pavement distress categoriesN of varying
magnitudes and frequencies have occurred on this road,
ranging from cracking, pavement deformation such as
rutting; surface defects such as ravelling, surface
seperation and bleeding; pavement failures such as pot holes
(including the patched ones) and base shear; and shoulder
drop off, to complete break up of all pavement structures in
some sections. These distresses are slight and few between
Katabu and Pambegua, but from Pambeqgua to kilometer 184,00
and then towards Jos the pavement failures are frequent and
extensive. Various rocks and rock formations abound along

the route.

3,101 FIELD TESTS
3.102 INSPECTION
Before the commencement of field tests, visual

inspection of the whole stretch of road was carried out and
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test points or locations established on embankments and
cuttings at both failed and unfailed sections of the road.
The procedure adopted for the field and laboratory tests
were as stipulated in the latest edition of British

Standards (BS 1377) QF 1975.

3+103 CORE RECOVERY ON ASPHALT CONCRETE

Use was made of the 10cm diameter core cutter. Before
its use to recover cores from selected locations,
depressions on the pavements were measured by pulling a
strong string across the road width and recording the depth
of depressions. Cored samples were recovered at failed and
good sections. For the graphical presentation of depression

measurements, see Figures 3.1 A and B.

3.104 INSITU DENSITY

In situ density tests were carried out on the base, sub
- base and subgrade courses using the sand replacement
method. The giant bottle was used for the stone base.
Samples were collected carefully from each layer and tests
made as earlier enumerated in the methodology of

investigation (Table 3 - 2, A - G)

3.105 BORING

Using 100mm diameter post auger (hand auger), boring
into the subgrade was carried out, noting and recording the
depth of changes in the scil strata and collecting samples
for grading, 1liquid limit and plastic limit tests. Moisture

content was determined at depths of 30, 60, and up to 240cm
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during the boring. For boring results and profile, see

Tables 3 =1 (A - E) and Figures 3 - 2 (A - D).

3.106 WATER TABLE

Water was met in only one of the holes bored during the
investigation. The investigation took place at the peak of
the dry season and must have been responsible for the lack

of water in most of the boreholes.

3:107 TRAFFIC COUNT AND AXLE LOAD WEIGHING

In an endeavour to assess how long. the existing
pavement can sustain the volume of traffic that it is
currently carrying and is expected to carry for its expected
life span of 10 years, manual traffic count and axle
weighing were carried out for seven days at Pambegua village
using the Federal Ministry of Works and Housing movable
weigh bridge . The counting started from 6am and ended at 12
midnight each day while the weighing was generally between
bam and 6pm each day except a day when weighing stopped
earlier because the weigh bridge was damaged. The summary of
the counting and weighing are recorded on Table (3 - 3) and

(3 - 4) and Figures (3 - 4) and (3 - 5}.

3.200 LABORATORY TESTS

The Federal Ministry of Works and Housing has some
laboratories in Lagos and a few states such as Kaduna. The
laboratory at the Pavement Evaluation Unit at Katabu is of

world standard. The Highways Division of the ministry
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also maintains well eguiped laboratories on sites of any on
going project.

In this study, the laboratory in Dumbi site in use for
the on going Kaduna - Kano road dualization project was used

for all the laboratory tests.

3.201 ASPHALTIC CONCRETE CORES

The density of the recovered cores were determined by
immersion while the specific strength (where, possible) was
measured by Marshall method. Using the hot extraction
method, the bitumen content was determined and the aggregate
left over were graded to ascertain the conformity with the
specified grading. The result of the tests are shown on
Table (3 - 5). Note that before the determination of both
density and strength values, the thickness of each core was

measured and recorded. See also Fiqures 3 - 6 (A -~ D).

3.202 ATTERBERG LIMITS ON BASE, SUB -BASE COURSE AND

SUBGRADE MATERIALS.

Ligiud and Plastic Limit tests were performed on the
lateritic base, sub - base and subgrade soils recovered from
the boreholes. The shrinkage limit tests were limited to the
lateritic base and sub - base materials only. The results

are presented in Tables 3 - 1 (A - B) and 3 -2 (A -G).
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3.203 GRADING TESTS.

Grading tests were performed on the base, sub -base and
subgrade soils recovered from the boreholes using the wet
sieving method. Grading test was performed on the stone base
material. Results of these are shown in Tables 3 - 1 (A -E),

3 ~2 (A - G) and also Figure 3 - 7 (A -D) for stone base.

3.204 COMPACTION MOISTURE CONTENT COMPARED WITH ABSORBED

MOISTURE CONTENT AFTER SOAKING

The variation between the compaction moisture content
and the absorbed moisture content after socaking is
graphically illustrated using each so0il group of the sub -
base and subgrade. Excess moisture over and above compaction
moisture content is shown or written in bracket on the graph

shown in Figure 3 - 3 (A - D).

3.300 CURRENT FEDERAL MINISTRY OF WORKS AND HOUSING

SPECIFICATION.

The current Federal Ministry of Works and housing
specifications that were used to evaluate the materials
encountered in study are summerised below in Tables 3.7 (A -

D) for each pavement element, starting with the subgrade.
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3.301 SUBGRADES.

T ——————————— T —————— ] ——————————— —— ——————————

M ¥ T —— o —— o —— o —————————————

S ————— v —— Y ———————— T —————— —— T — — ——————— -

TEST -
Compaction 5
C‘BIRC :

100% of MDD € British standard
effort

Must be equal to or greater than

:10% (48 hours soaking)

T % ——————— —— T ————————————— ——— ———————

% Passing
sieve No 200

T e s e e e 8 o o o e e . o B . o e

Table 3.7 (A) :

Not more than 35%

Specification for subgrades

————————

o ——————— — T —— ——— -

Compaction $

Not more than 0.013m (0,.5") less
than design thikness at any point

Not less than 100% of maximum

:density at West African standard

Laboratory
Cl Bl Rl

Index

———————— ———

- ——————————— : ———————————————————————— — — — ———— —— —————— - -

% passing
sieve No 200

i ———————— T ——————— T —— T —————— i ——— ———

Table 3 - 7 (B)

compactive effort

I ——————————————————— T —— ——————— -

Not less than 30% after a maximum
of 24 hours soaking at W. A. or
Modified AASHTO compaction.

Materials with P.I. greater than
12 must be disallowed.

i ——————— T ——— o ———f— -

Materials with L.L greater than
30 may be disallowed at the
engineer's descretion.

LU T TR T R T R T

L T T

" ae

S s e e

—————————

————————

- Specification for Sub - base course.
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3.303 BASE COURSE (LATERITIC).

——d_’———_-———:__——_____n___—————————————__———ﬂ——_c—_———_———

———— o ¥ —————————— T o T ———————— Y {——— 1 — o —

Thickness : Minimum of 15cm and not more or : 172
: less than 0.07 design thickness.

Compaction : Not less than 100% of MDD at : 3271
:Modified AASHTO stnadard compaction:

—

: Not less than 80% at W.A standard : 169

C. B. R. or Mod. AASHTO standard (unsoaked):
Plasticity : Materials with P.I. greater than : 169
Index : 12 may be disallowed at the -
: engineer's descretion. $
Liquid Limit : Materials with L.L greater than : 169
: 30 may be disallowed at the H
: engineer's descretion. % :
% passing : This must not be more than 16% :
sieve No 200 : 3

R ———————— el e e

Table 3-7(C) :- Specification for Base Course (larteritic)

3.304 BASE COURSE (STONE BASE)

—— - ————  § ——————— ———————— — ———— T —— ———— —————— S ——

TEST : SPECIFICATION : PAGE No
Compaction : Same for lateritic base. s 171
Laboratory : Same for lateritic base : 169
CBR : 3
Plasticity : This is to be non - plastic : 169
Index : :
Ligquid Limit As high as will give maximum : 169

: compaction.
Table 3 = 7 (D) :- Specification for Stone Base.

Part of this specification is simplified and presented in

tabular form and shown hereunder.
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CHAPTER FOUR

4.000 INFERENCES AND EVALUATION OF THE ROAD PAVEMENT

These comments on the quality of construction
materials and the general performance of the pavement are
based on comparism of results and / with the Federal

Minisbtry of Works and Housing Specificationns for Roads in

Nigeria.
4.100 INFERENCES FROM TEST RESULTS
4.101 ASPHALTIC CONCRETE

During the investigation it was observed that in most
cases the laid asphalt concrete may have been over heated
and this might have contributed to failure in sections that
are of good base and sub - base materials and are fairly
well compacted (Km 114 - 228) as compared with the results
obtained at Km 60 + 000; 70 + 000; 100 + 008 and Km 128 +
051 with very poor materials and inadequate compaction, yet
clasified as unfailed (good). Because over heated asphalt
becomes brittle on laying, little settlement on the pavement
results in the breaking up of the asphalt under wheel load.
This in addition to reasons listed below, may have been the

cause of early failure.

4.101B ASPHALT THICKNESS

The specified thickness are 40mm binder and 25 mm

wearing. From the thickness measurements, it was observed
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that the asphaltic thicknesses were quite variable. In some
sections, a single layer of either the binder course or
wearing course was laid instead of two. In some areas the
single layer of only binder course of 65 mm thickness was
laid with the resultant rough and hard textured
uncomfortable surface. 1In others, the sinlgle layer is the
wearing grade asphalt concrete of 65 mm or less in
thickness. The result in this case was a very non - stable
asphalt concrete layer because the stability which would
have been given by the coarser aggregates in" the binder
course is not there. It is also more difficult to reach the
required compaction for a wearing grade of asphalt concrete
thicker than 25mm. Yet in other sections where both binder
and wearing courses were laid, the thicknesses were less
than 4 0mm or 25mm for binder and wearing courses

respectively, as specified.

4,102 BITUMEN CONTENT

The weraing course has an average bitumen content of
5.08% as against 6.0% design bitumen content, while the
binder course has an average of 5.03% as against 5.5% as
designed, for areas that have been recently overlaid; and
less 3% - 4% 1in other areas. From test results it was
confirmed that the bitumen content for both binder and
wearing courses were within the specified range for the

recent overlay only.
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Modified AASHTO effort had been used. Such compaction would,
however, have resulted in the reduction in the relative

compaction.

4,203 LIQUID LIMIT, PLASTICITY INDEX

As can be seen from Figure (3 - 8)A, not up to 3% of
the materials met the Federal Ministry of Works and Housing
Specification of not more than 12% Plasticity Index. Also,
in most cases the results indicated that the Liquid Limit
exceeded the 30% limit. This confirms again that very poor

clayey lateritic materials were used for the base course.

4.204 RELATIVE COMPACTION

From Figure (3 - 8)A, it can be seen that only about
50% of the results reached the desired and specified
relative compaction of not less than 100%. The Relative
compaction ranged from 91% to 107%. Out of 38 results only
19 reached the 100% relative compaction requirement. From
these results, it is obvious that there had been no good

compaction.

4,205 PERCENTAGE PASSING SIEVE No 20

The percentage of fines (those components passing the
No 200 sieve) has a string of effects on the performance of
the base material. Some fines is required to allew for
effective compaction to an appripriate density. Too much
fines will result in the reduction in the possible maximum
density and strength and increase the susceptiblity to

weakening from water infiltration or seepage.
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CBR PLASTI IN RELATIVE COMPACTION
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Figure (3 - B)A also indicates that less than 30% met the
Federal Ministry of Works and Housing Specification of not

more than 16% passing sieve No. 200 for base materials.

4,300 SUB - BASE MATERIALS

One of the purposes of the sub - base is to permit the
building of relatively thick pavement at low cost. Thus,
the quality of the sub - base course can vary within wide
limits as long as thickness design criteria are fulfilled.
Although base course materials should be of higher quality
than sub - base materials, the limits for Plasticity Index
and percentage passing sieve No. 200 (fines) must be
controlled and never be allowed to exceed specification

requirements.

4.302 LABORATORY CBR/STRENGTH TESTS

Figure (3 - 8)B shows also the parameters in respect
of the sub - base materials. As can be seen in the figure
and from other relevant tables, only about 21% of the
results of tests reached the CBR value specified (30%). The
CBR ranged from from 9% to 53% (soacked). Only nine out of
38 location tests met the minimum value specified. This
shows that the sub - base materials also were of very poor

gquality.

4.303 LIQUID LIMIT, PLASTICITY INDEX

The 1liquid limit of the sub - base ranged from 29% to
52% while the plasticity index ranged from 7% to 33%. From

Figure (3 - 8)B it can be seen that only 7.9% of the results

56



met the the specification of P.I. of not more than 12. The
foregoing also confirms the fact that very poor materials
had been used for the sub - base.

Also, the percentage of materials passing sieve No. 200
(fines) 1is gquite high in the result. More than 60% of
recorded cases show fine percentages of more than 40% which

is a further confirmation that poor materials were used.

4.304 RELATIVE COMPACTION

The relative compaction of the sub - base materials
varies from 86% to 106%. Only 15 out of the thirty eight
locations or 40% had relative compaction of 100% and above.
The result confirms that sub - base was also very poorly

compacted.

4.400 SUBGRADE MATERIALS

The strength of subgrade, normally determines the
thickness of the pavement. Hence, it is very desirable that
materials for subgrade should be of fairly good quality, so
that the pavement thickness and therefore the pavement cost
will be reduced. However, when not very fair materials are
available, care must be taken to ensure that the compaction

achieved is very high.

4,401 RELATIVE COMPACTION

The relative compaction of subgrade ranged from 85% to
105%. Only 9 out of the 38 records/results of the test met
the 100% relative compaction specified. This is only about

24% of the total location tests. From the previous records
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in chapter three, on test results of subgrade, sub -base and
base course, it is noticeable that the most poorly compacted

is subgrade. (See Figure 3 - 8 C)

4,402 LABORATORY CBR/STRENGTH

Though no specified strength is recommended for
subgrade materials, it is still worthwhile to analyse the
CBR values obtained from the compaction tests. The subgrade
values ranged from 4% to 42%. Some of these values are
satisfactory except 1in a few locations where ~low values
ranging from 4% to only 9% were obtained. It is worthwhile
to note that these low values affected twelve tested
locations. Six of them fell under poorly compacted subgrade
and six under well compacted subgrade. There is definitely
no doubt that the poorly compacted subgrade with low CBR
values have had and will continue to have adverse effects on
the pavement unless remedial measures are taken immediately

(See Figure 3 - 8 C).

4.500 WATER TABLE, DRAINAGE, PERCHED WATER TABLES;

UNDERGROUND WATER

It has been previously mentioned that water was found
in only one of the boreholes probed and at a depth of about
2.3 meters. The fact that no water was found in other holes
does not rule out the problem of perched water table or
underground water during the rainy season, because of the

hilly terrain of the area, since these holes were probed
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during the dry season.

It was observed that surface dressing in some sections
was not scarified before placing the stone base. This could
result in Jlocalised slip surface or perched water table
beneath the stone base if rain water percolates through the
cracks on the asphaltic concrete.

The drains were overgrown with weeds while most of the
existing culverts were silted up and turn outs are non -
functional., From observations, test results and interviews
with the local pecple, water poses a great problem to the

road during the rainy season., Tables of recommendations and

interviews are shown in Tables 3 - 6 (A - G).

4.600 COMPACTION MOISTURE/ABSORBED MOISTURE AND OPTIMUM

MOISTURE CONTENT RELATIONSHIP

Changes in moisture content can affect the density and
hence the strength of soil. The changes of moisture content
can be seen from Figure 3 - 3 (A - D). This shows the
importance of the compaction of construction materials to
optimum moisture content of the compactive effort used. The
graph in Figure 3 - 3 (A - D) shows the relationship between
OMC and Absorbed Moisture Content. The rate of absorption of
water diminishes as compaction moisture content approaches
the optimum value. Also clayey materials compacted to
moisture content lower than optimum moisture content swells
more than those compacted to optimum. This will affect the
pavement drastically during the cycle of wetting and drying

if care is not taken to reduce water percolating into the
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pavement during the rainy season.

In most cases observed from field and laboratory
results, the pavement insitu moisture was generally lower
than the optimum. This will result in more moisture being
absorbed. The only way of preventing these adverse effects
of percolating and underground water is the introduction of
deep drain and adequate turn outs or proper sealing of the

pavement.

4.700 ASSESMENT BASED ON TRAFFIC COUNT

AND AXLE WEIGHING

From the results of the traffic count and axle weighing
conducted, the road can be classified as a primary road i.e.
100 - 500 commercial vehicles per day. The average daily
number of standard axles computed during the weighing was
1635 = 0.60 x 106 standard axles, Using this value and the
Figure 3 in Road Note 31 and using minimum subgrade CBR
value of 8%, the pavement thickness is estimated at 100mm,
This is less than that provided by the specification. This
shows overdesign, yet the 150mm pavement failed prematurely.
There must therefoke be other reasons for the failure.

It is pertinent to note however, that the study of the
traffic parameter has not been elaborate. The design 1life
was 10 years, but the road failed barely two vyears after
construction, during which time the maximum traffic already
carried would be a negligible percentage of what the
pavement ought to carry and withstand for 10 years.

Brief study on the traffic count/ truck loads was just
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to indicate its importance in the scheme of things in

pavement studies.
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5.103 POOR QUALITY ASPHALT CONCRETE

The quality of both the wearing and binder courses of
the asphalt concrete was not very satisfactory.

The use of stone / aggregate materials that have poor
grading (i.e. not falling into the specified envelope), low
bitumen content and possibly the overheating of the asphalt
mix resulted in poor quality of asphaltic concrete used.
Also laying of very thin asphalts in a few places, or one
lift asphalt concrete wearing course in place'of two layers
binder and wearing courses have often resulted in early
cracking and scaling off, ravelling and loss of adequate

compaction and stability,

5.104 POOR DRAINAGE

To some degree, the poor drainage facilities have

contributed in the overall early failure of roads.

5.200 RECOMMENDATIONS

In general, federal highway pavements, Jjust like the
one investigated, are under designed for the gquality of
materials and the axle loading they are supposed to carry.

The combination of under - designed thickness, poor
quality materials and inadequate construction control have
directly contributed to the many early failures in this

road.
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The following recommendations are therefore arrived
from the investigation. It may be applicable to several
other road pavements which have all failed too scon after

construction:-

(1) There should be regular maintenance of roads before
sever crackings and potholes appear. Seal coats should be
applied to prevent infiltration of water through cracked
surfaces. This 1is especially important due to the water

susceptibility of the materials used for bases and sub -

bases.

(2) Special attention should be given to quality
control to ensure that the specification requirements are
fully met, so that strength and quality of the pavements

will be of the best standard.

(3) All pavements should be designed to carry the
number of axle loads the particular highway is expected to
carry during its design life span. The general specification
of 15cm sub - base and base courses in all federal highways
should be avoided, since this in a way implies that roads
have the same traffic volume and that the same type of

materials are obtainable everywhere,

(4) Regulation of axle loading on the federal roads in
order to reduce the rapid rate of damage currently caused by
possible overloaded axles is highly recommended, even

though this has not been thoruoghly looked into in this
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study, but obvious.
With reference to the road investigated, the following

remedial measures are recommended:-

The maintenance of the road should immediately commence

to avoid further serious deterioration.

All failed sections established as having poor
materials should be dug to at least one meter deep (1.00m)
(if the subgrade is also weak) and carted to waste, before
being backfilled and given good compaction in layers with
good quality material, since use of poor materials was

identified as the major cause of failure.

No activity should be carried out, that does not meet
the specification requirements. That is the compaction, CBR,
Density, Moisture Content, Percentage Passing Sieve No 200,
Plasticity Index, etc should all be controlled. Same is
applicable to the stone base areas. Also the asphalt overlay
material should be of the best standard and gquality, and

overheating must be avoided.

Adequate turn - out and other drainage facilities
should be provided, in order to control the drainage
problem. These should be periodically and regularly
maintained to ensure good performance always.

Depending on the availability of immediate fund, it
will be beneficial if the whole stretch of the road is given
an asphalt overlay, when most failed sections must have been

put to good shape by patching up potholes,
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regulating/levelling all rough surfaces and seal coating
others.
It is believed that, if these are done, a new and

stable road will be the result.
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