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Abstract

This studyexamined the effects of Geotechnical djes on the development of gully
erosion in Auchi Metropolis of Edo State, Nigerico$ samples were collected from
the gully site of the study area using disturbedngaling method and were taken to
Geotechnical Laboratory of Civil Engineering Depantent,University of Beninfor
various tests.The tests,which includedspecific gtav particle size distribution,
Atterberg limit, compaction and permeability,werarcied out in accordance with the
British Standard (BS) Method of testing Soil for @l Engineering Purposes, BS
1377.The results of the specific gravity of thelsait the gully erosion siterange from
2.56 to 2.72, while that of percentage sieve sie8.075mm and 1.18mm range from
5.18% to 26.58% and 95% to 99.84% respectively. dbefficient of Uniformity (GQ)
and Coefficient of Curvature (g were 2.83 and 0.039 respectively. The Optimum
Moisture Content(OMC) ranges from 9.60% to 14% wdhithe values of Maximum
Dry Density (MDD) were betweenl.58% to 1.99%. Thessults indicate the
abundance of coarse particles in the study area.eT$pils are predominantly sandy
with a mixture of coarse to fine grains, non-plastipoorly graded, high porosity, very
susceptible to soil erosion, highly erodible by esaterosion. These results are in
conformity with the results of other researchers oglated subject matters.
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1.0 Introduction

One of the major causes of land degradation in mdEn areas in Edo state of Nigeria is Gully enodi]. Soil erosion, the

detachment and transportation of soil by naturanég such as gravity, ice mass, running water and,vis classified as
sheet, rill and gully erosion.Gully erosion hasamted a growing interest because of its devasgtatffect on man and
properties worldwide[2].Gullies have three —dimensil nature affected by a variety of processes agcdurface hydrology,
soil, topography and land use. These processasaadly the main sources of sedimentation [3].

Several soil erosion studies have suggested thatrder of factors contribute to gully erosion, irdihg rainfall energy, the
resistance to erosion offered by the ground surdackthe way in which ground cover and terrain ati@ristics affect runoff

and soil erodibility [4]. Many national and intetimmal research projects have focused on the imspaictlimatic and land

use changes on rates of soil erosion by water.[3;&lwever, over the last decades, most reseamindewith soil erosion

by water has mainly focused on sheet and rill eroprocesses [5].Researchers in Nigeria have hsarsthat gully erosion

represent one of the most soil degradation praceN#geria as it causes considerable soil lossmoduces large volume of
sediment [1].Gullying, which is rapidly developiig many areas in Nigeria due to urbanization awmilization, has been

identified mostly in terrain covered by friable anighly erodible soil deposits [7].

The contents of soils have significant effect orl soodibility. The properties of soils play impartt roles on soil

erosion.The textural properties of soils, sedimeamd sedimentary rocks are among the defining elesnef a sensitive

ecosystem, which undergoes rapid degradationsjporese to surface runoff and human disruption. ®strdction caused by
gully erosion is influenced by the geotechnicalpamies of the soil. There is need for appropriite investigation for a
good understanding of the soil properties andtiength stability which differs from one locatiom another[8]. Areas with

high-intensity precipitation, more frequent raihfahore wind, or more storms are expected to haseerarosion. Sediments
with high sand or silt contents and areas withpstdepes erode more easily, as do areas with hightyured or weathered
rock. Porosity and permeability of the sedimenkraffect the speed with which the water can petealato the ground. If

the water moves underground, less run-offs is gaedy reducing the amount of surface erosion. Satticontaining more
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clay tends to erode less than those with sandtd®si0].

The aim of this study is to assess the effect aft@hnical engineering properties on the developmgully erosion in the
study area. The objectives of the study includeattguisition of soil samples of the gully erosidte,sanalysis of the soil
samples in the laboratory and evaluation of theegdmical engineering properties which contribatéhe development of
gully erosion in the study area.

2.0  Theoretical Analysis

2.1 Gully Erosion in Nigeria

Gullying is one of the most important erosion pses which largely contribute to the sculpturinghef earth’s surface. The
development of gullies has many negative impactsrm@mally involves the loss of lives and (in seeases) the deposition
of a great amount of soil [11]. Gully erosion isspensible for the widespread destruction of trartspion and
communication systems, degradation of arable leodtamination of water supply, isolation of settémts and migration of
communities.It has also led to famine as a reduitnavailability of farming land or infertility ofarming land due to the
washing away of the nutritious top soil[8].

The three major environmental problems facing N&gespecially in the eastern part of the counteysmil degradation and
loss, coastal erosion and gully erosion. Gully iemoshas been long neglected because it is diffibultstudy and to
predict[12]. Gully processes have a three-dimerdimature affected by a wide array of factors anstg@sses. Although
gully erosion is commonly triggered or accelerdigdand use change and extreme climatic eventtahaesults also from a
long antecedent history that cannot be overlookbdnwattempting to understand spatial erosion pesfeB]. In different
parts of Nigeria, gully erosion has attained a dargnd a devastating dimension which has attratttedWorld-Bank
attention. Moreover, many gullies grow rapidly #rde dimensions making effective control difficolt prohibitively
expensive[7, 14].

2.2 Soil and its Effects on Gully Erosion Site

The geotechnical properties of soil, generally,ofsutmost concern to engineers that are engagethdandesign and
construction of engineering structures such asviaghpavement, foundations, buildings, embankmebigge abutment,
earth dams, etc[15].Several Researchers have eepthrat the type of soil has a significant effeattbe erodibility of a
particular site or location[9, 16].Simple geotedahitests such as degradation analysis and s@iédi®n rate provide an
indication of the susceptibility of the earth méky to gully erosion as well as the directionfwé gully enlargement[8].
Texture of a soil is the visual appearance of alsmsed on the qualitative composition of grairesiim a given soil mass.
Grain size of a soil refers to the diameter of $bé particles making up the soil. Soil texturepedally of coarse-grained
soils, has some relation to their engineering bighay For fine-grained soils, the presence of watmerally affects their
Engineering responses, much more than grain sizexture alone. Water affects the interaction betwie mineral grains,
which may affect the plasticity and their cohese®n[16, 17].

The two types of vital information that are obtalrfeom particle size distribution curve are thegarof grain sizes in the
soil and the gradation of the soll, i.e. the mannewhich the size variationsoccur in the soil. Tdrain size distribution
curve of a well-graded or non- uniform soil covermoothly a wide range of the sizes, while that gfoarly graded or
uniform soil contains only a few grain sizes. Askir gap graded soil is that soil whose curve mmletely lacking grains in
intermediate sizes. The two numerical indices lheritlentification of the gradation of a soilare toefficient of uniformity
(Cyand the coefficient of curvature §18]. These are mathematically expressed as:

C, =¢2 ()
where;
Dgo - the soil diameter on particle size at which 6@géght of the soil weight is finer than,
Dyo - the soil diameter on particle size at which 1@&éght of the soil weight is finer than,
sometimes termed “effective size”.

— D%
CC ~ DePro ©
where;
D4, - the particle size at which 30% weight of thd saight is finer
A soil is well graded if the Cis close to unity (1.0). If the & much less or much greater than unity, the sojpaorly
graded. @nmust be between 1 and 3 in order to avoid gap gddis].

2.3 Runoff and Soil Erodibility
Rainfall is the primary source of runoff. Run-offinbe influenced by a number of factors includitigatic and
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physiographic factors.The climatic factors inclugpe of precipitation, rainfall intensity, durati@md distribution and other
climatic factors which include temperature, windoedy, relative humidity, annual rainfall, etc.Ptiggraphic factors
include size, shape, slope and orientation of whtmt, land use, soil moisture content and soil ,typpographic
characteristics and drainage density [19].

2.3.1 Surface Runoff

Runoff is the portion of rainfall or any other flomhich makes its way toward river, stream or océéren the velocity of
surface runoff exceeds the critical limit at whietternal forces of flow in terms of energy are tgethan the internal forces
expressed by the soil cohesion, the washing of snilicle by flow commences. The critical velocd§ surface flow is
defined as the highest water velocity at which waghof soil particles does not yet take place [ZDhe equation for
describing the intensity of gullyingis given in[24$:

Ig=0.2x10"*d.A /? ©)

where;

Ig = Intensity of gullying

d = Mean diameter of soil particles

A = Area of transverse section of water flow

V, =Initial water velocity

V. Extreme velocity of water flow

The water velocity at the top of gully depends lum ¢atchment area above this point and the lerfgihllying.
TheLength of gully = (L- X) (4)
where;

L — distance of the gully bottom

X- Point of beginning of the gully

The shorter the value of X, the smaller will be #nea and growth intensity of the gully.

The depth of gully in time (t) can be predictednirthe following equation:

h = h() ®)

where;

hds the depth of gully in time t

h is the expected depth of gully stabilization.

tis the time (period) of gullying

T is period of gully stabilization

T can be determined by using the equation:

T = ﬂ\/m
0.2d A Vi

where;

The value of Y is determined as thecritical water velocity fooding the upper layer of soil.

The most commonly used equation fari¥ that given in[22]as:

V= 3.13/14d + 0.006 (")

The critical water velocity is associated with theistance of earth and rocks to gullying.

Gully density is usually not greater than 1Gkmatershed area and the surface area covered bgsgibes not exceed 15%

of the total surface area of the watershed. Whegetlvalues are exceeded, then linear erosion chamgepolymorphous

erosion, in which the land surface is substantiatigre divided and dissected; in such cases, idftaesosion and land

landslides occur simultaneously[20].

(6)

2.4  Soil Erodibility

Erodibilityis the vulnerability of soil to erosiorit is a function of physical characteristics ofl sand land management
practices. The physical characteristics of soitduide soil texture, structures, organic contentdlase pattern, etc [7].With
regards to the role of soil texture on erodibilityis observed that larger particles are resistaritansport because greater
force is required in transporting them. On the othand, finer particles are resistant to detachmbetause of their
cohesiveness.

The least resistant soil particles are silts and fiand. Soils composed of high silt content asdyearodible. Soil erodibility
decreases linearly with increase in organic contariging from 0-10% [23]. The physical propert@ssoils play an
important role on soil erosion. The effects of pbgkproperties of the soils should therefore becigely evaluated to
determine their erodibility. Soil erodibility depds on mechanical composition of soils such as ssiidand clay[20, 24].
Erodibility (E) is expressed in [20, 24] as:
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E = %sand +%silt (8)

% clay
The equation for the relationship between soil #itity, non — erodible particles content, moistwentent of soils and wind
velocity of the soil surface is;
E =22.02—0.72p — 1.69V + 2.64R 9)
where;
E - Soil Erodibility
P - Non-erodible particles Content
V - Relative Moisture Content
V=Vv,-V, (10)
where,
V= Instantaneous Moisture Content
V,, = Bound Moisture Content
The index of soil erodibility for water erosion leal surface aggregation ratio is developed in [5]a

E, = surfaceareaofparticles>0.5mmdiameter (11)
= % silt+%clayindispersedsoil—% silt4%clayinundisturbedsoils

where;
E,—Index of soil erodibility

3.0 Research Methodology

3.1 The Study Area and the Gully Erosion Site

The study area (Auchi) is located in Etsako Wesallgovernment area of Edo State, Nigeria. Ittiesveen latitude 04’
09” — 7°04’ 14”N and longitude 615’ 26”- 6° 15'31"E in Edo State. The terrain of the gullyosion site is relatively
sloppy.It slopes from both the Warake road axis #wedHospital road axis of Auchi town. The satelimagery showing
Auchi gully erosion site is presented in Fig.1. Phetographic images showing Auchi Gully eroside sif the study area is

presented in Fig. 2.
o ; e

B 2005

Fig.1: Satellite Imagery showing Auchi Gully Erosion Sﬁ&)urc: G

oogle Map)

Journal of the Nigerian Association of Mathematic&hysics Volume 35, (May, 2016), 347 — 354
350



Evaluation of Geotechnica...

Audu, Izilein and Ehiorobd of NAMP

Fig. 2: Photographic images of Auchi Gully Erosion

3.2 Materials and Methods

The soil samples were collected from the gully tsarike gully bed and around the gully in the stadga using disturbe
sampling method and carefully stored in cellophbags.The soil samples were taken from boreholeéweémty four (24,
different locations around the gully sifEhe soil samples were transported to Geotechniogirieering Laboratory of Civ
Engineering Department, University of Benin, Be@ity for several test

The soil samples were spread to air dry for fivgsdand the laborary tests performed on them. The laboratory testschv
includedspecific gravity, particle size distributjoAtterberg limit, compaction, permeability, Califia Bearing Ratis
(CBR), and Shear box test for bearing capacityhefdoils, were carried accordance with the specification of the Bri
Standard (BS ) method of testing for Soil for Ciilgineering PurposeBS 1377 [26].

The particle size Analysis and hydrometer (Sediatéon) tests were carried out in order to deterntime percentag
guantity of individual grain sizes as they occuriparticular soil layer in the study area.TheiBmitStandard Sieves (! -
Sieves) were used on the mechanical sieve shalseptirate the grains into their various sizes. dnese then weighed a
their percentage weights calculated.The hydrometeich measures the specific gravity of the soilspgmsions at the cen
of its bulbs, was used to determine the particte siistribution of the soils.The Consistency(Attefkmits test carriecout
in this study included: Liquid limit (LL), Plasticiinit (PL), Plastic Index (P1).The Compaction teshich was performed
ascertain the optimum moisture content of the sanhples and their maximum dry densities, were edmut in accordanc
with the laid out procedures in BS 1377[. The Permeability test, whichwas conducted by condtaad permeameter
determine the rate of flow through attached c-sectional area under a unit hydraulic gradient, alas carried out i
accordance with laidut procedures in BS 1377 [.. The Coefficient of Uniformity () and Coefficient of Curvatur
(C)for the study areawere computed using equationar(d (2) respectivel

4.0 Results and Discussion

The summary of the analyses of some of the (chnical Properties of the soils at the Gully ernssde of the study area
presented in Table The Atterberg limits for Borehole 2 (E;)and Borehole 4 (BiJare shown in Figs.3and 4 respectivi
Table 1: Summary of the Analyses of some GeotechrEngineering Properties of the Soils at Auchi Gahpsion Sit

Description of Properties| Minimum | Maximum Mean
Sieve analysis

% passing sieve 1.18 95.56 99.84 97.70
%passing sieve 0.075 5.18 26.57 15.87
Specific Gravity 2.56 2.72 2.64
Atterberg Limit:

Liquid Limit (%) 18.56 23.52 21.04
Compaction

MDD (g/cn?) 1.58 1.99 1.78
OMC (%) 9.60 14.0 11.80
Permeability

K (m/sec) 1.59x10° 2.19x10° 1.89x10°
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Fig. 3: Atterberg limit for Borehole 2 (B}) Fig. 4: Atterberg limit for Borehole 4 (Bkj

a) The specific gravity and the sieve analysis tie soil

The results of thepecific gravity of the soils in the different boreholes at the geltosion site, which are shown in Table 1,
range from 2.56 to 2.72 and with a mean of 2.56s Tifdicates the abundance of coarse particlebénstudy area. The
results for percentage sieve sizes of 0.075mm al@inim, presented in Table 1, range from 5.18% t68% and 95% to
99.84% respectively. Based on the Unified SoilsSification System (USCS) [27], the soil is classifas coarse —grained
material. The results of theeve analysishave shown that the soil is predominantly sandy w&imixture of coarse to fine
grains. This indicates that the soils in the stadsa are not well graded and are very susceptbéeit erosion. There is a
strong correlation between gully growth rate argpdrsion. Once the gully has been formed, its drasvtontrolled by the
grain size.

From the soil tests results, the coefficient of fomity (C,) and Coefficient of Curvature (§; the two numerical indices
that aid in better understanding of the gradatibthe soil for the study area, were 2.83 and 0.@&pectively. For a well
graded soil, Cu should exceed 6 while Cc is betwieand 3 [18, 28]. The Coefficient of Curvaturdess than 1.0, and the
coefficient of uniformity is less than 6. The olokd results of Cu and Cc for the study area indittat the soils within the
gully erosion area are poorly graded.

b) Compactionnt The Optimum Moisture Content(OMC) of the studgaaranges from 9.60% to 14%, and these results gave
a further indication that the soils are sandy witites of silt. Such soils are therefore highlydéste by water erosion. The
values of Maximum Dry Density (MDD) were betweeb8% to 1.99%, and an average of 1.78%. This ineécaery loose
sand. Sandy soils are less pervious, less stablenastly affected by water. Dry sand does notlakkibhesion (does not
hold together). The results have shown that this goithe study area are characterized by high santent and low fines;
low to moderate dry density; high porosity and éviity. These results are in conformity with thiesults of some
researchers on related subject matter that sedico@tdining sand or silt tends to erode more thaséd with clay [9, 10,16].
Steep slopes with high sandy or silty soils areensmsceptible to high erodility[9].

c) Atterberg limit test: The Consistency limit test, a measure of thexnu®perties of the soil and its resistance to fetw
the gully site, shows that the Liquid Limit (LL) @nhe Plastic index (Pl) for Borehole 2 and Borehélare 20.12% and
22.49% respectively(Table 1, Fig.3 and Fig.4). Témults of the Atterberg limit test have showrt tthe soils at the gully
erosion siteare non plastic or have low plasticity.

d) Permeability test: The results of the Permeability test for the sailghe study area(shown in Table 1), range from
1.59x10° m/sec to 2.19x10 m/sec and the mean is 1.89%10n/sec.The sandy soil in the study area will eigree a
decrease in permeability [a soil property thatdatis the ease with which water will flow througk soils [29], and affects
the speed with which the water can percolate imoground] as it become finer and more uniform.id=s its stability will
reduce in the presence of water. These resultcalsiirm the report of other researchers[9, 10, 16]

5.0 Conclusion

In this study,the effects of soil and its geotechhproperties on the development of gully erosiamigully site have been
evaluated. It has shown the significance of appatginvestigation of the gully erosion site fobetter understanding of the
soil properties and its strength stability whichiiea from one location to another. As regardsstioey area (Auchi), whose
terrain is relatively sloppy, the results of thetteshow that the soils in the study area (Auchd) @hesionless, not
compacted, and non-plastic, hence the menace &f gubsion is influenced by geo-pedologic and hiay factors.
Furthermore, the soils are characterized by higk santent and low fines; low to moderate dry digreand high porosity
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and erodibility.Consequently, the rate of developttenlargement of width and depth,etc) of the gellgsion in the study
area is rapid thereby claiming more lands, infredtire inter alia.
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