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Abstract 

The aim of this study was to assess the Geo- Technical characteristics of Nekede old road borrow pit. The study was focused on 

pit moisture content, specific gravity, direct shear strength, slope stability and slope factor of safety. The evaporation method and 

density bottle method was used to determine pit moisture content and specific gravity respectively. Shear strength was determined 

using box apparatus while slope stability was determined using Swedish method of slices. Results of the analysis showed that the 

moisture content range of 11.2 – 14.3% was obtained from the sample results. Also the test results showed specific gravity range 

of 2.68 – 2.71 across the soil layers of the pit.  

The shear test showed a shear strength range from 83.3 – 92.7KN/m2, with angle of friction range of 24 – 27o and low cohesion 

range of 3 – 5 KN/m2 across the pit walls making the soil susceptible to sliding at slightly steep slopes. Result of slope analysis 

for three failure planes of the pit slope at 20 meters depth gave a tangential component (T) range of 67.6 – 1018.6 KN within the 

three slides and a low critical safety factor (F) of 0.4 in the first failure plane and an average safety factor (F) of 0.7 for the three 

planes as a representative for unstable walls of the Nekede old road borrow pit. This shows that under saturated condition the pit 

walls collapses. Reconstruction of the borrow pits to suitable dimensions with proper sloping for easy draining was recommended 

so as to use the site as fish farms using the nworie river as source of water. 
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1. Introduction 

Borrow pit is a term used in construction industry to describe 

an area where materials such as soil, gravel or sand are being 

excavated for use in another location. Borrow pit is a site 

where materials suitable for filling, surfacing or blending can 

be removed using earthmoving equipments. The greatest 

yardage of pit material for theatre -of- operations 

construction is taken from this type of pit. Borrow pits should 

be worked dry (US Army Tech. Manual, 1967) [26].  

A borrow pit, also referred to as a sandbox, is a large hole 

that has been dug for a particular purpose. The hole left 

behind after the material has been harvested from a 

construction site is called a "borrow pit." Frequently, 

construction crews will dig borrow pits in order to gather 

gravel, soil, and sand for use in another location. The digging 

of a borrow pit falls under the engineering discipline known 

as earthworks. Earthworks projects consist of engineering 

feats that include transporting large amounts of soil or rock 

from one area to another. Borrow pit construction may seem 

relatively easy to accomplish, though this type of digging 

actually requires an extensive amount of analysis prior to the 

first dig. Engineers must be sure that the amount of soil dug 

from a pit in an area will not disrupt the earth. This is a 

specific type of engineering, called geotechnical engineering, 

and is a complex process. Prior to the invention of the 

computer, geotechnical engineers need to calculate the degree 

to which the earth would shift during digging. Today, 

computer programs make these types of calculations simpler. 

Since massive quantities of earth must be moved in order to 

build roads, railways, canals, buildings, and other structures, 

the invention of various industrial tools has made this task 

easier. Bulldozers, loaders, production trucks, graders, and 

many other large pieces of equipment are often used to move 

soil from one place to another. Without these machines, 

digging a borrow pit would take years instead of months or 

weeks to accomplish. 

A borrow pit's volume really depends upon the construction 

project at hand. While major roads and freeways may take 

multiple tons of gravel to build, small projects may not 

require much soil. (wisegeek article on borrow pit, June 4, 

2013)  

According to NLUG. (2008) [16], Pits and quarries are used to 

extract granular resources, as defined in Table 1. Granular 

materials are often used for construction, but some materials 

have other uses, such as carving. 

 

2. Materials and Methods 
The borrow pit is located at about 150 meters off Old Nekede 

Owerri, Imo State and about 15 meters to Nworie river course 

as shown in figure 1 - 3. Owerri the ‘Eastern Heart-land’ lies 

between longitudes 6°55 ’E to 7°15’E and latitudes 5°15’N to 

5°35’N, covering an area of about 1340 km2. According to 

Amadi et al. (2010), the area is generally flat with a good 

road network and population of 300,000 people.  
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Fig 1: Satellite Map of the study area (Source: google earth, 2011.) 
 

 
 

Fig 1: Map of the Study area showing the Borrow Bit. 
 

2.1 Moisture content (W) 

Moisture content (W) is the mass of water which can be 

removed from the soil by heating at 105°C, expressed as a 

percentage of dry mass of soil. 

 

Sample preparation for moisture content. 

 Apparatus: Materials used for the test include the 

following: drying oven maintained at 105°C, desiccators 

containing anhydrous silica gel, weighing balance 

(0.01g), moisture content cans, labeling materials, scoop 

and trimming knifes.  

 Procedure: The container was weighed empty and 

recorded. A representative sample was collected using the 

scoop and placed in the container. The weight of the 

container and the sample was determined and recorded. 

The container plus the sample was placed in the oven 

maintained at 105°C for 18hours. 

Also, the container plus dried sample was transferred to the 

desiccators for cooling. Then, the weight of the sample plus 

the container was subsequently computed using 

 

𝑊 =  
𝑚𝑎𝑠𝑠 𝑜𝑓 𝑤𝑎𝑡𝑒𝑟

𝑚𝑎𝑠𝑠 𝑜𝑓 𝑑𝑟𝑦 𝑠𝑜𝑖𝑙
 𝑋 

100

1
   (3.3) 

 

2.2 Specific Gravity (Gs) 

This is the ratio between the mass of dry solids and the mass 

of distilled water displaced by the dry soil particles. It is also 

called relative density. 
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i.e. Gs =
𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑑𝑟𝑦 𝑠𝑜𝑖𝑙

𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑒𝑞𝑢𝑎𝑙 𝑣𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑤𝑎𝑡𝑒𝑟
  (3.4a) 

 

Sample preparation for Specific gravity (Gs) 

Determination of specific gravity Gs using “density bottle 

method” 

 Apparatus: density bottle (50ml) with stoppers, constant 

temperature water bath, volume desiccators, oven and 

moisture content apparatus, weighing balance (0.001g), 

wash bottle, spatulas, and riffle box. 

 Procedure: The density bottle was washed and dried in 

the oven at 105°C. The mass of the bottle plus the stopper 

(M1) was determined and recorded. Then the dried 

sample was placed in the bottle. The weight of the bottle 

+the stopper + the soil (M2) was determined and 

recorded. The distilled water was then added to the soil so 

that the soil was covered and the bottle was about half 

full. The bottle (without the stopper) was then placed in 

the desiccators for about 18hours. Air was removed from 

the soil by releasing the vacuum and carefully stirring the 

soil in the bottle with the spatula. The weight of the bottle 

+the stopper + the soil + the liquid, (M3) was then 

determined and recorded. Also the weight of the bottle 

+the stopper+ liquid (M4) was also determined and 

recorded.  

 

The specific gravity Gs was computed using the formula 

 

𝐺𝑠 =
𝐺𝑙(𝑀4−𝑀1)

(𝑀4−𝑀1)−(𝑀3−𝑀2)
   (3.4b) 

 

Where M1 = Weight of bottle + stopper (g) 

M2 = Weight of bottle + stopper + soil (g) 

M3 = Weight of bottle + stopper + soil + water (g) 

M4 = Weight of bottle + stopper + water (g) 

GL = Specific gravity of water 

 

2.3 Pit Characteristics  

In-situ Measurements 

At the field, the average depths and widths of the pit were 

measured and the depths of excavations are 20-35m and 

widths are 680-950m with Nwaorie River flowing across the 

pit. The estimated excavation point is 150 meter to Nekede 

Old Road and 80-110m to buildings along the Road. 

 

2.4 Shear Strength (KN/m2) 

The maximum shear stress which the soil can withstand 

without rupture. 

 
Sample Preparation for Shear Strength 

Apparatus: The following equipment were used for the test 

of shear strength; box apparatus, timing device (stop watch), 

weight, and means of collecting undisturbed sample.  

Soil was prepared to the required moisture content. Then it 

was packed to the calculated height in shear box, which gives 

the desired bulk density. Dial gages were adjusted to zero 

reading; one gage on the proving ring was for measuring the 

shearing force, while the other was for measuring the 

movement of the upper half of the shear box for strain 

calculations. The upper half of the shear box was covered by 

its gripper plate and the loading bar was adjusted to floot 

above it to give zero normal loads on the hanger. 

2.5 Slope Stability Analysis of the Pit Walls  

Slope failure has been a major problem for borrow pit 

operators and other deep excavation activities since time 

immemorial. 

Besides the examination of the soil characteristics, the depth 

of the pit and the angle of slope of the pit wall should be well 

thought out in other to achieve a stable pit walls. Figure 3 

illustrates the typical geometry of Nekede old road borrow pit 

walls with a sliding angle of 51o at the top and 39o at the base. 

The pits have an average critical depth of 20m where it 

appears to be stabilized due to increased slide embankment.  

 

 
 

Fig 3: Typical Geometry of the pit walls. 
 

Swedish method of slices was deemed suitable for slope 

analysis of the Nekede old road borrow pit walls. Assuming 

the soil is saturated and where the soil has both values of  

and C, this total stress analysis can be adapted to cover the 

case by assuming a slip circle procedure and dividing the 

sector into a suitable number of vertical slices. This method is 

applied by taking moments about the center of rotation O of 

an arc made over the slope. The failure plane is then divided 

to a number of slices.  

The Disturbing moment is 

= rT and the Restraining moment is 

= r(cr+Ntan ). 
 

Factor of safety F = Restraining moment / Disturbing 

moment 
 

Hence, 𝐹 =
𝐶𝑟+𝑁 tan ∅

𝑇
     (4.1a) 

 

While N = Wcos 𝛽 and T = Wsin 𝛽. 

The effective tension crack can also be allowed for in this 

case if there are significant cracks. 
 

ℎ =
2𝑐

𝛾
tan(45° +

∅

2
).    (4.1b) 

 

Where F is the factor of safety, C is the cohesion, r is the 

radius of the arc,  is the angles of slope of the slide, h is the 

height of the crack, 𝛾 is the unit weight of soil, N is the 

normal component, T the tangential component, W the 

weight of each slice and ∅ is the angle of internal friction. 

 

3. Results and Discussion  

Moisture Content and Specific Gravity Analysis 

Moisture  content:  The  average  moisture   content   of   the  
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samples from the pits is 12.9% with the sample at the base of 

the pit having the highest of 14% as shown in table 1. These 

figures will get higher in the wet seasons.  

Specific gravity: The test results shows average specific 

gravity of 2.69 across the soil layers of the pit as shown in 

table 2. This shows that the soils of this pit are predominantly 

sandy since generally, specific gravity of sandy soils is 2.65. 
 

Table 1: Moisture Content 
  

Sample Unexcavated pit base 7m 10m 15m 

Wt. of wet sample + Can (g) 67.3 67.7 63.7 63.8 65.0 

Wt. of dry sample + Can (g) 62.8 62.0 58.7 59.0 60.4 

Wt. of Can 19.1 22.1 21.5 20.6 19.3 

Wt. of dry soil (g) 43.7 39.9 37.2 38.4 41.1 

Wt. of Water (g) 4.5 5.7 5.1 4.8 4.6 

Water Content, W (%) 10.3 14.3 13.7 12.5 11.2 

Table 2: Specific Gravity (Gs) test. 
 

Sample Unexcavated pit base 7m 10m 15m 

M1 56.9 56.8 56.8 56.9 56.7 

M2 67.0 66.9 66.9 67.0 66.9 

M3 162.3 162.3 162.1 67.0 66.9 

M4 155.9 155.9 155.8 155.9 155.7 

Gl 1.00 1.00 1.00 1.00 1.00 

Gs 2.70 2.71 2.68 2.68 2.70 

 

M1 = Wt. of bottle + stopper (g) 

M2 = Wt. of bottle + stopper + soil (g) 

M3 = Wt. of bottle + stopper + soil + water (g) 

M4 = Wt. of bottle + stopper + water (g) 

Gl = specific gravity of water 

Gs = specific gravity of substance. 

 

 
 

Fig 4: Shows variations in moisture content among the samples analyzed 

 

 
 

Fig 5: Shows variations in specific gravity among the samples analyzed 

 

Shear Strength Test Analysis 

Figures 6 - 10 below are graphs that illustrate the result of 

shear test for the samples tested. The shear strength (Ʈ) of the 

samples were calculated using Ʈ = C + n tan  and a range 

of 83.3 – 92.7 KN/m2 were obtained across the pit walls with 

a cohesion range of 3 – 5 KN/m2 while a shear strength of 

92.7 KN/m2 and cohesion of 6 KN/m2 were obtained for the 

sample at unexcavated point as shown in table 3. Because of 

the high percentage of sand across the pit walls, the pore 

spaces within the soil matrix are high. In wet seasons, this 

can trap and store water within it which will increase the 

shear stress on the pit walls.  

However, Hardy (2007), noted that due to the flotation effects 

of water, all soils including gravel lose about 50% of their 

apparent shear resistance to sliding when fully saturated. In 

contrast plastic soils, including clay-like tills, could lose 

99.5% of their total shear resistance to sliding due to equally 

modest alterations of slope drainage. 

 

Direct Shear Test 

a) Sample Dimensions (for all samples) 

Length (L) = 60mm 

Width (w) = 60mm 

Height (H) = 20mm 

Area (A) = L x W = 60 x 60 = 3600mm2 

= 0.0036m2 

Volume of sample (V) = L x W x H = 60x60x20=7200mm3  
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b) Normal stress computation () KN/m2 (For all samples) 
 

Table 3 
 

(1) Load (kg) (2) Load (KN) = (1)÷100 (3) Area (m2) (4)  (KN/m2) = (2) ÷ (3) 

24 0.24 0.0036 66.7 

44 0.44 0.0036 122.2 

64 0.64 0.0036 177.8 
 

c) Shear Stress (Ʈ) Computation (KN/m2) 
 

Table 4 
 

(1) Sample (2) Load (kg) (3) Max. H.R (4) = (3) x 0.002 (MM) (5) = (4) x 0.88(KN) (6) = (5) ÷A (KN/m2) 

Unexcavated 

24 86 0.172 0.151 42.0 

44 147 0.294 0.259 71.9 

64 225 0.45 0.396 110.0 

Pit base 

24 78 0.156 0.137 38.1 

44 135 0.27 0.238 66.0 

64 194 0.388 0.341 94.8 

7m 

24 86 0.172 0.151 42.0 

44 137 0.274 0.2412 67.0 

64 200 0.40 0.352 97.8 

10m 

24 82 0.164 0.144 40.1 

44 143 0.286 0.252 69.9 

64 210 0.42 0.3696 102.7 

15m 

24 82 0.164 0.144 40.1 

44 151 0.302 0.266 73.8 

64 220 0.44 0.387 107.6 
 

Table 5: Summary of the shear strength analysis. 
 

Sample C (KN/m2) (0) n (KN/m2) (Ʈ) (KN/m2) 

Unexcavated 6 26 177.8 92.7 

Pit base 3 25 177.8 85.9 

7m 4 24 177.8 83.2 

10m 5 25 177.8 87.9 

15m 3 27 177.8 92.7 
 

 
 

Fig 6: Shear strength for Sample at Unexcavated point. 
Average shear strength: 92.7KN/m2 

 

 
 

Fig 7: Shear strength for Sample at pit base. 
Average shear strength: 85.9KN/m2 

 
 

Fig 8: Shear strength for Sample at 7m. 
Average shear strength: 83.2KN/m2 

 

 
 

Fig 9: Shear strength for Sample at 10m. 
Average shear strength: 87.9KN/m2 
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Fig 10: Shear strength for Sample at 15m. 
Average shear strength: 93.6KN/m2 

 

Slope Stability Analysis of the Pit Walls 

For a detailed slope analysis of the Nekede old road borrow 

pit walls, three moments were taken about three different 

centers of rotation O1, O2 and O3 of three arcs made over the 

slope of 20m depth to obtain three failure planes (Three 

slides). These arcs were made at 2m apart from each other 

and were separately divided into four slices where their 

heights (h), widths (b) and the angles of slope for each slice 

() were determined as shown in tables 6-8. 

The calculation of the factor of safeties (F) for the three slides 

shows a variation in the values of F (0.4, 0.5 and 1.2 ) with an 

average mean value of F as 0.7 as shown in table 9. With this 

average mean value of the factor of safety below 1.0 the 

walls of this pit were then deem to be unstable and highly 

susceptible to failure. 

 

 
 

Fig 11: Pattern of slices 

 
 

Fig 12: analysis of slices in slide 1 

 

 
 

Fig 13: analysis of slices in slide 2 
 

 
 

Fig 14: analysis of slices in slide 3 

 

Table 6: slices analysis table for slide 1. 
 

S. 

no 

Slice Height h 

(m) 

Slice width b 

(m) 
(0) 

Area of slice 

(m2) 

Slice weight W 

(kN/m2) 

Normal Component N 

(kN) 

Tangential component 

T (kN) 

1 4.8 5.0 74 24.0 456.0 125.6 438.3 

2 5.3 6.5 61 34.4 654.5 317.3 572.4 

3 4.4 6.9 49 30.3 576.8 378.4 435.3 

4 2.3 6.8 39 15.6 297.1 237.2 179.7 

      N = 1058.5 T =1625.7 

 

Where radius r for slide 1 is 40m, average angle of internal friction ∅ is 250 and the average cohesion C of the pit soils is 4 

kN/m2. 

Therefore factor of safe F is 𝐹 =
𝑐𝑟+𝑁 tan ∅

𝑇
 

𝑐𝑟 = 4 x 40 x 
58

180
x 𝜋 = 161.9kN 

𝑁 tan ∅ = 1058.5x tan25 = 493.5kN 

𝐹 =
161.9+493.5

1625.7
 = 0.4 
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Table 7: slices analysis table for slide 2. 
 

Slice 

no. 

Slice Height h 

(m) 

Slice width b 

(m) 
(0) 

Area of slice 

(m2) 

Slice weight W 

(kN/m2) 

Normal Component N 

(kN) 

Tangential component 

T (kN) 

1 8.5 7.7 55 66.4 1243.5 713.2 1018.6 

2 8.7 7.3 39 63.5 1206.6 937.7 759.3 

3 6.0 6.1 27 36.5 695.3 619.5 315.6 

4 2.1 5.8 17 12.1 231.4 221.3 67.6 

      N = 2491.7 T = 2161.1 
 

Where radius r for slide 2 is 28.4m, average angle of internal friction ∅ is 250 and the average cohesion C of the pit soils is 4 

kN/m2. 

Therefore factor of safe F is 𝐹 =
𝑐𝑟+𝑁 tan ∅

𝑇
 

𝑐𝑟 = 4 x 28.4 x 
61

180
x 𝜋 = 120.9kN 

𝑁 tan ∅ = 2491.7x tan25 = 1161.8kN 

𝐹 =
120.9+1161.8

2161.1
 = 0.5 

 

Table 8: slices analysis table for slide 3. 
 

Slice 

no. 

Slice Height h 

(m) 

Slice width b 

(m) 
(0) 

Area of slice 

(m2) 

Slice weight W 

(kN/m2) 

Normal Component N 

(kN) 

Tangential component 

T (kN) 

1 10.0 7.2 41 72.0 1368.0 1032.4 897.4 

2 11.8 6.6 24 77.8 1479.7 1351.7 601.8 

3 9.2 5.8 13 53.3 1013.8 987.8 228.0 

4 5.8 9.8 4 56.8 1079.9 1077.2 75.3 

      = 4449.1 T = 1803.2 
 

Where radius r for slide 3 is 26m, average angle of internal 

friction ∅ is 250 and the average cohesion C of the pit soils is 

4 kN/m2. 

Therefore factor of safe F is 
 

  𝐹 =
𝑐𝑟+𝑁 tan ∅

𝑇
 

𝑐𝑟 = 4 x 26 x 
65

180
x 𝜋 = 117.9kN 

𝑁 tan ∅ = 4449.1x tan25 = 2074.6kN 

𝐹 =
117.9+2074.6

1803.2
 = 1.2 

 
Table 9: mean of the factor of safeties 

 

Number of slides Factor of safety (F) 

Slide 1 0.4 

Slide 2 0.5 

Slide 3 1.2 

Mean 0.7 

  

The soils of Nekede old road borrow pits are predominantly 

sandy with low cohesion and completely non plastic. These 

natures of the soil contribute to a greater extent of the slope 

failures in the pit.  

The critical factor of safety of 0.7 as obtained from the slope 

analysis is a representative of the slopes of the pits and thus 

the pit walls were deemed to be unstable. This shows that 

under saturated condition the pit walls will collapse. The 

failure of the borrow pit walls are generally initiated by 

excavation depths exceeding 15 meters with steep slope 

angles. 

 

4. Conclusion and Recommendations 

The following recommendations were considered for this 

research; 

 Environmental Impact Assessment: Road contractors 

should present environmental impact assessment (EIA) of 

their road project for approval by the government 

authority prior to commencement of the project. The 

report should contain a comprehensive sustainable borrow 

pit reclamation programme before license to excavate will 

be granted for the pit operation. 

 EIA implementation: The government should exercise 

prudence when it comes to leasing out the land for borrow 

pit activities and also demarcate areas clearly and monitor 

excavation through a sustainable geoenvironmental board 

where stable depths and slope angles will be emphasized. 

 

5. Reclamation 

Once excavation is completed, the operator should seal off 

the pit to deter intruders and commence reclamation at once 

in the forms as follow; 

 

6. Agriculture 
Fish ponds; The borrow pits should be reconstructed to 

suitable dimensions as fish farms using the nworie river as 

source of water and sloped for easy draining and replacement 

of the water. 

Irrigated farm lands; As an alternative, the borrow pits should 

be graded to achieve a semi level farm land and ploughed 

where all season farming can take place using the nworie 

river as source of water. 

 

7. Engineering  

Engineering retaining walls with steel bars and reinforced 

concrete should be constructed. This system further stabilizes 

the pit slopes by providing added resistance against the 

sliding forces. Runoff should also be diverted away from the 

pit. Also removing soils from the head of the slope in order to 

reduce its height and slope inclination are other ways of 

decreasing the driving forces that causes slope failures then 

the area should be graded and landscaped to a semi level 

plane, and could be used as a public car parking lot. 
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