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Abstract  

The study involved the assessment of engineering geological properties of failed highway pavement in Benin City to 

determine factors responsible for the failures Soil samples collected from 15 failed portions at the depth of 1.5m were 

subjected to testing because. there was no evidence of engineering geological investigations in this failed portion of the 

road in literature   Soil tests carried out on each of the soil samples includes; liquid limit, plastic limit, linear shrinkage, 

moisture content, grain size analysis, specific gravity, CBR and UCS. The results showed moisture contents ranged 

between 10.1% and 25.9 %,  specific gravity was between 2.34 – 2.77 with location 15 having the lowest and location 

2 having the highest value, liquid limits ranged from 40.1% - 50.4%, the lowest  occurred in location 1 and can be 

considered good for use as sub-grade soil while the highest liquid limit occurred at location 14 and can be considered 

poor for use as sub-grade soil, plastic limits ranged between 9.0% - 12%, the lowest occurred in location 3 and highest 

in location 15, the MDD ranged from 1861Kg/m
3
 to 2020Kg/m

3.
 and OMC ranged from 10.0% to 15.1%., here soil 

MDD were less than the recommended value of 2165Kg/m
3
 for Nigeria soils, The CBR ranged from 15% to 32%, the 

lowest at locations 7 and 10, while the highest occurred at location 6, this showed that the subgrade soils are not good 

enough as a result of high clay content and poor strength. Conclusively, road pavement failure was due to poor 

construction as a result of inadequate engineering geological investigation and soil low bearing capacity due to high 

clay contents. 

__________________________________________________________________________________________ 
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INTRODUCTION 

The rate at which roads failed in Nigeria is quite 

alarming in recent times, and this has arrested the 

attention of all stakeholders in the maintenance of 

Nigerian roads. Roads serve as inter links between 

towns, states and countries, and therefore serves as 

the most common means of transportation. Roads 

have become death traps in many places across the 

country with attendant loss of lives and properties. 

The failed segment of major highways across the 

country usually displays varieties of patterns ranging 

from potholes to undulating surfaces.  

 

A number of contributing factors have been identified 

such as misuse of highways, lack of maintenance 

culture, poor construction practices and geotechnical 

factors  [1], [2], [3], [4], [5], [6] . The problem may 

be as a result of low bearing capacity of the soil 

which makes it unstable as a construction material in 

foundation of buildings, highways, water retaining 

structures, dams among others.  Problem soils is 

viewed as [7], [8] those soils which exhibit low 

strength and high compressibility; they are also 

expansive or collapsible.  

 

In Nigeria, some of this soil has been identified, they 

include: the black cotton soils which occur widely in 

the Northeastern part of Nigeria and the Sokoto soft 

clay (Attapulgite) in the Northwestern Nigeria). The 

problem soils tend to fall above the Casagrande 

plasticity chart and these agree with Chukweze [9]. 

 

Location and Physiography of the Study Area 
The study area is located within Benin City, Nigeria. 

It lies within Longitudes 05°36
1
E and 05

o
32

1
E East 

of Greenwich Meridian and Latitudes 06
0
20

1
N and 

06
0
17

1
N north of the Equator.  The elevation varies 

from 218m to 239m above the sea level. It was easily 

accessible by the tarred road networks and footpaths. 
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Fig 1. Map of the study area indicating sample points. 

Source: Adekunle Ajasin University Akungba Akoko, Earth Sciences Department 

 

The study area is located in the sub-equatorial 

climatic zone where cumulus moist clouds, high 

rainfall, sunshine, relative humidity, fluctuating 

temperatures and favorable winds are experienced 

[10], [11]. These climatic condition is characterized 

with tropical rainforest which is fairly evergreen and 

deciduous in nature. The rainforest exhibits evergreen 

deciduous vegetation and other varieties of lower 

grasses and plants. A multitude of epiphytes and 

fairly tall trees of less than 10 meters are found in the 

middle canopy formation.  

 

The highest vegetal formation contains the robust and 

broadly tall trees which include mahogany, walnut 

and cedar. The availability of these valuable trees has 

encouraged the establishment of many wood-works, 

small-scale paper industries, and saw-milling 

factories in Benin City. These industries have 

provided life-sustaining jobs to the city residents over 

the years.  

 

The Benin region is essentially an area situated in the 

coastal plains. The region lies in the north of the 

Niger delta, west of the lower Niger valley and south 

of the western plains ranges. The region has been 

described as a tilled plain in the southwestern 

direction. The local relief of the region was 91m with 

its highest elevation around Ishan and Asaba Plateau.  

 

Ikhile, and Oyebande [12] applying the Digital 

Elevation Model (DEM) observed that the highest 

elevation can be found around the Benin-Auchi 

bypass which is about 170 m (500 feet) above mean 

sea level. The major rivers are the Ikpoba, Ogba and 

Owigie-Ogbovben. The largest of the three is the 

Ikpoba river  

 

Local Geology of the Study Area 

The geologic structure of Benin City consists of two 

principal formations: these are the crystalline rock of 

the Precambrian Basement Complex and the 

Sedimentary rock of the cretaceous tertiary and 

quaternary formation of Miocene-Pleistocene age 

[13], [14], [15], [16] described Benin City as a tilted 

plain which slope in a Southwest direction. Its 

highest elevation occurs around the Esan and Asaba 

Plateaux which rise steeply from the lower Niger 

valley and are bordered on the northern edge by a 

steep slope.   

 

Ikpoba hills form an integral part of these plateaux in 

the north-west corner of the city region and 

Aduwawa areas, the rest of Benin City region is 

relatively undulating terrain ]16], [17]. The city 

landscape contains laterititic soils mixed with 

abundant clay minerals. Its soils, according to 

Omiunu [17], were derived from the deep chemical 

weathering of the parent sedimentary rocks which 

were mainly the hardened sandstones. 
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Fig 2. Geological map of Edo state showing the study area 

 

MATERIALS AND METHOD 
Fifteen soil samples were collected at the depth of 1.5 

m and were air dried for two weeks before analyses. 

The following laboratory analyses were conducted on 

each of the soil samples collected: Atterberg 

(consistency) limit, moisture content; compaction 

tests, grain size analysis, specific gravity, California 

Bearing ratio (soaked and unsoaked.) and unconfined 

compressive strength using British Standard Institute 

[18] specifications. 

 

RESULTS AND DISCUSSIONS 

The results of the various laboratory analyses which 

include natural moisture content, liquid limit, plastic 

limit linear shrinkage, grain size analyses, plasticity 

index, compaction test, hydrometer analysis, soaked 

and un - soaked C.B.R. test, and specific gravity are 

shown in Table 1, 2 and 3  

 

 

Table 1. Summary consistency limits and particle size analysis. 

Sample 

loc 

Linear 

shrinkage 

value (%) 

Liquid 

limit, 

WL (%) 

Plastic 

limit, 

WP (%) 

Plasticity 

index 

PI (%) 

Particle size 

analysis  (g) 

USCS 

classification code 

S1 9.6 40.1 9.6 30.5 474.4  CI 

S2 9.1 40.5 9.4 31.1 473.9  CI 

S3 10.1 46.5 9.0 37.5 476.6  CI 

S4 9.1 46.5 9.3 37.2 467.7  CI 

S5 10.1 44.0 9.5 34.5 470.8  CI 

S6 10.6 49.9 9.7 40.2 460.8  CI 

S7 11.0 47.7 9.8 37.9 469.5   CI 

S8 8.2 49.5 10.2 39.3 461.3   CI 

S9 9.6 42.9 10.3 32.6 473.9   CI 

S10 10.1 42.2 10.5 31.7 476.7   CI 

S11 10.6 47.8 10.9 36.9 467.7   CI 

S12 8.7 49.2 11.0 31.9 470.8    CI 

S13 10.1 43.0 11.3 31.7 463.0    CI 

S14 11.5 50.4 11.7 38.7 466.4    CH 

S15 11.0 48.7 12.4 36.3 463.0    CI 
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Table 2. Compaction test and California bearing ratio results 

Sample loc OMC (%)  MDD (Kg/m
3
) CBR Unsoaked (%) CBR Soaked (%) Rating 

S1 11.8 2000 17 8 Fair to good 

S2 12.7 1965 29 11 Excellent 

S3 14.8 1916 16 6 Fair to good 

S4 15.1 1905 25 8 Excellent 

S5 12.2 1984 22 9 Excellent 

S6 13.7 1902 32 9 Good 

S7 12.9 1931 15 5 Fair to good 

S8 14.7 1861 22 11 Excellent 

S9 10.0 2070 17 6 Fair to good 

S10 13.1 1953 15 7 Fair to good 

S11 12.0 2016 27 15 Excellent 

S12 14.6 1923 19 13 Fair to good 

S13 11.0 2020 23 13 Excellent 

S14 13.3 1932 19 13 Fair to good 

S15 14.2 1882 19 11 Fair to good 

 

Table 3. Specific gravity, moisture content and hydrometer analysis results 

Sample loc Specific 

Gravity 

Moisture 

Content (%) 

Hydrometer 

Analysis (g) 

Shear strength 

(kPa) 

Unconfined compressive 

strength (kPa) 

S1 2.43 16.1 48.5 23.72 47.4 

S2 2.77 10.1 48.8 22.83 45.7 

S3 2.46 11.8 55.1 38.69 77.4 

S4 2.49 15.1 52.2 39.9 79.8 

S5 2.58 22.3 60.3 19.94 39.9 

S6 2.66 17.5 52.1 18.89 37.8 

S7 2.43 19.4 55.6 19.79 39.6 

S8 2.60 21.4 52.1 19.62 39.2 

S9 2.40 12.5. 48.5 15.4 30.8 

S10 2.64 10.5 48.8 16.07 32.1 

S11 2.39 15.8 55.1 20.03 40.1 

S12 2.54 15.0 52.2 20.28 40.6 

S13 2.50 25.9 60.3 21.00 42.0 

S14 2.51 15.2 52.1 22.20 44.4 

S15 2.34 15.7 55.6 25.80 51.6 

 

Table 4. Soil moisture content and suitability for 

engineering purposes 

Moisture content % Suitability for engineering 

purposes 

10 – 20 Very good 

21 – 30 Averagely good 

31 – 40 Fairly good Suitability for 

engineering purposes 

41 and above  

Adapted from Akpah et al. (2009) 
 

Table 5. Soil classification based on degree of 

shrinkage 

Degree of Shrinkage Quality of soil 

% Resistance to shrinkage 

< 5 Good 

5 - 10 Medium 

10 – 15  Poor 

> 15 Very poor 

Ramamurthy and Sitharam (2005) 
 

Table 6. Standard range of plasticity limits of soil 

 Plastic limit of soil in % Plasticity 

0 - 10 Non plastic 

10 - 35 Low plasticity 

35 - 50  Intermediate plasticity 

50 - 70 High plasticity 

70 - 90 Very high plasticity 

90 - 120 Extremely high 

  

Barnes (2000) 
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Table 7. Nigerian Standard of soil classification for roads and bridges 
Location 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

L.L ≤35%)  
 

40.1 
fail 

40.5 
fail 

46.5 
fail 

46.5 
fail 

44.0 
fail 

49.9 
fail 

47.7 
fail 

49.5 
fail 

42.9 
fail 

42.2 
fail 

47.8 
fail 

49.2 
fail 

43.0 
fail 

50.4 
fail 

48.7 
fail 

PL 9.6 9.4 

 

9.0 

 

9.3 

 

9.5 

 

9.7 

 

9.8 

 

10.2 

 

10.3 

 

10.5 

 

10.9 

 

11.0 11.3 

 

11.7 

 

12.4 

P.I (≤12%)  
 

30.5 
fail 

31.1 
fail 

37.5 
fail 

37.2 
fail 

34.5 
fail 

40.2 
fail 

37.9 
fail 

39.3 
fail 

32.6 
fail 

31.7 
fail 

36.9 
fail 

31.9 
fail 

31.7 
fail 

38.7 
fail 

36.3 
fail 

Plasticity np np np np np np np lp lp lp lp lp lp lp lp 

C.B.R soaked 

for subbase 
(≥30%)  

 

8 

fail 

11 

fail 

6 

fail 

8 

fail 

9 

pass 

9 

pass 

15 

fail 

11 

fail 

6 

fail 

7 

fail 

15 

fail 

13 

fail 

13 

fail 

13 

fail 

11 

fail 

C.B.R 
unsoaked Base 

course (≥80%)  

 

17 
fail 

29 
fail 

16 
fail 

25 
fail 

22 
fail 

32 
fail 

15 
fail 

22 
fail 

17 
fail 

15 
fail 

27 
fail 

19 
fail 

23 
fail 

19 
fail 

19 
fail 

 

Overall Rating  
 

poor poor poor poor Sub 
base 

Sub 
base 

poor poor poor poor poor poor poor poor poor 

 

Natural Moisture Content 

The natural moisture content obtained from the test 

carried out ranges from 10.1% to 25.9%. The lowest 

natural moisture content occurred in location 2, while 

the highest value occurred in location 13, location 1, 

2, 3, 4, 6, 7, 9, 10, 11, 12, 14 and 15  ranged  from 

10.1% to 19.4% and   locations 5, 8 and 13 ranged 

between 21.4% and 25.9 %. Using Akpah [19] (Table 

4), soil from locations 5, 8 and 13 are averagely good 

while all other samples in other locations in the study 

area are very good. The soil samples here are good 

for road construction, hence, failure along the 

highway must have occurred as a results of poor 

drainage system.  

 

Specific Gravity 

The specific gravity for normal organic soil ranged 

from 2.6 to 2.8, while clayed soils tend toward 2.8 

and inorganic soil has specific gravity less than 2.6 

but not below 2.2. The specific gravity value for the 

sample collected from the area of study ranged 

between 2.35 and 2.77, from the specific gravity 

result, location 1, 3, 4, 5, 7, 9, 11, 12, 13, 14 and 15 

has the value within the range of 2.3 to 2.6. This 

indicates that the soils are inorganic; and are 

therefore suitable for road construction. Location 2, 

6, 8 and 10 has specific gravity higher than 2.6 which 

indicates organic soils with small amount of clay 

content.  

 

Grain Size Analysis  

The result of the grain size distribution of the soil 

samples in the study area is shown in Table 1. From 

the graphs plotted, the finer portion of these samples 

ranged from 26.5% to 35.6% with location 6 having 

the lowest percentage of finer particles and location 

10 having the highest percentage of finer particles. 

The soils in these location is not good for road 

construction because it contains high percentage of 

fines. According to Federal Government of Nigeria 

(FGN) specification for pavement design, the  

 

percentage for a good sub-base and base materials 

should not be greater than 15% [20]  

 

Hydrometer Analysis 

Hydrometer analysis is a method used for obtaining 

an estimate of the distribution of soil particle sizes 

from the No. 200 (0.075 mm) sieve to around 0.01 

mm. From the results (Table 3), the lowest value 

obtained from the hydrometer analysis occurred at 

location 9 while the highest value occurred at 

location 13, which are 48.5g and 60.3g respectively. 

The percentage finer for the No. 200 (0.075 mm) 

ranges from 0.4% to 35.5%, with the lowest 

percentage of fines at location 2 and 10 while the 

highest at location11. Location 1, 2, 6 and 10 have 

very low percentage of fines and are considered to be 

good for road constructions, while location 3, 4, 5, 7, 

8, 9, 11, 12, 13, 14 and 15 contains high percentage 

of fines.  

 

Consistency Limits 

The consistency limits and other related indices have 

proved useful, especially in soil identification, 

description, and classification. These limit and 

indices are often used directly in specification for 

controlling soil used as fill materials in semi 

empirical method for design of roads [21]. 

 

Liquid limits 

Soil with high liquid limit could encourage high 

linear shrinkage [22]. From Table 1, the liquid limit 

value ranged from 40.1% - 50.4%.  The lowest liquid 

limit occurred at location 1 and can be considered 

good for use as sub-grade soil while the highest 

liquid limit occurred at location 14 and can be 

considered poor for use as sub-grade soil. For heavy 

traffic road (Table 6), for sub base course liquid limit 

shall not be more than 35% and plasticity index not 

more than 12% and for light traffic roads,  materials 

for sub base liquid limit shall not be more than 35% 

and plasticity index shall not be more than 12% [23].  
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The liquid limits and the plasticity indices of the soil 

samples in the study area are higher than the Nigerian 

Federal Ministry of Works and Housing [23] 

specifications, therefore soils samples here have poor 

engineering geological properties and are not suitable 

as base or sub – base materials. 

 

Plastic limits 

Soils with high plastic limit could lead to road failure 

when used for road construction. For a light traffic 

road, soil less than or equal to 50% plastic limit is 

suitable for use as subgrade. The plastic limit value 

ranges from 9.0% - 12.4%. The lowest plastic limit 

occurred in location 3 while the highest in location 

15. Comparing the plastic limit results of the samples 

with the standard shown in Table 6 [24], soil samples 

in the study area ranged between non plastic and low 

plasticity. Soil samples can be considered good as 

subgrade material for road construction since they 

fall below the specified limit of 50%. 

 

Plasticity index 

From Table 1, the plasticity indices in the study 

ranged from 30.5% - 40.2%. Soil sample in location 1 

has the lowest plasticity index of 30.5% and location 

6 has the highest plasticity of 40.2%.  Hence, they 

fall within the range of soil with low cohesion, which 

will reduce compaction, since the specification for 

plasticity index for subgrade soil is less than or equal 

to 12%, (Table 7). The higher the value of the 

plasticity index, the poorer the value of the soil. The 

failure of this highway can be inferred from the 

plasticity index values greater than 12%, which is an 

indicator of the instability of the pavement. It is 

advisable to excavate the less stable materials and 

replace with stable ones. Based on the plasticity 

index standard [24] , in Table 6, soil samples in 

location 1,2,5,9,10,12 and 13 fall within low plastic 

and those samples from location 3,4,6,7,8,11,14 and 

15 fall into the group of intermediate plastic. Soil 

samples in the study area therefore ranged from low 

plastic to intermediate plastic soil, the soil will not 

support engineering structures when wet 

 

Linear Shrinkage 

Gidigasu [1] suggested that any soil with linear 

shrinkage below 8% would not have compaction 

problem. Generally, the lower the linear shrinkage, 

the lesser the tendency for the soil to shrink when 

desiccated. The linear shrinkage obtained in the study 

area ranged from 8.2% to 11.5%, with location 8 

having the lowest linear shrinkage value of 8.2%, 

while location 14 has the highest value of 11.5%. 

 

The linear shrinkage for any soils to be used for sub-

grade of any road pavement should not exceed 8% 

[25]. Location 8 and 12 which have the linear 

shrinkage value of 8.2% and 8.7% slightly greater 

than 8% can still be considered usable when 

stabilized. Samples collected at location 1, 2, 3, 4, 5, 

6, 7, 9, 10, 11, 13, 14 and 15 have linear shrinkage 

greater than 8%, they are likely to be susceptible to 

swelling and shrinkage during alternate dry and wet 

seasons. Using the standard of Ramamurthy and 

Sitharam  [26], in Table 5, samples from locations 

1,2,4,8,9 and 12 are medium resistance to shrinkage 

and can be stabilized to improved their engineering 

geological properties for construction purposes, while 

those samples from locations 3,5,6,7,10,11,13,14 and 

15 have poor resistance to shrinkage and therefore 

cannot be used as base, sub –base or sub –grade 

material even after stabilization. 

 

COMPACTION TEST 

From the result, the maximum dry density (MDD) 

ranged from 1861Kg/m
3
 to 2021Kg/m

3
. Location 8 

have the lowest maximum dry density value of 

1861Kg/m
3
 and location 13 have the highest 

maximum dry density value of 2020Kg/m
3
.  The 

optimum moisture content (OMC) ranged from 

10.0% to 15.1% with location 9 having the lowest 

OMC value of 10.0% and location 4 having the 

highest OMC value of 15.1%.  All the samples have 

MDD values less than the recommended value of 

2165Kg/m
3
 for Nigeria soils. Hence, the soils are 

poor and cannot be used as subgrade materials. 

4.8. California bearing ratio (cbr) test 

 

For the base course, unsoaked CBR must be up to 

80% using modified AASHTO or minimum of 30%   

soaked CBR when using West African Standard 

Compaction. For sub – base, unsoaked CBR must be 

up to 80% using modified AASHTO or minimum of 

20%   soaked CBR when using West African 

Standard Compaction. The California bearing ratio 

results obtained in the study area ranged from 6% to 

15% for the soaked and 15% to 32% for the 

unsoaked. The lowest CBR value for the soaked 

which was 6% occurred at location 3 and 9, while the 

highest value which was 15% occurred at location 11. 

For the unsoaked, the lowest CBR value occurred at 

location 7 and 10 which was 15%, while the highest 

value occurred at location 6 which was 32%. The 

soaked CBR values obtained were less than 20%,  

and for the unsoaked were less than 80% which 

showed that all the soil samples in the study area  are 

not good material for sub base, sub-grade or base 

course. 

 

CONCLUSION  

The roads along Ekehuan had failed often times, 

despite the effort to repair the pavement. High 

moisture content in soils seems to contribute to 

failure of roads and other engineering structures. The 

failure of roads in the the study area must be as a 

result of the following: 
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i. Seepage of water into the sub-grade soil 

from the ground surface as a result of poor 

construction. 

ii. Seasonal wetting and drying of the sub base 

that causes swelling and shrinkage of the 

soil. 

iii. Fluctuating water table that made the base 

course to be soaked more than necessary. 

   vi        High clay contents of the soil samples was 

responsible for compressibility of the soil, 

which in turns gave rise to potholes 

development. 
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