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Abstract – The study examined the pavement indices of 

Ado-Ajebandele road that influences its failure. This 

particular road is experiencing different forms of road 

failure. In order to determine some pavement indices 

influencing failure of the road, twelve samples of soil, three 

each from a failed segment, where it was observed to be 

experiencing a critical failure were collected for laboratory 

examination. Classification, Compaction, California Bearing 

Ratio test were considered for the assessment of the 

pavement parameters that contribute to failure were 

conducted on the samples. The results of the test showed that, 

the soil has a high water retention capacity, with the natural 

moisture content ranging between 7.7 and 14.5% for base 

course (BC), between10,5 and 17.5 for sub base(SB) and 

between 12 and 19% for sub grade for all the locations 

considered. The liquid limit ranged between 29 and 45% for 

base course, between 29 and 44.5% for sub base and between 

31 and 48% for sub grade (SG). The liquid limit showed that, 

majority of the failed section fell above the allowable limit for 

base course materials. The compaction showed that, the  

Maximum dry density(MDD)(kg/m3) values were quite low 

for base course(BC), with the MDD varied between 1510 

kg/m3and 1940 kg/m3 that fell below the minimum specified 

values for sub base(SB) ,MDD is varied between1320 kg/m3 

and2020 kg/m3 in which most values fell below the minimum 

specified. Similarly, the CBR values for location 1-4 varied 

between 26% 106% for base course, between 31% and 114% 

for sub base and between 28.3% and 120% for sub grade. 

The CBR analysis showed that failure occurred due to poor 

Base course materials, Poor sub grade underlying the 

pavement and effect of ground water due to high water table. 

However, the results of this research will, to a great extent 

assist the civil Engineer in the area of designing and 

construction of roads that can stand the test time. 

 

Keywords – Pavement, Compaction, California Bearing 

Ratio, Maximum Dry Density. 

 

I. INTRODUCTION 
  

The most striking features of our modern Nigeria 

economy and way of life are our dependence upon road 

transportation. Goods roads are being liked with very 

phase of our daily activities that it is impossible to imagine 

what life would be like without them. Movement of goods, 

traveling to and from work, for service, social and 

recreational purpose and  many other functions necessary 

to the functioning of our complex society all depend on 

the good roads. 

A pavement section may be generally defined as the 

structural material placed above a sub-grade layer [23]. In 

asphaltic pavement, it is typically a multi layered system 

comprising the sub-grade (support), sub-base, base course 

and surfacing. Its principal function is to receive load from 

the traffic and transmit it’s through the layerd to the 

sub0grade [11]. 

A pavement is said to be defective, when it can no 

longer perform this function during its design life. Most 

roads in Nigerian cities today are characterized by failure 

of all kind like pot holes, cracks, depression, ruts etc. And 

there is not just one reason for each type of failure. A 

survey of the roads under investigation has however 

revealed that these roads and highways suffer incessant 

failures. The state of our roads stands out like a sore 

thumb and their national picture is simply scandalous [12]. 

This makes it difficult needs, because they are confronted 

with delays resulting from traffic congestion and accidents 

that have claimed lives of bread winners of many homes. 

In previous research, it was discovered that roads failed 

due to the following reasons: 

 Pavement failure by poor soil properties [1] 

 Pavement indices contributing to failure[2]   

 Geotechnical Properties of soil [2] 

 Negligence of road maintenance[8] 

 Inadequacies in design and poor workmanship [6] 

 Poor soil properties like low CBR and high liquid limits 

[5] 

This situation has caused a scandalous effect to  our 

economy and it required urgent attention. This research 

intends to examine pavement parameters that may 

influence failure and the properties of the material  with 

which these roads were constructed. 

1.1 Justification 
This Research came up, due to the fair to poor function 

of some paved roads to human or society needs, in terms 

of causing stress upon discomfort ride, extending trip time, 

delay easy traveling and service delivery etc. modern 

roads are normally smoothed, paved or otherwise. 

prepared to allow easy travel, but the reverse is the case in 

many Nigeria paved roads as roads were allowed to 

deteriorate and cause many travelers risks of accident, 

injury, permanent disability and loss of lives even damage 

or loss of properties. The society depends heavily on 

efficient roads for its economic and social well-being 



 

 

 

 

 

Copyright © 2015 IJEIR, All right reserved 

568 

 International Journal of Engineering Innovation & Research  

Volume 4, Issue 4, ISSN: 2277 – 5668 

Economics involves production, distribution and 

consumption of goods and services. 

Like all structure, road deteriorate over time which is 

primarily due to accumulated damage from vehicles. Poor 

soil properties for certain sections of road, poor 

compaction of soil layers, poor drainage, however 

environmental effects such as frosts heaves, thermal 

cracking and oxidation often contribute. Potholes on roads 

can be  

Caused by rain damage and vehicle braking or related 

construction works. Pavements are designed for an 

expected service life, it may have been overbuilt, and the 

original costs may have been too high, or they must have 

been well used and maintained regularly. When a 

pavement fails before its intended design life; they must 

have been misused while maintenance was compromised. 

However, it may have excessive repair and rehabilitation 

costs Virtually all roads require some form of maintenance 

before they come to the end of their service life. Failure to 

maintain roads properly can create significant costs for the 

society [3].    

1.2 Study Location 

 
Source: [21] 

 

The length of the highway under consideration covers a 

distance of about 12km between the front of Arowolo’s 

house in Ado-Ekiti and the front of Benflorcentre at 

IkereEkiti. In order to ensure effective coverage of the 

area, a reconnaissance survey was carried out. This was in 

order to ensure locations that were selected will truly 

represent the major areas where failure was pronounced. 

four such areas were identified. Since no standard road 

symbols were available for identifying the locations, 

permanent features (Building and fuel stations) were used .  

 

II. MATERIAL AND METHOD 
  

The sample used in this research work was taken from 

four different spot on the same road three (3) samples each 

from three sections (Base course, Sub base, and Sub grade 

materials) of the road pavement were obtained from four 

locations in Ado-Ekiti-Ikere road. 

The materials used for this investigation were samples 

of sub-grade soil (SGS), sub-base soil (SBC) and Base 

course (BC) materials. 

2.1 Field Work 
Auger borings were carried out to a depth of over 1.5m 

at several points in order to ascertain the nature of the sub 

grade underlying the sub base course. 

2.2 Sub Soil and Ground Water  Condition 
The excavation of the pavement shows the base and sub 

base course are of average thickness of 150mm for the 

most part. Results of the laboratory tests conducted and 

processed so far show that some of the soil materials used 

as base course and sub base materials contain a relatively 

high percentage of clay in some of the locations sampled 

particularly between location A and B. Similarly, the sub 

grade immediately below the sub base in some of the 

locations possessed properties falling below the minimum 

requirements. 

2.3 Ground Water Condition 
Field observations including samples of soil obtained by 

auger boring indicate that ground water may be 

contributing to the failure of the road particularly in front 

of Arowolo’s compound, after Tugere, in front of NNPC 

and the long stretch between Fabgohun and the front of the 

block industry. Although the water table was not 

necessarily encountered during the test, the fact that both 

sides of some of these locations are flood plains and the 

high water content of the soil samples at the time of the 

study when the dry season was at its peak pre supposes 

that the water table will be high and would most likely 

submerge the sub base and rise to the base course during 

rainy season through capillary action. This situation is 

capable of subjecting the pavement to constant volume 

changes which will no doubt affect the stability of the 

pavement. 

2.4 Auger Holes 
The sub grade was drilled to a depth of not less than 

1.5m in almost all the locations tested. It was observed in 

almost all the points drilled particularly in front of 

Arowolo’s building, in front of NNPC fuel station and the 

long stretch between Fagbohun and Benflor center that a 

layer of soft sandy clay exists. These layers extend to a 

depth more than 2.0m below the sub base level. 

2.5 Laboratory Tests Performed 
These the following tests were carried out in accordance 

with the [4] and [9]  

 Natural moisture content test 

 Sieve analysis test 

 Atterberg test 

 Compaction test 

 California Bearing Ratio (CBR) test 

2.6 Experimental Procedure 

2.6.1 Natural   Moisture Content: about 20grams of the 

wet soil was put into aluminum drying container whose 

weight is known. The weight of the soil plus the container 

was then determined. The container was placed in a drying 

oven with its lid removed and placed under it. The soil 

was then dried in the oven for a period of 18 hours at a 

temperature of 100
0
c. 

2.6.2 Sieve analysis test: 500 grams of oven-dried 

sample of soil was accurately weighted. This was soaked 

and washed through the 0.075mm sieve. The residue was 

dried in the oven for 18 hours. At the end of this period, 

the soil was poured into a set of sieves arranged in 

descending order  and the arrangement placed on the sieve 
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shaker. The shaker was agitated for 10 minutes. The soil 

retained on each sieve was weighted and the weight 

recorded against the sieve size. The percentage retained 

and passing each of the sieves was calculated. The 

percentage passing each sieve is then plotted against the 

particle size (appendix). 

2.6.3 Liquid limit: 200g oven dried sample of the soil 

passing the 425mm sieve was mixed with water on a glass 

plate in order to property saturate it and was covered for 

about 24 hours. At the end of the period, the sample was 

properly remixed using spatulas. The cone penetrometer 

was properly adjusted in position in readiness for the test. 

The sample cup was filled with the mixed sample and the 

initial reading was observed. It was allowed to penetrate 

into the sample for five seconds and the final reading was 

equally noted. Some quantity of soil was then taken from 

the cup for moisture content determination. The soil in the 

cup was returned to the glass plate. The water content 

determination. The soil in the cup was returned to the glass 

plate. The water content was slightly increased and the soil 

was properly re-mixed, the cup was properly cleaned. The 

whole process was repeated five times. 

2.6.4 Plastic limit: from the same soil sample, threads of 

about 3mm diameter were obtained by kneading and 

rolling and the moisture content determined. 

 

2.6.5 Compaction test 
A soil weight of 3kg was weighed, which was perfectly 

dried and enough water to give a fairly low value content) 

in three layers, each layer being compacted by 25 blows of 

a standard hammer of weight 2.5 kg falling from a height 

of 300mm. the top of the compacted soil was then trimmed 

level with the top of the mould, after which the mould was 

weighed to obtain the bulk density of the soil. Thereafter, 

the moisture content of the soil was determined and hence 

the dry density. The experiment was repeated for soil 

samples at different moisture contents and a graph of dry 

density against moisture content was plotted, from which 

the optimum moisture contents and maximum dry 

densities were obtained. 

2.6.7 Strength test 
The California Bearing Ratio (CBR) test was conducted 

on both the stabilized and unstability soil samples to 

determine their strength characteristic. The soil sample 

was first compacted and a plunger was made to penetrate 

it at a rate of 1mm per minute, the plunger load being 

recorded for each 0.25mm penetration, up to 7.5 mm. the 

plunger resistance at a depth of 2.5 obtained from a 

corrected load-penetration graph was expressed as a 

percentage of 13.24 KN and that at 5mm depth, as 

percentage of 19.96KN, the higher of the two was taken as 

the CBR value. 

 

III. RESULT AND  DISCUSSION 
 

Table 1: Showing the summary of the laboratory test performed 
 

 

Locations 

 

 

Soil 

Layer 

Laboratory Test 
Atterberg Limit(%) Compaction  Test California 

Bearing 

Ratio 

Sieve  

Analysis 

Natural 

Moisture 

Content 

Soil 

Classification 

LL PL PI OMC 

(%) 

MDD 

(KG/M3) 

(%) % Pass Sieve                                        

200 
 Aashto 

Method 
TUGERE (A) BC 41 28.1  8 1810 9.3 21.6 9.3  

SB 44 24.9  15.5 2290 13.2 85.4 13.2  
SG 48 29.1  8 1860 16.0 54.6 16  

OPP 

AROWOLO 

( B) 

BC 49 22.4    8.8 60.6 8.8  
SB 41 24.8  16 1360 12.0 55.4 12  
SG 47 28.9    15.3 58 15.3  

FAGBOHUN 

(C) 
BC 29 13.8  8 940 13.7 52 13.7  
SB 40 26.7  11 1752 15.7 73.6 15.7  
SG 45 28.3  9.9 2000 17.5 43 17.5  

BENFLOR 

(D) 
BC 42 21.1  10.4 1406 14.4 43 14.4  
SB 45 27.7  15.3 2288 16.3 71.8 16.3  
SG 44 21.1  5 1812 18.8 46.6 18.8  

 

3.1 Classification 
From all the location investigated the results can be 

classified as A-2-6,A-6 and A-7 according to AASHTO 

classification system (1978). usually, soil in this class are 

considered as  clayed soils  and hence are rated as fair to 

poor materials for road use. 

3.2 Reconnaissance 
A reconnaissance of the road showed that all forms of 

failure (sub grade, sub base and base course) were very 

prominent on the road. These were confirmed by the very 

deep pot holes and large scale heaves that were all over the 

road. From the result of the field work, it is very evident 

that three Factors are responsible for the large scale 

failure: 

i) Poor sub grade underlying the pavement 

ii) Low quality material used 

iii) Effect of ground water due to high water table 

The presence of poor sub grade was revealed by the 

clayey nature of the soil obtained from the auger borings 

below the sub base courses in most of the locations. Some 

of them had depth of unsuitable materials as high as 1.75m 
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below the sub base levels to the extent that auger borings 

could reveal. 

The low quality material used for both sub base and 

base courses is shown by the fact that most of them fell 

below the minimum permissible standards. The fact that 

the soil obtained from the sub grade and base courses in 

some locations particularly between Fagbohun and 

Benflor had very high water content tend to suggest the 

presence of a high water table. 

3.3 Natural Moisture Content Test 
TABLE(1)  show the result of natural moisture content 

of the soil in all the location investigated varied between 

8.8% and 14.4% for base course between 12% and 16% 

for sub- base course and between 15.3 and 18.70% for sub 

 grade. These values are fairly high considering the time of 

the test, indicating the soil potential for water retention, 

property of fine grains soils. 

3.4 Sieve (Grain Size) Analysis Test 
Figure 1.vshows the graph of sieve analysis conducted 

on all the location investigated.  

Many of the soil samples had a very high percentage 

finer than 0.0075 fraction that is >35%, which varied 

between, 43% and 71% for base course and 55% and 85% 

for sub base and 46% and 58% for sub grade respectively. 

   

 
Fig.1. Shows the graph of sieve analysis. 

 

3.5. Atter Berg Limit 
Table(1) show the result of liquid limit (LL), plastic 

limit (PL) and plasticity index (PI) evaluated on all the 

location which the values of LL were obtained from the 

graph.  Figure 2  shows the graph conducted on all the 

location investigated. It was observed that, both the base 

course and sub base materials in most location had LL 

higher than the specified value (i.e./<35%) and PI higher 

than the specified value (i.e.12%). Only the sub grade 

materials meet the required specification of </ 80 and PI 

of?< 55% in all locations. It is for this reason that most of 

them are grouping into A-2-6, A-6 and A-7 classification 

system According to ASSHTO (1978). Usually, soil in this 

class are considered as clayed soils and hence are rated as 

fair to poor material for road use. 

 

 
Fig.2. Shows the graph of Liquid limits conducted on all the location investigated 
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3.6 Compaction Test 
Table(1) and Fig 3 shows the result of optimum 

moisture content (OMC,%) and maximum dry density 

(MDD.kg\m3). The OMC varied between 8% and 17%, 

9% and 16.5%, 8.6% and 19% for base course, sub base 

and sub grade respectively in all  the locations similarity, 

the MDD is quite very low for base course, sub base and 

sub grade soil which varied between 1360 and 1920kg\m3, 

1320 and 2020kg\m3, 1085 and 1985kg\m3 respectively. 

The MDD of base course at every location is less than the 

specified value. (i.e>/ 2000kg\m3). And MDD of sub base 

is as well less than the specified value of >/2000kg\m3 in 

most location but with exception of Tug ere which is 

2290kg\m3 Also MDD of sub grade is less than the 

specified value of >/ 1760kg]m3 in most locations except 

in Tug ere oil and Fagbohun which are considered suitable 

with 12860 and 200kg\m3 according to Nigeria general 

specification (1994) vol  II 

 

 
Fig.3. showing the graph of compaction test conducted on all the location investigated 

 

3.7 California Bearing  Ratio 
Table(1)  show  the result of CBR(%). The unsoaked 

CBR values for location A-D varied between 26% and 

81% for base course material which fell below the 

maximum of 80% specified by the [17]  in most locations 

except Arowolo location which is 81%. However, the sub 

base materials met up with minimum specified value for 

soaked CBR of 30% in all the locations also the CBR 

value of sub grade materials are satisfied in all the location 

with the specification value of >/5%. However , the 

implication of the CBR and compaction analysis is that 

failure may not necessarily be due to weak sub base and 

sub grade except where compaction is in adequate. The 

results of the materials used for the actual construction 

(base course) suggest that it was of poor quality. 

 

IV. CONCLUSION 
 

The natural moisture content from the result obtained in 

all the segments to the location shown that that the value 

are fairly high which may be due to soil potential of 

retaining water. 

The sieve analysis from the result obtained shows that 

the % passing sieve no 200 are>35% in most of the 

location and only few are <35% in other location. 

 The result of atterberg limits test performed show that 

most of materials used on every locations are classified as 

clayey soil under group of A-2-6 and A-7 according to 

AASHTO classification system 

The CBR test performed show that only two location 

meet up with the specified value of 80% while other fell 

out of the specified value showing that the base course 

materials are unsuitable for the purpose used for, but can 

be used for sub grade as it satisfied the specified CBR 

value of sub base and sub grade  

The compaction test performed shows that the material 

used for base course, sub base and sub grade are not 

suitable because they did not meet up with the specified 

values. 

 

RECOMMENDATION 
 

The following recommendation are suggested for 

implementation  in order to address source of the problems 

causing the failure  
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1. The pavement at the locations where failure was very 

critical such as the NNPC fuel station and Tugere oil 

and the stretch of the road between Fagbohun should 

be raised and built on a lateritic embankment to a 

height not less them 0.5m on a bed of filter of not less 

than 1.5m thick 

2. The sub grade at these location should be excavated to 

remove all unsuitable to a minimum depth of 1.50m 

below the road and replaced with materials that satisfy 

the minimum requirement 

3. Soil that meet the minimum requirement as specified 

by the [9] should be used by the contractor on that site. 

4. Additional concrete line drains should be provided at 

strategic locations to help drain the pavement. 
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