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ABSTRACT
Water has lots of adverse effects on pavement performance. In fact, damaging effect of water table on asphalt pavements is a global concern. Traffic users along Osogbo - Ilobu road have been experiencing much traffic delays along Lameco – Okinni stretch associated with many ponded potholes. This study focuses on the effect of water table on pavement failures along that Osogbo Okinni road. This study has discussed some of major failure mechanisms associated with the presence of water. In addition this study has also summarized some of the widely used methodology for the evaluation of water table. The review covered: importance of water table in road construction, determining the leveling and water table height of the road by measuring the depth of well with a tape from the tip of the tape to the ground surface, And also measuring the distance from the center of the road to the location of the well, evaluating the pavement condition rating (PCR) of the road by identifying the deteriorated road and using the PCR chat to calculate the rate of PCR of the road at various points on the road and relating the influence of water table with the rate of deformation of the road by making graphical representations with the value of PCR and Depth of the well to know what relationship the water table has with the road failures. The research pointed out areas of concern for pavement designers and road engineers that are of great importance during road construction to ensure that, the constructed road is put to use without failure before the actual design life. The review concluded that effect of high water table on a road is very adverse. It causes the failure of road in different ways. Proper water table height and a good drainage system provided to the road increase the life span of the roads. But the improper water table height and a bad drainage system causes the failure of the road at its early stage. Therefore effective engineering practices should be considered necessary during design, construction and management of roads and drainage channels.
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1.0
INTRODUCTION
1.1 
Preamble
The water table is the upper surface of the saturated zone of an unconfined aquifer. It is the surface below which all rocks are saturated with groundwater. The focus of this unit is the introductory aspect of hydrology. To identify water table trend and influence on road failure and moisture conditions in unbound pavement layers and subgrade along Oshogbo Okinni road.
The incessant incidence of pavement failure of road structure is becoming alarming and has become a common phenomenon in many parts of Nigeria. These failures have been attributed to a number of factors such as inadequate information about the soil and the knowledge about the water table of the area. 

The state of Nigerian roads had remained poor for a number of reasons. The number one problem is poor quality roads, resulting from faulty designs, lack of gutters and very thin coatings that are easily washed away by floods and hardly withstand heavy traffic. Secondly, funding of road maintenance has been grossly inadequate. From 1999 to 2002 in retrospect, less than 10 per cent of the funding request made by the Federal Ministry of Works and Housing (FMW&H, 2002) for road maintenance was appropriated by the Federal Government of Nigeria (CBN, 2002)
As soon as a road is constructed and brought into use, it begins to deteriorate, due to the effects of both traffic and weather. A road should be designed for an economic lifespan of 20years or more. Unfortunately, in Nigeria today, this is not the case. Some of our Roads do not last for up to five years before they begin to show signs of failure. Highway failure occurs when it can no longer perform its traditional function of carrying vehicles and passengers from one location to another in safety and comfort. 

Failure of the highway pavement structure or foundation manifests in the form of various categories and degrees of distress on the pavement surface. From available records, premature highway failures occur both in the northern and southern regions of Nigeria. However, it seems to be more prevalent and more extensive in the southern region. In the north, premature failure occurs mainly as washout on identifiable sections while in the south, it is usually extensive sometimes covering the entire highway pavement due to the effect of water table and geological formation of the area.

Highway premature failure is very embarrassing to the contractor executing, or who has just executed a project, the highway engineers who are involved in the planning, design, construction and the management of the highway, as well as the government of the day that takes the ultimate responsibility for the delivery of safe, stable and sustainable network of roads in the country. The result of premature failures of our Highways includes: Frequent road accidents with loss of lives and properties, high transportation costs of goods and services, high Government budgeting and spending on road transportation sector, high maintenance cost for vehicles, and discomfort to moisture.
It is necessary that occurrence of such failures should be avoided as much as possible. Precautionary measures begin at the planning stage when all problems are anticipated and taken care of in the form of recommendation of construction technique and its cost implication. It is also done during construction when problems that may not have been noticed at the planning stage are encountered and properly taken care of instead of just constructing as designed.

 Aim & Objectives
The aim of the study is to track water table around an established paved thereby determining the factors that can contribute to road failures. Such knowledge can help in the process of improving highway performance. 

Some of the objectives that can be associated to this main purpose of embarking on this study are stated as follows:

· To identify water table trend and influence on road failure and pavement conditions of the soil layers and sub grade along the Oshogbo Okinni road in particular.
· To link the relationship between the Topography of the soil and the water table with respect to the road failures along the Okinni road.

· To determine the Minimum soil suction to maintain designed CBR of the sub grade.
1.1 
Project Study Area
Oshogbo is a city in the Southwestern area of Nigeria. It is the capital of Osun State, one of the 36 States in the country. The city is the Headquarters of both Oshogbo Local Government Area situated at Oke Baale Area of the city) and Olorunda Local Government Area situated at Igbonna Area of the city. Map of the project site and study area which indicates the road from Lameco, Filling Station, in Oshogbo to Okinni Community is shown Fig. 1. Road Network in the Study Area is shown in Fig. 2.
.
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2.0
THEORY AND HYDROLOGICAL FACTORS VIS-À-VIS ROAD PAVEMENT 
FAILURES  

2.1
Pavement deterioration and its types
Pavement deterioration is the process by which distress (defects) develop in the pavement under the combined effects of traffic loading and environmental conditions. There are four major categories of common asphalt pavement surface distresses are Cracking, Surface deformation, Disintegration (potholes, etc.) and Surface defects (bleeding, etc.)
The most common types of cracking are:  Fatigue cracking, (Alligator cracking); Longitudinal cracking; Transverse cracking; and Edge cracking.
2.2
Pavement Surface Deformation 

This comes to play as a result of weakness in one or more layers of the pavement that has experienced movement after construction. Types of surface deformation are:


1. Rutting

2. Corrugations

3. Shoving


4. Depressions

5. Swell

2.3
Disintegration

It is a progressive breaking up of the pavement into small, loose pieces, hence the term  disintegration. The two most common types of disintegration are Potholes and Patches.

2.4 
Surface defects:

Surface defects are related to problems in the surface layer. There are two most common types of surface distresses, Raveling and Bleeding.

2.5 
Hydrological and Inadequate Drainage Effects on Road Pavement Conditions 

Rainfalls events that are not properly drained are menace to structures roads and properties. They may result into erosion and flooding of roads, terrains, and building structures. Effects on paved roads are more felt on road shoulders as they bear most of the impacts of wearing and erosive loads on the environments. The ingress and interaction of the resulting runoff water and the road aggregate layers are through the shoulders, by infiltration and seepage at peak flood discharge or through cracked and failed sections of the asphalt overlay. A foot press check on the shoulder end of the reconstructed section reveals a poor degree of compaction of shoulder section. Eroded shoulder sections are revealed by a significant creation of rills which also encroaches on the asphalt running surface. Considering that the plastic silty clay sub-base soils expand when they absorb water and suffer loss in strength, they also shrink when dried. They swell, so often and weaken during the rainy periods. And occasionally develop cracks during the dry seasons. The impact of the wet season on the performance of the silty clay sub-base can and should be appreciated (Russan and Coleman, 1961; Weinert 1974), especially when it is considered that they have reasonably high porosity inspite of their low permeability. This implies that water is easily trapped within the soil mass causing it to swell and be weak. The soil bearing capacity is then lowered throughout the rainy season, without the prospect of draining the sub-base layer. Thus, the presence or movement of heavy traffic or vehicles with high axle load easily constitutes a significant surcharge on the compressible sub-base. Thus, it is necessary to increase the thickness of the base course using gravelly sand and crushed stone. Due to inhomogeneity in the sub-base layer, differential settlement manifested as macro-waviness is experienced on the road surface. Prolonged traffic loading eventually leads to tensile cracking (parallel to the trend) and failure of the road.
2.5.1
Water Table as is required in tracking Road Failures
The water table is the upper surface of the saturated zone of an unconfined aquifer. Davis and De Wiest, 1996 stated that water table is the surface below which all rocks are saturated with groundwater . The water table may be located at or near the land surface, or at some depth below the land surface. The depth of the water table may fluctuate seasonally throughout the year. Wetlands, springs, and seepages may occur where the water table intersects the land surface. The water table itself varies in form and gradient depending on areas of recharge and discharge, pumping from wells and permeability (Bowen, 1986).
Fetter (1994) indicated that the nature and appearance of the water gives a vivid idea of the geometry of the water table. They summarized the behavior of the water as follows: 

 1.
That water table will be flat in the absence of ground-water flow. 

  2.
That sloping water table indicates that groundwater is flowing 

 3.
That ground-water discharge zones are topographical low spots 

 4.
That water table has the same general shape as the surface topography. 

 5.
That groundwater generally flows away from topographic high spots and toward graphic 
lows 

Heath, 1983 corroborated most of the above summaries. It should be noted that precipitation on the surface of the earth seeps down through the soil and into aeration or unsaturated zone where most of the pore spaces are filled with air. As it infiltrates deeper, it eventually enters a zone where all pore spaces and fractures are filled with water. Nelson, 2011. 

Rainfall leads to the development of a perched water table, a rise in the main groundwater level, and surface erosion; and, as the moisture content increases, the unit weight increases. Moreover, the instability of unsaturated residual soil slopes during wet periods is common throughout the world (Morgenstern and de Matos, 1975; Fukuoka, 1980; Brand, 1984; Vargas et al., 1986; Kim et al., 1991). These failures are generally shallow and the failure surfaces are usually parallel to the slope surface. Therefore, this paper reviews an infinite slope analysis to estimate the water table trend and influence on road failure along Oshogbo Okinni road.
2.6
Pavement condition ratio (CBR)
It is important to decrease subjectivity and variability in the identification of distresses feature (such as cracks, potholes), pavement distortions (such as rutting and bleeding) and edge failure. This must however be supplemented by quantitative techniques, such as straight edge, crack and roughness measurement.

2.7
 Well Water Location

Groundwater flow direction is an important consideration when placing a new well. In general, groundwater in water table aquifer flows in the same direction as surface water flow; therefore, topographically high locations may be protected from groundwater contamination. However, ground water flow directions do not always correspond to surface water flow directions (ground surface topography). This becomes extremely important in water table aquifers near streams, where groundwater flow direction can change due to effects of high water flow in streams during spring runoff. Seasonally high and low stream level should be considered when evaluating groundwater flow direction in water table aquifers near streams.

The availability and movement of water in the subsurface is controlled by many factors. Some of these factors include: physical characteristics and slope of the water bearing formations, depth to water, recharge area, and ground surface slope. Obtaining these types of information before drilling will improve the likelihood of drilling and developing a productive well.

2.9.1
Types of Wells

Types of wells are differentiated by their depths. These are:


(i)
Shallow wells very productive. The depth to groundwater in many shallow wells 


is directly influenced by water levels in nearby streams, and can fluctuate several 


meters in response to seasonal stream changes. The profile of shallow wells are 


proximal to road surface levels , hence they are closer to that of the water table 


and therefore will have more effect on road failures.


(ii)
Deep wells. They are from deeper aquifers, not close to road surfaces, hence not 


following the water table profiles topographically. They will have less effect on 


the road failures.
3.0
METHODOLOGY AND MATERIALS
3.1
Research Methodology
The study adopted field study and experimental method of research which was mainly concerned with getting the water table levels along the road, taking the topography of the road using a dumpy leveling instrument, evaluating the Pavement Condition Rating, PCR, value of the road and getting samples at the edge of the shoulder of the road with a depth of 0.8m-1m for 

sub-grade below the asphaltic surface. These samples were analyzed for the following parameters; 
Particle size distribution tests 
      Compaction test 
California bearing ratio (CBR) test  
Atterberg limit tests.
3.2
Study method
The method adopted in this study involves the following: 

Reconnaissance survey 
– 
Collection of relevant data including maps 

Field Investigations 

- 

This undertaken along the road to determine the water table, topography of the road and geological report on the soil to reveal the relationship between the water table and the failures on the road. These methods are adopted in other to know the water table trend and how it influences road failures along the study area. Samples of sub grade were collected.
Samples were obtained at the edges of the shoulders of the road, and were dug out using digger and shovel from depth of 800to 1000mm for sub-grade below the asphaltic surface. They were suitably packed into sacks and labeled in such a manner that each material can be identified distinctly. They were transported to the laboratory for the following tests: Natural moisture content, Sieve Analysis, Atterberg limit and California Bearing Ratio in accordance with BS 1377 [3].
3.3     Field Investigation
Eight major roads, were selected, labeled as SA, SB, SC, SD, SE, SF, SG, SH, to SJ randomly, Survey within the case study area was carried out to determine the following: 

       total length of each road
      type of wearing course, 
thickness, 
pavement width,

       shoulder width 

     drainage condition   as data on this is not available.

3.3.1    Pavement Condition Survey

To indicate the general condition of pavement, visual condition survey was carried out. These are pavement distress such as Pothole, Cracking, Shoving, Bleeding, Shoulders condition and Drainage condition were considered during the conditions survey exercise. Each defect was rated on the basis of its extent and severity while the drainage condition was rated based on their quality.

Pavement condition survey field data was collected from the Nigeria Federal Ministry of Works, currently used by the Pavement Evaluation Unit used during the field survey. Apart from this, Photographs were taken where essential.

The PCR for different stretches along the road under study are estimated as indicated in Table 1 
Table 1: Pavement Condition Rating, PCR For Various stretches Along Oshogbo – Okinni Road

	PCR Per Specified Road Stretches
	Pavement condition

	80-100
	Excellent

	65-79
	Very Good

	55-64
	Good

	45-54
	Fair

	35-44
	Poor

	1-34
	Unacceptable


3.3.2
Natural Moisture Content
To determine the amount of water present in a soil expressed as a percentage of the mass of dry soil. This is termed the moisture content of the soil

The moisture content of a soil is assumed to be the amount of water within the pore space between the soil grains which is available by oven drying at a temperature not exceeding 110°C.  The moisture content has a profound effect on soil behaviour.
Apparatus

1.    Moisture cans or container



2.    Oven with temperature control (105°C to 110°C for 24Hrs), 

3.   Electric weighing balance and

4.   Soil samples.

Procedure

1. 
The container was made clean and dried in order to determine the mass (g) of the empty 
moisture can to the nearest 0.1g (m1) and also record the number.

2. 
A sample of representative moist soil was placed in the can.

3. 
The combined mass (m2) of can and soil was placed in the oven to dry at 105°C for 24hrs.
4. 
After drying, the dried combined mass (m3) of the dry soil was calculated as stated below.

Calculation


Moisture content of the soil specimen, W, was calculated as a percentage of the dry soil 
mass to the nearest 0.1%, from the equation:



The mass of moisture was calculated as 
=
m2 - m3


The mass of dry soil was calculated as
 =
m3 – m1
    

Water content was calculate as
 
=
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4, The water content was recorded to the nearest 1 % or 0.1 % as appropriate based on the    
     size of the specimen.

3.4 
Sieve Analysis
In order to classify a soil for engineering purposes, it is imperative to know the distribution of the size of grains in a given soil mass. Sieve analysis is a method used to determine the grain sizes distribution of a soil.
Equipment

1. Sieves, a bottom pan, and a cover


Sieve numbers 4, 8, 16, 30, 40, 50, 70, 120, and 200 are generally used for most standard 
sieve analysis works.

2. A  weighing balance sensitive up to 0.1 g

3. Mortar and rubber-tipped pestle

4. Oven


5. Mechanical sieve shaker
Procedure

1. An oven dry representative soil sample was collected. Samples having largest particles of the size of No. 4 sieve openings (4.75rnm) should be about 500 grams. For soils having largest particles of size greater than 4.75rnm, larger weights are needed.

2. The soil samples were broken into portions of individual particles using a mortar and a rubber-tipped pestle. (Note: The idea is to break up the soil into individual particles, not to break the particles themselves.)

3. The mass of the sample was determined accurately to 0.1 g (W).

4.  A stack of sieves was prepared. A sieve with larger opening was placed above a sieve with smaller openings. The sieve at the bottom should be No. 200. A bottom pan should be placed under sieve No. 200. As mentioned before, the sieves that are generally used in a stack are Nos. 4, 10,20,40,60, 140, and 200; however, more sieves can be placed in between.
5. Pour The soil prepared in Step 2 above was poured into the stack of sieves from the top.

6. Place the cover on the top of the stack of sieves.

7. Run the stack of sieves through a sieve shaker for about 10.

8. Stop the sieve shaker and remove the stack of sieves.

9. Weigh and record the amount of soil retained on each sieve and the bottom pan.

3.5 
Atterberg Limit Tests

3.5.1
Liquid Limit, LL Tests
Liquid limit is the water content at which the soil will flow under its own weight. This was carried out using the Cassagrande apparatus. It involves the measurement of the moisture content at a consistency such that the groove made in the soil paste closes.

Equipment

1. 
Cassagrande liquid limit device

2.
Grooving tool

3. 
Moisture cans




4. 
Porcelain evaporating dish

5. 
Spatula





6.
Oven

7. 
Balance sensitive up to 0.01g


8.
Plastic squeeze bottle

9. 
Paper towels


Procedure

Procedure followed are as stated in steps (a) to (i)


(a)
Determine the mass of three moisture cans (WI).

(b)
Put about 250g of air dry soil, passed through No. 40 sieve, into an evaporating 


dish. Add water from the plastic squeeze bottle and mix the soil to the form of a 


uniform paste.


(c)
Place a portion of the paste in the brass cup of the liquid limit device. Using the 


spatula to smooth the surface of the soil in the cup in a way such that the maximum 

depth of the soil was about 8 mm.


(d)
Using the grooving tool, cut a groove along the centre  line of the soil pat in the 


cup


(e)
Turn the crank of the liquid limit device at the rate of about 2 revolutions per 


second. By this, the liquid limit cup will rise and drop through a vertical distance 


of 10 mm once for each revolution. The soil from two sides of the cup will begin 


to flow toward the center. Count the number of blows, N, for the groove in the soil 

to close through a distance of half inch. If N = about 25 to 35, collect a moisture 


sample from the soil in the cup in a moisture can. Close the cover of the can, and 


determine the mass of the can plus the moist soil (W2)· Remove the rest of the soil 

paste from the cup to the evaporating dish. Use paper towels to thoroughly clean 


the cup.



(f)
If the soil is too dry, and N is greater than about 35 blows, the soil is removed with 

spatula to the 
evaporating dish. The liquid limit cup was thoroughly with paper 


towels. Mix the soil in the evaporating dish was mixed with more water, prior to 


being tried again. 


For too wet soils where expected N was less than 25, the soil in the cup should be 


removed to the evaporating dish, and the cup was carefully cleaned with paper 


towels. 


After this the soil paste was stirred with spatula for some time to dry it up. The 


evaporating dish may also be placed in the oven for a few minutes for drying. 


Caution should be taken not to add the dry and wet soil pastes with a view to 


reduce the moisture content while trying to achieve proper consistency. Further 


trial of liquid limit procedure 
was done again in order to get the groove closure of 

½ inch (12.5mm) between 25 and 35 blows.

(g)
More water was added to the soil paste in the evaporating dish and mixed thoroughly. 
Steps (c) – (e) were repeated to obtain for a condition of groove closure of Y of ½ in.  
or 
(12.5 mm) in the liquid limit device at a blow count N = 20 to 25. Moisture sample 
from the cup. Remove the rest of the soil paste to the evaporating dish. Clean the cup with 
paper towels.

(h)
Add more water to the soil paste in the evaporating dish and mix well. Repeat Steps 3, 4 
and 5 to get a blow count N between 15 and 20 for a groove closure of half inch. 
(12.7mm) or ½inch in the liquid limit device. Take a moisture sample from the cup.

(i)
Put the three moisture cans in the oven to dry to constant masses (W3). (The caps of the 
moisture cans should be removed from the top and placed at the bottom of the respective 
cans in the oven.)

3.5.2 
Plastic Limit, PL Test

Plastic limit is defined as the moisture content, in percentage, at which a cohesive soil will change from a plastic state to a semisolid state.

Apparatus


1. Porcelain evaporating dish



2. 
Spatula


3. Plastic squeeze bottle with water


4.
Moisture can


5. Ground glass plate




6. 
Balance sensitive up to 0.01 g

Procedure




1. Put approximately 20 grams of a representative, air-dry soil sample, passed through No. 40 sieve into a porcelain evaporating dish.

2. Add water from the plastic squeeze bottle to the soil and mix thoroughly.

3. Determine the mass of a moisture can in grams and record it on the data sheet (WI)'
4. From the moist soil prepared in Step 2, prepare several ellipsoidal-shaped soil masses by squeezing the soil with your fingers.

5. Take one of the ellipsoidal-shaped soil masses (Step 4) and roll it on a ground glass plate using the palm of your hand (Fig. 7-1). The rolling should be done at the rate of about 80 strokes per minute. Note that one complete backward and one complete forward motion of the palm constitutes a stroke.

6. When the thread is being rolled in Step 5 reaches Va-in. (3.18 mm) in diameter, break it up into several small pieces and squeeze it with your fingers to form an ellipsoidal mass diagram.

7. Repeat Steps 5 and 6 until the thread crumbles into several pieces when it reaches a diameter of 'la-in. (3.18 mm).It is possible that a thread may crumble at a diameter larger than 'la-in. (3.18 mm) during a given rolling process, whereas it did not crumble at the same diameter during the immediately previous rolling.

8. Collect the small crumbled pieces in the moisture can put the cover on the can.

9. Take the other ellipsoidal soil masses formed in Step 4 and repeat Steps 5 through.

10.  Determine the mass of the moisture can plus the wet soil (W2) in grams. Remove the cap from the top of the can and place the can in the oven (with the cap at the bottom of the can).

11. After about 24 hours, remove the can from the oven and determine the mass of the can plus the dry soil (W3) in grams.

3.6 
Surveying
This application note describes the process of using a surveyor's level for generating a topography (topo) map. The site survey described below uses San Francisco's Yerba Buena Gardens as a site for recording relative elevations over a specific area. With these relative elevations organized in to a grid, a topographical map can be created.

3.6.1
Surveying Materials


 (Most available from Tool Lending Library): Surveyor’s Level

1.

Level Tripod



2.
Leveling Rod
3.

Compass



4.
100' Tape Measure
5.

Notebook and Pencil

Procedure:
Steps considered are as follows:

1.    Find a Reference Point (Benchmark Elevation)



2.    Set up the Surveyor's Level

3.    Reading the Leveling Rod


4.    Taking Readings



5.    Make a Grid Over the Chosen Plot


6.    Making Sense of the Collected Data
7.    Drawing Topography Lines

1.
 Situate your auto level in a location where you can clearly see the project benchmark and the first cross-section location. The elevation was to establish the start of the cross-section profile.
2. 
After determining the auto level instrument setup location, setup the tripod (be sure to firmly sink the tripod legs into the ground so the tripod will not ‘move’ (during your survey). Affix the auto level and level the tripod and auto level by adjusting first the tripod legs to get the level bubble close to the ‘level circle.’ Fine leveling adjustments can be made using the leveling screws on the auto level
3.
 Once the instrument has been setup, determine the elevation at the horizontal line within the eyepiece. This will be foundation from which you will make your future measurements. To establish your instrument elevation, set your rod on the project datum (be sure your rod extends high enough so it is visible to the auto level). Read the vertical distance from the rod, this distance when added to the project datum gives you the elevation at the instrument center. All future measurements will be subtracted from this number to yield the surveyed ground elevation.

5.
After determining the elevation at the starting point of your cross section, extend the measuring tape across the alignment of your cross-section. Using horizontal distance (measured from your tape measure) to calculate the cross-section station (starting with station 0+00).

6. 
Before initiating the cross-section survey, be sure to start your cross-section field notes sheet. Identify the field personnel, the data, the equipment, and this will be the location for recording the station and elevation readings (which will be subsequently used to graph and plot the cross-sections). At a minimum, your field notes sheet should have the following columns: Station, Rod Reading, Ground Elevation, Notes. The notes column should be used to identify any special comments about the surveyed point, such as boulder, log, etc.

7. 
Once your tape measure has been stretched (with minimal sag) across your cross-section alignment and your notes sheet has been set up, you’re ready to initiate your survey. At each desired station, set the rod on the ground and rock it slightly back and forth. Since most field rods do not have level bubbles installed on them to ensure that the rod is held perfectly level, the slight rocking back and forth of the rod will allow the person at the auto level to more accurately read the rod by recording the minimum number observed (which occurs when the rod is ‘level’).Record the Station number (which is equivalent to the distance measured on your tape measure, with the “0” place signifying hundreds and the “00” signifying tens, so for example, 150 m would read as Station 1+50 and 54 m would read as Station 0+54).

8. 
When selecting surveying locations, one must ensure that you are collecting a sufficient number of points to adequately describe the topography of the cross section. You will be drawing straight lines between your surveyed points. Generally, complex sites require much more survey work than simple sites with little opographic complexity. Also, be cognizant of how the information you collect will be used. 

3.7
The California Bearing Ratio, CBR Test
The California bearing ratio (CBR) is a penetration test for evaluation of the mechanical strength of road subgrade and base courses. It was developed by the California department of transportation before World war 11.

The test is performed by measuring the pressure required to penetrate a soil sample with a plunger of standard area. The measured pressure is the divided by the pressure required to achieve an equal penetration on the standard crushed rock material. The CBR test is described in ASTM standards D1883-05 (for laboratory-prepared sample) and D4429 (for soil in place in field), and AASHTO T193. The CBR test is fully described in BS 1377: Soil for civil engineering purposes: Part 4, compaction related tests. 

CBR
=
P/Ps.100


CBR 
= 
CBR [%]


P
= 
Measured pressured for site soil [N/mm²]


Ps
= 
Pressure to achieve equal penetration on standard soil [N/mm²]

It is the ratio of force per unit area required to penetrate a soil mass with standard circular piston at the rate of 1.25 mm/min. to that required for the corresponding penetration of a standard material. The California Bearing Ratio Test (CBR Test) is a penetration test developed by California State Highway Department (U.S.A) for evaluating the bearing capacity of subgrade soil for design of flexible pavement.

Tests are carried out on natural or compacted soil in water soaked or un-soaked conditions and the results so obtained are compared with the curves of standard test to have an idea of the soil strength of the sub-grade soil.

Apparatus used:

1.
Mould



2.
Steel cutting collar

3.
Spacer disc


4.
Surcharge weight

5.
Dial gauges


6.
IS sieves

7.
Penetration plunger

8.
Loading machine
CBR Test Procedures

Normally 3 specimens each of about 7kg must be compacted so that their compacted densities range from 95% to 100% generally with 10, 30 and 65 blows.

1 Weight of empty mould

2 Add water to the first specimen (compact it in five layer by giving 10 blows per layer)

3 After compaction, remove the collar and level the surface.

4 Take sample for determination of moisture content.

5 Weight of mould + compacted specimen.

6 Place the mould in the soak tank for four days (ignore the step in case of unsoaked CBR)

7 Take other samples and apply different blows and repeat the whole process.

8 After four days, measure the swell reading and find percentage swell.

9 Remove the mould from the tank and allow water to drain.

10 Then place the specimen under the penetration piston and place surcharge load of 10Ib.

11 Apply the load and note the penetration load values.

12 Draw the graph between the penetration (in) and penetration load (in) and find the value of CBR.
The CBR value can also be estimated from the suction and plasticity characteristics of the soil together with its true angle of friction. Based on this, Russam developed the relations between CBR value and suction for partially saturated soils in the undisturbed state with plasticity indices ranging from 10 to 80 and these relations are reproduced on APENDIX 
When the water table is close to a sealed surface, it will exert a controlling influence on the subgrade moisture content as outlined above and under this condition, the suction of the soil is related to the position of the water table by the following equation (‘close to the surface’ means within 6 m of the surface in clay soils, or 3 m in sandy clays or silts, or 1 m in sands): 

S = αP – U


Where

 S is the soil suction (m of water)


U is the pore water pressure at any point in the soil above the water table. 
(m of water) 


P is the vertical pressure due to the pavement on the in-situ soil and α is the 
fraction of this pressure transmitted to the soil water and 


α = 0 for plasticity index (P.I.) < 5;

 
α = 1 for plasticity index (P.I.) > 40;

 
α = 0.027 P.I. -0.12 for 5 ≦P.I.≦40. 

Therefore under equilibrium condition, the suction at any depth in the soil under a road pavement can be easily calculated from knowledge of the plasticity characteristic of the soil, the density of the soil and pavement, the thickness of the pavement, and the position of the water table.
3.8
Determination of Well Water Table
There are several ways to measure the table water in a well including: an electric sounder or electric depth gauge, wetted tape or an air line 

Procedure
This method is accurate for measuring water level to depth up to about 90 feet. To use this method, you must know the approximate depth of water in your well.
1. Locate a well very close to the road and ask questions about the well

2. Measure the distance from the center of the road to the midpoint of the well and record  

3. A flat and weightless plate is attached to the end of a foot steel measuring tape or rope.

4. The tape is lowered freely into the well until a part of the plate make a sound

5. Align and note an even foot mark on the tape or rope exactly at the top of the casing or some other measuring point.

6. Then the tape or rope is pulled up to read the mark where the weightless plate is joined 

Record the actual depth from the top of the casing to the water level.

4.0
RESULTS AND DISCUSSIONS

Presentation of results
The summary of the result of field survey, which include pavement condition survey, sample collection/laboratory tests which include natural moisture content, grain size analysis, Atterberg limits, California Bearing Ratio tests are presented in sections, table and graph below.

4.1
Results of Field Survey
4.1.1
Site visit and Data Collection
During the site visitation and sample collection stage photographs of the roads were taken, in order to know and examine the current state of the road.

4.1.2 
Pavement Condition Survey
The result of roads selected randomly along Okinni Local Government area was analyzed using Pavement Condition Rating (PCR). 10 points were surveyed with route numbers SA to SJ indicated in the Table 2 below. From the analysis carried out, the PCR rating scale for SA, SF and SG were observed to be in poor condition, SB and SC in fair condition, SH in good condition, while SD, SE, SI and SJ were observed to be in very good condition.  
4.1.3
Sample Collection and Geotechnical Testing 
Results of ten trial pits dug from ten selected point at considerable interval of 500m. The depth of the trial pit was between 0.8m to 1.0m along the road pavements. The road considered were SA, SB, SC, SD, SE, SF, SG, SH, SI and SJ as tabulated below. The geotechnical properties of the analyzed soil sample are discussed and presented in the table below.

Table 2 Summary of PCR Values and Classifications of Okinni Road

	SAMPLE
	LOCATION
	ROAD

DISTANCE    (KM)
	ROAD

WIDTH

(M)
	DEPTH

(M)
	AASHTO
	USCS
	FUNCTIONAL

CLASSIFICATION
	PCR

VALUE



	SA
	Lameco
	0 - 500
	1.2
	0.8
	A-2-5
	CL
	Federal Road
	36.23- 40.72

	SB
	Lameco
	500 - 1000
	1.2
	0.9
	A-7-5
	GW
	Federal Road
	38.39-54.20

	SC
	Service
	1000 - 1500
	1.2
	0.9
	A-2- 4
	GL
	Federal Road
	50.34-39.68

	SD
	Service
	1500 – 2000
	1.2
	0.8
	A-7-5
	SC
	Federal Road
	40.53-65.03

	SE
	Agunbelewo
	2000 - 2500
	1.2
	1.0
	A-7-6
	SC
	Federal Road
	35.26-59.86

	SF
	Agunbelewo
	2500 - 3000
	1.2
	1.0
	A-2-4
	GM
	Federal Road
	70.33-75.42

	SG
	Agunbelewo
	3000 – 3500
	1.2
	0.8
	A-2-7
	SC
	Federal Road
	66.28-70.33

	SH
	Agunbelewo
	3500 - 4000
	1.2
	0.8
	A-7-6
	CL
	Federal Road
	65.79-68.34

	SI
	Okinni
	4000 - 4500
	1.2
	0.9
	A-2-5
	CL
	Federal Road
	50.46-62.54

	SJ
	Okinni
	4500 - 5000
	1.2
	0.95
	A-2-4
	OH
	Federal Road
	30.28-42.22


The above data shows that sample SA and SJ has a POOR pavement condition, sample SB and SC has a FAIR pavement condition, samples SD, SE and SI has a GOOD pavement condition, samples SF, SG and SH has a VERRY GOOD pavement condition.  
4.2
Laboratory Test Result
4.2.1
Moisture content
The natural moisture content of samples SA to SJ are listed in the Table 3 below

Table 3 Summary of moisture content of sample SA to SJ

	SOIL SAMPLE
	NATURAL MOISTURE CONTENT (%)

	SA
	15.24

	SB
	12.58

	SC
	11.04

	SD
	11.36

	SE
	11.81

	SF
	10.02

	SG
	9.94

	SH
	9.72

	SI
	10.24

	SJ
	13.58


4.2.2 Atterberg Limits
The summaries of Atterberg / Consistency limits of the samples SA to SJ are listed in the Table 4 below.

Table 4 Summaries of Atterberg / Consistency Limits of Samples SA to SJ
	SAMPLE
	LIQUID LIMIT (%)
	PLASTIC LIMIT (%)
	PLASTIC INDEX (%)

	SA
	42.31
	33.60
	8.71

	SB
	57.40
	36.70
	20.7

	SC
	33.58
	24.10
	9.48

	SD
	46.32
	32.80
	13.52

	SE
	41.54
	30.27
	11.27

	SF
	38.67
	32.80
	5.87

	SG
	52.30
	29.21
	23.09

	SH
	48.58
	26.08
	22.5

	SI
	59.35
	50.42
	8.93

	SJ
	34.92
	25.80
	9.12


Plastic index = Liquid limit – Plastic Limit
According to the Department of Transport and Main Roads Specifications (2011), the maximum limits for liquid limit and plastic limit for sub grade materials is 40% and 14% respectively, based on these, all the samples can be used.

4.2.3
Surveying
4.2.3.1
The summaries of the survey leveling from Lameco to Okinni 

These are presented listed in Table 5 below. It shows the result of the reduced level taken at Lameco to Okinni Oshogbo road. For a total of 100 stations and 8 change points (CP) are presented.

Table 5 summaries of the survey leveling from Lameco to Okinni
	Station
	Chainage (m)
	BS
	I.S
	F.S
	Rise
	Fall
	R.L (m)
	Remark

	1
	0-50
	1.648
	
	
	
	
	200.00
	

	2
	50-100
	
	1.474
	
	0.174
	
	200.174
	

	3
	100-150
	
	1.350
	
	0.125
	
	200.299
	

	4
	150-200
	
	1.225
	
	0.125
	
	200.425
	

	5
	200-250
	
	1.105
	
	0.12
	
	200.544
	

	6
	250-300
	
	1.092
	
	0.013
	
	200.557
	

	7
	300-350
	
	0.985
	
	0.107
	
	200.664
	

	8
	350-400
	
	0.880
	
	0.105
	
	200.769
	

	9
	400-450
	
	0.768
	
	0.112
	
	200.881
	

	10
	450-500
	
	0.661
	
	0.107
	
	200.988
	

	11
	500-550
	
	0.542
	
	0119
	
	201.107
	

	12
	550-600
	1.513
	
	1.498
	
	0.956
	200.151
	CP

	13
	600-650
	
	1.382
	
	0.131
	
	200.282
	

	14
	650-700
	
	1.224
	
	0.158
	
	200.44
	

	15
	700-750
	
	1.186
	
	0.038
	
	200.478
	

	16
	750-800
	
	1.016
	
	0.17
	
	200648
	

	17
	800-850
	
	0.901
	
	0.115
	
	200.763
	

	18
	850-900
	
	0.886
	
	0.015
	
	200.778
	

	19
	900-950
	
	0.784
	
	0.102
	
	200.88
	

	20
	950-1000
	
	0.680
	
	0104
	
	200.984
	

	21
	1000-1050
	
	0.581
	
	0.099
	
	201.083
	

	22
	1050-1100
	
	0.482
	
	0.099
	
	201.182
	

	23
	1100-1150
	1.532
	
	1.641
	
	1.159
	200.023
	CP

	24
	1150-1200
	
	1.764
	
	
	0.232
	199.791
	

	25
	1200-1250
	
	1.884
	
	
	0.12
	199.671
	

	26
	1250-1300
	
	1.975
	
	
	0.091
	199.58
	

	27
	1300-1350
	
	2.013
	
	
	0.038
	199.542
	

	28
	1350-1400
	
	2.192
	
	
	0.179
	199.363
	

	29
	1400-1450
	
	2.230
	
	
	0.038
	199.325
	

	30
	1450-1500
	
	2.385
	
	
	0.155
	199.17
	

	31
	1500-1550
	
	2.427
	
	
	0.042
	199.128
	

	32
	1550-1600
	
	2.569
	
	
	0.142
	198.986
	

	33
	1600-1650
	
	2.654
	
	
	0085
	198.901
	

	34
	1650-1700
	1.502
	
	1.630
	1.024
	
	199.925
	CP

	35
	1700-1750
	
	1.740
	
	
	0.238
	199.687
	

	36
	1750-1800
	
	1.848
	
	
	0.108
	199.579
	

	37
	1800-1850
	
	1.741
	
	0.107
	
	199.686
	

	38
	1850-1900
	
	1.638
	
	0.103
	
	199.789
	

	39
	1900-1950
	
	1.532
	
	0.106
	
	199.895
	

	40
	1950-2000
	
	1.426
	
	0.106
	
	200.001
	

	41
	2000-2050
	
	1.312
	
	0.114
	
	200.115
	

	42
	2050-2100
	
	1.301
	
	0.011
	
	200.126
	

	43
	2100-2150
	
	1.203
	
	0.098
	
	200.224
	

	44
	2150-2200
	
	1.193
	
	0.01
	
	200.234
	

	45
	2200-2250
	1.432
	
	1.512
	
	0.319
	199.915
	CP

	46
	2250-2300
	
	1.689
	
	
	0.257
	199.658
	

	47
	2300-2350
	
	1.702
	
	
	0.013
	199.645
	

	48
	2350-2400
	
	1.654
	
	0.048
	
	199.693
	

	49
	2400-2450
	
	1.572
	
	0.082
	
	199.775
	

	50
	2450-2500
	
	1.463
	
	0.109
	
	199.884
	

	51
	2500-2550
	
	1.312
	
	0.151
	
	200.035
	

	52
	2550-2600
	
	1.275
	
	0.037
	
	200.072
	

	53
	2600-2650
	
	1.112
	
	0.163
	
	200.235
	

	54
	2650-2700
	
	1.089
	
	0.023
	
	200.258
	

	55
	2700-2750
	
	0.986
	
	0.103
	
	200.361
	

	56
	2750-2800
	1.615
	
	1.568
	
	0.582
	199.779
	CP

	57
	2800-2850
	
	1.412
	
	0.203
	
	199.982
	

	58
	2850-2900
	
	1.303
	
	0.109
	
	200.091
	

	59
	2900-2950
	
	1.254
	
	0.049
	
	200.14
	

	60
	2950-3000
	
	1.201
	
	0.053
	
	200.193
	

	61
	3000-3050
	
	1.198
	
	0.003
	
	200.196
	

	62
	3050-3100
	
	1072
	
	0.126
	
	200.322
	

	63
	3100-3150
	
	1.013
	
	0.059
	
	200.381
	

	64
	3150-3200
	
	0.976
	
	0.037
	
	200.418
	

	65
	3200-3250
	
	0.882
	
	0.094
	
	200.512
	

	66
	3250-3300
	
	0.778
	
	0.104
	
	200.616
	

	67
	3300-3350
	1.369
	
	1469
	
	0.691
	199.925
	CP

	68
	3350-3400
	
	1585
	
	
	0.216
	199709
	

	69
	3400-3450
	
	1690
	
	
	0.105
	199.604
	

	70
	3450-3500
	
	1.562
	
	0.128
	
	199732
	

	71
	3500-3550
	
	1.430
	
	0.132
	
	199.864
	

	72
	3550-3600
	
	1.382
	
	0.048
	
	199.912
	

	73
	3600-3650
	
	1.225
	
	0.157
	
	200.069
	

	74
	3650-3700
	
	1.106
	
	0.119
	
	200.188
	

	75
	3700-3750
	
	1.084
	
	0.022
	
	200.21
	

	76
	3750-3800
	
	0.952
	
	0.132
	
	200.342
	

	77
	3800-3850
	
	0.839
	
	0.113
	
	200.455
	

	78
	3850-3900
	
	0.716
	
	0.123
	
	200.578
	

	79
	3900-3950
	
	0.607
	
	0.109
	
	200.687
	

	80
	3950-4000
	1.487
	
	1.387
	
	0.78
	199.907
	CP

	81
	4000-4050
	
	1.203
	
	0.284
	
	200.191
	

	82
	4050-4100
	
	1.198
	
	0.005
	
	200.196
	

	83
	4100-4150
	
	1.086
	
	0.112
	
	200.308
	

	84
	4150-4200
	
	1.002
	
	0.084
	
	200.392
	

	85
	4200-4250
	
	0.971
	
	0.031
	
	200.423
	

	86
	4250-4300
	
	0.865
	
	0.106
	
	200.529
	

	87
	4300-4350
	
	0.758
	
	0.107
	
	200.636
	

	88
	4350-4400
	
	0.627
	
	0.131
	
	200.767
	

	89
	4400-4450
	
	0.515
	
	0.112
	
	200.879
	

	90
	4450-4500
	
	0.625
	
	
	0.111
	200.768
	

	91
	4500-4550
	
	0.737
	
	
	0.112
	200.656
	

	92
	4550-4600
	1.517
	
	1.621
	
	0.884
	199.772
	CP

	93
	4600-4650
	
	1.742
	
	
	0.225
	199.547
	

	94
	4650-4700
	
	1.828
	
	
	0.086
	199.461
	

	95
	4700-4750
	
	1.932
	
	
	0.104
	199.357
	

	96
	4750-4800
	
	2.038
	
	
	0.106
	199.251
	

	97
	4800-4850
	
	2.143
	
	
	0.105
	199.145
	

	98
	4850-4900
	
	2.251
	
	
	0.108
	199.037
	

	99
	4900-4950
	
	2.358
	
	
	0.107
	198.93
	

	100
	4950-5000
	
	2.462
	
	
	0.104
	198.826
	


4.2.3.2
Results of Water Table Along Oshogbo – Okinni Road
The Water Table examined for a total of 43 Wells are presented in Table 6. Out of the 43 wells, 22 wells were at the left hand side, LHS and  21 wells at the Right Hand Side, RHS with a Chainage of 100 (m) intervals.
	TABLE 6: WATER TABLE HEIGHTS ALONG THE ROAD AND THE LOCATION OF WELL


	S/N
	CHAINAGE
	WELL  LOCATION


	DEPTH OF WELL
	S/N
	CHAINAGE
	WELL  LOCATION


	DEPTH OF WELL

	
	
	LHS
	RHS
	
	
	
	LHS
	RHS
	

	1
	100
	--
	6.00
	0.8
	23
	2300
	--
	4.15
	1.75

	2
	200
	--
	8.50
	0.87
	24
	2400
	7.52
	--
	1.74

	3
	300
	3.48
	--
	1.24
	25
	2500
	6.28
	--
	1.76

	4
	400
	4.52
	--
	1.23
	26
	2600
	5.29
	--
	1.75

	5
	500
	5.28
	--
	1.26
	27
	2700
	--
	4.28
	1.86

	6
	600
	4.83
	
	1.27
	28
	2800
	--
	3.25
	1.85

	7
	700
	--
	7.24
	1.43
	29
	2900
	--
	6.28
	1.82

	8
	800
	6.25
	--
	1.48
	30
	3000
	--
	7.25
	1.88

	9
	900
	--
	5.24
	1.54
	31
	3100
	4.28
	--
	1.93

	10
	1000
	--
	3.84
	1.56
	32
	3200
	5.16
	--
	1.95

	11
	1100
	--
	4.26
	1.28
	33
	3300
	3.21
	--
	1.86

	12
	1200
	--
	5.18
	1.26
	34
	3400
	6.32
	--
	1.85

	13
	1300
	6.28
	--
	1.37
	35
	3500
	5.26
	--
	1.76

	14
	1400
	8.29
	--
	1.35
	36
	3600
	2.15
	--
	1.78

	15
	1500
	7.58
	--
	1.52
	37
	3700
	--
	3.26
	1.73

	16
	1600
	6.25
	--
	1.54
	38
	3800
	--
	4.56
	1.72

	17
	1700
	5.28
	--
	1.50
	39
	3900
	--
	3.25
	1.06

	18
	1800
	--
	5.85
	1.56
	40
	4000
	4.26
	--
	1.05

	19
	1900
	--
	4.35
	0.98
	41
	4100
	3.15
	--
	1.04

	20
	2000
	--
	3.68
	0.95
	42
	4200
	5.26
	--
	1.05

	21
	2100
	--
	6.25
	1.58
	43
	4300
	--
	6.58
	1.54

	22
	2200
	--
	7.23
	1.54
	
	
	
	
	


 4.2.3.3
Results of the Pavement Condition Ratings, PCR showing the distress types, 


weighting, severity and extent are presented in Table 7
	TABLE 7: SHOWING PCR VALUE CHART

	DISTRESS 
	SEVERITY
	EXTENT
	TOTAL

	Type
	Weight
	L
	M
	H
	O
	F
	E
	

	Ravelling
	10
	0.3
	0.6
	1
	0.5
	0.8
	1
	-

	Bleeding
	5
	0.8
	0.8
	1
	0.6
	0.9
	1
	-

	Corrugation
	5
	0.4
	0.8
	1
	0.5
	0.8
	1
	-

	Rutting
	10
	0.3
	0.7
	1
	0.6
	0.8
	1
	-

	Potholes
	10
	0.4
	0.7
	1
	0.5
	0.8
	1
	-

	Patching
	5
	0.3
	0.6
	1
	0.6
	0.8
	1
	-

	Settlement
	10
	0.5
	0.7
	1
	0.5
	0.8
	1
	-

	Crack seal deficiency
	5
	1
	1
	1
	0.5
	0.8
	1
	-

	Wheel Track Cracking
	15
	0.4
	0.7
	1
	0.5
	0.7
	1
	-

	Longitudinal Joint Cracking
	5
	0.4
	0.7
	1
	0.5
	0.7
	1
	-

	Edge cracking
	5
	0.4
	0.7
	1
	0.5
	0.7
	1
	-

	Random cracking
	5
	0.4
	0.7
	1
	0.5
	0.7
	1
	-

	Block and transverse cracking
	10
	0.4
	0.7
	1
	0.5
	0.7
	1
	-

	Total Deduct

	100 – Total Deduct = PCR


4.2.3.4     Results of Water Table Trend 

Water tables tracked with the appropriate PCR as its effect along the road is presented in Table 8. 

Table 8: Water Table Heights along the road and the PCR Value

	Stations
	Chainage(m)
	Water table Height(m)
	PCR (%)
	Stations
	Chainage (m)
	Water Table Height (m)
	PCR PCR

(%)

	Origin
	0
	0.8
	36.23
	22
	2200
	1.54
	73.25

	1
	100
	0.8
	37.55
	23
	2300
	1.75
	75.35

	2
	200
	0.87
	38.95
	24
	2400
	1.74
	45.25

	3
	300
	1.24
	40.72
	25
	2500
	1.76
	42.03

	4
	400
	1.23
	62.65
	26
	2600
	1.75
	42.95

	5
	500
	1.26
	50.34
	27
	2700
	1.86
	44.58

	6
	600
	1.27
	54.20
	28
	2800
	1.85
	62.54

	7
	700
	1.43
	52.45
	29
	2900
	1.82
	60.24

	8
	800
	1.48
	42.54
	30
	3000
	1.88
	50.46

	9
	900
	1.54
	38.39
	31
	3100
	1.93
	58.29

	10
	1000
	1.56
	54.20
	32
	3200
	1.95
	66.28

	11
	1100
	1.28
	48.52
	33
	3300
	1.86
	70.33

	12
	1200
	1.26
	58.29
	34
	3400
	1.85
	69.56

	13
	1300
	1.37
	40.53
	35
	3500
	1.76
	65.14

	14
	1400
	1.35
	65.03
	36
	3600
	1.78
	65.79

	15
	1500
	1.52
	55.27
	37
	3700
	1.73
	68.34

	16
	1600
	1.54
	50.32
	38
	3800
	1.72
	66.49

	17
	1700
	1.50
	59.86
	39
	3900
	1.06
	68.26

	18
	1800
	1.56
	55.24
	40
	4000
	1.05
	30.28

	19
	1900
	0.98
	52.52
	41
	4100
	1.04
	34.55

	20
	2000
	0.95
	70.33
	42
	4200
	1.05
	42.22

	21
	2100
	1.58
	75.42
	43
	4300
	1.54
	32.48


PCR is Pavement Condition Rating

From Table 8, stations 1 to 4 are located at Lameco A area and has a water table height of 0.8 to 1.2 (m) height and its PCR value ranges from 36.23 to 40.72 (%). 

Stations 5 to 8 are located at Lameco B area and has a water table height of 1.26 to 1.48 (m), having PCR value ranging from 42.54% to 54.20 (%). Stations 9 to 12 are located at Service A area with water table height of 1.26 to 1.54 (m), PCR% value ranging from 48.52 to 58.29 (%) . Stations 13 to 16 are located by Service B area with water Table height ranging from 1.37 to 1.54m, PCR% value ranges from 40.53% to 65.03 (%). 

Stations 17 to 20 are located at Agubelewo A area and have water table heights of range from 0.95 to 1.56 (m) with PCR% value range of 52,52 to 70.33 (%). Stations 21 to 24 are located at Agubelewo B area. Water table here ranges from 1.54m to 1.75; with PCR range of 45.25% to 75.42% table height of 1.5 to 1.7 (m) and its PCR value ranges from 70.33 to 75.42 (%). stations 25 to 28 is located at Agubelewo C area and has a water table height of 1.7 to 1.8 (m) and its PCR value ranges from 66.28 to 70.33 (%). stations 29 to 32 is located at Agubelewo D area and has a water table height of 1.8 to 1.9 (m) and its PCR value ranges from 65.79 to 68.34 (%). stations 33 to 36 is located at Okinni A area and has a water table height of 1.8 to 1.7 (m) and its PCR value ranges from 50.46 to 62.54 (%). stations 37 to 40 is located at Okinni B area and has a water table height of 1.7 to 1 (m) and its PCR value ranges from 30.28 to 42.22 (%). stations 41 to 43 is located at Okinni C area and has a water table height of 1 to 1.5 (m) and its PCR value ranges from 32.48 to 42.22 (%). 

From the analysis above we can affirm that Lameco A and Okinni B have POOR pavement conditions, Lameco B and Service A have FAIR pavement conditions. Service B, Agubelewo A and Okinni A have GOOD pavement condition. Agubelewo B, Agubelewo C and Agubelewo D have a VERY GOOD pavement conditions.
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Fig.2: Road Network within the Study Area



The Pavement Condition Ratings values at 100 meters interval along Okinni Oshogbo road is shown in Fig. 3

The above data shows the percentage of PCR along Okinni Oshogbo road. The lowest PCR is 30.28% while the highest PCR is 75.42%.
The reduced level and water table level have the same topography but difference in height above sea level. We can observe that at section 1, 10, 20 and 21, the reduced level and water table level are closer to each other compared to the remaining sections.
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4.2.3.5

Slope of The Reduced Level And Water Table Level Along Oshogbo–Okinni Rd 

The reduced level and water table level have the same topography but difference in height above sea level. We can observe that at section 1, 10, 20 and 21, the reduced level and water table level are closer to each other compare to the remaining sections.
4.2.3.6           Relationship between the Reduced Level and Water Table Level

 The relationship between the reduced level and water table level is presented in Fig. 5.  From the Fig.5 the observed data revealed substantial difference in water table fluctuation due to the difference in land cover (topography of the road) along Okinni Oshogbo road. Over the course of maintenance, the water level varies due to the response to rainfall event. From figure 4.5 above segment 1, 10, 20 and 21 shows the point at which the water table is high .

Before monitoring began, several rainfall events have occurred on the road. From history record (mm) the average total may-October rainfall in Nigeria based on the 1981-2015 of which In Oshogbo we have the average total rainfall of 800-1200mm between may-October. At this point, the water table rises to a critical level and can cause deformation of the road on the application of load.
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5.0
CONCLUSSION AND RECOMMENDATIONS

5.1
Conclusion
The assessment of the flexible pavement along Oshogbo - Okinni road reveals that there is a high degree of distress on the pavements; some of the predominant defects are edge cracks, alligator cracks, potholes and longitudinal cracks. These defects may have occurred as a result of the high water table along the road, inadequate drainage facilities, poor design and construction, infiltration of the surface runoff to the underlying course, thickness of the asphaltic cement and poor soil materials at some sections of the road.

After careful assessment of the pavements along Okinni Oshogbo road south western Nigeria. It will be appropriate to conclude that the failure of pavement in that area is attributed to the following: High water table at some sections of the road, poor design and construction, inadequate drainage facility, infiltration of surface runoff into underlying course, subgrade failures and lack of effective routine maintenance by the concerned agencies.

5.2
Recommendations
1.
Standard of construction and design should be improved.

2.
More academic research should be carried out on mapping and engineering geology of 
Oshogbo - Okinni road

3
Road which has deteriorated beyond rehabilitation should be completely redesigned and 
reconstructed to standard. 

4
Agencies concerned with the maintenance of flexible pavements should adopt an 
effective routine maintenance scheduled for safe and comfortable operation of such 
pavement.
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Fig. 5:   Relationship between the Reduced Level and Water Table Level on Oshogbo-Okinni Road





Fig 4 The Slope of The Reduced Level And Water Table Level Along Oshogbo – Okinni Rd Oshogbo Road





Fig 3: PCR values at 100 meters interval along Okinni Oshogbo Road.








