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Abstract: Landslides are present in all continents playing important role in the continual evolution of this type of or similar 

geohazard. They constitute a serious hazard in many areas of the world. The landslide event can be single or multiple. This 

paper involves the geotechnical analysis of landslide that occurred in Amuzukwu Abia State Nigeria. Amuzukwu landslide of 

about volume 3.5 x 104 m2 which was classified as rotational has a detached surface which is roughly circular and spoon-like. 

The paper also discussed the manifestation, causes and effect of landslide. For geotechnical analysis, samples were collected 

from the site of the landslide and subjected to the following soil tests: natural moisture content, specific gravity, relative 

density, Atterberg limits, sieve analysis, compaction, permeability, shear strength, and unit weight. Slopes adjacent to the slides 

that are still intact were also analyzed using Plaxis 2D to determine their factors of safety. Both the geotechnical laboratory 

results and Plaxis 2D results reveal that another landslide is inevitable if the conditions of the infinite slope is not improved 

using the methods recommended in this paper. Some of the methods recommended include cutting back of slope to reduce its 

gradient, reinforcement (using Reinforced concrete), soil nailing as well as anchors and retaining structures. 
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1. Introduction 

1.1. Background 

A landslide can be defined as the movement of rocks, 

detritus, or soil caused by the action of gravity [1]. It also 

involves rapid displacement of rock mass, residual soils, or 

sediments adjoining a slope [2-3]. According to [4], 

landslides are classified according to the type of movement 

(topples, slumps, sags, flow, slides, falls), material 

composition (silt, rock, unconsolidated sediments) and speed 

(slow, moderate, fast). Landslides are major categories of 

natural disaster that can lead to huge casualties and economic 

losses in the affected areas [5-6]. In United States, It causes 

an estimated $3.5 billion damages and 25 to 50 deaths 

annually [7]. Globally, between 2004 and 2010, 2620 fatal 

slides were recorded which resulted in 32,322 deaths [8]. 

Landslide is occasioned by terrain instability, and for this 

reason, it is important in geotechnical practice to analyze the 

stability of slope. Gravity would tend to flatten out slopes. 

However, the stability conditions may change due to 

temporal adjustments of equilibrium position or because of 

external perturbations. Water is one of the most contributing 

factors to instability. It decreases cohesion in soils and 

increases weight and pore water as well as the gravitational 

driving forces in slopes [4]. Seepage through slopes may be 

critical. High rate of seepage may trigger instability [9]. 

Landslides may be triggered by heavy storms, earthquake, 

volcanic eruption, geological factors, climatic change, and 

erosion by glacier or river and human activities [10-13]. 

Climate changes affects the stability of slopes, especially 

infinite slopes [14]. However, it is less clear the extent, 

magnitude and direction the climatic changes impact on 

slopes [15]. The most important cause of landslide can be 

linked to geology, failure generally occurs on weak planes in 

rock, including stratification, foliation, joints or faults and 
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poorly lithified rocks and non-lithified sediments are more 

susceptible to failure than lithified materials. Water also 

permeates joints, fractures and permeable strata elevating 

pore pressures to the threshold of collapse. In the case of 

human activities, erecting structures on top of unstable slope 

or excavating its base may initiate landslide, because it 

increases gravitational driving force on the slope [1]. 

The application of landslide prediction models has of late 

increased because reliable landslide risk maps with robust 

time prediction capability are needed for near perfect analysis 

of landslide [16-17], and many models have been used in 

analysis and prediction of the geohazard [18-24]. The major 

factor that controls the prediction capabilities of the model 

predictions is the detailed geotechnical properties of the 

constituent soil and rock (5,3). The understanding of the 

spatial distribution of the geotechnical and geological input 

parameters aids the application of models over vast areas [10, 

25-26]. That is why the geotechnical analysis of Amuzukwu 

landslide is needed since it is a prerequisite to the landslide 

prediction models and instrumentations. 

1.2. Study Area 

Amuzukwu is a suburb Umuahia North Local Government 

Area of Abia State. The gully erosion contributing mostly to 

the landslide passed tangentially through Amuzukwu – 

Mbom Road. It is geographically located within the 

coordinates N05°32′ and N05°41′ Latitude and E07°28′ and 

E07°32′ Longitude. Figure 1 shows the township map of 

Amuzukwu and neighbouring communities highlighting 

settlements and road networks [27]. 

 

Source: NEWMAP (2015) 

Figure 1. Map Showing Location of Amuzukwu in Umuahia North LGA. 

1.3. Climate 

Amuzukwu has a tropical weather. The average annual 

temperature in Amuzukwu is 27°C. The rainfall intensity of 

about 2135 mm is recorded annually which encourages gully 

erosion and landslide. The peak of the precipitation occurs 

between July and September. 

2. Properties and Features of the 

Landslide 

Amuzukwu landslide of about volume 3.5x104 m2 

occurred on 29th October 2019. The soil mass collapsed from 

the peak of a gully slope destroying a building and about 
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1120 m2 farmland. In the landslide which is classified as 

rotational, the detached surface is roughly circular and 

spoon-like. The circular shape was created by the falling 

mass which collapsed into a deep gully behind it. Figure 2 

shows the site of the slide and areas was analyzed for 

stability using Plaxis 8.6. The tension cracks in the soil 

shown in Figure 3 which is still existing indicates stability 

implying that another landslide is building up except if 

something is done urgently to mitigate the impending disaster 

that might be more severe.  

 

Figure 2. Landslide site at Amuzukwu. 

 

Figure 3. Cracks on the land adjacent to the landslide. 

3. Geotechnical Test Results and 

Discussion 

Samples were collected from 10 different points around 

the slope and subjected to the following test: natural moisture 

content, specific gravity, relative density, Atterberg limits, 

sieve analysis, compaction, permeability, shear strength, and 

unit weight. The ranges of each parameter tested are 

tabulated in Table 1. 

Table 1. Results of the technical test. 

Test Range of Values 

Natural moisture content (%) 8.9 – 12 

Specific gravity 2.50 - 2.55 

Relative density (%) 25 – 33 

Liquid limit (%) 32 -35 

Plastic limit (%) 20 – 25 

Plasticity index (%) 10 – 13 

% passing through sieve no. 200 48 – 52 

Compaction (kg/m3) 2100 – 2130 

OMC (%) 12.6 – 13.4 

Permeability (1 - 2) X 10-4 

Cohesion (kN/m2) 4 – 10 

Angle of internal friction (°) 17 – 18 

Unit weight (kN/m3) 16 – 19 

3.1. Specific Gravity 

Specific gravity is the ratio of mass of soil solids to the 

mass of an equal volume of water [28]. Typical values of 

specific gravity are given in Table 2. 

Table 2. Typical values of specific gravity (Bowles, 2012). 

Type of Soil Specific Gravity 

Sand 2.65 – 2.67 

Silty sand 2.67 – 2.70 

Inorganic clay 2.70 – 2.80 

Soil with mica/iron 2.75 – 3.00 

Organic soil 1.00 – 2.60 

According to [28], increased in specific gravity can 

increase the shear strength. The specific gravity obtained 

indicates that the soil contains a meaningful amount of 

inorganic soil encouraging instability of the soil. 

3.2. Relative Density 

This is an index that quantifies the degree of packing 

between the loosest and density possible state of coarse-

grained soils [29]. The description of soil based on relative 

density and porosity is given in Table 3. 

Table 3. Characteristics of soils based on relative density and porosity 

(Budhu, 2011). 

Relative Density (Dr) (%) Porosity n (%) Description 

0 – 20 100 – 80 Very loose 

20 – 40 80 – 60 Loose 

40 – 70 60 – 30 Medium dense or firm 

70 – 85 30 – 15 Dense 

85 – 100 45 Very dense 

The values of 73% and 32% obtain for the relative density 

and porosity respectively points to the fact that the soil is loose 

and prune to collapse on little agitation or external forces. 

3.3. Consistency Limits 

The consistency of a plastic soil is meaningful influences 

by the water content of soil. A gradual increase in moisture 

content causes the soil to change from the liquid state to a 

plastic state, from the plastic to a semi-solid state, and finally 

to the solid-state. 

The moisture content at which soil changes from semi-

solid to plastic state is known as plastic limit (PL) whereas 

the moisture content at which soil changes from plastic to a 

liquid state is known as liquid limit (LL). The plasticity index 

(PI) is given by; 

�� = �� − �� 

Table 4 indicates typical Atterberg limits for soil. 

Table 4. Typical Atterberg limits for soils. 

Soil Type LL% PL% PI 

Sand Non Plastic  

Silt 30 – 40 20 – 25 10 – 15 

Clay 40 – 150 25 – 50 15 – 100 
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The values of liquid limits, plastic limits and plasticity 

indices obtain shows that the soil mass is predominantly silt. 

This points the fact the soil lacks enough of plastic soil that 

ensures shear strength and stability. 

3.4. Compaction 

Soil compaction is the densification of soil through the 

expulsion of air using mechanical means. Soil compaction 

increases the unit weight shear strength and bearing capacity 

of soil. It reduces void ratio, permeability and settlements. 

The typical values of optimum moisture content (OMC) and 

maximum dry density (MDD) are given in table 5. 

Table 5. Type of soil standard proctor compaction. 

Material MDD (kg/m3) OMC 

Clayey soil 1555 28 

Silty soil 1670 21 

Sandy clay 1840 14 

Sand 1940 11 

Gravel, sand & clay 2070 9 

Source: O’Flaherty (2002, Highways: The location, design, construction and 

maintenance of pavements, 4th Edition. Burlington, MA: Butterworth-

Heinemann. 

Although, compaction results are used mostly in highway 

analysis. The results of MDD and OMC indicate that 

compaction can give the soils of the slope the needed 

stability. 

3.5. Permeability 

The ease with which water flows through a porous soil is 

referred to as permeability. The rate with which water can 

flow through soils is of interest to soil engineers because in 

their work they are sometimes required to use soils which 

inhibit the flow of water and are sometimes required to use 

soils which facilitate the flow of water [30]. The permeability 

of soils have a decisive effect on the stability of geotechnical 

structures, especially slope. According to [7], soils less than 

10-6 m/s are classified as imperious, those between 10-6 to 

10-4 cm/sec are classified as semi pervious, whereas those 

greater than 10-4 cm/sec are classified as pervious. The 

value of 2x10-4 cm/sec obtained is a little higher than the 

value stipulated as semi pervious. The soils of the slope can 

be classified as pervious. Though not very pervious, but it is 

pervious enough to encourage instability especially during 

long period of precipitation. 

3.6. Shear Strength 

Shear strength of a soil is its maximum interval resistance 

to applied shearing forces. It is the highest stress the soil can 

resist just before it fails. The shear strength parameters of 

soils are cohesion and frictional angle. The capability of a 

soil to support a loading from a structure, to sustain a slope is 

governed by its shear strength. The shear strength of soil of 

paramount in the design of foundations, dams, highway, 

lateral earth pressure problem and particularly stability of 

slopes and cuts [28]. 

According to [31], the friction angle is high for a sands 

than its cohesion and reverse is the case for clay. The low 

values of angle of internal friction (14 – 18) and cohesion (4 

– 10) kN/m2 indicates that the soil is predominantly silts. The 

result of shear strength not only revealed that the soil is 

permeable but also low in shear strength, and prone to 

instability. This instability can be worsened when saturated 

and at increase pore water pressure. 

4. Analysis of Slopes Adjacent to the 

Area of the Slide Using Plaxis 8.6 

Table 6. Strength properties of the slope. 

Properties Slope A Slope B 

Slope of virgin consolidation line 0.080 0.098 

Slope of swelling line 0.011 0.012 

Slope of critical state line 0.54 0.51 

Dry Unit weight (KN/m2) 16 16 

Saturated unit weight (KN/m2) 19 19 

Angle of internal friction (0) 18 17 

Cohesion (KN/m2) 4 10 

Angle of dilactancy (0) 45 51 

Void ratio 0.85 0.74 

Plaxis 2D was used to perform the numerical analysis 

for this study. A modified Cam Clay Model (CCM) which 

is a critical state based soil model was used to assesss the 

ability of the slopes. This soil model explains the 

following behaviours of soil: strength, dilatancy and 

critical state. The boundary condition of the slope was 

such that the full fixities were applied to the vertical axis 

and base of the model, but the top of the model or slope 

surface were not constrained. The zone of influence which 

is the zone beyond which the applied stress on the slope is 

negligible was considered before establishing the model 

domain size. The engineering properties used for the 

analysis were shown in Table 4. 

From the analysis done using Plaxis 8.6 as shown in 

Figures 4-7, the factors of safety for slopes A and B (see 

figure 2) are 0.7 and 0.9 which are far below the 

recommended value of 1.5. The result of the factor of safety 

obtained is not surprising as their strength properties 

especially cohesion is between 4 and 10 kN/m2. Another 

contributing factor is that their slope angles (450 and 510) are 

greater than their angle of internal friction (180 and 170) 

respectively. 

 

Figure 4. Slope A. 
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Figure 5. Slope A (Deformed Mesh). 

 

Figure 6. Slope B (Deformed Mesh). 

 

Figure 7. Slope B. 

5. Conclusion 

Preliminary reconnaissance reveals that the slope from 

which the landslide emanate was a mining excavation site for 

laterite before the 1960s, which was excessive. Typical with 

most construction works done in Nigeria, the miners failed to 

neither restore the land nor re-vegetate the area. This 

activities lead to the formation of the gully in the area that 

eventually led to the landslide. Vegetation should be used for 

slopes which are not steeper than 550. A hard surface 

stabilization such as shotcrete should be used for steeper 

slopes. However, suitable landscape measures such as 

masonry fencing and planer holes construction on the slope 

surface for planting should be taken to encourage esthetics. 

The slopes should be reduced so that the angle of 

inclination should be at least less than or close to the angle of 

internal friction where possible. In doing this, the existing 

vegetation especially trees and shrubs should also be 

preserved where possible [32-33]. Slope stability engineering 

works such as cutting back of slope to reduce its gradient, 

reinforcement (using Reinforced concrete), soil nailing as 

well as anchors, retaining structures is highly recommended. 

Berm should be provided below the toe of the slope to 

resist movement owing to the possibility of base failure. 

Enhancing the drainage system is also necessary to reduce 

seepage forces and the accompanying instability due to pore 

water pressure. Consolidation by surcharging, electro-

osmosis, concrete column, vibroreplacement and terra-probe 

will enhance stability. 
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