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Abstract 

This thesis presents investigation of backslope failure in Asco 40-60 condominium ongoing 

construction specific area called old brick factory.  

By visiting and observing the slope frequently it has been observed that the failure occurred during 

rainy seasons, so to know the parameters during this time back slope analysis of using different 

slice methods by successive iteration are used to estimate the angle of internal friction of soil 

during rainy season. 

Three methods of analysis (modified Fellenius, simplified Bishop, Janbu simplified in actual 

failure surface and Janbu simplified by assuming the failure is circular) have been used to estimate 

the shear strength parameters. From these analysis the result obtained by simplified Bishop Method 

(Ø´ =7.20º) is used for designing remedial measures, or during failure angle of soil friction was (Ø 

´ =7.20º). Finally the study led to the conclusion that the landslides in this particular area are 

triggered by rising ground water table in the rainy season and surcharge load (vehicles).The rising 

of ground water table is due to infiltration of surface runoff. Therefore, controlling of the 

infiltration processes and surcharge load using different remedial technique can minimize the 

sliding problem. 
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1. INTRODUCTION  

  1.1 General  

A slope is an unsupported, inclined surface of a soil mass. It can be natural or man-made. It may 

be above ground level as embankments or below ground level as cuttings. Earth slopes are formed 

for railway embankments, earth dams, canal banks, levees, and at many other locations. Instability 

related issues in engineered as well as natural slopes are common challenges to both researchers 

and professionals. Instability may result due to rainfall, increase in groundwater table and change 

in stress conditions. Similarly, natural slopes that have been stable for many years may suddenly 

fail due to changes in geometry, external forces and loss of shear strength. 

Evaluating the stability of slopes in soil is an important, interesting, and challenging aspect of civil 

engineering.  Slope instability is a geo-dynamic process that naturally shapes up the geo-

morphology of the earth. However, they are major concerns that when those unstable slopes would 

have an effect on the safety of people and property. The hilly and mountainous terrain of highlands 

of Ethiopia are frequently affected by rainfall induced landslides of different types and sizes. The 

major types of landslides reported to have been triggered by heavy rain falls include debris or 

earth flows and medium to large scale rock slides. Review of previous studies revealed that 

landslides hazarded have been causing loss of human lives, failure of engineering structures 

damage on agricultural lands and on the natural environment. 

Ethiopia is currently undertaking massive infrastructural development (including roads and 

railway), urban development & extensive natural resources management. In this whole socio-

economic development, landslides and landslides generated ground failure need to be given 

attention in order to reduce losses from such hazards and create safe geo-environment. 

Throughout history natural hazards have caused a heavy toll and destruction, impacted the 

environment and disrupted development in many countries.  

 Natural processes influence how structural and other development occurs, the 

suitability of location for development of their design and cost are related to the effected 

of natural processes and conditions.  

 Structure development can alter natural processes creating changes that may be 

undesirable.  Example changes in stable soil mass due to road cut may result soil 

unstable. 
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1.2 Location of the study area  

The project site is located in Addis Ababa, Kolfe-Keraniyo sub city, Specifically in Asco area 

around old brick factory. The co-ordinates and elevation of the exploratory boreholes measured 

using Total Station and handheld GPS are tabulated as follows (Table 1.1). 

 

   Fig: 1.1 Map of Addis Ababa 

 

 

   Fig: 1.2 Map of Kolfe Keraniyo and study area (Asco) 
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Fig: 1.3 Topographical view of Asco 40-60 ongoing condominium area (around old brick 
factory) 

 

 

              Fig: 1.4 Topographical view of borehole locations 
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  Fig: 1.5 Photo view of failure section of road due to back slope failure. 

                    Table 1.1 Co-ordinates of Boreholes (from layout) 

Borehole ID Easting Northing 

  
  
B
H 
  

9-1 467342.6286   1000926.3859 

9-2 467363.3142   1000907.5621 
9-3 467333.5349   1000891.8679 

9-4 467314.2566   1000915.9413 
 

  1.3 Climate  

According to the hold ridge life zones system of bioclimatic classification, Addis Ababa (the study 

area) is situated in or near the subtropical moist forest biome. The average annual temperature is 

15.9 degrees Celsius (60.7 degrees Fahrenheit). Average monthly temperatures vary by 3 °C 

(5.4°F). This indicates that the continentally type is hyper oceanic, subtype truly hyper oceanic. 

During summer average high temperatures are 21°C (69.8°F) and average low temperatures are 

10°C (50°F).  

The monthly average temperature °c (°F) and annual temperature are shown in Table 1.2. 

Table 1.2 monthly average temperature °c (°F) and annual temperature (National   Metrological Service 

Agency, 2014) 

Month Jan  Feb  Mar Apr  May Jun Jul Aug  Sep  Oct Nov Dec  Annual 

Average 
Temperatur
e  

°C 15  16  18  18  18  17  15  15  16  15  15  15  16  

( °F) (59) (61) (64) (64) (64) (62) (59) (59) (60) (59) (59) (59) (61) 

  

Kolfe 
Keraniyo 

http://www.addis-ababa.climatemps.com/january.php
http://www.addis-ababa.climatemps.com/february.php
http://www.addis-ababa.climatemps.com/march.php
http://www.addis-ababa.climatemps.com/april.php
http://www.addis-ababa.climatemps.com/may.php
http://www.addis-ababa.climatemps.com/june.php
http://www.addis-ababa.climatemps.com/july.php
http://www.addis-ababa.climatemps.com/august.php
http://www.addis-ababa.climatemps.com/september.php
http://www.addis-ababa.climatemps.com/october.php
http://www.addis-ababa.climatemps.com/november.php
http://www.addis-ababa.climatemps.com/december.php
http://www.addis-ababa.climatemps.com/temperatures.php
http://www.addis-ababa.climatemps.com/temperatures.php
http://www.addis-ababa.climatemps.com/temperatures.php
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Total annual Precipitation averages 1089 mm which is equivalent to 1089 Liters/m².  

The Average monthly and annual rainfalls and number of wet days is shown in the following 

Table1.3.  

    Table 1.3 Average monthly and annual rainfalls mm and number of wet days  

Month Jan  Feb  Mar Apr  May Jun Jul Aug  Sep  Oct  Nov Dec  

Annu
al 

Precip
itation 

Mm 20  32 80 96 56  112 245 269 117 40 9 13 1089 

(Inch) (1) (1) (3) (4) (2) (4) (10) (11) (5) (2) (0) (1) (43) 

Number of 
Wet Days 

4 
(13%) 

5 
(18%) 

10 
(32%) 

13 
(43%) 

9 
(29%) 

19 
(63%) 

28 
(90%) 

28 
(90%) 

23 
(77%) 

5 
(16%) 

2 
(7%) 

2 
(6%) 

 148 
(40%) 

 

  1.4 Seismicity of the study area 

The project traverses area of the country defined the site as Zone 2 according to recent arguments. 

For all design of structures at the substation are within Zone 2. Zone 2 with a ground acceleration 

less than 0.07*g is considered as low seismicity zones. The methods of assessing likely earthquake 

intensity and frequency at this project site as in any given site are complex, requiring reasonable 

judgment and collection of geological and seismic data. 

Due to this complexity for the structures with lesser magnitude, the tendency is to rely upon 

seismic risk maps. The maps are often published in national or state building codes, which 

recommend the engineering precaution to be taken in each rank of hazard in the map. 

Basic information has been taken from Ethiopian Building Code of Standard EBCS 8-1995. 

Ethiopia is divided into zones of approximately equal seismic risks based on the known 

distribution of past damaging earthquakes. By definition, the hazard within each zone can be 

assumed to be constant (Refer Table 1.4 below).  

From the seismic hazard map of Ethiopia, the project site falls under zone 2 with a corresponding 

of no major hazardous zone. This map is based on the amplitudes to be expected during 100 years 

return period. Zone 2 with a ground acceleration less than 0.07*g are considered as low seismicity 

zones, for which reduced or simplified seismic design procedures for certain types or categories 

of structures may be used. The parameter (o), the ratio of the bedrock acceleration to the 

acceleration of gravity depends on the seismic zone (see the Table 1.4 below).  

http://www.addis-ababa.climatemps.com/january.php
http://www.addis-ababa.climatemps.com/february.php
http://www.addis-ababa.climatemps.com/march.php
http://www.addis-ababa.climatemps.com/april.php
http://www.addis-ababa.climatemps.com/may.php
http://www.addis-ababa.climatemps.com/june.php
http://www.addis-ababa.climatemps.com/july.php
http://www.addis-ababa.climatemps.com/august.php
http://www.addis-ababa.climatemps.com/september.php
http://www.addis-ababa.climatemps.com/october.php
http://www.addis-ababa.climatemps.com/november.php
http://www.addis-ababa.climatemps.com/december.php
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             Table 1.4 Bedrock acceleration ratio (o) 

Zone 4 3 2 1 

o 0.10 0.07 0.05 0.03 

        Fig 1.6 Seismic Hazard Map of Ethiopia Project Location 

   1.5 Site geology  

In the study area [BH 9-1] contains from 0.0 to 0.6m backfilled with light gray, dense, sandysilt 

with significant amount of gravel. From o.6 to 2.5m back filled with yellow, soft medium plastic 

silty clay mixed with insitu high plastic, red clay. From 2.5 to 5.45m red to dark brown, soft to 

medium stiff, high to medium plastic, clay silt. From 5.45 to 17.95m light brown with white 

molted ash, dense to very dense, sandy silt. 

[BH 9-2] contains 0 to 2.8m dark brown to gray, stiff to medium stiff, high to medium plastic 

clay(silty clay).from 2.8 to 8.10m low to medium plastic sandy silt(silty clay) derived from highly 

weather rock. From 8.1 to 20m light gray, dense to very dense, low to medium plastic sand clay 

(sandy silt) derived from highly weathered rock.  
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1.6 Geotechnical characteristics of sub-surface layers 

 1.6.1 Description of Geotechnical Layers  

Descriptive analysis is made on the soil layers identified from the boreholes sunk. Visual 

description of core sample, in-situ tests and laboratory test results of representative sample reveal 

the occurrence of the following geotechnical layers. Details on type and extent of the geotechnical 

layers are given in chapter three. 

 1.6.1.1 Backfill Material  

Backfilled material ranging from 0.35 to 1.5m thick are crashed brick stone mixed with in-situ 

high plastic clayey silt covers the top part of half the study area. The remaining part of the project 

area is covered by a thick unconsolidated fill which is highly compressible.  

  1.6.1.2 Red to red smeared light gray 

Red to red smeared light gray, medium stiff to very stiff, medium to high plastic, clayey silt/silty 

clay with occasional to significant amount of sand and gravel layer is encountered following the 

upper layer in all the boreholes. This soil layer extends to the maximum depth drilled with many 

interactions from different layers with variegated colors and geologic descriptions. 

To mention another dominant layer encountered, brown with purplish and yellowish molt, 

medium stiff to hard, medium to high plastic clayey silt/silty clay/clayey sand with occasional to 

significant amount of gravel to boulder sizes materials derived from weathered product of Tuff or 

unconsolidated Tuff layer. 
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   Fig: 1.7 Photo view of Slope failures/site geology/ 

1.6.2 Ground water observation 

During the course of drilling ground water was encountered in borehole one and borehole two at 

6.0m depth. Variation in the location of the long-term water table may occur as a result of changes 

in precipitation, evaporation, seepage and other factors not immediately apparent at the time of 

this exploration.  

1.7 Back ground of the problem  

Road construction in Winget to Asco specific location old brick factory (ongoing 40-60 

condominium) is largely determined by geological and geotechnical factors. The study area is 

characterized by flat to gentle slops but previously the study area was a brick factory and to back 

fill the excavated material for this brick purpose the soil was backfilled to a considerable depth as 

mentioned in existing site condition above. Due to this geological formation and the weak nature 

of the backfill material make the soil unstable during rainy season.  

It should be noted that road constriction in these areas face numerous problems and the cause of 

the problems are not investigated in depth. The road constriction in Winget to Asco (Special area 

Asco old brick factory) fails before their expected design life in some causes after few months of 

completion. The aim of this study is to investigate the causes of back slope failure of roads 

constructed in Asco (Special area Asco old brick factory).  



                                                         Masters theses on investigation of back slope failure in Asco /2015/ 

  9 
 

Proper understanding of the causes of failure of roads can lead to proper remedial measures, 

designing methods and construction methods of roads appropriate for the area. This in turn will 

of the country at large by reducing the maintenance & vehicle running costs. 

 1.8 Objectives  

The objective of this research work is to investigate the causes of landslides in Asco to Winget 

road. 

 1.8.1 Specific objectives  

 To give remedial measures for those which have already failed and the other nearby 

slope. 

 To quantify the soil parameters of failed slope in the area during failure. 

 To reduce damage from this hazard and create safe geo-environment.  

The research attempt to study the causes of failure by considering both geological and 

geotechnical aspects. Appropriate field and laboratory tests taken from EDGE consulting 

enterprise ongoing condominium project.  

1.9 Research methodology 

Many different methods for slope stability have been developed over the years. From those 

methods, modified Fellenius, simplified Bishop, and simplified Janbu method has been presented. 

The following methods also used to achieve the objective of the research.  

 Relevant literature review to understand the concept of slope stability analysis 

to perform these thesis.  

 Desk review of research papers, publications and journals.  

1.10 Organization of the thesis 

The thesis is composed of five chapters.  The first Chapter is general introduction to the land slide 

of the study area, seismicity of the study area, site geology, and back ground of the problem. The 

second Chapter covers discussion on causes of slope failure and classification of slope failure in 

the study area. The third Chapter deals with site observation, laboratory and field test results 

adopted from the ongoing 40-60 saving house. The fourth chapter deals with method of analysis 

and discussion of the results which were gathered from field and laboratory tests and determine 
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the shear parameters of slip surface during failure using back analysis. Finally conclusions and 

recommendation are made in the fifth Chapter. 
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2. LITERATURE REVIEW 

2.1 General   

Slope failure occurs when the downward movements of material due to gravity and shear stresses 

exceeds the shear strength. Therefore, factors that tend to increase the shear stresses or decrease 

the shear strength increase the chances of failure of a slope. Different processes can lead to 

reduction in the shear strengths of soil or rock mass. Increased pore pressure, cracking, swelling, 

decomposition of clayey rock fills, creep under sustained loads, leaching, strain softening, 

weathering and cyclic loading are common factors that decrease the shear strength of rock mass. 

In contrast to this the shear stress in rock mass may increase due to additional loads at the top of 

the slope and increase in water pressure in cracks at the top of the slope, increase in soil weight 

due to increased water content, excavation at the bottom of the slope and seismic effects. In 

addition to these reasons factor contributing in failure of slope are properties of rock mass, (slope 

geometry), state of stress, temperature and erosion.  

2.2 Causes of Slopes Failure (V.N.S. Murthy- 2002) 

The important factors that cause instability in slope and lead to failure are (1) Gravitational force.  

(2) Force  due  to  seepage  of  water  (3)  Erosion  of  the  surface  of  slope  due  to  flowing  

water  (4)  The  sudden lowering of water adjacent to the slope and (5) Forces due to earthquakes. 

Different types of slope failures are rotational Failure, slope circle failure, toe circle failure, base 

circle failure, translational failure, compound failure, wedge failure.  

2.2.1 Gravitational force  

Gravity acts on all objects on Earth’s surface. Gravity can be divided into two components for 

objects resting on sloping surfaces (Fig.2. 1). One component is parallel to the slope (gs) and one 

is perpendicular to the slope (gp). On steep slopes (>45 degrees) the component parallel to the 

slope will be greatest and will act to pull objects downhill. On gentle slopes the component 

perpendicular to the slope will be greatest and will act to hold the object in place. However, gravity 

alone does not determine if the object will move down slope. There are numerous steep slopes 

that are not currently undergoing mass wasting. A physical trigger is often required to initiate 

slope failure.  
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Figure: 2.1 Components of gravity oriented parallel (gs) and perpendicular (gp) to the slope for 

gentle and steep slopes. 

2.2.2 Force due to seepage of water   

The addition of excess water to a slope may also be the precursor for a disaster. Not only does 

excess water saturate the material and reduce cohesion between grains but water saturated pore 

spaces will support the weight of overlying material thus reducing the effect of friction. Finally, 

the addition of water may promote instability by adding weight to a slope. 

The addition of extra weight to a slope may be attributed to natural processes (e.g., rainfall) but 

may also be the result of human activity that adds water to the slope (e.g., leaking septic systems, 

overzealous irrigation it is a fact that the seepage occurring within a soil mass causes seepage 

forces, which have much greater effect than commonly realized. 

 

Fig: 2.2 Force due to seepage of water   

2.2.3 Erosion  

Two aspects of erosion need to be considered from slope stability point of view. The first is large 

scale erosion, such as river erosion occurring at the base of a slope. The second is relatively 

localized erosion caused by groundwater or surface runoff. In the first type, erosion changes the 

geometry of the potentially unstable rock mass. The removal of material at the toe of a potential 

slide reduces the confining stress that may be stabilizing the slope. Localized erosion of joint 
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filling material, or zones of weathered rock, can effectively decrease interlocking between 

adjacent rock blocks. Loss of such interlocking significantly reduces the rock mass shear strength. 

The resulting decrease in shear strength may allow a previously stable rock mass to move causing 

slope failure. In addition, localized erosion may also result in increased permeability and ground-

water flow thus affecting the stability of rock slope. 

2.2.4 The sudden lowering of water adjacent to the slope  

Sudden drawdown is a rapid lowering in the level of water standing against a slope. This condition 

can occur on the slopes adjacent to a reservoir, river, or canal either following a long period of 

rainfall accumulation, planned lowering of water through control structures, or failure of water 

impoundment structure. Sudden drawdown often occurs in clayey slopes in which the excess pore 

water pressures do not dissipate as the water recedes, thereby keeping the overall shear strength 

low. When there is a lowering of the ground water or of a free water surface adjacent to the slope, 

for example in a sudden drawdown of the water surface in a reservoir there is a decrease in the 

buoyancy of the soil which is in effect an increase in the weight. This increase in weight causes 

increase in the shearing stress that may or may not be in part counteracted by the increase in 

shearing strength, depending upon  whether or not the soil is able to undergo compression which 

the load increase tends to cause land slide or slope failure. If a large mass of soil is saturated and 

is of low permeability, practically no volume changes will be able to occur except at slow rate, 

and in spite of the increase of load the strength increase may be in appreciable. 

 

          Fig: 2.3 sudden lowering of water adjacent to the slope 
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2.2.5 Forces due to earthquakes 

A design seismic event can cause significant damage to a slope, depending on the level of ground 

shaking and the type of foundation soil. The most series damage is normally associated with 

liquefaction of the foundation material. Consequence of liquefaction potentially includes post-

earth quack settlement, side slope instabilities and bearing failure.  Shear at constant volume may 

be accompanied by a decrease in the inter-granular pressure and an increase in the neutral pressure. 

A failure may be caused by such a condition in which the entire soil mass passes in to a state of 

liquefaction and flow like a liquid. A condition of this type may be developed if the mass of soil 

is subject to vibration, for example, due to the earth quick forces. 

In the study area the project traverses area of the country defined the site as Zone 2. This zone has 

ground acceleration less than 0.05*g is considered as low seismicity zones.  

 

               Fig: 2.4 Forces due to earthquakes 

2.3 Shear Strength in Soils  

The strength of a material is the greatest stress it can sustain; so the safety of any geotechnical 

structure is dependent on the strength of the soil. If the soil fails, the structure founded on it will 

collapse. Understanding shear strength is the basis to analyze soil stability problems like lateral 

pressure on earth, retaining structures, slope stability and bearing capacity. 

The shear strength of a soil is its resistance to shearing stresses. It is a measure of the soil resistance 

to deformation by continuous displacement of its individual soil particles Shear strength in soils 

depends primarily on interactions between particles Shear failure occurs when the stresses 

between the particles are such that they slide or roll past each other Soil derives its shear strength 



                                                         Masters theses on investigation of back slope failure in Asco /2015/ 

  15 
 

from two sources. (1) Cohesion between particles (stress independent component) (2) Frictional 

resistance between particles (stress dependent component) 

2.3.1 Soil Cohesion 

Cohesion is the shear strength or the force that binds together like particles in the structure of a 

soil. This force exists without any compressive stress. The types of soil that have cohesive 

properties have high clay content. This usually has fine grains, do not crumble and are plastic 

when moist. Cohesive soils are difficult to break apart when dry. These soils are claylike silt, 

sandy silt, silty clay and organic clay. 

 2.3.1.1 Soil cohesion in rainy time (addition of water in clay) 

Although water plays a big role in cohesion, too much of it actually causes soil to lose that 

property. Soil loses its plasticity and becomes nearly fluid in its mechanics. 

τf=c+n tan 

Where τf=shear strength  

c=Effective cohesion 

=Effective angle of internal friction 

n =Effective stress 

2.3.1.2 Frictional resistance 

This is a measure of the ability of a unit of rock or soil to with stand a shear stress. it is the angle 

( ) measured between the normal force (N) and resultant force (R), that is attained when failure 

just occurs in response to a shearing stress (s). 

2.4 Classification of landslides/slope failure / 

According to Varnes’ classification of slope movements (Varns, 1978) there are five types of slope 

movements this are rock falls, rock topples, slides, lateral spreads and flows:  

2.4.1 Falls: are abrupt movements of masses of geologic materials, such as rocks and boulders 

that become detached from steep slopes or cliffs. Separation occurs along discontinuities such as 

fractures, joints, and bedding planes, and movement occurs by free-fall, bouncing, and rolling. 
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Falls are strongly influenced by gravity, mechanical weathering, and the presence of interstitial 

water. 

2.4.2 Topples: Toppling failures are distinguished by the forward rotation of a unit or units about 

some pivotal point, below or low in the unit, under the actions of gravity and forces exerted by 

adjacent units or by fluids in cracks. 

2.4.3 Slides: Although many types of mass movements are included in the general term 

“landslide,” the more restrictive use of the term refers only to mass movements, where there is a 

distinct zone of weakness that separates the slide material from more stable underlying material. 

The two major types of slides are rotational slides and translational slides. 

2.4.3.1 Rotational slide: This is a slide in which the surface of rupture is curved concavely upward 

and the slide movement is roughly rotational about an axis (that is parallel to the ground surface 

and transverse across the slide).The slip surface of rotational landslides tends to be deep. Blocks 

of failed material can be rotate as they fail and can at times be seen to tilt backwards towards the 

slope. And there are three modes of rotational of failure. 

 

             Fig: 2.5 Rotational slides 

2.4.3.1.1 Slope failure: -In slope failure, the arc of the rupture surface meets the slope above the 

toe. This can happen when the slope angle β is quite high and the soil close to the toe possesses 

high strength.  
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            Fig: 2.6 Slope failure 

2.4.3.1.2 Toe failure: - This occurs when the soil mass above and below the base is homogenous. 

 

        Fig: 2.7 Toe failures 

2.4.3.1.3 Base failure:-takes particularly when the base angle β is low and the soil below the 

base is softer and more plastic than the soil above the base. 

 

  Fig: 2.8 Base failures 
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2.4.3.2 Translational slide: In this type of slide, the landslide mass moves along a roughly planar 

surface with little rotation or backward tilting. A block slide is a translational slide in which the 

moving mass consists of a single unit or a few closely related units that move down slope as a 

relatively coherent mass. 

 

    Fig: 2.9 Translational slide 

  2.4.4 Lateral spreads: 

 Lateral spreads are distinctive because they usually occur on very gentle slopes or flat terrain. 

The dominant mode of movement is lateral extension accompanied by shear or tensile fractures. 

The failure is caused by liquefaction, the process whereby saturated, loose, cohesion less 

sediments (usually sands and silts) are transformed from a solid into a liquefied state. 

Failure is usually triggered by rapid ground motion, such as that experienced during an earthquake, 

but can also be artificially induced. When coherent material, either bedrock or soil, rests on 

materials that liquefy, the upper units may undergo fracturing and extension and it may then 

subside, translate, rotate, disintegrate, or liquefy and flow. Lateral spreading in fine-grained 

materials on shallow slopes is usually progressive. The failure starts suddenly in a small area and 

spreads rapidly. Often the initial failure is a slump, but in some materials movement occurs for no 

apparent reason. 

2.4.5 Flows: There are five basic categories of flows that differ from one another in fundamental 

ways.  

a. Debris flow: is a form of rapid mass movement in which a combination of loose soil, rock, 

organic matter, air, and water mobilize as a slurry that flows down slope. Debris flows 
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include<50% fines. Debris flows are commonly caused by intense surface-water flow, due to 

heavy precipitation or rapid snowmelt that erodes and mobilizes loose soil or rock on steep slopes. 

Debris flows also commonly mobilize from other types of landslides that occur on steep slopes, 

are nearly saturated, and consist of a large proportion of silt-and sand-sized material. Debris-flow 

source areas are often associated with steep gullies, and debris-flow deposits are usually indicated 

by the presence of debris fans at the mouths of gullies. Fires that denude slopes of vegetation 

intensify the susceptibility of slopes to debris flows. 

b. Debris avalanche: This is a variety of very rapid to extremely rapid debris flow. 

c. Earth flow: have a characteristic “hourglass” shape. The slope material liquefies and runs out, 

forming a bowl or depression at the head. The flow itself is elongate and usually occurs in fine-

grained materials or clay-bearing rocks on moderate slopes and under saturated conditions. 

However, dry flows of granular material are also possible.  

d. Mudflow: is an earth flow consisting of material that is wet enough to flow rapidly and that 

contains at least 50 percent sand-, silt-, and clay-sized particles. In some instances, for example in 

many newspaper reports, mudflows and debris flows are commonly referred to as “mud slides.” 

e. Creep: is the imperceptibly slow, steady, downward movement of slope- forming soil or rock. 

Movement is caused by shear stress sufficient to produce permanent deformation, but too small 

to produce shear failure. There are generally three types of creep:  

(1) Seasonal: - where movement is within the depth of soil affected by seasonal changes in soil 

moisture and soil temperature;  

(2) Continuous: - where shear stress continuously exceeds the strength of the material; 

 (3) Progressive: - where slopes are reaching the point of failure as other types of mass movements.  

Creep is indicated by curved tree trunks, bent fences or retaining walls, tilted poles or fences, and 

small soil ripples or ridges. 
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3. SITE OBSERVATION, LABORATORY AND FIELD TEST RESULTS 

3.1 Types of slope failure in Asco 

The soil move along a surface of rapture that is curved and concave and the slide movement is 

roughly rotational about an axis that is parallel to the ground surface and transverse across the 

slide). Therefore according to Varnes (1996) the movement is rotational slide (toe failure).This 

occurs when the soil mass above and below the base is homogenous. 

 

Fig: 3.1 Photo view of debris flow in Asco 

3.2 Feature used for the recognition of landslides 

Landslide can be active or inactive. There are certain features used for identification of land slide 

in the field, as listed below. 

3.2.1 Surface features of active land slide 

Active landslides are generally characterized by deformational features that are the result of 

differential movement within the mobile mass and between this mass and the underlying material. 

The natures of the features, as well as their positions and orientations, are indicative of the 

different kinds of deformation. 

Many different types of features can be observed at the surface of active landslides. This include: 

A carps and features possess sharp edges and open mode without secondary filling 
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• Main units show secondary feature and pressure ridges 

• Surface show polishing and striation , fresh appearance 

• Deranged drainage and ponds 

• No soil development and only fast growing vegetation 

• Considerable distinction between slide and non-slide areas in form, roughness, texture and 

vegetation cover 

• Tilted vegetation and poles 

• In sediments or loose deposits the following feature help to identify active slide 

• Traverse ridges at the head, longitudinal ridges in track and concentric ridges at the toe running 

traverse to morphology. 

• Travers and radial features at the toe: radial shears at margins and crevasse-style cracking over 

break of slope 

• Spreading at the toe: valleys partially or wholly blocked and rivers diverted 

• Materials locally derived but displaced below outcrop. Materials may include blocks of intact 

rock and stratigraphy can be repeated down slope. 

 

 Fig: 3.2 Photo view of active land slide in Asco (no soil development) 
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3.2.2 Surface features of inactive land slides 

• Scraps and features weathered and indistinct, cracks in filled 

• No secondary failures of pressure ridges ( often subdued) 

• Surface weathered, vegetated 

• Integrated drainage but may have irregular pattern and sudden in filled depressions. 

• Soil cover and well vegetated or cultivated  

• Difficult to distinguished margins and textures except on air photographs  

• New growth on trees and vertical growth of post- slide trees 

 
Fig: 3.3 Photo view of inactive land slide in Asco left side 

3.3 Ground investigation 

Before any further examination of an existing slope, or the ground on to which a slope is built, 

essential information regarding the ground condition must be obtained. This information will give 

detail of the strata, moisture content and the standing water level. Also the presence of any particular 

plastic layer along which shear could more easily take place will be noted.  
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Ground investigations also include:- 

 In-situ and laboratory tests 

 Arial photographs 

 Study of geological maps and memories to indicate probable soil conditions 

 Visiting and observing the slope 

For the study in this thesis, field investigation have been done by EDGE consulting enterprise for 

the purpose of constructing saving house. The standard penetration test (SPT) have been used to 

obtain geotechnical parameters. 

3.4 Geotechnical Parameters 

Before a geotechnical analysis can be performed, the parameter values needed in the analysis must 

be determined. For this study the following parameters was determined. 

3.4.1 Unit weight 

Bulk Unit weight of a soil mass is the ratio of the total weight of the soil to the total volume of the 

soil. Unit weight, γt, is usually determined in the laboratory by measuring the weight and volume 

of a relatively undisturbed soil sample obtained from the field. Measuring unit weight of soil 

directly in the field might be done by sand cone test, rubber balloon or Nuclear Gauge. 

 For the case of this thesis the unit weight of soil is equal to 16KN/m3. It was determined in the 

laboratory by dividing its weight to the volume of a relatively undisturbed soil sample that obtained 

from the field. 

3.4.2 Cohesion of soil 

Soil cohesion is the force that holds together molecules or like particles with in a soil. It is usually 

determined in the laboratory from the Direct Shear Test or the Unconfined Compressive Strength 

Test. 

For this thesis the cohesion of soil has been taken by empirically correlating SPT (standard 

penetration test) N-value per ASTM D 1586 (consistency of saturated cohesive soil) at different 

depth for each slice. (Table 3.3 shows below consistency of saturated cohesive soil). 
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3.4.3 Friction Angle 

The shear resistance of soil is a result of friction and interlocking of particles, and possibly 

cementation or bonding at particle contacts. It can be determined in the laboratory by the Direct 

Shear Test or by triaxial compression test.  

For this analysis back analysis was used to determine the value of ∅ˊ during the time of failure by 

successive iteration. 

  3.5 Field test result 

  3.5.1 General 

Site investigation was conducted by deploying one Spindle type China made XYT-200 core 

drilling rig having the capacity to perform boring operations to the required standard and quality.  

Dry drilling method was carried out in soil formations using single core barrels fitted with 

appropriate size tungsten carbide bits at the bottom. This will enable the drilling to achieve good 

quality core recovery. In rocky section, double core barrel fitted with diamond bit was utilized. 

Water was pumped down to the bit through hollow drill rods to lubricate the bit and flushing the 

cuttings up the borehole.  

Equipment’s used to conduct in situ tests and sampling such as SPT apparatus including split 

spoon sampler, Shelby tubes, water pump, rods, casings and a wide range of heavy-duty tools 

were used during the drilling operations.  

The main tasks undertaken as per the requirements for the geotechnical investigation are: 

 Rotary core drilling,  

 Field testing and sampling, 

 Laboratory testing, 

In conjunction with drilling, the following activities were performed: 

Standard Penetration Test (SPT) and Ground water observation, 

3.5.2 Standard Penetration Testing (SPT) 

The N-values of the SPT are an indication of the relative density of cohesionless soils and the 

consistency of cohesive soil. General N-value ranges are correlated with relative density and 
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consistency as shown in Table 3-1. It is emphasized that for gravels and clays the correlations to 

relative density and consistency should serve only as general estimates.  

 Table 3.1 Soil properties Correlated with Standard Penetration Test Values (Peck et al.1953) 

Cohesion less soil Cohesive soil 

Number of Blows per 0.3 m 
(1 ft), N 

Relative Density Number of Blows per 0.3 m (1 ft), N Consistency 

0 – 4 Very loose Below 2 Very soft 
4 – 10 Loose 2 – 4 Soft 

10 – 30 Medium 4 – 8 Firm 
30 – 50 Dense 8 – 16 Stiff 
Over 50 Very dense 16 – 32 Very stiff 

  Over 32 Hard 

Standard Penetration Tests (SPTs) in the boreholes were conducted starting from a depth of 1.50m 

below the ground level. The following test results are obtained during field tests in Table 3.2.  

         Table 3.2   Measured and adjusted SPT N values 

 

BH 
Depth(m) 

SPT  

N-value/300mm 

Rod length 
corr. 

Assumed unit 
weight(KN/M3) C N 

Adjusted 
SPT N-value 

BH_9-1 

3.0 3 .85 16 1.3703 3 

5.0 19 .95 16 1.0615 16 
7.6 21 

 

1 16 0.8610 21 
9.0 36 

 

1 16 0.7912 25 
11.0 50 1 17 0.7156 30 
13.0 50 1 17 0.6583 27 
15.0 50 1 17 0.6128 26 
16.6 50 1 17 0.5826 24 

BH_9-2 

3.0 5 .85 18.4 1.3172 5 
5.5 7 .95 18.4 0.9728 6 
8.1 21 1 18.4 0.8041 14 
9.1 49 1 18.4 0.7563 31 
11.0 50 1 18.4 0.6879 29 
13.0 45 1 18.4 0.6327 24 
15.0 46 1 18.4 0.5891 23 
17.0 42 1 18.4 0.5533 20 
19.0 50 1 18.4 0.5234 22 
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Table 3.3 Shows below consistency of saturated cohesive soil (Helical screw foundation system design 
manual 2003) 

Consistency Consolidation history Blows/ft 
(N70) 

Cohesion(Kpa) comments 

Very soft Normally Consolidated 0-2 < 12 Runs through fingers 

Soft Normally Consolidated 3-5 18.2 to 30.2 Squeezes through fingers 

Medium Normally Consolidated 6-9 36 to 54.1 Can be formed in to a ball 

Stiff Normally Consolidated to Over 
consolidation Ratio of 2-3 

10-16 59.9 to 95.8 Hard to deform by hand 
squeezing 

Very stiff Over consolidated 17-30 102 to 179.6 Very hard to deform by hand 

Hard  Highly over consolidated >30 > 179.6 Nearly impossible to deform 
by hand 

 
  Table 3.4 empirically correlation of Cohesion and SPT N-values for each slice  
 

slice No Depth of slice N55 N70 c´ 
1 8 21 16.5 59.9 
2 7.5 21 16.5 59.9 
3 5.75 16 12.571 59.9 
4 5.75 12 9.4286 18.2 
5 4.3 11 8.6429 18.2 
6 2.75 3 2.3571 12 
7 3 3 2.3571 12 

 
 
  3.6 Laboratory test results  

Representative soil and water samples collected from the boreholes were taken to EDGE Soil and 

Construction Materials Laboratory and subjected to different kind of quantitative and qualitative 

tests. The method of packing, storing and transportation was in accordance with the technical 

specifications ASTM to ensure minimum damage and disturbance.  
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               Fig: 3.4 Borehole log sheet (B.H.9-1   sheet 1 of 2) 
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                 Fig: 3.5 Borehole log sheet (B.H.9-1   sheet 2 of 2) 

 



                                                         Masters theses on investigation of back slope failure in Asco /2015/ 

  29 
 

                                             

               Fig: 3.6 Photo of Borehole log (B.H.9-1) 
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         Fig: 3.7 Borehole log sheet (B.H.9-2   sheet 1 of 2)  
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        Fig: 3.8 Borehole log sheet (B.H.9-2   sheet 2 of 2)  
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       Fig: 3.9 Photo view of Borehole log (B.H.9-2) 
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4. METHODS OF ANALYSIS AND DISCUSION 

4.1 General 

  Fellenius [2] introduced the Ordinary or Swedish method of slices.  In the mid-1950s Janbu [3] 

and Bishop [4] developed advances in the method. The advent of electronic computers in the 

1960’s made it possible to more readily handle the iterative procedures inherent in the method 

which led to mathematically more rigorous formulations such as those developed by Morgenstern 

and Price [5] and by Spencer [6].  One  of  the  reasons that the  limit  equilibrium  method  was  

adopted  so  readily,  is  that  solutions  could  be  obtained  by  hand-calculations.  Simplifying 

assumption had to be adopted to obtain solutions, but the concept of numerically dividing a larger 

body into smaller pieces for analysis purposes was rather novel at the time. H. Rahardjo et.al [7] 

studied on the relative importance of soil properties, rainfall intensity, initial water table location 

and slope geometry in inducing instability of a homogenous soil slope under different rainfall 

through a series of parametric studies. B.N Sinha [8]  emphasis that advanced method of slope 

stability  analysis  for  economical  design  of  earth  embankment  and  discusses  on  the  concept  

and  theory involved in different methods of slope stability analysis of earth embankment.   

  4.2 Over view   

Slope stability analysis should be used to determine whether a proposed slope meets the required 

safety and performance criteria during design. This type of analysis is also utilized to determine 

stability conditions of existing natural or constructed slopes and evaluate the influence of proposed 

remediation methods if required. Slope stability analysis is used in a wide variety of problems as 

shown in Table 4.1.   

         Table 4.1: Slope Stability Analysis – Geotechnical Problems 

Problems Slope Stability Analysis 

Natural Slopes Evaluation of existing natural slopes.  

Fill Slopes Determination of stable fill slopes. 

Cut Slopes Determination of stable cut slopes. 

Retaining Walls Assessment of overall stability (global and compound). 

Deep/Shallow Foundations Assessment of overall stability for structures located on slopes. 

Landslides Assessment of landslides, remediation methods, & back-analysis. 
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 4.3 Required input data for slope stability analysis   

The following data are required for performing slope stability analysis on study area:   

    Table 4.2 Basic Input Data for slope analysis in Asco 

Parameter Basic Input Data 

Soil Profile Detailed Assessment of Soil Stratigraphy 

Slope Geometry Derived from Topography, Photogrammetry and Survey 

Soil unit weight From undisturbed soil sample 

Cohesion of soil From SPT N-value correlation 

Pore Water Pressure Determination of Water Regime 

External load Assessment of vehicles Force 

 

4.3.1 Soil Profile   

Detailed assessment of soil stratigraphy is critical so that a representative soil profile can be 

modeled. It is important to define any thin, weak layers present, (the presence of silt-clay layers, 

etc.) as these fine details of the stratigraphy could control the stability of the slope in question. 

Knowledge of the geologic nature of the units present at a site, including past performance, is 

necessary for appropriate determination of ground conditions and the development of a realistic 

geotechnical analysis.   

The location and characteristics of the critical soil strata are usually obtained by taking continuous 

split spoon or thin-walled tube samples. Borings should be progressed in sufficient quantities to 

adequately define subsurface materials. In a potential slide area, borings should be taken at the 

top and bottom of existing or proposed slopes if possible. The number of borings required 

longitudinally depends on the continuity of the soil conditions and the extent of the possible 

problems. 

 4.3.2 Slope Geometry   

Representative slope geometry is required for slope stability analysis, and should include accurate 

locations of streams, roads, structures, and utilities. Surfaces needed to reflect slope geometry can 

be derived from photogrammetric mapping, field surveys, or published topographic maps. For 

side hill conditions, cross sections should be carried above the existing road or to a controlling 
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feature such as rock outcrop and down to the bottom of the natural slope. If a watercourse occurs 

at the bottom of the slope then the stream bed should be surveyed or estimated.  

The following figure shows a failed soil slope of Asco 40/60 condominium ongoing construction 

specific area old Brick factory(it is obtained by taking survey data using total station) with a slope 

height equal to 11.5 m and slope angle equal to 43°, longitudinal length of the slope is 33.2m,water 

table is 6m deep and  18 strip width.  

 

       Fig 4:1Asco (study area) cross-section of a slope geometry.  

 4.3.3 Pore Water Pressure   

Ground water was observed at 6m in borehole 9-1 and borehole 9-2 and the pore water pressure was 

obtained by multiplying unit weight of water by height of water above the failure surface and pore 

water pressure ratio was obtained by multiplying unit weight of water by height of water divide 

by unit weight of soil multiplying height of soil above the failure surface. Figure 4.3 shows detail 

of pore pressure ratio. 
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            Fig: 4.2 Borehole distance from road 

 

      Fig: 4.3 Detail of pore pressure and pore pressure ratio 

4.3.4 External loads 

External loads include external loads or forces above the failure surface in the stability analysis if 

they are a permanent load (e.g. building). The frequency of occurrence determines whether 

temporary loads (e.g. traffic) are including in the analysis. For example, if the road way is heavily 

traveled, the traffic load should be including as an exterior force. If the road is lightly traveled, a 

reduced value of traffic load would normally be applied. AASHTO LRFD Bridge design 

specifications suggest using a load factor of 0.5 with live loads, which would be equivalent to half 
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of the live load. Typically, a live load of 250 (12kpa) used in the stability analysis to present the 

traffic load.  

In this thesis by taking the entire traffic load in to consideration a maximum distributed load of 

(0.5*12) KN/m2 would be applied to 1m wide strip of land. Therefore, traffic load would be 

6KN/m. 

4.4 Methods of stability analysis   

Many different solution techniques for slope stability analyses have been developed over the 

years. An analysis of slope stability begins with the hypothesis that stability of a slope is the result 

of down ward motivating forces (i.e. gravitational) and resisting (upward) forces. The resisting 

force must be greater than the motivating force in order for a slope to be stable. The relative 

density stability of a slope (or how stable it is at any given time) is typically conveyed by 

geotechnical Engineers through a factor of safety.  FS defined as   the ratio of available shear 

strength to the shear stress mobilized for maintaining equilibrium. 

 

         Fig: 4.4 Slope stability concept of finite slope 

The equation states that the factor of safety is the ratio between the resisting forces / resisting 

moments / and the motivating forces / motivating moment /. 

In this study the Limit Equilibrium Method is used for analysis by hand calculation and the result 

of Fellenius, Bishop and Janbu have been compared. 
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  4.5 Limit Equilibrium 

A soil slope is commonly analyzed based on Limit (or force or moment) Equilibrium methods that 

measure its stability by a factor of safety (FS) (i.e. the ratio of resisting force to driving force). A 

slope with a FS =1 is theoretically marginally stable, or just ready to move. The shear strength 

(limit) required along a failure surface is calculated to just maintain stability and is then compared 

with the available shear strength to provide the overall FS for the slope. Figure: 4.5 shows below 

Various Definitions of Factor of Safety (FS) (FHWA, 1994). 

 

      Figure: 4.5 Various Definitions of Factor of Safety (FS) (FHWA, 1994) 

4.6 Preliminary Methods 

The following figure shows limit equilibrium methods that can be readily solved by hand or 

spreadsheet. 
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     Figure: 4.6 Limit Equilibrium Methods 

4.7 Method of Slices 

If mobilized strength for a soil is to be calculated, the distribution of the effective normal stresses 

along the failure plane must be known. This condition is usually analyzed by sectioning the 

potential failure mass into small vertical slices and treating each as a unique sliding block. This 

analysis is known as the Method of Slices see Figure: 4.7 below. 

 

           Figure: 4.7 Method of Slices 
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4.8 Methods Derived from Method of Slices 

A number of limit equilibrium methods are based on the Method of Slices. While originally 

calculated by hand, the methods are generally divided into three categories, based on the number 

of equilibrium equations to be satisfied: 

1.  Overall moment equilibrium methods, 

2.  Force equilibrium methods, and  

3.  Moment and force equilibrium methods. 

Slope stability problems are usually statically indeterminate. Assumptions are generally involved 

to render the problem determinate, with each method of analysis using a different assumption. As 

a result, the computed factor of safety varies between the different methods. Table 4.3 lists 

commonly available methods of analysis and the conditions of static equilibrium that are satisfied 

in determining the factor of safety. 

        Table 4.3 Static equilibrium conditions satisfied by limit equilibrium methods 

Method Force-Equilibrium Moment 

Equilibrium Vertical force 
equilibrium 

Horizontal force 
equilibrium 

Ordinary method of slice 
(OMS) 

No No Yes 

Bishop's simplified Yes No Yes 

Janbu's simplified Yes Yes No  

Corps of Engineers Yes Yes No  

Lowe and Karafiath Yes Yes No  

Janbu's generalized Yes Yes No  

Bishop's rigorous Yes Yes Yes 

Spencer's Yes Yes Yes 

Sarma's Yes Yes Yes 

Morgenstern-Price Yes Yes Yes 
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4.8.1 Ordinary method of slices 

This Method neglects all inter slice forces and fails to satisfy force equilibrium for the slide mass 

as well as for individual slices. However, this is one of the simplest procedures based on the 

method of slices (Fellenius, 1936), this method assumes a circular slip surface and it is also known 

as the Swedish method of slice or the Fellenius method. 

4.8.2 Simplified Bishop 

The simplified Bishop method assumes that the vertical inter slice shear force does not exist and 

the resultant inter slice force is therefore horizontal. It satisfies the equilibrium of moment but not 

the equilibrium of forces. 

4.8.3   Janbu simplified method  

This Method uses the horizontal forces equilibrium equation to obtain the factor of safety .It 

doesn’t include the inter slice forces in the analysis but account for its effect to cohesion angle of 

internal friction and the shape of the failure surface. 

4.8.4 Spencer method 

 This is a very accurate method which Satisfies both equilibrium of forces and moments and it 

work for any shape of slip surface. The basic assumption used in this method is that the inclination 

of the side forces is the same for all the slices. 

4.8.5 Morgenstern and price 

Morgenstern and price proposed a method that is similar to Spencer’s method, except that the 

inclination of the inter slice resultant force is assumed to vary according to a “proportion “of an 

arbitrary function. This method allows one to specify different types of inter- slice force function 

(Morgenstern & price 1965)  

4.9   Slip surface 

The land slide blocks and cross section of the slip surface made by the result of the 

geomorphologic and geological analysis, the site reconnaissance, and the monitoring are used for 

the slip surface analysis. Based on sampling data of the borehole core, it is considered that the 

geological boundary and heavily weathered and /or clayey thin layer are the indication of slip 

surfaces/. 

In this thesis the land slide takes place (slope is failed), so the slip surface is already known.  



                                                         Masters theses on investigation of back slope failure in Asco /2015/ 

  42 
 

4.10 Factor of safety  

In slope stability, and infect generally in the area of geotechnical engineering, the factors which 

is very often in doubt is the shear strength of the soil. The loading is known more accurately 

because usually it merely consists of the self-weight of the slope. The Fso is therefore chosen as 

the ratio of available shear strength to that required to keep the slope stable.  

FS= 
Resisting force against land slide soil mass   

Force when land slide soil mass start sliding along the slip surface 

 

If the slip surface and Pore water pressure plane are decided, FS is obtained from cohesion c’ and 

shear resistance angle Ø´, which are constants for soil strength of slip surface using the stability 

analysis formula. Since FS=1 when the land mass starts sliding, FS is decided by considering the 

active state of the land slide for 0.95<FS<1 if a land slide occurs. Factor of safety is defined for 

land slide condition. From disaster note book edited by Japan construction engineer’s Association 

(2010).  

   Table: 4.4 Definition of safety factor for land slide 

Safety factor Land slide condition 

FS=0.95 Case in moving continuously any time. 

FS=0.98 Case in moving continuously for corresponding to rain fall. 

FS=1.00 Case in setting down of land slide. 

 

4.10.1 Selecting parameters 

The parameters for land slide stability analysis are as follows: 

          ᵧt= wet unit weight (wet density) 

                    u= pore water pressure 

                    C´= cohesion (as soil strength constant) 

                    Ø´=shear resistance angle (as soil strength constant) 

The volume and configuration of the land slide mass is determined by investigating and 

monitoring land slide.  Pore water pressure is derived from the critical pore water pressure when 
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the land slide starts to sliding with water level monitoring, cohesion and shear resistance angle 

(particular shear resistance angle) are obtained from the shear test of slip surface soil. 

In the study area the volume of configuration of landslide, the wet unit weight of soil and pore 

water pressure are known. The unidentified parameters are cohesion c´ and shear resistance angle 

Ø´. As land slide occurred in the rainy season, Cohesion (c´) is considered to be relatively small. 

For this thesis Pore water pressure was obtained from borehole as explained in pore pressure 

above. The wet unit weight was obtained in the laboratory, the shear resistance angle was obtained 

by successive iteration. 

4.11 Back analysis 

After a slope failure, an analysis is usually performed in an effort to identify probable causes. By 

using a known or assumed failure surface, some form of back analysis can be performed in order 

to estimate the material shear strength, pore pressure or other conditions at the time of failure. 

   The analysis carried out to identify the causes of slope failure. It can be utilized to determine the 

shear strength parameters and other conditions at the time of failure. Generally back analysis is an 

effective approach to provide an insight in the understanding failure mechanism and improve the 

understanding regarding the factor controlling the stability of slopes. It has many advantages, one 

of the advantages is that it can account for important factors that may not be well represented in 

laboratory and in situ tests such as presence of cracks and preexisting shear planes within soil 

mass. (Soil and Foundations vol. 39, 1999) 

Once the failure surface is identified by back analysis, the soil strengths and pore pressures can 

be adjusted until the calculated FS is equal to 1.0. The chosen soil strengths and pore pressures 

can then be used to evaluate repair methods and determine relative improvement to the FS. Based 

on incremental improvement of FS and other constraints (economical, environmental, impacts to 

public, etc.) the geotechnical designer can then recommend appropriate remedial actions.  

 

 

 

 

 



                                                         Masters theses on investigation of back slope failure in Asco /2015/ 

  44 
 

4.12 Methods used in the analysis and result 

4.12.1 Modified Fellenius method 

 

           Fig: 4.8 Fellenius method of slice 

                     

                        Considering traffic load (TL) 

   

 

 

                   Where   FS= factor of safety 

                           W= soil weight =ᵧt* h*b 

                           C´=cohesion 

                           ɭ =slice length of slip surface 

                           u= pore water pressure 

                        α= inclination angle of slip surface 

                   γt = soil unit weight  

                            b= slice width 

                            h= soil height 

𝐹𝑆 =
∑(c’ 𝑙 + (𝑤 − 𝑢𝑏) ∗ 𝑐𝑜𝑠α ∗ tan Ø’

∑(𝑤𝑠𝑖𝑛α + 𝑇𝐿)
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                                 Ø´= shear resistance angle 

                                 TL= traffic load due vehicles 

From CAD drawing   extract coordinate data of the ground surface. the slip surface and water level 
surface 

 

Set up the following parameter in stability analysis 

 Safety factor FSo when the land moves 

 Soil unit  weightt 

 

Assume soil strength constant 

∁ˈ  &  Ø´ 

 

Calculate FS by using formula of factor of safety. 

 

                            No                                                  FS=FSo? 

 

Yes 

Decide assumed value to  ∁ˈ, ∅ˈ𝑣𝑎𝑙𝑢𝑒 

                                   Fig: 4.9 Flow chart showing back analysis procedure. 

The land slide block in that area moves and the land slide activities occurs when ground water 

rises in the rainy season. Therefore, cohesion of soil become minimum and it can be neglected. 

Although there are damages on the road due to cracks and subsidence. Therefore, the safety factor 

FSo should be less than 1.0, it is reasonable to adopt 0.98 from Table 4.4 for the area.  

 4.12.1.1 Measured slice data 

The slope cross section is drown to scale and divided in to 7 vertical slices (see each method 

below). The slice data measured from the cross sectional diagram. Table 4.5 summarizes the slice 

data. 
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The following are measured slice data from the cross sectional diagram that are used for 

analysis.  

Table: 4.5 slice data of failure slope in Asco (study area). 

Slice 

No c' ɭi(m) αi (deg) bi γt (KN/m3) have 

zi(m) / pore water 

pressure/ 

1 59.9 4.20 -9.00 4.1482 16.00 1.50 0.00 

2 59.9 4.30 -1.00 4.2993 16.00 5.73 0.97 

3 59.9 4.40 18.00 4.1845 16.00 9.64 1.59 

4 18.2 4.53 24.00 4.1381 16.00 11.50 2.0 

5 18.2 6.00 32.00 5.0876 16.00 7.50 0.90 

6 12.0 7.20 41 5.4325 16.00 6.50 0.00 

7 12.0 9.00 49 5.9022 16.00 4.20 0.00 

 

 

 

    Fig: 4.10 Horizontal projection of slip surface (Fellenius method) 
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In the above CAD drawing the slip surface is assumed to be circular, and any necessary data for 

analysis is taken from the drawing such as ɭi (m), have (m), αi (°), hi (m) then using by the above 

formula FS is calculated by using the following spread sheet and assuming different value of Ø´ 

till calculated FS is equal to FSo=0.98, it is reasonable to adopt 0.98 from Table 4.4 for the 

area.(Case in moving continuously for corresponding to rain fall). 

   Table 4:6 Iteration using modified Fellenius. 

              Assume      Ø' = 6.65°   

                                       FSo =0.98 

  A B C D E F G H I J K 
slice 
No c' ɭi(m) αi(deg) αi(rad) sinαi(rad) 

cosαi(

rad) bi=C*F γt (KN/m3) h.ave. 
Wi=G*
H*I ∅'(deg) 

1 59.90 4.20 -9.00 -0.16 -0.16 0.99 4.15 16.00 1.50 99.56 6.65 

2 59.90 4.30 -1.00 -0.02 -0.02 1.00 4.30 16.00 5.73 394.16 6.65 

3 59.90 4.40 18.00 0.31 0.31 0.95 4.18 16.00 9.64 645.41 6.65 

4 18.20 4.53 24.00 0.42 0.41 0.91 4.14 16.00 11.50 761.40 6.65 
5 18.20 6.00 32.00 0.56 0.53 0.85 5.09 16.00 7.50 610.51 6.65 

6 12.00 7.20 41.00 0.72 0.66 0.75 5.43 16.00 6.50 564.99 6.65 

7 12.00 9.00 49.00 0.86 0.75 0.66 5.90 16.00 4.20 396.63 6.65 
         

Cont. 

L M N O P Q R S T U V 

∅'(rad) 
tan∅' 
(rad) 

zi 

(m) 
zi+1 
(m) 

w 

(KN/m3) Ui=P*N 
Ui+1 
=(P*O) U=(Q+R)/2 

T. load 
(KN/m) 

(A*B+(J-
SG)*F*M) 
(KN/m)  

J*E+T  
(KN/m) 

0.12 0.12 0.00 0.97 9.81 0.00 9.52 4.76 6.00 260.78 -9.58 
0.12 0.12 0.97 1.59 9.81 9.52 15.60 12.56 6.00 297.24 -0.88 
0.12 0.12 1.59 1.57 9.81 15.60 15.40 15.50 6.00 327.96 205.52 
0.12 0.12 1.57 0.90 9.81 15.40 8.83 12.12 6.00 158.23 315.81 
0.12 0.12 0.90 0.00 9.81 8.83 0.00 4.41 6.00 167.36 329.64 
0.12 0.12 0.00 0.00 9.81 0.00 0.00 0.00 6.00 136.12 376.79 
0.12 0.12 0.00 0.00 9.81 0.00 0.00 0.00 6.00 138.34 305.43 

         1486.02 1522.72 
                  Mr   Mo 

        
          
FS= 0.98  

                   

Finally from this calculation FS=FSo at Ø´=6.65, this implies the angle of friction of the slope for 

the rainy season was Ø´=6.65. 

 



                                                         Masters theses on investigation of back slope failure in Asco /2015/ 

  48 
 

4.12.2 Janbu simplified method/assume the failure is circular/ 

This Method uses the horizontal forces equilibrium equation to obtain the factor of safety. It 

doesn’t include the inter slice forces in the analysis but account for its effect to cohesion and angle 

of internal friction and the shape of the failure surface (Janbu et, al 1956) 

The Janbu’s simplified method (1956) was applicable to non-circular slip surfaces as shown in 

figure below. But Janbu (1968) after modified it is applicable to any shape of slip surface.  

The simplified Janbu analysis is as follows 

 

    Fig. 4.11 Forces acting on each slice 

 Available equations  

 1) Vertical equilibrium of a single slice (n equations) 

Assume ∆X = 0 (no shear between slices) 

   2) Mohr-Coulomb strength (n equations) 

                 “Mobilized strength” 

   3)  Horizontal force equilibrium for the slice assembly (1 equation) 

 

       4) Moment equilibrium for the slice assembly (1 equation) 

   (Neglect moment equilibrium) 

            Where:  W= weight             

                          T=mobilized shear force  
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                          N= normal force                    

                          ∆E= interslice normal force 

                          ∆X= interslice shear force 

     

Finally factor of safety is equal to the following equation 

      

           And N=Wcosα 

This leads to an over determined solution that will not completely satisfy moment equilibrium 

conditions. However, Janbu presented a correction factor, f0, to account for this inadequacy, Janbu 

proposed the correction factor f0 shown in Figure below:  

   F= f0*Fo 

This correction factor is a function of the slide geometry and the strength parameters of the soil. 

The correction factor was presented by Janbu based on a number of slope stability computations 

using both the simplified and rigorous methods for the same slopes. 

                

                        Fig: 4.12 Janbu correction factor  

For convenience, this correction factor can also be calculated according to the following formula. 
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       Where b1varies according to the soil types 

           » ∅= 0 soils: b1= 0.69 

           » C= 0 soils: b1= 0.31 

            » C > 0, ∅> 0 soils: b1= 0.5 

The following figure shows simplified Janbu method by assuming circular slip surface.  

 

      Fig: 4.13 Simplified Janbu method using (assume circular slip surface) 
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Table 4.7 Iteration using Simplified Janbu method using (assume circular slip surface) 
 

       Assume       ∅' = 9.40      

                            FSo =0.98 

  A B C D E F G H I J K L 
slice 

No. c' ɭi(m) αi(deg) αi(rad) cosαi tanαi(ad) bi=B*E 

γt 

(KN/m3) have Wi=G*H*I ∅'(deg) ∅'(rad) 
1 60 4.40 -25.00 -0.4365 0.9062 -0.4665 3.9874 16.00 1.50 95.6983 9.40 0.1641 

2 60 4.50 -15.00 -0.2619 0.9659 -0.2681 4.3465 16.00 5.73 398.4911 9.40 0.1641 

3 60 4.40 2.00 0.0349 0.9994 0.0349 4.3973 16.00 9.64 678.2422 9.40 0.1641 

4 18.2 4.53 9.00 0.1571 0.9877 0.1584 4.4742 16.00 11.50 823.2497 9.40 0.1641 

5 18.2 6.00 13.00 0.2270 0.9743 0.2310 5.8461 16.00 7.50 701.5317 9.40 0.1641 

6 12 4.50 21.00 0.3667 0.9335 0.3840 4.2009 16.00 5.10 342.7913 9.40 0.1641 

7 12 6.00 29.00 0.5063 0.8745 0.5546 5.2471 16.00 3.20 268.6528 9.40 0.1641 

 

Cont. 

d= 5.20 
d/L 
ratio 0.15 fo=1.02 

    
L= 34.50         

        

Finally from this calculation FS=FSo at Ø´=9.4°, this implies the angle of friction of the slope for 

the rainy season was Ø´=9.4°. 

 

 

 

L M N O P Q R S T U V W X Y 

∅'(rad) 

tan∅'(ra

d) 

(Sec)^2

αi(rad) 

Zi 

(m) 

zi+1

(m) 

γw 

(KN/m3) 
Ui=O

*Q 

Ui+1

=(P*

Q) 

U=(R

+S)/2 N=J*E 

mαi=N/

(1+((M

*F)/Fso

)) 

T. L 

(KN/m) J*F+W 

A*G+(U-

TG)*M*

V 

0.1641 0.1656 1.2176 0.0 1.0 9.81 0.00 9.52 4.76 86.7250 1.3219 6 -38.6453 14.8327 

0.1641 0.1656 1.0719 1.0 1.6 9.81 9.52 15.60 12.56 384.9020 1.1227 6 -100.8204 61.4206 

0.1641 0.1656 1.0012 1.6 1.6 9.81 15.60 15.40 15.50 677.8287 0.9953 6 29.6943 100.5017 

0.1641 0.1656 1.0251 1.6 0.9 9.81 15.40 8.83 12.12 813.1060 0.9984 6 136.4433 125.4819 

0.1641 0.1656 1.0533 0.9 0.0 9.81 8.83 0.00 4.41 683.5370 1.0138 6 168.0288 110.4315 

0.1641 0.1656 1.1475 0.0 0.0 9.81 0.00 0.00 0.00 320.0051 1.0775 6 137.6433 57.1081 

0.1641 0.1656 1.3076 0.0 0.0 9.81 0.00 0.00 0.00 234.9425 1.1955 6 154.9882 46.5178 

           Total 487.33 516.29 

  Fo= 0.94 
Correction 
factor fo= 1.04 
  FS=>Fo*fo= 0.98 
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4.12.3 Simplified Janbu /actual failure / 

Here the same thing was used in the above procedure. But the different is that the slip surface has 

been taken from actual CAD measurement. In contrast to the above circular failure, the actual 

failure measurement was taken from site directly by measuring the failed slope. See figure below 

site condition (actual failure).  

 

     Fig: 4.14 Photo view of actual failure site condition 

 

       Fig: 4.15 Simplified Janbu method using actual slip surface /site condition/     
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Table 4.8 Iteration using Simplified Janbu method using actual slip surface /site condition/ 
 
         Assume       Ø’ =7.90   

                                 FSo =0.98  

 

Cont. 

N O P Q R S T U V W X Y 

Sec2 

αi(rad) zi(m) 

zi+1 

(m) 

γw 

(KN/m3) 

Ui= 

O*Q 

Ui+1= 

(P*Q) 

U= 

(R+S)/2 N=J*E 

mαi=N/(1+ 

((M*F)/ 

FSo)) 

T. Load 

(KN/m) J*F+W 

A*G+(U-TG) 

*M*V 

1.1803 0.00 0.53 9.81 0.0000 5.1993 2.5997 148.7408 1.2559 6.0 -62.6247 23.8123 

1.0378 0.53 0.73 9.81 5.1993 7.1613 6.1803 352.5253 1.0672 6.0 -63.8364 48.2355 

1.0012 0.73 0.00 9.81 7.1613 0.0000 3.5807 640.0381 0.9963 6.0 28.3733 86.3020 

1.0251 0.00 0.00 9.81 0.0000 0.0000 0.0000 736.4466 1.0026 6.0 124.1452 102.4982 

1.0622 0.00 0.00 9.81 0.0000 0.0000 0.0000 551.9055 1.0260 6.0 147.8810 78.6039 

1.1803 0.00 0.00 9.81 0.0000 0.0000 0.0000 393.6490 1.1134 6.0 187.6184 60.8406 

1.3076 0.00 0.00 9.81 0.0000 0.0000 0.0000 115.3299 1.2123 6.0 79.1362 19.4091 

         Total 440.6929 419.7015 

 

 

 
Finally from this calculation FS=FSo at Ø´=7.9°, this implies the angle of friction of the slope for 

the rainy season was Ø´=7.9°. 

 

 

  A B C D E F G H I J K L M 

slice 

No c' li(m) 

αi(d

eg) αi(rad) 

cosαi(r

ad) 

tanαi(ra

d) bi=B*E 

γt 

(KN/m3) Have 

Wi=G*H*

I(KN/m) 

∅'(deg

) ∅'(rad) 

tan∅'(ra

d) 

1 60 5.08 -23 -0.4016 0.9204 -0.4247 4.6758 16.00 2.16 161.5972 7.90 0.1379 0.1388 

2 60 4.44 -11 -0.1921 0.9816 -0.1945 4.3584 16.00 5.15 359.1288 7.90 0.1379 0.1388 

3 60 4.48 2 0.0349 0.9994 0.0349 4.4773 16.00 8.94 640.4285 7.90 0.1379 0.1388 

4 18 4.55 9 0.1571 0.9877 0.1584 4.4939 16.00 10.37 745.6340 7.90 0.1379 0.1388 

5 18 4.74 14 0.2444 0.9703 0.2494 4.5991 16.00 7.73 568.8153 7.90 0.1379 0.1388 

6 12 5.28 23 0.4016 0.9204 0.4247 4.8599 16.00 5.50 427.6740 7.90 0.1379 0.1388 

7 12 6.50 29 0.5063 0.8745 0.5546 5.6844 16.00 1.45 131.8778 7.90 0.1379 0.1388 

    Fo= 0.95 

  
Correction 

factor fo= 1.03 
    FS=>Fo*fo= 0.98 

    Fo= 0.95 

  
Correction 

factor fo= 1.03 
    FS=>Fo*fo= 0.98 
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4.12.4 Simplified Bishop Method 

The simplified Bishop method assumes that the vertical inter slice shear force does not exist and 

the resultant inter slice force is therefore horizontal (Bishop 1955). It satisfies the equilibrium of 

moment but not the equilibrium of forces. The analysis is carried out in terms of stress instead of 

forces which were used with the ordinary method of slices. The stress and forces which act on a 

typical slice and which are taken in to account in the analysis are shown in Fig. below.  

The simplified Bishop analysis is as follows 

 

 Fig. 4.16 Forces acting on slice using Bishop 

Available equations 

1) Vertical equilibrium of a single slice (n equations) 

 

2) Mohr-Coulomb strength (n equations) 

            “Mobilized strength” 

3)  Horizontal force equilibrium for the slice assembly (1 equation) 

       Here Interstice forces cancel out in these equations 

4) Moment equilibrium for the slice assembly (1 equation) 

     r’s are radii of rotation 

Where:    W= weight            

                T=mobilized shear force  
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               N= normal force                  

               ∆E= interslice normal force 

               ∆X= interslice shear force 

Finally factor of safety is equal to the following equation 

 

   Considering traffic load (TL)  

 

Where:  

               FS= factor of safety  

    W= weight            

               T=mobilized shear force  

               N= normal force                  

               ∆E= interslice normal force 

               ∆X= interslice shear force 

               TL = traffic load due to vehicles 

                ru= pore pressure ratio   

               W= soil weight = ᵧt hb 

                 C´=cohesion           

                  𝑙=slice length of slip surface                       

                  u= pore water pressure   

                  α= inclination angle of slip surface  
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         ᵧᵧ = soil unit weight 

                   b= slice width                                                     

                   h= soil height    

                  Ø´= shear resistance angle 

 

 

         Fig: 4.17 Simplified Bishop method of slice  

Table 4.9 Iteration using Simplified Bishop method. 
       Assume           ∅' =6.8° 

                                FSo =0.98 

  A B C D E F G H I J 
slice 

No c' li(m) αi(deg) αi(rad) sinαi(rad) cosαi(rad) Secαi(rad) bi=B*F γt (KN/m
3

) h.ave 

1 59.9 4.20 -9.00 -0.1571 -0.1565 0.9877 1.0125 4.1482 16.00 1.50 

2 59.9 4.30 -1.00 -0.0175 -0.0175 0.9998 1.0002 4.2993 16.00 5.73 

3 59.9 4.40 18.00 0.3143 0.3091 0.9510 1.0515 4.1845 16.00 9.64 

4 18.2 4.53 24.00 0.4190 0.4069 0.9135 1.0947 4.1381 16.00 11.50 

5 18.2 6.00 32.00 0.5587 0.5301 0.8479 1.1793 5.0876 16.00 7.50 

6 12.0 7.20 41.00 0.7159 0.6563 0.7545 1.3253 5.4325 16.00 6.50 

7 12.0 9.00 49.00 0.8556 0.7549 0.6558 1.5249 5.9022 16.00 4.20 
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Cont.     

 

Cont. 

 

 

 

 

 

 

Finally from this calculation FS=FSo at Ø´=6.8°, this implies the angle of friction of the slope for 

the rainy season was Ø´=6.8°. 

      Table 4.10 summary of results 

Summary of results 

  Methods used in the analysis Angle of internal fiction ∅'(°) 

1 Modified Fellenius method  Ø´ =  6.65° 

2 Simplified Janbu  method in actual failure surface  Ø ´=  7.90° 

3 Simplified Janbu  method assume circular failure  surface  Ø ´=   9.40° 

4 Simplified Bishop method Ø ´ =  6.8° 

 

K L M N O P Q R S T 

Wi=H*I*J 

(KN/m) ∅'(deg) ∅'(rad) tan∅'(rad) tanαi(rad) zi(m) zi+1(m) γw(KN/m3) Ui=P*N Ui+1=(P*O) 

99.5580 6.80 0.1187 0.1193 -0.1584 0.00 0.97 9.81 0.0000 9.5157 

394.1639 6.80 0.1187 0.1193 -0.0175 0.97 1.59 9.81 9.5157 15.5979 

645.4137 6.80 0.1187 0.1193 0.3251 1.59 2.00 9.81 15.5979 19.6200 

761.4012 6.80 0.1187 0.1193 0.4454 2.00 0.90 9.81 19.6200 8.8290 

610.5088 6.80 0.1187 0.1193 0.6252 0.90 0.00 9.81 8.8290 0.0000 

564.9850 6.80 0.1187 0.1193 0.8698 0.00 0.00 9.81 0.0000 0.0000 

396.6274 6.80 0.1187 0.1193 1.1512 0.00 0.00 9.81 0.0000 0.0000 

U V W X Y Z Za 

U=(Q+R)/2 γs*hs RU=U/V 1+(N*O/Fs) T.L(KN/m) 

(A*H+K(1-

W)*N)*G  

J*E*X+Za 

(KN/m) 

4.7579 24.0000 0.1982 0.9807 6.0 261.2208 -9.2800 

12.5568 91.6800 0.1370 0.9979 6.0 298.1564 -0.8672 

17.6090 154.2400 0.1142 1.0396 6.0 335.2751 213.4161 

14.2245 184.0000 0.0773 1.0542 6.0 174.1909 332.6049 

4.4145 120.0000 0.0368 1.0761 6.0 191.9300 354.2658 

0.0000 104.0000 0.0000 1.1059 6.0 175.7253 416.0437 

0.0000 67.2000 0.0000 1.1401 6.0 180.1473 347.3859 

          1616.6458 1653.5692 
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4.13 Discussion of result  

4.13.1 Modified Fellenius method (TRB Special report 1996) 

This method is in accurate for high pore pressures. So the failure occurs during rainy season and 

pore pressure has been develop during this time. 

Angle of internal friction is low (factors of safety lower than all other method) from Simplified 

Janbu method and Simplified Bishop method.  

Due to the result obtained from this method cannot belong the angle of internal friction during 

time of failure. 

4.13.2 Simplified Janbu method  

This method works for shallow slip surface and highly depends on the depth of slip surface. 

From the summery, the result of angle of internal friction in actual failure surface and circular 

failure surface are Ø ´=7.90° and Ø ´=9.4° respectively. The result obtained by this method is 

quite different. 

4.13.3 Simplified Bishop Method 

This method is accurate method; the angle of internal friction is greater than Fellenius but smaller 

than Janbu method.  

From the summery shown above, there is variation in the angle of internal friction of soil during 

the time of failure calculated by using limit equilibrium of different slice methods. Even if they 

are assessed based on the same concept. 

Therefore, the result obtained by simplified Bishop Method is used for designing remedial 

measures, or during failure the angle of internal friction was Ø ´ =6.8°. 
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 5. CONCLUSION AND RECOMMENDATION 

5.1 Conclusion 
 

1. In the investigated land slide area, land slide is triggered by more than one factor these are:- 
1.1 Rising ground water in the rainy season: The rising water table is due to infiltration of 

surface runoff, so controlling of the infiltration process using different remedial 

techniques will minimize the subsurface problem. 

1.2 Dynamic load due to vehicles: external forces due to large vehicles apply additional 

forces on slope; this can be resist by stabilizing the soil or supporting the slope by 

different methods. (Briefly explained in recommendation below).  

2. Sub-surface water was encountered at 6.0m, therefore the slope is exposed to pore water 

pressure during rainy season. 

3. The geology of the site is uniform in vertical extents, except variations in thickness, so there is 

no any particular plastic layer along which shear could more easily take place.  

4. There was no superficially visible hazardous geological structure. So the slope would not affect 

by massive geological or geomorphological factors.  

5. From the above analysis, the result obtained by simplified Bishop Method is used for designing 

remedial measures, or during failure the angle of internal friction was Ø´ =6.8°.  

 

5.2 Recommendation 
 

Landslide mitigation works are conducted in order to stop or reduce the landslide movement. 

Therefore, as the result damages can be minimized. With a clear understanding of the causes and 

mechanics of landslide, the landslide control works can be implemented according to the 

following steps. Landslide counter measure is divided in to control works and restraint works. The 

control work indirectly affects landslide risk by removing factors contributing to the slide; the 

restraint work directly affects the landslide risk by increase the resisting force. 

 

1. Drainage control work 

1.1 Surface drainage work:-prevents initiation of landslide by re-infiltration of rainfall 

and surface water from internal and external land slide areas.  

1.2 Shallow ground water control work: - it controls the ground water supply near the 

slip surface by draining away ground water in shallow areas. 
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1.3 Deep ground water control work: - reduces pore water pressure near slip surface by 

draining away ground water distributed in deep areas. 

So the lowering of the ground water table to reduce the pore water pressure in this slope is 

another option which is actually done through surface interceptor ditches or collector drains 

within the slopes. So drainage reduces the destabilizing hydrostatic and seepage forces on a 

slope as well as the risk of erosion and piping.  

2. Retaining wall:- 

Retaining wall is a structure designed to restrain against sliding by lateral sliding resistance of 

the base against the earth, by lateral bearing against the soil, or by a combination of the two. 

This retaining structure should able to resist the vehicle load and any additional surcharge load 

in order to stable the slope. 
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                       Appendix 

Appendix A 

Table: 1 Data used for calculation of Soil unit weight  

Sample one:                 
        
Diameter of sample,  (cm)         10.4 
Area of sample,  (cm2)         84.91 
Length of  sample,  (cm)             13.7 
Volume of sample ,(cm3)         1164.056 
Weight of cylinder, (g)         1681.9 
Weight of cylinder + sand, (g)         3567.20 
Weight of sample, (g)         1885.30 
Unit Weight of sand, (KN/m3)         16.20 

        
        

Sample two:                 
        
Diameter of sample,  (cm)         10.4 
Area of sample,  (cm2)         84.91 
Length of  sample,  (cm)             4.7 
Volume of sample ,(cm3)         399.0563 
Weight of cylinder, (g)         743.2 
Weight of cylinder + sand, (g)         1364.80 
Weight of sample, (g)         621.60 

Unit Weight of sand, (KN/m3)         15.58 
        

        
Sample three:                 
        
Diameter of sample,  (cm)         10.5 
Area of sample,  (cm2)         86.55 
Length of  sample,  (cm)             13.5 
Volume of sample ,(cm3)         1168.374 
Weight of cylinder, (g)         1683 
Weight of cylinder + sand, (g)         3567.20 
Weight of sample, (g)         1884.20 
Unit Weight of sand, (KN/m3)         16.13 

        
Average unit weight   = 
16.0 KN/m3       
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Appendix B 

Nearby borehole log sheet 

 

                                  Fig: 1 Borehole log sheet (B.H.8-1   sheet 1 of 2) 
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                         Fig: 2 Borehole log sheet (B.H.8-1   sheet 2 of 2) 
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                                 Fig: 3 Borehole log sheet (B.H.8-2   sheet 1 of 2) 
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                            Fig: 4 Borehole log sheet (B.H.8-2   sheet 2 of 2) 
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                   Fig: 5 Borehole log sheet (B.H.10-1   sheet 1 of 2) 
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                           Fig: 6 Borehole log sheet (B.H.10-1   sheet 2 of 2) 
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                          Fig: 7 Borehole log sheet (B.H.10-2   sheet 1 of 2) 
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                              Fig: 8 Borehole log sheet (B.H.10-2   sheet 2 of 2) 
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