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ABSTRACT

This study was ained at investigating the causes of
premature failures on Zaria - funtua Road linking Zaria
in Kaduna state and Funtua in Katsina State. The road
was asphalted in 1979. The riding quality on the road
had deteriorated in the past couple of years wth
sections of the road devel oping various types of distress.
Both field and | aboratory tests were carried out.
Results were utilized to draw conclusions on the type
of axle loading, quality of construction materials and
efficiency of the construction.

On the whole, it was found that the failures were
mai nl y caused by heavy axle l|oad, use of poor strength
materials and | ow degree of conpaction. The degree of
conpaction was generally less than the desired 100%
whereas 42% of axles sanpled exceeded the ten tons |ega
limt specified. The values of Atterberg Ilimts did not
neet the Federal specifications of mninumof 30%for
the liquid limt and 12% for plasticity index. Also,
the CB. R values were found to be bel ow the m ni mum of
00% for base, 30%for sub-base and 5% for the subgrade

set-out by the Federal specifications.
Finally, both short and |ong term neasures have been

recommended to renmedy the situation

(xv)



1.0 INTRODUCTTION

1,1 Preamble

The current global recession calls for judicious
use of available resources especially in the developing
countries which are badly hit by economic constraints,
Road construction projects, apart from the major role
they play in economic development, are costly ventures.
They should therefore be properly undertaken with a view
to reducing total life-cycle costse

However, a numbcr of roads in Nigeria start to
deteriorate soon aftor they have been constructed. This
situation makes it necessary to investigate causes of
road failures and determine the best measures of repairs,
Such investigations would also provide valuable guidelines
for future construction as well as design and hopefully
open new areas of interest to both the Research and

Maintenance Engincersa

162 Study Target

pavement structures involve massive guantities of
various materials with inherent variations in their
physical as well as other engineering properties. The
variations, apart from being complicated, differ in both
horizontal and vertical directions, This implies that
in investicating pavencent fallures, substantial data is
required for analysis before logical conclusions can be

drawn on causes of the failures, Thus, it will be diffi-



cult and time consunmi ¢ to simultaneously study all roads
in order to come oul with the analysis of their modes of
failure. Rather, a case by case approach is more realis-
tic and this approach hos been adopted here,

This study 1o theorefore aimed at carrying out fai-
lure investigation of laria = Funtua road as a case study.
It is hoped that resulis obtained, when reviewed with
similar research worlis on other rocads, will shed more
light on the subject and make understanding of failure

characteristics of flexible pavement structures easier,

1.3 Objectives

A main thrust ol this work is to propose rehabili-
tation measures for the studied road. However, it is
obvious that the Ltype of road rehabilitation measures
suitable in any instance depends upon the causal factors
of the failed sections.

The objectives of this research work will, therefore,

include:-

-

(i) Assessing the adequacy of the pavement struc-
ture throuch evaluation of the strength pro-
pertics of the various materials making up
the pavement ot the failed sections.

(ii) Assessing the physical condition of the road.
(1ii)  Surveying traffic volume and axle loads to
which the pavement has been subjected.

{(iv) Determining likely causes ofthe fallure.




, (v) Proposing the appropriate measures of reha-

bilitation to be adopted for the pavement,

In achieving the listed study objectives, the major
factors causing pavement failure were identified through

the fellowing processes;

" Condition survey

* Materials characterisation

- Evaluation of Design

» Lvaluation of Construction methods.

1.4 Scope of .ork

The research work was specifically aimed at a case
study of pavement failure characteristics by taking Zaria -
Funtua road that links Kaduna and Katsina States of Nigeria.

previous case studics on road deterioration undertaken
in nigeria and abroad were reviewed. Material characteri-
zation, traffic volumes, axle loads and condition surveys
were then undertaken along some selected locations along
the road. FpFurther investigations involving laboratory
tests were carried out on samples obtained from the field.
Results were analysced and compared with appropriate
standards or specifications.

It was on this busis that conclusions were drawn on
probable causes of the observed failures, Rehabilitation
strategies had also been formulated in accordance with

factors deemed to have caused the fallures.



!

1.5 bescription of Site

o

l .

i .
| - Zaria - untua road is a single carriageway with an

average width ol 7.5m and shoulder width of 2,0m on either
sides. It was bulilt in the seventies with surface dres-
sing. It was rehabilitaed with an asphalt overlay in
1979, The road links iaria, in Kaduna State and Funtua

in Katsina Ztate of tiigeria. It has & length of about
sixty six kilomcters and lies in the guinea savannah
vegotation regio.: with a mean annual rainfall of 1150mm
and weighted mean annual alr temperature of 26°¢. Also,
it has a gently rolling terrain,

i; For the most part of the early eighties, the riding
Quality on the road was satisfactory to good. However,
in past couple of ycars, the quality had detericrated.

At the period when thao studf was initiated, sections of
the road had developnd various types of distress ranging
from different clasgses of cracking to rutting, pot-holing

ang shear deformations. Typlcal failure modes as observed

along the sections of the road are shown in plate I - X.




ILLUSTRATION OF FAILED SECTIONS ALONG

ZARIA = FUNTUA ROAD

PLATE II: Secondary Cracking (Class II cracks)



PLATE III: Tertiary Cracking found along a section
of the road (Class III cracks)

PLATE IV: Shoulder Pailure threatening the carriageway



PLATE V: Potholing of section of tﬁé carriageway

PLATE VI: Total rFailure of a section along the road



PLATE VII: Another form of shoulder failure attributed
to poor drainage.

PLATE VIII: Rutting of a section of the road.




PLATE X: Ravelling as observed at a location.
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1.6 lMethodology

In order to realize the objectives earmarked for
this research, Zaria -~ Funtua road was taken as a case

study. The investigation consisted of field studies and

laboratory testse.

1abal Field Studies

The studies included:-—-

(1) Assessment of the physical conditions of the
road during which observed defects were noted.
This involved closely examining the carriage-
way, shoulders and drainage facilities. 1In
as much as possible, detailed characteristics
of each type of defect was noted and documen-
ted with photographs,

(ii) Traffic surveys were carried out to determine
the Average pDaily Traffic (ADT) at some suit-
able locations along the road,

(iii) Samples of materials comprising the pavement
structure were collected at the failed
sections for laborotory tests.

(iv) Truck weighing data was collected and used to
determine axle loading for comparison with

allowable lecal limit,

11



1,642 Laboratory Tests

Laboratory tests werc carried out on recovered
materials in layers maliing up the pavement structure,

The specific tests undertaken are outlined as follows:

(a) Surfacing

(L) Bitumen Content,
(ii) specific cravity,

(iii) Grading test on left-over aggregates,

(b) Base Layer

(i) California Cearing Ratio (CBR) test,
(ii) Compaction test,
{11i) Sieve Analysis,

(iv) Atterberg limits,

{c) Sub=base Layer

(i) california bDearing Ratio (CBR) test.
(ii) Compaction Tests,
(iii) Sieve Analysis,

(iv) Atterberg limits.

(d) Sub=grade Lavyer

(i) california Decaring Ratio (CBR) test,
{13) Compaction Test,
(iii) Sieve Analysis,

(iv) Atterberg limits.,.

12



i CIIADTER TWQ

2.0 _ LITEZRATURE REVIEW

2el Review of Causes and Modes of pavement Failure

A road is redquircd to provide a smooth and skid-
resistant surface with long life and.little maintenance
(2. It is also primarily required to ensure adequate
stability under traf{f{ic loads and environmental impacts
{53)a A road can be s3aild to have failed if it cannot meet
these basic requirement:s, lthough, defining "failure cri-
terion" constitutes the biggest question and affects
variation in design thicknesses obtained by various
methods (1).

Two forms of failure have been defined; structural
and functional failures (1). Structural failure is said
to occur when either the entire pavement structure collap-
ses ¢r there is a Dbreakdown of one or more of the pavement
components of such a magnitude tuat it is incapable of
sustaining the imposed loads. ©n the other hand, func-
tional fallure may or may not be accompanled by structural
failure but is such that the pavement will not be able to
carry out its intended functions without causing discom-
fort teo meteorists or hich stresses on the vehicles that.
pass over it duc Lo surface irregularities. A knowledge
of the type of failurc asc well as the causal factors is
inportant so as to inow the kind of remedial measures to
adopt. For example, 2 pavement that has developed a func-

tional failure may only require some mailntenance measures

13




to restore the riding quality of the wearing surface,
The same pavemant may break and crack due to overload
which is structural failure (1)e.

It is particularly important te know whether the
pavement distress is progressive which will lead to
eventual failure or non-progressive.,

The causes ol pavement failure are varied and include
a number of factors rangina from high load repetitions,
quality of materials, environmental factors to design and
construction methodse /An investigation on Lagos = Ibadan
expressway (9) was carricd out when it was noted that a
section of road had started to deteriorate barely one
year after official opening. The causes of failure were
found to include (1) ucze of poor guality materials
(1i) 1lack of subdrains and (iii) heavy axle - loads.
Axle loading on road pavement in Nigeria is generally
believed to constitute a major contributory factor to
premature road failures (8). A survey conducted on Kachia
and pambegqua roads (C) showed the probable causes of the
failures to be the conbined effects of heavily loaded
vehicles and high traffic volume, poor drainage, thermal
and cther environmental factors.

The overload, lilic excessive gross loads and high
load repetitions and high tyre pressure, can cause surface

irregularities to develope Others are:

(a) volume change resulting from wetting and drying or
improper drainage (see Plate IV) can also cause

disintegration of pavement materials,

14




(E) Breakdown of tho surface course materlals generat-

ing fines to unstable mix to develop (see Plate IX),

(c) Susceptibility of the subgrade materials to climatic

conditions,
(d) construction proctices may also have some effect,

{(c) Lack of maintecnance like sealing of cracks and joints

at proper intecrvals to ensure tight wearing surface,

Also structural fTaillures in flexible pavements may
also result from surface fatigque, consolidation or shear
failure developing in the subgrade, sub-base, base or
surfacing (1). The basement soll under the leoad is
compressed and partlally displaced laterally. This causas:
the pavement to bond and develop tenslle and cleavage
stresses. When the critical level of stress is reached,
failure of the pavement with the collapse of its part
results (2).
| bisplacement of material from beneath the area of
loading (plastic flow) which leads to loss of strength
of Lhe pavement may occur in non-cohesive and peoorly

cohesive materials in the underlying soil, Also,
'fepeated application: of load may chuse roughening.an&
cracking that ultimately lecad to complete fallure (4).
The role which each type of deformation plays in the
destruction oflthc pavement varies for different types

of pavement structurcs. Date of geterioration of a road

largely depends on cuch facters as original design stand-

15




ard, traffic load and prevailing climate (4). This shows
that roads with difl Terent structures will experience
different rates of deterioration.

Causes of structural failure have been summarized

(5) to consist of:

(a) excessive sliresses due to traffic causing increased
deformation uith cach application of load with
consequent failure of layers above. This has been
categorized as the most important cause of failure
and one considered in most design methods.

(b) Excessive stresses due to secondary causes such as
moisture movement and temperature fluctuations.

(c) Stripping of the surface which occurs due to insuf-
ficient strenqgth of adhesive bond between aggregates

in surface and basc layers,

Movements of vehicles generate vertical and hori-
zontal stresses and conccquently bring about deformations
in various forms (5). Zach time a vehicle passes, some
deflection of the surface and underlying layers occurs on
account of elastic deformation, consolidation of the base
and sub-solils or a combination of elastic and plastic
deformations (4)e« In clastic deformation, some recovery
of the deformation i:s achieved so that pronounced perma-
nent unevenness docs nolt occure. However, in highly resi-
lient soils, deflections under repeated heavy loads can
cause fatigue failures in the surfacing (4). Consolida-

tion deformation iz permanent and is sometimes accompanied

16



by rutting while plastic deformation is progressive under
load repetition, The latter results in shear failure and
is accompanied by movement of the affected layers. This
is believed to constitubte one of the major causes of
failure of pavemenbt curiaces because the base, sub-base
and subgrade lavyers are all susceptible to it (4).

The effectslof the factors 1is£ed are in the form
of ingtability, dJdisintegration or fracture (2). Since it
manifests itself, instability can be visibly identified
in the form of shoving, distortion, corrugation and
rutting. Disintegration of Lthe paving materials can
also occur in the form of ravelling, potholing and strip-
pinge Fracture occurs in the form of cracking of wvarious
forms and can be as splitting into sections (2). The two
most impertant types of cracking observed in Higeria are
; the alligator craching ond edge cracking (7).
| In general, tho mnode of failure 1s strongly linked
to its causes (5). The following is a brief description

of the common modes of Tailures in road pavements,

(a) Cracks: Cracks occur in many forms, i.e.

(i) Transverse crocking — which occurs at right
angles Lo the centre line of the road and is
mainly caused by movement in the underlying

layers and low temperalure stresses.

17




(141D Longitudinal cracks = which occur in the

longitudinal direction and are attributed to
weak jointsc between layers due to insufficient
internal friction., They may also be caused by
improper compaction of fill materials and

sliding of side slopes.

{111) Alligator cracks « which occur in the form of
serics of Intor-connected small polygons.
Their occurence is a primary indication of
surfacce diztress due to excessive deflection
of tho sub=grode and lower layers, They are

normally lraced back to improper compaction

of the underlying layers.

-

(iv) Shrinitage cracks - which take the form of

larger intor—connected polygons normally with

~sharp anqgles ot the corner and are mainly due

to moisture movement in lower layers,
Accordinc to AAGHTGC Road classification fatigue

cracks belong to three clogsses, namely:-

class I (Fatigue Crocliing):= is longitudinal cracking in

the wheel path inter-connccted by short transverse cracks.
They are generally wuavy and may criss-cross in some

instances.

Class 11 (fatigue Carclking):- are cracks that have progres-

sed into an interconnocted form in a grid type pattern
having the appearance of chicken=wire or Alligator skin.

They are basically Alligator cracks except that in this

18




instance, the picces are still intact as if disintegra-

tion has not begin.

Class 3 (Fatigue Craclking) - is the progression of Class 2

cracking with spalling occuring at the edges, loss of
integrity between picces and seaments of the pavement

loosening and moving under traffice.

(b) Rutting

Ruttino occurs in form of longitudinal depressions
formed under the wvheel paths and arises primarily
through di‘ferentinl compaction ofthe road struc-
ture as a rcesult of consclidation or lateral move-
ment in the underneath layers or displacement of the

asphaltic surfacce

(¢)  Ravelling

Ravelling involves the disintegration of aggregate
from the surfacec or edges of pavement, Its major

causes are inpropcr compaction, construction during
wet weather, usc of dirty or disintegrating aggre-

gate, deficient asphalt mix or overheating of the

mixe

(d) shoving
Shoving is the lateral displacement of paving mate-
rials due to tho action of traffic resulting in

bulging of the surface.

19



. (@)

(f)

(g)

oul
The
and

For

Corrugations

These are transverse undulations at regular inter-
vals in the surface forming closely spaced valleys
and crests. 7They are caused by instability in the

surfacing materials.

poctholes

potholes are heles in the surface caused by use of
poor materialc or cbther defects and can occur in
conjunction with Alligator cracking (Class 2 cracks).
Their presence in the pavement indicates structural

failure.

Bleeding

Bleeding is causcd by excessive use of bitumen in
the surfacing and its occurence leads to loss of

skidding resistance.

Review of Past Case Studies

Over the years various studies have been carried

on road deterioration both in the country and abroad.
approaches differed in scope depending on resources
the level at which the research was being carried out.

example, while in some cases the test sections were

limited to only small locations of the road (9), others

cover larger portlons or quite a number of lengths (18, 14).

However, the procedurc generally involved field and labo=

ratory tests on sections of the road from which conclusions

were drawn regarding Lhe causes of the failure. A number

20




of factors have boen found to contribute to road deteriora-
tion and the findings have been quite useful in shedding
light on the subject.

one of tha coarly related works "in this country was
an investigation on the first expressway in the country,
the Lagos-Ibadan exprescway (9). pPremature failures were
observed between K1 22 4+ 00 and KM 98 + 00 barely one year
after officially openad. The Civil zngineering sServices
pivision of FMWH was dircected to carry out an investigation.
Visuval inspection of Lhe road was first undertaken to
detail extent and scvority of failures. Test locations
were then selectad and drainage characteristics of each
area noted. Tests were Lhen carried on failed and
unfailed sections to determine whether the unfailed
sections were potential arcas of failures. An effort was
also made to investigate the effect of the high water
table found in some locations after the road had been
constructed. Boreholes were sunk and soil samples were
collected for laboratery tests, The data was used to
produce boring loge. Pipes were installed in locations
where water was mel in order to facilitate close study
of water table movement. Traffic count and axle load
survey was also conducted to determine traffic count and
axle weighings. Analysis of field and laboratory tests
results showed the causes of failure to include use of
poor materials espcocially subgrade fill and sub-base
materjals, lack of sub-drains in the perched water table
as a result of presence of reck clese to the surface and

heavy axle loads of traffic in the east carriageway,

Remedial measures recommended were provision of subdrains

21




using dgraded=filter matorials, open side drains to carry
Ehn»off, removal of existing sub-base and reconstruction.
Others were placing oi standard crushed stone base and
concrete surfacings, an overlay and enforcement of the
legal axle load limits.,

A similar rescarch was carried out along Kaduna -
Abuja Highway in 1229 (i4). The main link to the new
Federal capital from HKaduna, the road had been experienc-
ing repeated road failures and investigation concerned
assessment of the structural and functional adequacy of
the pavement alonqg the section experiencing repeated
failure, The test scction consisted of the first fifty -
five kilometers from jloduna found to be experiencing
repeated failures. 3Jurface deflections tests combined
with visual inspection were carried out to locate weak
spots and identify types of pavement distresses. The
results of the deflcction tests and visual inspection
vere used to locate teslt pits for field tests and collec-
tion of samples fo: laboratory tests., Ahmad (14) concluded
that the failures were duc to poor quality control during
construction resulting in the use of sub-standard materials,
poor drainage condition, high stability asphaltic concrete
surface over a weak bose leading to fatigue cracks. This
led to high degree o! surface roughness and reduced stabi-
lity. Some sections werce found to have completely failed
due to failure of Lhoe subgrade to support the upper layers
of the pavement. 7The poor condition of some sections led
vehicles to divert Lo olher portions which accentuated
deformations in some sccltions. Ahmad finally concluded

that the pavement was structurally and functionally inade-

22




gquate and thereforc recommended reconstruction and streg-
thening measurcs to be adopted, However, he did not take
into consideration Lhe axle overloading factor which is a
ma jor factor causing road-failures (9) e
A review study o’ pavement materials was undertaken
from data collected by pEU at various locations around the
country by John Harvey under the TRDR programme in 1986
(18)., The objective wis to examine the data from past
Hichway construction projects te determine the level of
compliance with Fiilli specifications and identify possible
deficiencies in construction and quality control methods.
The field data for the study was collected from similar
TRDF projects which include
(a) The master Test section testing program for develop-
ment of thoe pPEU overlay desiqn.procedure in 1986.
{b) rvaluation for overlay design of 3,349KM of trunk
road networik in 19407
(¢) The evaluation ol three sections of trunk road near
Numan Gongola in 19073 and
(d) 7The evaluation of a section of highway A2 between
Kaduna and Abuja in 1987,
The laboratory data was taken from tests on disturbed
samples collected during the above studies. A computer
format was used for the study. The procedure was based
on fatigue cracking and permanent deformation (rutting)
criteria. The method incorporates a mechanistic predic-
tion of permanent stroins using elastic layer theory,
field deflecticn mecasurements, condition survey results,

material strength tests, environmental factorse such as

23



temperature and rainfall and estimates of past and future
traffic in terms of equivalent axle loads (10). The
results showed that pavements in Nigeria were underdesigned
in terms of quaiity of materials, workmanship and axle
loading. The combincd effects of these factors contribu-
ted to the pnremature failures in the road network. The
recommendationslgiven included axle load requlation,
standard design based on Nigerian conditions, maintenance
and quality controles The research could be described as
one 6f good efforts made in the country on this subject.
It was Spectacuiar considering the volume of data used and
the methodology.

Axle loading factor was found to be one of the
major factors contributing to premature failure of roads
in this country (9). Typical examples were the Lagos -
Ibadan expressway (9) and pEntrance road to Kaduna Refinery
off Kaduna-Kachia road (8)e A study on this factor would
therefore beuseful. An attempt was made by Mohammed
Yakubu (8) on two federal jlighways in Kaduna State i.e.
Kaduna -~ Kachia road and Zaria - pambedua rocad. A
condition survey was undertaken in which an attempt was
made to relate the existing failure conditions to such
factors as types of vehlicles, parking habits, environmental
conditions etc. The survey showed that a large proportion
of the vehicles werc overloaded with number of axles
greater than the leqgal maximum high, The failure was
however found to be functional caused by the combined
ef fect of heavy'trucks, poor drainage and other environ-

mental factors as well as bad parking habit of trucks
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aiong the road. The study showed that axle loading as
major factor cohtributing to road failures does not exist
alone. The failures were mostly as a result of combined
effects of many factorose

Jones in 1984 (12) carried out a research on the deterio~
ration of unpaved roads under TRRL. The research was
aimed at providing new and improved deterioration relation-
ships for unpaved roads for use in computer model for
estimating the construction costs, maintenance and
vehicle operating costs for roads in developing countries.
Test sections were located on public road network in
Kenya and thelr rates of deterioration were measured and
quantified in such terms as gravel loss, surface rough-
ness, depth of loose surface material and rut depths.
The test sections were monitored for a period of two
years, The deterioration was related to cumulative
traffic, design standards and construction, maintenance
strateqy and climate, The findings of the research
showed that the unit rate of gravel loss was higher than
that predicted by the road investment model. It was also
found that the total loss of gravel from unpaved roads in
developing countries was increasing with additions to the
road network. The study was also able to quantify sepa-
rate relationships for different types of gravel materials
which was an important improvement on previous studies of
gravel roads. The cffect of rainfall was found to increase

surface roughness and effective mainténance was found to




minimize amount of loose materials and reduce vehicle
operatiug costs. Overloading was also found to be
minimal.

The study helped in the development of a computer
model to aid investment decision within the road sector.
A model has also been developed on the: basis of this work
by the world Bank. The results of the study, although
of direct benefit to Kenya could also be applicable to
other developing countricse

A similar research was undertaken by Roberts in
1984 (13) under TRRL and Ghana Highway Research programme .
The study was on the performance of selected lengths of
surface dressed roads in Ghana monitored over a period of
two and half yearse Road surface condition measurements
were related to pavement deterioration factors. C(Criteria
for maintenance interventions and user cost savings result-
ing from road maintenance were given, The study determined
that the rate deterioration was slower in the drier parts
that those areas where the annual rainfall exceeded 150mm,
It was also noted that lack of maintenance led to serious
deterioration of the test sections. Breaking of the edge
of the wearing course accounted for a significant portion
of the damage to the surface. The quality of construction
was also found to have great influence on pavement dete-
rioration. For examplc, some surfaces continued to carry
heavy traffic without appreciable deterioration after many
years whereas poorly surfaced sections carrying light

traffic deteriorated extensively within three years.
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The results of the study also showed that effective
patching and resealing could pring about significant
reductions in unit vehicle operating costs. 1t went
further to recommend a wheel track intensity of 0.5m/m2
as a threshold valuec indicating probable need for resealiug,
Hand sealing of individual cracks threshold value was given
as 0.1m/m2. Standards of pothole patching were found to be
poor and improvement was recommended. Finally emphasis
was recommended for rational system for establishing
priorities among maintenance projects and roads carrying
more than 200veh/day with a roughness greater than 400mm/km
were recommended for patching and sealing. However, roads

carrying more than 400veh/day and roughness greater than

4000mm/km needed resurfacinge
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CIHAPTER  THREE

3.0 DATN  COLLECTION

3e1 Condition Survey

pavement condition survey is important in deter-
mining the relative nced for rehabilitation based on
practical engineering considerations. This is through
evaluation of such {actors as user-related factors,
maintenance need an' overall protection of the invest-
ment (18). Thus, it serves as a means of judging the
adequacy of the e:xisting pavement under the current
traffic (14).

The condition survey was carried out with the

aims of ;=

{i) Identifving the various modes of failures
along sccltions of the road through observa-
tion of the specific distress types and
their severities,

(ii) Assessing the surface conhition of the
carriageway through rating of the riding
quality a5 well as evaluating such factors
as skid resictance, roughness and pothole
potential,

(11L) Assessing the shoulder and drainage condi-
tions throuch evaluation of the distress

types occuring on the shoulder surface and

drainage facilities,
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(iv) Assessing through closer examination, the
extent and type of failure. This would be
through further evaluation of the distress

types, severilies and quantities.,

The total length of the road was about sixty six
kilometerses KM O + 00 had been arbitrarily fixed at the
overhead bridge at llanwa and KM 66 + 00 at Brinin Gwari
junction at Puntua, The road had also been divided into
six sections for tho purpose of the study. This was
arbitrary and strictly for convenience. A map showing
the approximate lencth and location of each section is
presented in Ficge 347

Major elemonts concidered were carriageway,

shoulders, verges and drainage facilities.

Buldel Test Pits

Four locations, found during the condition survey
to be the worst distressed and representing the weakest
portions, were sclected for detailed investigations,

Four pits were dug from each location bringing the total
to sixteen pits. For cach selected pit location, the
asphalt concrete ovor the pit was removed carefully
after cutting. In-situ tests were carried out on each
layer. After conducting the tests, the pit was excavated
until the next layer was encountered. The same series of

tests were then carricd out on each succeeding layer.

29



7 “ c‘c’al
FiG 3.1 A roap S‘nowlnj H.e sSectiOns aLonS Hie wDo

o+
v
N
h ) A\ ¢
“
KEX
e ToWn
I " eND o{- ged‘mﬂ
— Ro ad
knfz?“ Scale [° 200,000
g
-
A7
'llfo"o
vy

ZARIA



The in-situ tests carried out included:-

(a) Dry density test
(b) Moisture content

(c) Measurcient of layer thickness.

sufficlent quantities of the materials were packed
and transported to the laboratory of Department of Civil
Bngineering, Ahmadu “ello University, Zaria for testing.
The in-situ dry density tests were carried out using the
sand Replacement jicthod as contained in B.S 1377 test
lloe 10A on base, sub=base and sub-gfade layers. The
average relative deqgrooe of compaction from each section
was computed by comnarison with the maximum dry density

later obtained from laboratory investigations,

34242 Laboratory Tests

A summary of tests undertaken on the different

layers of the pavenent is as follows:-—
(i) surfacing
(a) Determining the bitumen content

(b) Groding tests on left-over aggregates

(c) Specific gravity,

(11 nase

(a) Atterberg limits tests
(b) Griading tests
{c) Zompaction tests

(d) Laboratory CBR tests (socaked and unsoaked)
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(iii) Sub=bage
(a) Atterberg limits tests
(b) grading tests
(c) Compaction tests
(d) Laboratory CBR tests (soaked and

imsoalicd) <

(iv) Subgradc

(a) Atterberg limits tests
(b) crading tests
(c) Compaction tests

(d) Lolboratory CBR tests (soaked and

unsoalied) .«

3243 Compaction/CDLR Tests

(a) Base and Sub-=bazc liaterials

The base and sub=base materialg were compacted using
the yest African Standards (WAS) in accordance with the
Federal Ministry of vorks and Housing specifications,

The samples were compacled in a Standard mould (15.24cm
dia x 12.70cm height) in five layers with 25 blows using
4.53kg hammer and 45.72cm drop.

The compacted sSpecimen was then tested first without
soaking, in the J.0D.R. apparatus and later immersed in
water for a perlod of 24 hrs before it was tested again.

A dial gauge was algo attached to measure swellina during

the period of soakinge
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(b) Subgrade nngcrials

The subgrade n-terial was compacted using the
British Standard licthod of compaction as required by the
FHMW & H General specifications. The specimen was
compacted in a standard mould (10.16cm dia x 11.64cm
height) in three layers cach layer approximately 1.53cm
thick and given 25 Llous each with 2.5kg hammer and
30448cm drope

The specimen was tested first in the C.B.R.
apparatus before beinc immersed in water for a period of
48 hrs and tested canine Similarly a dial gauce was
attached to measurc swelling during the period of

immersion,

3.2.4 Traffic Survey

Manual traflfic count was used to record the traf-
fic volume and vehicle classification (AASHO classifica-

tion). Three points were selected for the exercise:-

i) Samaru locoted around KM 07 + 00
ii) Gangara locatced around KM 38 + 003 and
iii) Bakin putse located around KM 63 + 00 at the

L]

Funtua ende.

The exercise was carried out for a period of three
days (twelve hours cvorwvday) at the different locations
mentioned above. lednesday was chosen to avoid market
days so that local traffic increase would not affect the

results obtained,.
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The present Average Daily Traffic (ADTp) and
percent trucks were determined. Similar records were
obtained from pavoement pvaluation unit (PEU) of FMW & H
on the same exercise carried out in 1987. The average
growth rate was estinmated and analysed by comparing with
an estimate based on cconometric data (11). The results
were also used to estimate the BEquivalent Standard Axle
loads (ESALs) likely to have been carried by the pavement
since 1t was overlaid in 12979 (l.e. past and future

traffic).

3248 Axle Load survey

Axle load data is required to accurately quantify
the loads applicd to hichways. Average axle loads
combined with AADT and percent trucks will allow the
determination of Lhe Lype of loads applied to a roadwaye.
The non-availability of weigh bridge and other constraints
made it impessible Lo carry out a current axle load
survey. However, sccondary data was obtained from a
similar exercisc conducted by the pavement Evaluation
Unit (PEU) of the Pederal Ministry of wWorks and Housing
(FMW & H).

The Axle load data which consists of the mix of
axle weights of trucks using a highway is converted to
an equivalent numbor of applications of 8,200kg (18,0001b)

single axle load, by mecans of equivalence factors.
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An equivalence factor relates the da mage done by one pass

of a given axle load to an equivalen®y nimber of standard
axle load applications to cause the S3ne damage. Truck

axle weight data was collected on reprefsentative samples

of trucks using the roade Each axle of e§ach truck was
weighed sevarately.

It should also e noted that single nd tandem
axles are treated separately by the use of different

standard reference loade The reference load Yor single

axles is equal to the standard 8,200kg ESAL. Jue to
the better spreading ocbilities of tandem axles and
considering thalt thore cre two axles, a reference\load

of 14,500kg is uscdes Thus, a tandem axle load of y14500kg
has an 8,200kg single axle load equivalence factogiof

1.0 and this implics that one application of a 14,500kg
tandem axle load causes the same damage as one applica-
tion of an 8,200kg single axle load.

The equivalonce factors are computed from wheel
load data taken [rom onc side of the vehicle by first
multiplying the measured load by two to get the total
load on the axle. .\lSo, wheel weights for tandem axles
are added to get Lhe total load on the pair of axles.,

In the computations, cquation 3.1 was used (11), i.e.

L. 3.81
Py = 102 [Ei-] 3.1
where Fj = 8200ka single axle load factor for axle
load je
Lj = axle load j in kg
L, = standard axle load, 8200kg for single axle

and 1450040 for tandem axle.

as




To determine the average 8,200kg single load
equivalence factor, the equivalence factor of all axles
are summed and dividoed by the total number of trucks.

This is shown in cquation 3.2

I
E‘avg = ﬁ_ Fj /NT 3.2

i=1
where Favg = average 8,200kg single axle load equiva-
lence factor per trucke.
NA = numbor of axles
NT = number of trucks; and-*
Fj = equlivalence factor for axle load j.

To determine an average equivalence factor, all single
axle weights are tabulatced together and all tandem are
put together. Equivalence factors are computed for each
axle individuallye. The overall average factor is then
calculated as the sum of tandem factors plus the sum of
single factors divided by the total number of trucks

weighed,
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. CIWPTER  FOUR

4.0 RESULTS PRESENTATION, DISCUSSION AND ANALYSIS

4.1 condition Survey

(a) Section 1 (iUl 0 4+ 00 = K 10 + 00)

The length of thic section was estimated to be ten
kilometers and from the survey, six locations had been
identified to have completely failed with various forms
of failure manifested. It was also found that more than
forty percent of the length of the section exhibited at
least one form of fallure or the other, This ranged
from primary cracls (Class I) to secondary and tertiary
cracks (Class II & III) (sce plate III =~ X)e Also, the
arca of pot-holing had been estimated to be about
20m2/km. )

The condition ol the shoulders w3s also generally
poor as they were charocterized by shoulder drop-offs
which in some instances, reached the edge of the carriage-
waye The shoulder level was also high in some locations
leading to overflooding of the carriageway during rain-
storms. This probably lcad to increase in the rate of
detericration of th: pavement as the surface was exposed
to greater water infiltration (see plate 1IV).

The drainge condltion was similarly very poor as
drainage facilillics were either lacking or where provision

was made, had been bloclked or overgrown by weeds (Plate VII),
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on the whole, the section was found to be charac-
terized by various Lypes of distress with over 40% of
the length exhibiting onc form of failure or the other,
Also, more than 207, of the length showed signs of
potential failure mostly in the form of primary cracks.

llost of the locotions associated with complete
failure were in tho 7111 sections, However, primary
cracking which chous sions of imminent failure was

observed in both cut and £ill sections.

(b)  Section 2 (il 10 + 00 = KM 22 + 00)

The lenacth o the section was estimated to be
twelve kilometers with only one location identified as
showing complete fallure around KM 15 + 00 (see plate 3).
llowever, about 307 ol lhe surface area was observed to
display signs of Liminent failure which was mostly in
the form of primary cracking (Class I)e Also, the
section was identificd to be characterized by potholing
where the area ol polholing was estimated to be 80m2/km
(see Dlate VI).

As in the previous section, provision for drainage
was also found to ba generally poor as facilities were
either lacking or bloclked and overgrown by weeds where
provideds The shouldoer condition was similarly poor and
characterized by crachking, washouts and potholing.
lHowever, the surface riding quality could be described
as faire. This was because though there were a lot of

potholes, other types of major distress which cause
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riding discomfort like sccondary and tertiary cracks,
rutting, corrugations and ravelling were not severe.
The failures Tfound in the section were not restric-

ted to either the cuit or fill sections.

(c) Section 3 (i1 22 + 00 ~ KM 36 + 00)

The approximote length of the section was estimated
at about fourteen .‘llomcters, The peculiarity of the
condition of the section was that none of its portions
was found to have coipletely failed. However, over 25%
of the total surface nreca was observed to display signs
of imminent failurcs mainly in form of primary cracks
(Class I) (see Plate 5). These were in the longitudinal
direction along the wheel path interconnected by short
transverse craclis indicative of surface distress
(section 2.1)e Also, instances of potholing, estimated
at 10m2/km, were nol severe and were located mainly along
the centre=line of thoe road in many locations. The
pattern was indicative of improper joint during construce
tion. Patching worl:, which is mainly a form of routine
maintenance, had only leen carried out in some localized
sections and not satisfactorily as driving on them was
bumpy e

The drainage condition was generally very poor as
in other sections mlle the shoulder condition could be
described as fair because instances of drop offs and

potholing were not scvere,
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The surface riding guality could be rated as good
with occurance of n:jor types of distress not common.
The failures wers Ifound in both the fill and cut sections
and, on the whole, th: road condition could be rated as
fair with none of its portions completely failing, pot-

holing not severe and foir shoulder conditione

{d) Section 4 (U1 36 + 00 = KM 47 + 00)

The length o Lhe section was approximately eleven
kilometers and situated between KM 36 + 00 and KM 47 + 00
Two locations hod been identified to have completely
failed. They were locoted around KM 44 + 00 and KM 46 + 00
respectively. It had also beenobserved that signs of
imminent failure wer: not severe with less than 20% of
the total carriageway curface showing primary cracking
(Class I)es Also, shoulder condition was good as cases
of washouts, potholing and cracking less severe. However,
the drainage condition was generally very poor as in
other sections, |

Cases of potihcling was also less severe and was
estimated to be 1Sm2/km which was relatively small
compared te other scctions. The surface riding quality
could be rated as falr with lnstances of potholing,
rutting, corrugations and other types of major distresses
not rampante.

Generally, Lhc road condition could be described

as fair,
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(e) Section 5 (141 47 + 00 ~ KM 53 + 00)

The length of the section was estimated to be six
kilometers located betucen KM 47 + 00 and KM 53 + 00,

As in the case ol secllon 3, none of the portions was
identified as completely failinge The section could be
rated as good and obvicusly the best compared to other
sections,

Instances of potholing, severe cracking, rutting,
shoving and rovelling iucre minimal, The area of pot-
holing was estimaicd at about conly 5m2/km of the total
carriageway surfaco arca. [ew locations also showed
signs of potential Failure estimated at less than 20%
of the total carriageway surface area,

However, both lhe drainage and shoulder conditions
were found to be aoncrally very poore The shoulders
werc charactericed Hy drop-offs, potholing and cracking
whereas drainage frcilities were mostly not provided,

On the whole, L road condition could be described
as good but the shovlder and drainage were in a very
poor condition. This could lead to fast deterioration
of the carriagewoy ilsell unless necessary remedial

measures were talicne

(£) section 6 (141 53 + 00 = KM 66 + 00)

The length o7 Lthe cection was about thirteen kilo-
meters and was situated between KM 53 + 00 and KM 66 + 00,

Three of its portions were found to have shown complete
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failures displaying nany forms of failure like secondary
and tertiary cracls (Sce plates 6 & 7), shoving and
potholing, ctce.

A number of noinits were also observed to display
signs of potential {oilurec mainly in form of primary
cracks estimated at arcater then 20% of the total
carriageway surface arca,. Cases of potholing were also
found estimated al o out 20m2/km. However, the surface
condition could be roted as fair in terms of riding
quality. Though potholine was relatively significant,
other forms of failure like rutting, corrugations,
ravelling etce. winizh accentuate riding discomfort were
less severee. )

The shoulder ceondition was fair unlike in the
previous sections no instances of drop=-offs, potholing
and cracking wer: nol commone The drainage condition
was very poor as in the case of other sections.

The condition survey data was summarized in
Table 4.1

The condillon survey data showed that the road
was generally characterized by various forms of failure,
ranging from different classes of cracks to potholing,
rutting, stripping, ravelling and corrugations. Ten
locations were irentlficd as showing total failure in
most cases accompanied by Class III cracks, stripping
to potholing and total disintegration (pPlates II = X)e
It was also obscrved that the failures were not restric-

ted to elther cut or £ill sections but larger proportions
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oecured in the cut sections. This could be attributed
to the fact that cutting tends to bring the formation
lovel closer to thne water table which increases the
susceptibility of the pavement structure to changes in
moisture. It is moct probable that the high moisture
content contributed to the premature failures found in
these sections.

The fill sections where failure occurred also were
mostly locations at strecom crossings or waterlogged
areas. The failures found in the fill sections could
likely be due to inproper compaction of the fill mate-
rials coupled with high meisture condition of the loca-
tions, The highoest number of failed sections were found
in section 1 (K1 0 + 00 = KM 10 4+ 00) while none could
be found in section 4 (¥li 36 + 00 -= KM 47 + 00) and
section 5 (KM 47 + 00 - Ki1 53 + 00).

The surface riding quality ratings ranged from poor
to good. Section 1 was rated as poor which indicates its
poor state as shown above, Sections 2, 4 and & were
rated as fair while Zections 3 and 5 were rated as good.
on the average, the road could be rated as fair in terms
of its riding quality. This shows that despite the poor
quality materials uscd and improper c?mpaction, the road
was still capable of maintaining a fair riding quality.

Apart from Lhe scctions identified to have
completely failed, a large proportion of the carriageway
surface was observed at close examination to display

signs of imminent failure. fThis was mostly in form of
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small and interconnccted longitudinal cracks (AASHTO
class 1) (plate I)., 1t was estimated that over 70% of
the sections had more than 30% of their lengths exhibit-
ing signs of potentinl failures. This is indicative of
surface distress duc te movements in the underlying
layers and shows the likelihoed of improper compaction
of the pavement materialse It could also be related to
the use of poor qualily materials with high plasticity
as determined from the laboratory tests (Section 4,2.3),
leading to excessive deformation under traffic loads.

It could also be concluded that since class I cracks

are primary indication of surface distress as a result
of deflection in the underlying layers under traffic
loads, more portions would be expected to fail as the
progression develops unless necessary remedial measures

were adopted.

Instances of rutting were not severe and only
occured in few location:s (plate VIII) while corrugations
vere mostly observed in Sections 1 and 6, Section 2 was
found to be characterized by a lot of potholing occuring
mainly along the centre-line of the road (plate xI)
estimated at 80m2/km followed by sSections 1 and 6
(20m2/km) while Scction 5 had the least area of pot-

holing,
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The shoulders were surface dressed with average
width of 2.0m on both sides. The condition of the
shoulders could be generally described as poor, charace
terized by drop offs and potholes (plates IV & VII).
llovever, their condition in Section 4 (KM 36 + 00 -

K17 47 + 00) was obscrved to be still éood while

Sections 3 (KN 22 4 00 = K 36 + 00) and 6 (KM 53 + 00 -
KM 66 + 00) was faire “hose of Sections 1, 2 and 5

were poor,

The drainage fccilities were also generally poor
in most location:se Whev were either lacking ory where
provided, had becn Dhlocled or overgrown by weeds (Plate
VII)e Runoff wuater alona the roadway, could not be
properly carried tc Lhe discharge point and this could
lead the saturation and pubsequent weakening of the
pavement layers The danaging effects of this phenomena
meght have contributed to the premature failures thereby

shortening the service life of the roade.

442 Test Resulis on Scil Samples

14,2,1 bLry bDensity and lloisture Contents

The in-situ dry density were carried cut using the
sand=replacement ::thod as contained in BS1377 (test
lloe 10A) on basc, svh=bhase and subgrade layers. The
average relative do rec of compaction from each section
was computed by relating the results to the maximum dry
density later obtained from the laboratory. The results

are given in Tablos .2 and 4,3,
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. The relative compaction results showed that none
of the tested samples met the requirement set by FMW & H
ceneral Specifications which is 100% for base and sub-
base materials and 957 for subgrade materials. However,
42% of the samples tesled were found to be within 50%
of the specified values for all the pavement layers
while none was below 75 of the specified values.

The low deqree of compaction could be attributed to
changes in climatic conditions particularly moisture
changes which could occur due to infiltration from surface
cracks and rise in walcr table. Themajority of failed
sections were found in cut-sections, cutting tends to
raise the water toble and this shows the likelihood of
the rise in water table as discussed in Section 4.1,
Also, failed sections in fill areas were found at river-
crossings and water-loqgged area which could have been
caused by rise in water table and improper compaction.,
Although, variation in density should be expected after
construction, it is significant and could not be due
purely to climatic changes since the density is expected
to increase with surcharge weicht and traffic loads,
Therefore, a likely rcason may be weakening due to
increased moisture content and improper initial compac-
tion during construction. The variation between field
and maximum dry densitizs are shown in rFigs 4.1 - 4.3.
The variations of deqrece of compaction with the specifi-

cation are shown in Pigs 4.4 = 4.6,
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The distributions of the in-situ moisture contents
compared with the optinum mpisture contents (OMC) are
shown in Figs 4,7 = 2410. Por the base and subgrade
layers, 50% of the wmaterials tested had in-situ moisture
contents (IMC) arcater than the OMCy, 25% within four
percent of the OIC whilc 25% bhad more than four percent
less than th; optimunm values. However, for the sub-base
layer, only 38% of thc samples tested had IMC greater
than the oMC, 137, vithin four percent while 49% more
than four percent less than the OMC indicating a more
stable condition for the sub=base layer,

The conclusion that can be drawn from the foregoing
analysis is that the moisture condition of the pavement
materials was tonding to saturation particularly for the
base and subgrade nmaterials, indicating weak state.

This could be atiributed to the fact 4<hat the tests were
carried out during the roiny season when the moisture
content ic expoctod to be high, Another reason could

be the fact that the pits were located in failed sections
of the recad where infiltration throuch surface cracks

or potholes might have occurede The lower moisture
conlkent of the sub=base layer might be due to the
protection eof the base and subgrade layer from above

and beneath respoectivelys. oOn the whole, it can be
concluded that Lhere was high moisture condition that
might have accentuated the weakening of the materiais

and increased deformotiona
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TADLE 4.2: SUMHARY OF PIELD SOIL TEST RESULTS

LOCA~ | TEST [ PAVEIEIT LAYER MOISTURE | DRY
TION pIT LAYER THICK~}{ CONTENT DEN=
: NESS (%) SITY

{mm) UNTIT

BAGHE 180 11.2 1.82

A SUDBASE 230 15,3 1.81
SUBGRADE - 9.4 1.79

BASE 235 ) 1340 1.85

B SUD=DBASE 300 15.15 1.83
SURCRADE - 1741 1.81

1

BASE 230 13.4 2,04

C SUN—=DBALE 290 B .8 1,90
SUNGRADE - 7.0 1.76
BASE 290 16.5 1.75

D SUL=BASE 265 3,5 1.74
SUBGRADLE - 6 o4 1.80
DASE 162 10.1 1.68
A SUDB=PRASE 196 10.9 1.95
SUBGRADE - 11,5 1.90
2

DALE 172 11.1 1.94

B SUL=DASE 190 13.0 1.90
SUDGRADDR - 12,30 1.79
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TADLE 4.2 (CONTYD)

LOCA - TIST PAVELENT LAYER MOISTURE DRY
TTON PIT LAYSR THICK= CONTENT AN =
NSS (%3 SITY
{mm) UNIT
133'11:.; I.; 193 14 .4 2 - 14
C SUD=DASE 183 11 4 1.89
SUBGRADE - 6.0 1.92
2 -
BAST 182 8.0 1.49
D) SUD=DASE 187 13,9 1.91
SUBGRADE - 16.1 2.14
DALT 200 7.5 1,49
A JUB=DASE 215 15.5 180
SUBGRADE - 17.7 1.6%9
B SUDB=ASE 218 15.3 1.50
SUSGRADE - 15.0 1.73
3
DASHE 190 9.0 1.92
cC SBUB=DASE 1689 Sal 1.74
SGUDGRADE - i 13.4 1.68
BAST 195 9.7 1.80
D SUN=DAST 193 - 15.7 1.67
SULGRALR - ' 21.0 1.70
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TABLE 4.2 (CONT'D)

LOCA=
TICN

TEST
PIT

@

F——— — |

A5
SUDLGRADE
s e
DALE

SUD=DASE

“ SN 15 B
SULGRALE

SUBGRADRE

ry n L =
b had s

I A O
wd LI L™= 0 N L

LAYER
THICK=-
NESS

(mm)

MOISTURE
CONTENT

%)

DRY

DEN=

SITY
NIT

186

194

Va7
1845

129

192

174

149

193

170

182
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TABLE 4e3: RELATIVE |

\Z2CGREE OF COMPACTION OF LAYERS

LOC A - PAVEMSHT FIELD LAB DEGREE
TION LAYER DRY MAXIMUM OF
DENSITY DRY COMPACTION
3 o 3
(a/em>) | (alem”) (g/em>) %
BASE 1+87 2 .09 90
1 SUB=3ALE 1.82 2:15 85
SUBGRADE 1479 2511 85
BALE 1:43 210 92
2 SUB=DASE 1.92 211 91
SUBGRADY 1.52 2.23 86
BASE 1.74 2.23 78
3 SUB=DASE 1.68 2.14 79
SUBGRADEZ 1.70 2.23 B2
BASE 1575 2.14 82
4 SUB=DASE 174 2517 80
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44242 Measuremcnls of Thicknesses of Layers

The thickness ol Lhe surfacing, base and sub-=basge
layers at each toest pit was measured and the results are
presented on Tables 442 and 4.4,

The results showed that the thickness of the surfac-—
ing varied from 19mm o AGmm with a mean value of 36.0mm.
Fer the base layer; it varied from 135mm tc 290mm with a
mean value of 190rmm. That of sub-base layer varied from
:_162mm te 300mm wiliv 2 rmean value of 210mm. It can be |
secen that the mnean tolal depth of construcltion from the above
data is 436mm (say 440mm)a. Also, the thicknesses of the
base and sub-bage i on the average above the minimum "g':

specified by ML & 1l Geheral Specifications of 150mm.

4423 Laboratory Tests

Standard laboratory tests were performed on recovered
samples from each layer and the results are tabulated in

Table 4.5,

4e2a3a Base Layer

The results of laboratory trsts undertaken on the
base layer are shovmn in Table 4.6, 'he mean values,
standard deviation and coefficients of variation are

computed and shoun in the Table.




TADPLE 4,43 ASPHALT THICLKNESS

LOCA— pIT AOPUALT THICKNESS AVERAGE
TION NO . PR THICKNESS
A /]:1 1.62 1
=) 34 1.34
1
c 46 1.81
D 33 1,30 39
A AG 1.81
B 35 1.38
2
C 36 1.42
D 35 1.38 28
A 29 1414
B 19 0.75
3
C 20 1.10
D 38 1.50 29
A 43 1.70
R 36 1.50
4
C 31 1e22
D a2 1.65 39
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