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Abstract

Ziway, is a town on the shore of Lake Ziway, a Rift Valley lake, in Oromia, Ethiopia. Lake Ziway is
62 km south of Addis Ababa. It has an elevation of 1643 meters above sea level. Geotechnical
investigations show that starting from a few centimeters below the ground level to the depth of three
meters, the soil in Ziway town is mostly silt and silty sand.

The objective of this project is to investigate some of the mitigation measures implemented on very loose
sand, understand the behavior of very loose sand deposit as a foundation material, compare the mitigation
measures to be executed when constructing a foundation on very loose sandy soils, and design the
appropriate type of foundation for the selected case study in Ziway town.

The geotechnical investigation for the selected case study in ziway town shows that the soil sample has
clay content ranging from 1.08 to 1.21%, silt fraction 24.58 to 25.68 %, sand fraction 71.14 to 72.84%,
and gravel content from 1.11 to 1.24%. The specific gravity of the town ranges from 2.48 to 2.53.PIl is
non-plastic (NP). The maximum dry density (MDD) ranges from 1.17 to 1.25 g/cm® and the optimum
moisture content varies from 20.3 to 22.6 percent.

Relative density test depicts the maximum void ratio to be (emax) 0.75 and minimum void ratio to be
(emin) 0.35. cohesion varies 7.8-8.2 and angle of internal friction 27-27.8 degree.

The mitigation measures proposed for the selected case study soil condition were mechanical compaction,
vibrofloatation, stone columns, cement grouting or dynamic compaction to densify the soil. The soil under
the foundation base was indicted to be compacted with a specified field density. The field density results
were forwarded be checked regularly by using sand replacement or core cutter method. If mechanical
compaction was used, it was instructed to compact the soil at a fully dry state or by flooding. The depth of
compaction was proposed to stretch up to the depth of influence of the foundation that is 1.5*B.SPT test
can also be used as an alternative measure to determine the level of increment in the bearing pressure of
the soil after it has been compacted.

The appropriate type of foundation was selected for the prevalent soil condition. In doing so, we
considered three different approaches and combinations of footings that might be adequate for the
specified structure. After a number of trials, we came to the conclusion that isolated foundation is the
appropriate type of foundation for the structure and soil conditions considered in our study.


https://en.wikivoyage.org/wiki/Ethiopia

Foundation construction on a very loose sand deposit (Literature review and cost
comparison of foundations for a case of Ziway town)

Chapter 1 Introduction

1.1 General Background

The construction of structures on a weak ground often requires the soil to be improved in order
to ensure the safety and the stability of surrounding buildings. Ground improvement in granular
soils can be achieved by different methods such as vibro-flotation, compaction piles,
compaction with explosives, excavation and replacement, wellpoint system, reinforced earth,
grouting, etc. The selection of the most suitable method depends on a variety of factors, such
as: soil conditions, required a degree of the compaction, type of structures to be supported,
maximum depth of compaction, as well as site-specific considerations such as the sensitivity of
adjacent structures or installations, available time for completion of the project, the competence of
the contractor, availability of equipment and materials, etc. Soil compaction can offer effective
solutions for many foundation problems, and is especially useful for reducing total settlements
in sands.

However, efficient use of soil compaction methods requires that the geotechnical engineer
understands all factors that influence the compaction process. The poor quality soils, especially
their low bearing capacity, make it necessary to improve their properties by stabilization. The
compaction of soils is intrinsically dependent upon the vertical effective stress, the type, and
gradation of soil, etc. Broadly, a well-graded soil is compacted more that of uniform soil and
moisture content is a significant parameter. Dynamic compaction can only be used to a maximum
depth of 10m to 20m and will not yield good results when the water table is at
shallow depths.

A question has been raised as to how to increase the relative density of loose sands located within
shallow depths. It is an inevitable problem in dynamic soil improvement methods that vibration
induced on the ground surface tends to loosen the cohesionless soils. Hence alternative
methods for developing the density and strength of loose sand at shallow depths are required.

Soil stabilization, with cement grouts injected under pressure, has come into widespread use in
construction. At present, the method of grouting is highly prevalent in a number of branches of
structural engineering; and in foundation engineering for the reinforcement of existing foundations
beneath buildings and structures as well for strengthening the soils in their beds.
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Foundation construction on a very loose sand deposit (Literature review and cost
comparison of foundations for a case of Ziway town)

1.2 Problem Statement

In Ethiopia, mostly, when a loose sand deposit is encountered at a shallow depth in the
excavation process of building structures, it is removed and will be replaced a more competent soil is
proposed at a deeper depth as a bearing layer. The construction industry in our country is booming
nowadays with the construction of low to high rise buildings. The current trend in the constructional
activities in our country often demands deep foundations because of the poor engineering properties
and the related problems arising from weak soil at shallow depths. The very low bearing capacity of
the foundation bed causes shear failure and excessive settlements. Further, the high water table and
limited depth of the top sandy layer restrict the depth of foundation thereby further reducing the safe
bearing capacity. Unfortunately, the choice of deep foundation increases the cost and time of
building construction and also resulting in the notion of strengthening the weakness of very loose
sandy soil to be used as a foundation soil. Hence, the provision of constructing a foundation on a
very loose sandy deposit should be considered to minimize the overall substructure cost of
construction by providing the necessary mitigation measures.

The implementation of deep foundation technique, in the virtue of finding a competent soil
deposit results in the utilization of large volume of backfill materials. Civil engineering
structures utilize natural resources such as construction materials directly or indirectly to
perform their intended purpose. Building structures as one branch of civil engineering utilize a
backfill material that is compacted layer by layer to provide the lateral constraint needed for a
building structure to ensure stability. The building construction sector is increasing in an
alarming rate utilizing backfill materials as deep foundation technique is executed. The
repetitive use of these materials results in the depletion of our natural resources for the next
generation. Thus, the utilization of soil deposits at shallow depth should be considered by
providing the appropriate remedies in order to decrease the volume of backfill materials to be
used.

AAIT Page 2
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1.3 Objectives of the Study

1.3.1 General Objective
The General objective of this project is to analyze and design different type of foundation on
very loose sandy soil, perform cost analysis and finally select the appropriate foundation type
based on the economic aspect.
To reduce the cost of substructure construction.
To make use of weak soils as a foundation bearing layer by using different remedial
measures.
To explore the challenges of constructing a foundation on very loose sandy soils
To provide guidance for future projects depicting a similar situation.

1.3.2 Specific Objectives
Investigating some of the mitigation measures implemented when placing a foundation
on very loose sandy soils.
To understand the behavior of very loose sand deposit as a foundation material.
Compare the mitigation measures to be executed in the case of very loose sandy soils as
a bearing layer.
Investigating the mitigation techniques to be used.
Design and forward the appropriate type of foundation for the selected case study.
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1.4 Methodology

This project is conducted in order to propose the proper mitigation measures and obtain a suitable

type of foundation for the selected case study. | used the data gathered from site investigation work
where very loose sand is located in ziway town.
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Figure 1: methodology flow chart
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1.5 Scope of the Study

The scope of this study is limited to make a brief literature review of the mitigation measures used
when constructing a foundation on a very loose sand deposit. This project doesn’t take into account
the cost estimation for the compaction method used. The effect of the earthquake is also not included
in this study.

1.6 Structure of the project

This project work is divided into seven chapters. In the introductory Chapter, the background of the
problem, objective, methodology, scope of the thesis work and structure of the project are portrayed.
Chapter two illustrates a brief literature review of the mitigation measures used when constructing a
foundation on a very loose sand deposit. Chapter three covers the description of the study area. The
fourth Chapter deals with the analysis and design of the shallow foundation. Chapter five illuminates
on cost estimation for the three type of foundation layouts .chapter six lightens on the conclusions
and recommendations deduced from the project.
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CHAPTER 2: Literature review

2.1 Index properties of soils
Index properties are grain size analysis, relative density, free swell and specific gravity, Atterberg
limits, and consistency of soil. The significant index property of coarse-grained soils is particle size
and relative density. In the case of fine-grained soils, the main index properties are Atterberg limits
and consistency. Soils having similar index values are considered to have identical engineering
properties.

2.1.1 Grain size analysis
The mechanical analysis is also known as particle size analysis is the determination of the size range
of particles present in the soil, expressed as a percentage of the total dry weight. The mechanical
analysis is one of the oldest and most common forms of soil analysis. It provides the basic
information for revealing the uniformity or gradation of the materials within established size ranges
and for textural classifications.

There are two methods used in determining the particle size distribution of soil namely, sieve
analysis and hydrometer analysis. The first analysis is used for coarse-grained soils (particle size
greater than 0.075mm in diameter). The second analysis is used for fined grained soils (size smaller
than 0.075mm in diameter). As a soil mass may contain the particles of both types of soils, combined
analysis comprising both sieve analysis and sedimentation analysis may be required for such soils.

2.1.2 Relative density
Relative density is the most important index property of cohesionless soils. It is the ratio of the
difference between the void ratios of cohesionless soil in its loosest state and existing natural state to
the difference between its void ratio in the loosest and densest states.

Relative density= ﬁ ................................................................ 2.1

Where,
emax = Void ratio of coarse-grained soil ( cohesionless) in its loosest state.

emin = VoId ratio of coarse-grained soil ( cohesionless) in its densest state.
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e =void ratio of coarse-grained soil (cohesionless) in its natural existing state in the field.

Table 1: Denseness of soil types (Arora, 2003)

Relative
Soil type density

(C))
Very dense 85-100
Dense 65-85
Medium dense |35-65
Loose 15-35
Very loose <15

2.1.3 Specific gravity (Gs)
Specific gravity is defined as the ratio of its mass in the air to the mass of an equal volume of water
at a reference temperature, 4 °C. The specific gravity of solids is normally only applied to that
fraction of a soil that passes the No. 4 sieve.

_unit weight of soilds

........................................................................ 2.2

S unit weight of water

Sand particles composed of quartz have a specific gravity ranging from 2.65 to 2.67. Inorganic clays
generally range from 2.70 to 2.80. Soils with large amounts of organic matter or porous particles
have specific gravities below 2.60.

Table 2: Index property Test Results in different parts of the country (Beza, 2015)

Soil type Silt, silty sand, sand-

silt mixtures
Location Ziway
Clay Content (%) 0.66-10.93
Silt fraction (%) 17.15-73.03
Sand fraction (%) 15.16-81.3
Liquid Limit (%) 27-37
Plastic limit (%) 23-29

Plasticity Index (%) 4-8
Moisture content (%) 22.6-35.83
Specific Gravity 2.4-2.62
Compaction (g/cm3) 1.22-1.55
From plasticity chart SM & ML
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2.2 Compaction

Compaction of a soil may be defined as the process of closely packing the soil particles together by
reducing the air voids in the soils, by mechanical means. It is an artificial process which is done to
increase the density of the soil to improve its properties before it is put to any use. Air during
compaction is expelled from the void space in the soil mass and, therefore the mass density is
increased. Compaction reduces the compressibility and permeability of a soil mass. Compaction of a
soil can be achieved by repetitive application of loads. The procedure is to remove first the weak soil
up to the depth required and refill or replace the same in layers with compaction.

The Maximum dry density of Ziway soil ranges from 1.22-1.55 (g/cm3) and Optimum moisture
content ranges from 22.5% to 36% (Beza, 2015)

The methods of soil improvement considered in this chapter are
1. Mechanical compaction

2. Dynamic compaction

3. Vibroflotation

4. Sand and stone columns

5. Injection of suitable grouts

2.2.1 Mechanical compaction

Mechanical compaction is the least expensive of the methods compared with other methods. It is
applicable in both cohesionless and cohesive soils. The procedure is to excavate first the weak soil
stratum (cohesionless or a sand-silt clay mixture) up to the desired depth and replace the weak soil
that we have excavated in layers with compaction. If the soil excavated is fine sand, silt or soft clay,
it is not advisable to refill with the same material that we have excavated due to the fact that, they
may not give sufficient bearing capacity for the foundations after the application of compaction
procedure.

2.2.2 Laboratory compaction tests
In the process of compaction in the laboratory, we can be able to determine optimum moisture
content and maximum dry density of a soil sample. There are two types of compaction procedures
are usually applied in the laboratory.

e Standard Proctor compaction test after the name of its originator R.R. Proctor.
e Modified Proctor (or modified AASHO) compaction test.
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2.3 Field Compaction and control

Ordinary compaction in the field is done by rollers. The equipment that is normally used for
compaction consists of:

1. Smooth-wheel rollers (or smooth drum rollers)
2. Pneumatic rubber-tired rollers

3. Sheep foot rollers

4. Vibratory rollers

Laboratory compaction tests on a soil sample that is intended to be used for an engineering purpose
implicate maximum dry density and the optimum moisture content. The field compaction result
should be so adjusted so as to translate as a percentage of laboratory compaction result. The two
important factors that are necessary to achieve the objectives in the field are

1. Adjustment of the natural moisture content of soil stratum to that of the optimum moisture content
of field compaction value.

2. Selection of compacting equipment appropriate for the work at the site.

The equipment used for compaction are briefly described below:

2.3.1 Smooth Wheel Roller

This type of compaction equipment is used for large areas for a different type of soils. Smooth wheel
rollers are most suitable for compacting gravel, sands. There are two types of smooth wheel rollers.
One type has two large wheels, one in the rear and a similar single drum in the front. A smooth-
wheel roller can create vertical vibration during compaction. Smooth-wheel rollers are suitable for
compacting base courses and for finishing the construction of fills with sandy or clayey soils.
However, they do not produce a uniform unit weight of compaction when used on thick layers.

Figure 2: Vibratory smooth-wheel rollers (Das, 2011)
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2.3.2 Rubber Tired Roller
Rubber Tired Roller is better in many respects than smooth-wheel rollers. The maximum weight of
this roller may reach 2000 kN. Consist of a heavily loaded wagon with several rows of tires. The
tires are closely spaced— four to six in a row so that complete coverage is obtained with each pass.
They help to achieve a better density or compaction and improved product appearance.

Figure 3: Pneumatic rubber-tired roller (Murthy,2001)

2.3.3 Sheep foot Roller

Sheep foot Roller consist basically of drums with large numbers of projections The sheep foot roller
is suitable compacting all fine-grained materials, but is generally not suitable for use on cohesionless
granular material Since the sheep foot roller tends to aerate the soil as it compacts, it is ideally
suited for working soils that have moisture contents above the acceptable moisture range.

Figure 4: Vibratory sheep foot roller (Das, 2011)
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2.3.4 Vibratory roller
This roller uses vibratory action in conjunction with the ballast weight of the drum to compact. It is
one of the most effective means of attaining the required density for cohesionless material. In some
units, vibration is produced by weights placed eccentrically on a rotating shaft in such a manner that
the forces produced by the rotating weights are essentially in a vertical direction.

Figure 5: Vibratory roller (Jean-Louis Briaud, 2013)

2.4 Selection of Equipment for Compaction in the Field
The choice of a roller for a given job depends on the type of soil to be compacted and percentage of
compaction to be obtained. The types of rollers that are recommended for the soils normally met are:

Table 3: type of soil versus the type of roller recommended (Murthy,2001)

Type of soil Type of roller recommended
Cohesive Soil Sheep foot roller, or Rubber tired roller
Cohesionless soils Rubber-tired roller or Vibratory roller

2.5 Method of Compaction

The first approach to the problem of compaction is to select suitable equipment. If the compaction is
required for an earth dam, the number of passes of the roller required to compact
the given soil to the required density at the optimum moisture content has to be determined by
conducting a field trial test as follows:

The soil is well mixed with water which would give the optimum water content as determined in the
laboratory. It is then spread out in a layer. The soil mass is compacted in layers called lifts. The lift
thickness rarely exceeds 300mm. The thickness of the layer normally varies from 15 to 30 cm.

AAIT Page 11



Foundation construction on a very loose sand deposit (Literature review and cost
comparison of foundations for a case of Ziway town)

Coarse-grained soils are compacted in lifts between 250mm and 300mm, while fine-grained soils are
compacted in lifts about 150mm.

The number of passes required to obtain the specified density has to be found by determining the
density of the compacted material after every definite number of passes. The density may be checked
for different thickness in the layer. The suitable thickness of the layer and the number of passes
required to obtain the required density will have to be determined. (Murthy,2001)

In cohesive soils, densities of the order of 95 percent of standard Proctor can be obtained with
practically any of the rollers and tampers; however, vibrators are not effective in cohesive soils.
Where high densities are required in cohesive soils in the order of 95 percent of modified Proctor,
rubber-tired rollers with tire loads in the order of 100 kN and tire pressure in the order of 600 kN/m?
are effective.

In cohesionless sands and gravels, vibrating type equipment is effective in producing densities up to
100 percent of modified Proctor. Where densities are needed in excess of 100 percent of modified
Proctor such as for base courses for heavy duty airfields and highways, rubber-tired rollers can be
used. (Murthy,2001)

2.6 Field Control of Compaction
The compaction of soil in the field must be such as to obtain the desired unit weight at the optimum
moisture content. The field engineer has, therefore, to make periodic checks to see whether the
compaction is giving desired results. The procedure of checking involves:

1. Measurement of the dry unit weight, and
2. Measurement of the moisture content.

The following two methods are more commonly used to determine the in-situ density of soil.
-- Core cutter method
-- Sand-replacement method
The two methods are destructive tests. They involve:

1. Excavating a hole in the compacted fill and weighing the excavated material.
2. Determining the water content of the excavated material

3. Measuring the volume of the resulting hole.
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2.6.1 Core cutter method
The core-cutter apparatus consists of a mild steel cutting ring and a dolly fits on its top. A typical
cutting ring would be 12.5cms high 10cms internal diameter. The lower one cm of the ring is
sharpened and made into a cutting edge. The cutter is rammed into the soil with the dolly placed on
its top, the ramming being done with a 14cms diameter metal rammer when the top of the dolly is
just about to touch the soil, the ramming is stopped and the cutter containing the soil is dug out of
the ground.

The soil is trimmed level with the top and bottom of the cutter so that the volume of the soil
contained within it is equal to the internal volume of the cutter. The weight of the soil contained in
the core-cotter and its moisture content is then determined.

This apparatus is more suitable for soft cohesive soils but cannot be applied to stiff clays; sand soils,
and soils containing too many stones that can damage the cutting edge.
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Figure 6: Core cutter instrument (Das, 2011)

2.6.2 Sand replacement method
In this method, standard sand is used to fill up the excavated hole by using a standard pouring
cylinder. A small round hole (about 200mm diameter and 150mm deep) is dug and the mass of the
excavated material is carefully determined. The volume of the hole thus formed is obtained by
pouring into it sand of known density from a special graduated container; knowing the weight of
sand in the container before and after the test, the weight of sand in the hole and hence the volume of
the hole can be determined. This method can be used for any type of soil.

AAIT Page 13



Foundation construction on a very loose sand deposit (Literature review and cost
comparison of foundations for a case of Ziway town)

Sand-cone
apparatus

2B6mm
127 mam

136.5 mm

ll—— 165 mm - !-1

— 0TI msm —=

ASTM dimensions

Figure 7: Sand cone instrument (Murthy, 2001)

2.7 Dynamic compaction

Dynamic compaction is a ground improvement technique that densifies soils and fills materials by
using a drop weight. It uses the energy from a falling weight to improve granular soils and fills. It is
a method that is used to increase the density of the soil when certain subsurface constraints make
other methods inappropriate. The procedure incorporates of dropping a heavyweight repeatedly on
the ground at regularly spaced intervals. The weight and height determine the amount of compaction

that would occur.

The basic principle behind the technique consists in the transmission of high energy waves through a
loose soil layer in order to alleviate at depth its geotechnical properties. The impact of the free fall
creates stress waves that help in the densification of the soil.

» Depth of compaction can reach up to 10 to 12 m.

The depth of compaction is given by the formula

D = L cvemts
e 2.3

where W = weight of falling mumss im oeelric tons,
1 = hedght of drop in mecers

Applicable soil types:

Dynamic compaction is applicable in granular soils. The ground water table should be at least 1.8
meter below the ground surface.
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2.8 Vibroflotation

A vibroflot is a cylindrical tube, fitted with water jets at the top and the bottom. It contains a rotating
eccentric mass which develops a horizontal vibratory motion.

The vibroflot is sunk into the soil using the lower jets and is then raised in small stages, in the course
of which the surrounding material is compacted by the vibration process. As water comes out of the
jet, it results in a quick condition ahead of the vibroflot, which leads to the loss of shear strength of
the soil. The vibroflot settles due to its own dead load. When the required depth has been reached the
vibrator is initiated. The vibroflot then vibrates laterally and results in the compaction of the soil in
the horizontal direction. (Arora, 2003)

The spacing between the compaction probe should be 2m to produce relative densities greater than
70 percent over the entire area. The resulting densified stone column effectively reinforces sandy
soils and acts as a bearing pile for foundations.

Applicable soil types: The process is applicable in granular soils. The Vibroflotation technique is
used for compacting granular soil only up to a depth of 30m.
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Figure 8: Compaction by the vibroflotation process (Das, 2011)

2.9 Compaction piles
Compaction piles are commonly used to densify a loose deposit of sand. Sand compaction piles are
constructed by driving a hollow mandrel with its bottom collapsible plate that is closed during
driving. Sand is poured from the top while withdrawing the pipe at the same time air pressure is
directed against the sand inside it. The bottom plate opens during withdrawal and the sand backfills
the voids created earlier during the driving of the pipe. The in-situ soil is densified while the pipe is
being withdrawn, and the sand backfill prevents the soil surrounding the compaction pipe from
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collapsing as the pipe is withdrawn. The piles are usually 0.46 to 0.76 m in diameter and are placed
at about 1.5 to 3 m center to center

Applicable soil types: Compaction piles are effective when the maximum limits on the number of
fines that can be present are 15 percent passing the 0.075 mm and 3 percent passing 0.005 mm.

Prof. Dr. Kéatia Vanessa Bicalho, Prof. Dr. Reno Reine Castello and Renata d’Andréa investigated
the densification of loose sandy soils using compaction piles by conducting case two case histories.
The main aim was to improve the bearing capacity of sandy soils to support heavy loaded
buildings by using shallow foundation. Deep compaction was made by franki- type equipment and
compaction near to the ground was performed by using vibratory plate. The analysis took distance
from compaction pile, initial relative density, depth and time for results approval after compaction
into consideration. The experiment has prevailed that utilizing the technique of compaction piles
with Franki-type equipment is economical for the mere purpose of densifing loose cohesionless
soil. Test results implicate that compaction piles of 400 mm diameter casings spaced on 1.4-3.2 m
centers (3.5 to 8 pile diameters) can increase the penetration resistance of loose cohesionless soils
by 2-15 times the initial penetration resistance. The results of densification depict that the method
is efficient.( Prof. Dr. Katia Vanessa Bicalho, Prof. Dr. Reno Reine Castello and Renata
d’Andréa,2004)

Figure 9: Construction of sand compaction pile in Yokoha (Murthy, 2001)

2.10 Stone column

Stone columns, also called aggregate columns, are constructed by opening holes in the soil to be
improved down to a chosen depth and backfilling them with aggregates or crushed stones. The
method described for installing sand compaction piles or the vibroflot described earlier can be used
to construct stone columns. The procedure generally comprises of water-jetting a vibroflot into the
ground to make a circular hole beneath the ground. The hole is then filled with imported gravel. The
gravel in the hole is gradually compacted as the vibrator is withdrawn. The size of the stones used
for this purpose range from about 6 to 40 mm. Stone columns usually have diameters of 0.5 to 0.75
m and are spaced at about 1.5 to 3 m center to center. This method is used when stones are available
nearby to the construction site.
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Figure 10: Construction of a stone column (Das, 2011)

The opening procedure of the hole to place the stones is done in two ways that are by vibration or
jetting. In the vibration technique, a vibrating cylinder is utilized and the stones are poured upon
withdrawal of the vibrating cylinder and are compacted by the effect of vibration. In the jetting
procedure, the hole is created by a probe inserted up to the required depth and rotated out of the hole
while jetting horizontally to increase the size of the hole before the poring of stones. A third
technique called the rammed aggregate pier method comprises of opening a hole with the help of
auger machine and compacting the stones in stages of about 0.3 m lift thickness. (Jean-Louis Briaud,
2013)

Applicable soil types: Stone columns used to improve the density of granular soil. The ground
water depth isn’t critical.

2.11 Soil improvement by injection of suitable grouts

Grouting is the injection of pumpable materials into a soil or rock formation to change its physical
characteristics. The aim of injecting a grout may be to decrease permeability, increase shear strength,
decrease compressibility, prevent excessive settlement and increase soil strength.

Suspension grouts consist of soil, cement, lime, asphalt emulsion, etc., while the solution grouts
include a wide variety of chemicals. Grouting improves especially effective when the adjacent
structures require the extension of existing foundations into deeper layers. (Murthy,2001)

Penetration grouting may involve Portland cement or fine-grained soils such as bentonite or other
materials. These materials penetrate only a short distance through most soils and are primarily useful
in very coarse sands or gravels in that they restrict permeability and improve compressibility and
strength properties.( Murthy,2001)

Jet grouting is a soil stabilization process whereby a cement slurry is injected into the soil at a high
velocity to form a soil-concrete matrix. The effectiveness of the jet grouting is very much influenced
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by the nature of erodibility of soil. Gravelly soil and clean sand are highly erodible. The injection
and grouting methods are generally expensive compared with other methods. (das, 2011)

Grouting proves especially effective in the following cases:
1. When the foundation has to be constructed below the ground water table.

2. When there is difficult access to the foundation level.

3. When the geometric dimensions of the foundation are complicated and involves many
boundaries and contact zones.

4. When the adjacent structures require that the soil of the foundation strata should not be
excavated

Babu T. Jose, anthosh Kumar T. G Kumar, A. Sridharan and Benny Mathews Abraham
made a research on Improving shear strength of loose sandy soils by grouting. Grout was
injected under pressure into the loose sandy soils until it fills the hole that is dug or until the
maximum specified pressure is reached. Different cement contents (2, 4 and 6 %) were used for
the purpose of grouting. The effectiveness of grouting was examined pondering on the actual cross
sectional area of the intact grouted mass at various depths and by determining the percentage of
cement at different depths and laterals extent of the grouted area. Load tests were used to
investigate the improvement in strength due to grouting. The improvement in strength due to
grouting was assessed with the help of load tests. it was witnessed that 4 % cement grout was
found to be more effective in medium sand as compared to 2 and 6 %. The finding implicates the
effectiveness of using grouting technique in loose sandy soils. (Babu T. Jose, anthosh Kumar T. G
Kumar, A. Sridharan and Benny Mathews Abraham, 2013)

2.12 Shear Strength

The property that enables a material to remain in equilibrium when its surface is not level is called
shearing strength. It is a term used in soil mechanics to describe the magnitude of the shear stress
that soil can sustain. The shear resistance of soil is a result of friction and interlocking of particles,
and possibly cementation or bonding at particle contacts.

Studies show that for Ziway soil direct shear test results i.e. Cohesion (C) in kPa range from 2
to 20.5 and angle of internal friction (&) in degrees ranges from 18.5 to 28.5 respectively.

S=CH o tan @i 2.4
S=shear strength
C=cohesion

d=angle of internal friction
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o = normal stress

2.13 Liquefaction of Soll

liquefaction occurs when a saturated or partially saturated soil substantially loses strength and
stiffness in response to an applied stress such as shaking during an earthquake or other sudden
change in stress condition, in which material that is ordinarily a solid behaves like a liquid.

During earthquakes, major destruction of various types of structures occurs due to the creation of
fissures, abnormal and/or unequal movement, and loss of strength or stiffness of the ground. The loss
of strength or stiffness of the ground results in the settlement of buildings, failure of earth dams,
landslides, and other hazards. The process by which loss of strength occurs in the soil is called soil
liquefaction. The phenomenon of soil liquefaction is primarily associated with medium to fine-
grained saturated cohesionless soils.

One of the first attempts to explain the liquefaction phenomenon in sandy soils was made by
Casagrande and is based on the concept of critical void ratio. Dense sand, when subjected to shear,
tends to dilate; loose sand, under similar conditions, tends to decrease in volume. The void ratio at
which sand does not change in volume when subjected to shear is referred to as the critical void
ratio. Casagrande explained that deposits of sand that have a void ratio larger than the critical void
ratio tend to decrease in volume when subjected to vibration by a seismic effect. If drainage is
unable to occur, the pore water pressure increases.

The cyclic stress ratio (CSR):

r g, a
CSR =25 = 0.65r,| 2 || —me
O-H‘D O-\'D g

............................. 2.5

CRR determination:

v" The CRR can be determined from
v’ Standard penetration test (SPT);
v Cone penetration test (CPT); or
v Shear wave velocity, VS

» We determine the Crr value by using the corrected spt number from the below graph.
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2.14 Working Stress method, limit state method

2.14.1 Working stress method

It is based on the fact that the stress is directly proportional to strain up to the point of failure. The
root of this method is that the allowable stresses are not surpassed anywhere in the structure.

The factor of safety takes into consideration the uncertainties in the fabrication of these materials. A
factor of safety of 3 is to be used for flexural compressive stresses in concrete and 2 for yield
strength of steel.

Limitations of the working stress method

1. It merely assumes that concrete is elastic.

2. Factors of safety is used for stresses only and not for loads.

3. It does take into consideration the effect of shrinkage and creep.

5. This method results in uneconomical sections.
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6. It pays no consideration to the conditions that result in a mode of failure.

2.14.2 Limit State Method
This is the most rational method which takes into account the ultimate strength of the structure and
also the serviceability requirements. This technique is ponders upon the idea of safety at ultimate
loads and serviceability at working loads.

It is constructed upon the probabilities variation in the loads and material properties. It uses partial
factors of safety to find design loads and its corresponding design stresses.

2.15 Comparison of working stress method and limit state method
» Working Stress Method

1. It is based on the elastic theory
2. In this method ,the factor of safety are applied to the yield stresses to get allowable stresses.
3. Factor of safety is not used for loads.
4. Particular margin of safety is not known.
5. This method gives uneconomical sections.
» Limit State Method
1. It is established based on the actual stress-strain curves of steel and concrete.
2 partial safety factors are applied to obtain design values of stresses.
3 Design loads are found by multiplying partial safety factors on to the working loads.
4. Particular boundary of safety is known.

5. This method is more economical.

2.16 Foundation Loading
A foundation may be subjected to one or more of the following loads:-
1. Dead Loads: The dead loads include the weight of materials permanently fixed to the structure

2. Live Loads: The live loads are the movable loads that are not permanently attached to the
structure.

AAIT Page 21



Foundation construction on a very loose sand deposit (Literature review and cost
comparison of foundations for a case of Ziway town)

3. Wind Loads: Wind loads act on all exposed surfaces of the structure.

4. Earth pressure: Earth pressures produce lateral force against the structure below the
ground surface.

5. Water pressure: water pressure produces a lateral force against the structure below the water
level.

6. Earthquake loads: The force due to an earthquake may act vertically, laterally on a structure in
any direction.

2.17 Ethiopian building code of standard (Design according to Eurocode 7:2004)
2.17.1 Limit State for Foundations

The first requirement in EC7 regarding the design of spread foundations is that a list of the
ultimate and serviceability limit states to be considered shall be compiled.

» Ultimate Limit States
The following other ULSs also needs to be considered:
v' loss of overall stability
v' failure by sliding
v combined failure in the ground and the structure
v

Structural failure due to excessive foundation movements.

» Serviceability Limit States

A serviceability limit state incorporates movements and deflections. The movements and deflections
which need to be considered in the case of spread foundations

2.18 Ultimate Limit State Design Method

2.18.1 Bearing Resistance Failure
When designing a foundation according to EC7 it is essential to check that the foundation has
adequate safety against bearing resistance failure by indicating that the ULS design action, Vd
doesn’t surpass the ULS design bearing resistance.Vd should include the self-weight of the
foundation and any backfill on.
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» For DRAINED CONDITIONS:
R/A’= ¢'Ncbcescic + g'Ngbgsqiq + 1/2y'B'Nybysyiy

Table 4: Direct, indirect and prescriptive method of design

Method Description Constraints
(ULS) Model envisaged failure
Carry out separate analyses for each mechanism
Direct limit state. both ultimate (ULS) and

(SLS) Use a serviceability

serviceability (SLS) calculation

Use comparable experience with
Indirect results of field & laboratory
measurements & observations

Choose S5LS loads to satisfy
requirements of all limit states

Use conventional & conservative
Prescriptive design rules and specify control of Use presumed bearing resistance
construction

2.18.2 Ultimate Limit State verifications by Direct Method
ULS verifications are carried out with the three possible Design Approaches:
o DA1: Combination 1: A1 + M1+ R1
0 DA1 :Combination 2: A2 + M2 + R1
0 DA2: Al+ M1+R2
0 DA3: (Al or A2)* + M2 + R3
N.B:- Al is for structural actions and A2 is for geotechnical actions

Table 5: partial factor for permanent and live load

Action Symbuol Set
Al A2
P ' Unfavourable 1,35 1.0
ermanen Favourable re 1.0 1.0
\ariabi Unfavourable 1.5 1.3
anabiE Favourable Ya 1] a
Table 6: bearing and sliding partial factors
Resistance Symbeol Set
R1 R2 R3
Bearing Vv 1,0 14 1,0
Sliding Vi 1,0 1,1 1,0
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Table 7: partial factors for cohesion and angle of internal friction

Soil parameter Symbaol Value

M M2
Shearing resistance Ve 1.0 1,25
Effective cohesion Ve 1.0 1,25
Undrained strength ¥ 1.0 1.4
Unconfined strength Vou 1.0 1.4
Effective cohesion Ve 1.0 1.4
Weight density ¥y 1.0 1.0
' This factor is applied to tan @'

2.18.3 SLS check the performance of the foundation
The following three components of settlement have to be considered:
so immediate settlement: for fully-saturated soil due to shear deformation at constant volume
and for partially-saturated soil due to both shear deformation and volume reduction;
s1 settlement: caused by consolidation;
s2 settlement: caused by creep

2.18.4 Shear

» Members not requiring design shear reinforcement
(1) The design value for the shear resistance VRd,c is given by:

Vace= [Cra.ck(100 oy £5)" + ko] bed

» Punching shear

According to Eurcode 7 punching shear is checked at a distance 2D from the face of the column,
where D is the depth of the footing

» Wide beam Shear
Pondering on Eurocode 7 punching shear is calculated at a distance D from the face of the column

2.19 Type of Foundations used on sandy soil
Every building consists of two basic Components

v The superstructure
v The substructure (Foundation)
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The basic function of a foundation is to transfer

v" the dead load (weight of walls, partitions, floors, roofs, and other permanent structures)
v Superimposed load (Live loads) eg. People, furniture, machines etc.
v wind load

To perform satisfactorily, shallow foundations must have two main characteristics:
1. They have to be safe against overall shear failure in the soil that supports them.

2. They cannot undergo excessive displacement or settlement. (The term excessive is relative
because the degree of settlement allowed for a structure depends on several considerations.)

Generally, a foundation is, therefore, that part of the structure which is in direct contact with the
ground to which the loads are transmitted. The foundation should be sufficiently strong to prevent
excessive settlement as well as differential settlement.

Types of foundation:
1. Shallow Foundation- Depth is equal to or less than its width

2. Deep Foundation — Depth is greater than its width

‘]

Figure 12: Isolated footing

2.19.1 Shallow foundation

Shallow foundations are used to transmit loads of the superstructure to the adjacent soil below it.
The types of shallow foundation available are pad foundation, strip foundation, and raft foundation.

2.19.2 Spread Footing
Spread footing distributes the column load or wall over a larger area. spread footings can carry
either a column or wall.
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Types of spread footings

» Single Footing
» Stepped footing
> Sloped footing

2.19.3 Strap Footing

» Whenever independent footings of two columns are connected by a beam, it is termed as
strap footing

» We use strap footing when the center to center distance between columns is so great in that
the use of trapezoidal or combined footing becomes too narrow, accompanied by a large
value of moment.

» The strap beam doesn’t remain in contact with soil, hence it will not impose pressure directly
to the soil.

2.19.4 Combined footing
A spread footing which carries two or more columns is named as combined footing. The combined
footing may be of the following types.

» Rectangular combined footing
» Trapezoidal combined footing
» Combined column — wall footings

2.19.5 Mat (raft) Foundation
A raft or mat is a combined footing that covers the entire area below a structure and carries all the
walls and columns. Mat foundation will be used when:

e the allowable soil pressure is low
e the building loads are heavy
e Use of spread footing covers more than the one half the area.

Amr Z.EL Wakil investigated the use of skirt foundation. The aim of these experiments was to shed
some lights on the effects of skirts on the bearing capacity of shallow footings. The influence of skirt
length and the relative density of sand on the ultimate load obtained were examined. After
performing laboratory tests, it was witnessed that skirts improve the resistance of shallow footings to
the super imposed load as they increase the ultimate load of shallow footings by up to 6.25 times for
the current study conditions and variables. Skirts are better for footings on loose sand than in case of
medium and dense sand. Amr Z.EL Wakil (2013)
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Chapter 3 Description of the study area

Ziway, is a town on the shore of Lake Ziway, a Rift Valley lake, in Oromia, Ethiopia. Lake Ziway is
the closest major Rift Valley lake to Addis Ababa, 162 km south of Addis Ababa. It has a latitude
and longitude of 7°56'N 38°43'E with an elevation of 1643 meters above sea level. Ziway has a total
area of about 8000 hectares, which has been subdivided into 4 urban kebele administrations.

Lake Zway or Lake Ziway is one of the freshwater Rift Valley lakes of Ethiopia. It is located about
100 miles south of Addis Ababa, on the border between the Regions (or kililoch) of Oromia and of
the Southern Nations, Nationalities, and Peoples; the woredas holding the lake's shoreline are Adami
Tullu and Jido Kombolcha, Dugda Bora, and Ziway Dugda. The town of Ziway lies on the lake's
western shore. The lake is fed primarily by two rivers, the Meki from the west and the Katar from
the east, and is drained by the Bulbar which empties into Lake Abijatta. The lake's catchment has an
area of 7025 square kilometers.

: ClllByia0 @oandd " T
Eritrea AL

Djibouti
'hiopia

‘

Figure 13: location of Ziway town
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3.1 Description of the Site

The project site is located in ziway town, Near to the lake around kidan merit
church. It is intended to construct a G+6 building on the site.

Table 8: The location of test pits in the global position system

Test Pit Location at the town Longitude(in | Latitude Elevation(meter)

TP Near lake 7951707 38%3 1635

A7 \
Q\Zeway Hamere
Noha Saint Kidhane ..

5;:3 Afiya Drug Store

Thesite §

Figure 14: Site Location
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Chapter 4 Design of Shallow Foundation by using Euro code 7:2004

4.1 Secondary Geotechnical data gathered

> Natural moisture content and In situ density

Table 9: natural moisture content and insitu density

Natural moisture In-situ
Test Pit number Depth in meter density(g/c
content (%)
m3)
TP1 @3 64.5 1.47
TP2 @3 60.3 1.49
TP3 @3 61.2 15
» Specific gravity
Table 10: specific gravity values
Sp-e-:i:t'lc _
Designation Depth in meter S“r::l Igﬂmmg ::;::LUEM tor
sa.mplef }
TP1 @ 3 2.4% Ta
TP2 (@ 3 2.5 wger
TP3 i@ 3 253
» Relative density
Table 11:Emax and Emin values
Test pit E max E min
TP1 0.75 0.35
Tp2 0.72 0.4
TP3 0.69 042
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> Grain-size distribution of soil

Table 12: Grain size distribution

Designation | Depth(meter) Percent amount of particle size

Gravel Sand Silt Clay
TP-1 @3m 1.11 7284 | 2568 |1.21
TP-2 @3m 1.13 7384 |26.68 |1.18
TP-3 @3m 1.24 7174 | 2458 |1.08

» Compaction test

Table 13: maximum dry density and optimum moisture content

Designation Depth (m) MDD(g/cm3) OMC (%)

TP-1 @3 1.25 22.6

TP-2 @3 1.17 21.4

TP-3 @3 1.21 20.3

» Unified soil classification system (USCS)
Table 14: unified classification system
Classification
According to
LL |PL |PI USC
: 0 . .
Test pit Depth(meter) | % particle size @) | %) | %)
Gravel | Sand | Silt Clay
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TP-1 @3m 1.11 72.84 | 2568 |1.21 |- - NP | SM
TP-2 @3m 1.13 73.84 | 26.68 |1.18 |- - NP | SM
TP-3 @3m 1.24 71.74 | 2458 |1.08 |- - NP | SM

» Classifications of soils based on AASHTO Classification system

Table 15: classification according to AASHTO

Test Usual type

it PL | PI Group of General

% passing onsieve | LL | (%) | (%) | Gl | classification | significant | rating
(%) constitute
materials

No. No. No.
10 40 200

Siltor
clayey
gravel and | Good
Sand

TP-1 | 92.56 | 67.98 | 26.05 | - - NP 0| A-2-4

Silt or
clayey
TP-2 | 9256 | 67.98 | 26.05 | - - NP 0| A-2-4 gravel and | Good
Sand

Siltor
clayey
gravel and | Good

TP-3 92.56 | 67.98 | 26.05 | - - NP 0| A-2-4
Sand

AAIT Page 31




Foundation construction on a very loose sand deposit (Literature review and cost
comparison of foundations for a case of Ziway town)

> Direct Shear

Table 16: cohesion and angle of internal friction values

designation Depth (m) Cohesion (C) in Angle of internal
kPa. friction (@).in
degrees
TP-1 @3 7.8 27.0
TP-2 @3 7.5 28
TP-3 @3 8.2 28.6

4.2 Interpretation of the secondary data gathered:

The geotechnical investigation result shows that,
» Grain size analysis tests result has shown that, the soil at the site silty sand.

» The soil sample has clay content ranging from 1.08 to 1.21%, silt fraction 24.58 to 25.68 %,
sand fraction 71.14 to 72.84%, and gravel content from 1.11 to 1.24%.

» The specific gravity of the town ranges from 2.48to 2.53.

Pl is non-plastic ( NP)

» The maximum dry density (MDD) by using modified proctor test ranges from1.17 to 1.25
g/cm3 and the optimum moisture content ranges 20.3 to 22.6 percent.

> Relative density test depicts the maximum void ratio to be(emax) 0.75 and minimum void
ratio to be (emin) 0.35

» Shear strength parameters cohesion(C) = 7.8-8.2 and angle of internal friction (®) =27-27.8
deg

» The same soil profile is seen to extend to a depth of 8m

Y

The table below shows different values of Ncor for a range of angle of internal friction.

Table 17: N and angle of internal friction Related to Relative Density

N, Compactness Relative density, 0 /%) ¢
-4 Yery looss 0-15 <18
=10 L 13-33 28-3)
1030 Medium 33403 3036
30-30 Dense 638 3641
el wery Denst +h3 =4l
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> Based on the above table the geotechnical values that were gathered lay under the category of
very loose sandy soil.

» From the above table, we have taken the Spt value for our soil to be Ncor=4

» After compaction was performed with a relative density of greater than 85 we took spt values
greater than 50

4.3 Seismic zone of Ziway town

Territories in Ethiopia are subdivided into seismic zones, depending on the local hazard. The
hazard within each zone is taken to be constant. The reference peak ground acceleration on type of
ground, agR is found from zonation maps.

Table 18: Seismic zonation of Ziway town

Town Seismic gamma
zone
Ziway 4 0.15

4.4 Check for liguefaction

0.65*rdx*total stressxamax

COR=—————————— 4.1

ef fective stressx*g

Where,

RA=1-0.012%Z ..o 4.2
N Corrected =N*CN*ENR*1.05. ... ..ottt 4.3
CN= (95.76/effective Stress) 0.5, .. ..o 4.4
ag max=0.15¢g

F.STCRRICSR. .. e 4.5
Z= depth(m)

FS>1...... safe against liquefaction

F.S <1...... Not Safe against liquefaction.

CRR determination
» The Crr value was determined by using the corrected spt number from the below
graph.
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Figure 15:Ncor versus crr

The liquefaction potential for the in-situ condition is shown below:

> In-situ field dry unit weight=12.753 kN/m®
The liquefaction potential of the soil for every 50cm interval has been investigated. The total stress,

effective stress, Ncor, csr and crr were used in order to compute the factor of safety against
liquefaction.

T - T 7 7 7 71 LayerI

- - - — — . = — Very loose sand
1.5000'——___.__'__

3.0000 L M —————— VA A
T — — — — — — — — —| Very loose sand

13000 | — — — — — — — — — Layer &

R

Figure 16: Soil profile
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Table 19: Soil profile data before compaction

layer1 layer?2

dry unit weight 12.753| KN/m3 saturated unit weight | 12.753| KN/m3
H1 1.5m H2  |15m

Spt number (N) 4 Spt number (N) 4

0) 2] 0) 2]

C 0[Kpa (= 0KPa

Table 20: Computation of liquefaction before compaction

yw 10 kN/m3 ysat 18.457 kN/m3
vdry 14.17|kN/m* ysat new 16.6113kN/m>  |ysub | 6.6113[kN/m’

ydry new 12.753 kN/m3

depth(m) [total stress |effective stress|CN correction [Eh N Ncorr [rd(m) |csr fcrr  |FS
(kN/m’) _|(kN/m’)
0.5 6.3765 6.3765| 3.875260366 1.05 0.6 3| 7.32424( 0.994]0.097| 0.15| 1.547748
1 12.753 12.753| 2.740222884 1.05 0.6 3| 5.17902| 0.988| 0.096( 0.111| 1.147099
15 19.1295 19.1295( 2.237382616 1.05 0.6 4 5.6382| 0.982)| 0.096( 0.103| 1.075774
2| 27.43515 22.43515 2.065986979 1.05 0.6 4] 5.20629| 0.976|0.116] 0.1| 0.859344
2.5 35.7408 25.7408| 1.928772692 1.05 0.6 4{ 4.86051| 0.97) 0.131{ 0.095| 0.723444
3| 44.04645 29.04645 1.815706039 1.05 0.6 4| 4.57558| 0.964(0.143| 0.09 0.631456

As we can see from the above table the soil is not safe against liquefaction from a depth of 2-3m. If
we encounter a liquefiable soil it is recommended to compact foundation material to a depth up to
3m below our foundation base in order to guarantee safety against liquefaction. Hence, the soil
should be compacted to its maximum field dry density in order to place our foundation at a depth of
3m.

Liquefaction optional of the soil by the proposed maximum dry field density:

> MDD= 16.05 kN/m®
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Table 21: soil profile data after compaction

layer 1 layer2
dry unit weight 16.05| KN/m3 saturated unit weight 16.05| KN/m3
H1 1.5m H2 1.5m
Spt number (N) 50 Spt number (N) 50
Vv 0.3 V 0.3
Es 16250(Kpa Es 16250(Kpa
0] 383 (0] 38.3
C 0|Kpa = 0KPa
Table 22: Computation for liquefaction after compaction
YW 10[kN/m3 ysat 20.647|kN/m3
ydry 17.84|kN/m3 ysat 18.5823|kN/m3 |ysub | 8.5823[kN/m3
ydry 16.05(kN/m3
Eh 1.05 0.6
depth(m) |total stress |effective stress|CN correction |Eh Ncorr |rd csr o far |FS
/') [’
0.5 8.025 8.025( 3.454375527 1.05 0.6 50[ 099 0.097{ 0.6f6.191
1 16.05 16,05 244261236 1.05 0.6 50[ 0988 0.0%( 0.6f6.229
15 24075 24075 199438464 1.05 06 52[ 0982 0.0%( 0.6f6.267
2| 33.36615 28.36615 1.837349905 1.05 06 52 0976 0.112[ 06[ 536
L5 426573 32,6573 1712387034 1.05 06 521 097 0.124] 0.6 4.857
3| 51.94845 36.94845 1.609881674 1.05 06 52| 0964 0132 06| 454

4.5 Depth of foundation

The foundation base is proposed to be placed at 3m depth in order to counteract the depth of
moisture fluctuation.
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4.6 Mitigation measures to be used

» Compact the soil by using mechanical compaction, vibrofloatation, stone columns or dynamic
compaction to increase its density.

Compact the soil under the foundation base with the aforementioned field density.

The field density can be check regularly by using sand replacement or core cutter method.

If mechanical compaction is to be used, compact the soil at a fully dry state or by flooding.

The depth of compaction is to stretch up to the depth of influence of the foundation that is 1.5*B.
SPT test can be used to determine the level of increment in the bearing pressure of the soil after
it has been compacted.

Cement grouting can also be used as an alternative mitigation measure apart from the
compaction methods mentioned above.

YV V VY

Y

4.7 Isolated footing Design for F3

Foundation three (F3) was firstly analyzed and designed when dealing with alternative one foundation
layout. It was performed by using Euro code 7:2004. The dead and live load data from the superstructure
was gathered as secondary data. The superstructure load (P1) was calculated based on the appropriate
design combination. The dimension of the footing, depth of pad, the area of reinforcement and other
parameters acquired from the analysis and design of isolated footing three are presented.

Table 23:summary of footing 3 design

Dp 04| m b=L 15| m
Hc 3|m C size 04| m
Self-weight of footing 21.6 | kN
Soil overburden on the
footing 42,9198 | kN
The weight of the rising
column 11.52 | kN
Live load from Column 111.275 | kN
dead load 890.2 | kN
DL new 966.2398 | kN LL 111.275 | kN
MAX Vvd 1468.631 | kN
As on one side/meter 942 | mm?

4.8 Isolated footing Design for F1

Foundation three (F1) was secondly designed when it comes to an aleternative one foundation layout. It
was accomplished by using Euro code 7:2004. Secondary data was used to perform the design procedure.
The superstructure load was calculated based on the appropriate design combination. The dimension of the
footing, depth of pad, the area of reinforcement and other values obtained from the analysis and design of
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isolated footing one are summarized.

Table 24: summary of footing 1 design

Dp 0.65 | m b 26 | m
Hc 3| m Csize 04| m
Self-weight of footing 105.456 | KN
Soil overburden on the footing 75.6206 | KN
The weight of rising column 11.52 | kKN
Live load from Column 230.275 | kN
dead load 1842.2 | kN
DL 2034.797 | kN LL 230.275 | KN
As on both side/meter 11576.04 | mm2

4.9 Isolated footing Design for F2

Foundation two (F2) was thirdly designed regarding alternative one foundation layout. It was executed
by using Euro code 7:2004. The dead and live load data from the superstructure was gathered as
secondary data. The superstructure load (P1) was calculated based on the proper design combination.
The size of the footing, depth of pad, the area of reinforcement and other p results acquired from the
analysis and design of isolated footing two are presented.

Table 25: Summary of isolated footing F2 design

Dp 0.55 | m b 22| m
Hc 3 m Csize | 0.4 m

Self-weight of footing 63.888 | kN

Soil overburden on the

footing 65.2158 | kN

The weight of the rising

column 11.52 | kN

Live load from Column 178.1125 | kN

dead load 1424.9 | kN

DL 1565.5238 | kN LL 178.1125 | kN

As on one side/meter 942 | mm?

4.10 combined footing Design for F2
Alternative two was proposed as the other type of foundation consisting of combined footings i.e. F1,
F2, and F3. Foundation two (F2) was designed by using Euro code 7:2004. Secondary data was utilized
when it comes to the superstructure load. The superstructure load was computed based on a suitable
design combination. The size of the footing, depth of pad, the area of reinforcement and other
parameters acquired from the analysis and design of combined footing two are showcased.

Table 26: Summary of combined footing 2 design
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Dp 05| M b 16| m L 52| m
Hc 3/m C size 0.4 |m

Self-weight of footing 30.72 | kN

Soil overburden on the

footing 55.74 | KN

The weight of rising

column 11.52 | KN

Live load from Column 105 | KN

Live load from Column | 180.4375

dead load 1 1396 | kN

dead load 2 1443.5 | kN

dead load new 1 1444.99

dead load new 2 1492.49

DL 2937.48 | kKN LL 285.4375 | kN

As longer side/meter 1055 | mm?

As shorter side/meter 582.521 | mm?

As for cantilever /meter 1055 | mm?

4.11 combined footing Design for F3

Foundation three (F3) was designed by exhausting Euro code 7:2004. A secondary data was collected to
determine the super structure load. The super structure load was calculated based on the relevant design
combination. The size dimension of the footing, depth of pad, the area of reinforcement, and other values
acquired from the analysis and design of combined footing two parameters attained from the analysis and
design of combined footing three is summarized in a table below.

Table 27: summary of combined footing design 3

Dp 0.5 | m b 1.3 | m L 52 | m
Hc 3| m C size 0.4 | m

Self-weight of footing 2028 | kN

Soil overburden on the

footing 41805 | kN

The weight of rising

column 11.52 | kN

Live load from Column 105 [ kN

Live load from Column 111.25

dead load 1 1424 9 [ kN

dead load 2 Bo0 | kN

dead load new 1 1461703

dead load new 2 026.8025

DL 2388.505 | kN LL 216.25 | kN

As longer side/meter 6280 [ mm?

As cantilever side/meter 633 | mm~

As cantilever side/meter 582.25 | mm~
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4.12 Combined footing Design for F1

Alternative two was proposed as the other type of foundation consisting of combined Footing one (F1)
analyzed and designed when dealing with alternative two foundation layout. It was performed by using
Euro code 7:2004. Secondary data was collected when it comes to determining the superstructure load.
The superstructure load was computed based on the appropriate design combination. The size of the
footing, depth of pad and the area of reinforcement and other parameters achieved from the analysis
and design of combined footing, F1 are

Table 28:summary of combined footing design 1

Dp 055 |m b 2|m L 5.2
Hc 3|m C size 0.4

Self-weight of footing 52.8 | kN

Soil overburden on the

footing 72.8336 | KN

The weight of rising column 11.52 | KN

Live load from Column 105 | kN

Live load from Column 230.275

dead load 1 1672.7 | kN

dead load 2 1842.2 | kN

dead load new 1 1741.277

dead load new 2 1910.777

DL 3652.054 | kN LL 335.2 | kN

As for span/meter width 5652 | mm

As for cantilever/meter 1055 | mm?

As for the shorter side/m 649.171 | mm?

4.13 Mat foundation Design

Alternative three was proposed as the other type of foundation .it was analyzed and designed by using
Euro code 7:2004. A secondary data was used when computing the super structure load. The super
structure load was calculated based on the appropriate design combination. The size of the footing,
depth of pad, the kilogram of reinforcement and other obtained from the analysis and design of mat
footing is summarized in a table below.

AAIT
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Table 29: summary of mat footing design

Dp 06| M b 16 | m L 22 | M
Hc 3 m Csize |04 M

Self-weight of footing 5068.8 KN

Soil overburden on the

footing 695.6352 | kN

The weight of rising

column 207.36 | KN

Total reinforcement 8752.96 | Kg

4.14 computation of elastic settlement
The immediate settlement of the foundation is calculated using the method elastic settlement based on the
theory of elasticity. The equation for computing the settlement may be expressed as.

A-#%,

Sr T qnﬂ r

5

..................................... 4.6

Se = elastic settlement
B = width of foundation,
Es= modulus of elasticity of solil,

u, = Poisson's ratio,
gn = net foundation pressure,
IF, = influence factor.

The maximum settlement was checked for the maximum load for the three types of foundations as
shown below:

Table 30: Summary for the maximum elastic settlement of isolated footing

depth(m) |B(m) possion ratio |Es(kpa) |gn L/B H/B |F1 F2 |if |Se(m)
0.5 2.6 0.3 16250( 457.45383 1{0.192]  0.05| 0.06|0.084| 0.006

1 2.6 0.3| 16250( 457.45383 1{0.385|  0.06 0.067|0.098| 0.007

15 2.6 0.3 16750| 457.45383 1{0577] 0.8 0.07| 0.22| 0.014

2 2.6 0.3| 16750( 457.45383 1{0.769]  0.19| 0.06|0.224| 0.014

2.5 2.6 0.3| 16750| 457.45383 1{0.962| 0.25 0.055|0.281| 0.018

3 2.6 0.3| 16750( 457.45383 1{ 1.154|  0.28| 0.05/0.309| 0.02
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Table 31: Summary for the maximum elastic settlement of isolated footing

depth(m) [B(m) L(m) possionratio |Es(kpa) [gn B |HB [F1 |F2 |If  [Se(m)
3 2 5.2 03] 16250 522.4216212) 26| 15 018 0.07| 0.22{ 0.012872
Table 32: Summary for the maximum elastic settlement of mat foundation
depth(m) {B(m) L(m) possionratio [Es(kPa) |gn /B HB |F1 [F2 |Iif [Se(m)
3 16 2 03| 16250 124.6077685( 1.375| 0.1875| 0.025 0.05( 0.054| 0.005981
Table 33: Maximum elastic settlement as a whole for combined footing
depth(m) |B(m) L(m) possion ratio |Es(kPa)  [gn /B |H/B [F1 |F2 [If |Se(m)
3 15,6 2 03| 16250 124.6077685| 1.41|0.19231] 0.025 0.05| 0.054| 0.005832
Table 34: Maximum elastic settlement as a whole for isolated footing
depth(m| (B(m) L(m) possionratio |Es(kPa) [gn /B [HB |FL |2 [If  {Se(m)
3 14 2 03] 16250| 124.6077685| 1.571| 0.21429| 0.025( 0.05 0.054| 0.005234

» According to Eurocode 7 the maximum settlement is 50mm

AAIT
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Chapter 5.0 Cost estimation

5.1 Isolated footing cost analysis
Detailed cost estimation has been performed for the alternative 1 foundation layout which encompasses
three types of isolated foundations namely F1, F2, and F3. The Grand total summary incorporates
Excavation and earthwork, concrete work and ten percent contingency. Grand total summary for the
alternative 1 foundation layout is presented below:

Table 35: Grand total summary for alternative 1

Excavation and earthwork 218054.168 | birr
Concrete work 292529.38 | birr
Total 510583.548 | birr
10% contingency 51058.3548 | birr
Grand total 561,641.90 | birr

5.2 Combined footing cost analysis

Thorough cost estimation has been executed for the alternative 2 foundation layout which comprises
three types of combined foundations that is F1, F2, and F3. The grand total summary includes
Excavation and earthwork, concrete work and ten percent contingency.

Table 36: Grand total summary (alternative 2)

Excavation and earthwork 193380.4 | birr
Concrete work 337120.26 | birr
Total 530500.66 | birr
10% contingency 53050.066 | birr
Grand total 583,550.73 | birr
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5.3 Mat foundation cost analysis

In-depth cost estimation has been performed for the alternative 3 foundation layout that is mat
foundation. The cost estimation adds in Excavation and earthwork, concrete work and ten percent
contingency.

Table 37: Grand total summary (alternative 3)

Excavation and earthwork 174814.18 | Birr
Concrete work 1008768 | Birr
Total 1183582.18 | Birr
10% contingency 118358.218 | Birr
Grand total 1,301,940.40 | Birr
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Chapter 6.0 Conclusion and recommendation

6.1 Conclusion
The secondary data gathered from the site reveals that the soil is a very loose sand deposit up to a
depth of 8m. The very loose sand deposit was susceptible to liquefaction. It was suggested to make
the necessary mitigation measures under this study to counteract the problem for constructing a
foundation on the very loose sand deposit.

A brief Literature review on the mitigation measures to be used when constructing a foundation on a
very loose sand deposit has been covered under this project and the mitigation measure was
proposed for a given case study located in ziway town.

As the title of our study enunciates, one the purpose of our study is to select the appropriate type of
foundation for the prevalent soil condition. In doing so, we considered different approaches and
combinations of footings that might be adequate for the specified structure. After a number of trials,
we came to the conclusion that isolated foundation is the most appropriate type of foundation for the
structure and soil conditions considered in our study.

Foundation excavation should be cleaned of all loose soil, leveled and protected from water. If
construction takes place during wet conditions, it is recommended that a thin layer of lean concrete
or compacted clean crushed rock be placed immediately after excavating to anticipated foundation
depth to serve as a working surface. Foundation excavation should be kept free of water at all times.

6.2 Recommendation

v The dynamic characteristics of soils with relation to responding of soil to earthquake should
be studied in the future.

Increasing the number of sampling area in-depth investigation should be done in the future.
Retaining wall should be constructed around the perimeter of the footings

The effect of the earthquake on sand should be investigated for the future.

The cost estimation for compaction should be taken into account for further studies.

The excavated silty sand soil can be used as backfill around the column footings if it is
blended with coarser aggregate.

ANENENENEN
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Appendix A

Determination of parameters needed for design
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The formula for relative density,

Emax — Emeasured
Rd =

Emax — Emin

It is recommended to use Rd=90% for sand

0.75 — Emeasured
0.75 —0.35

90% =

0.75 — Emeasured
0.4

90% =
e measured = 0.39

e measured= Gs*yw

Gsxyw
ydry

e measured =

2.48x10
ydry

0.39 =

ydry= 17.84kN/m?

(Gs +e) xyw
1+e

ysat =

(2.48 + 0.39) = 10
14039

ysat =

ysat = 20.647kN/m?

The maximum dry unit weight by using the Proctor testis........................... 12.5kN/m?

It is recommended to use relative compaction of 90% for sandy soils
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> take RC(relative compaction)=90%

¢ For the y dry obtained from modified proctor test

y dry new=90%%*17.84 kN/m?
=16.533 84 kN/m®

ysat = 90% * 20.647KN/m3
=16.05 kN/m*

®,

¢ For the y dry obtained from modified proctor test
v dry new=90%%14.17
=12.753kN/m*

% When selecting the dry unit weight for sandy soils, we should compare y dry value of the
modified Proctor test and relative density test and take the larger value for design.

In our case,
Maximum Dry unit weight (proctor test)
» 12.753kN/m

Maximum dry unit weight (Relative density test)
> 16.05 kN/m’
Thus, we take maximum dry unit weight = 16.05 KN/M3

To determine the angle of friction from relative density: or granular soil with fine sand and more
than 5 percent silt we use the correlation given below:

{':FI:ES-I-G'ISD-' .................................................................................... 52

Dr=90% (recommended above)

Unit weight on the field=90-(0.9*0.9)=89.19

The angle of internal friction=25+0.15*89.19
=38.3 degree
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Appendix B

Alternative foundation layout 1, 2 and 3
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Alternative 1 Isolated footings (F1,F2 and F3)
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Alternative 2 Combined footings (F1,F2 and F3)
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Alternative 3 Mat foundation
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Appendix C

Soil profile and loads needed for design
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layer1 layer 2
dry unit weight 16.05/ KN/m3 saturated unit weight 16.05/ KN/m3
H1 1.5m H2 1.5m
Spt number (N) 50 Spt number (N) 50
Vv 0.3 Vv 0.3
Es 16250(Kpa Es 16250|Kpa
@ 383 @ 38.3
C 0|Kpa C= OKPa

» The same soil profile was seen to extend up to 8m depth form the natural ground level

@,

®

© © & ©

@ 1 4 7 10 13 16
6.0000
@ o 5 8 1 14 17
6.0000
@ 3 6 9 12 15 18
4 4.0000 + 4.0000 +—4,0000——4.0000——4.0000—
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Dead load from column Live load from column
deadload 1 890.2(KN Live load from Column 1 111.275|KN
dead load 2 1345.7(KN Live load from Column 2 168.213|KN
dead load 3 840|KN Live load from Column 3 105|KN
dead load 4 1166.56|KN Live load from Column 4 145.82(KN
dead load 5 1842.2(KN Live load from Column 5 230.275|KN
dead load 6 1386.1(KN Live load from Column 6 173.263|KN
dead load 7 1099.4{KN Live load from Column 7 137.425|KN
dead load 8 1672.7(KN Live load from Column 8 209.088(KN
dead load 9 1396|KN Live load from Column 9 174.5|KN
dead load 10 1099.4|KN Live load from Column 10 137.425|KN
dead load 11 1662.4(KN Live load from Column 11 207.8|KN
dead load 12 1443.5(KN Live load from Column 12 180.438|KN
dead load 13 1166.4{KN Live load from Column 13 145.8|KN
dead load 14 1839.9|KN Live load from Column 14 | 229.988|KN
dead load 15 1424.9(KN Live load from Column 15 | 178.113|KN
dead load 16 776.3|KN Live load from Column 16 | 97.0375|KN
dead load 17 1344|KN Live load from Column 17 168|KN
dead load 18 888.9[KN Live load from Column 18 | 111.113|KN
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Appendix- D

Isolated footing (F3) design

AAIT Page 57



Foundation construction on a very loose sand deposit (Literature review and cost
comparison of foundations for a case of Ziway town)

» Isolated footing Design for F3

-1

F3 "
3 04000 |
~—1.2200 - % ~— 1. 2200 -
Dp 04| m b 152 | m
Hc 3 Csize 0.4
Self-weight of footing 22.18 | kN
Soil overburden on
footing 43.7 | kN
Weight of rising column 11.52 | kN
Live load from Column 111.3 | kN 945.4202
dead load 890.2 | kN
DL 967.6 | kN LL 111.275 kN
¢| 383 C 0 | kPa
45+¢/2 64.15 45+¢/3 | 2.061019 tand 0.789202315
yo | 1.25 vYo | 4.247798 tand/y 0.631361852
Yo’ 1 tand/y' 0.78920215
sing 1951305
AAIT Page 58




Foundation construction on a very loose sand deposit (Literature review and cost
comparison of foundations for a case of Ziway town)

Oq 0.84 q 36.945 | kN/m?
g 50.63
Ne 473
Ne 62.88
Ny 37.68
Ny’ 78.33
Sq 1.62
Sy 0.7
Sc B4
Ic

[¢]

ly

Ultimate Design load=[.35Gk+1.5Qk---B}-------- B

(design approach 1 comb 1)

B 0.7 | m

Rd 1565 | kN

Total DL 950.1 | kN

Total live load 111.3 | kN

vd 18 < 156489 | kN

SF 1.07962

Ultimate Design load= 1Gk+1.3Qk----------------- (

design approach 1 comb 2)

B 152 | m

Rd 4166 | kN

Total DL 967.6 | kN

Total live load 111.3 | kN

vd 1112 < 4165.852 | kN
SF 3.7454

design approach 2

Ultimate Design load= 1.35Gk+1.5Qk----------------- (

design approach 2)

B 0.7 | m

Rd 1565 | kN

Total DL 950.1 | kN

Total live load 111.3 | kN

vd 1450 < 1564.99 | kN

SF 1.07962
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design approach 3

Ultimate Design load= 1.35Gk+1.35Qk-----------------
( design approach 3)

B 0.8 | m
Rd 1154 | kN
Total DL 951.6 | kN
Total live load 111.3 | kN
vd 1102 < 1153.976 | kN
SF 1.04737
Take B 1.52 | m
MAX vd 1450 | kN
Net Contact Pressure at the underside of footing
base:
Therefore, maximum net upward pressure is:
pmax 627.4 kN/mm2
a 0.56
Ultimate moment
Mu 149.536 | kN.m
Mu per m width 98.38 | kN.m/m
Step 5: Design of sections
bar diameter 20 | mm
Trial 1: Assume D 04| m
dx 0.352 | m
dy 0.322 | m
dav 0.337 | m
K 0.066 < 0.295
Take K 0.066
VA 0.326 > 0.27634
Take Z 0.326
Therefore, area of steel required: As=Mu/(z*fy)
fy 500 | N/mm?
As 695.1 | mm? as 314 | mm
Adopt T20 bars;
no. 2.214

AAIT
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As 1884 | mm?
S 333.3 | mm
Minimum % of tensile reinforcement=
0.00133*b*d
449.2 < 1884 | mm?
Check for shear: Actual shear stress at a distance d
from the face of column
Vud 139.9 | kN
Applied shear stress in column :
Ved 0.415 | N/mm?
Vrdc= 0.12*K
Concrete shear capacity: * (P*fck)o.33
p 0.005
0.005 < 0.02
K 1.77 < 2
Vrdc 0.531 | N/mm?
0.452
0.531 > 0.415174 | N/mm2
Check for punching: Calculated around a
perimeter of 2d from the face of column
2d 0.6@ | mm
q 627.4 | KN/mm?
1.748
Total shear in concrete around the perimeter 2d
from the face of column
Ved 467.5 | kN
Applied punching shear stress: shear stress over
perimeter of the circle
Ved 0.371 | N/mm?
Vrdc > Ved
0.531 > 0.370955 | N/mm?
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Appendix- E

(Isolated footing (F1) design)
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» Isolated footing Design for F1

Pl
- £.6000
i
_ Y
l=——2,6000 —f 06900~ .~ 26000 —»]
® 38.3 C 0 | kPa
45+¢/2 64.15 45+¢/3 | 2.061 tand 0.7892
020) 1.25 Yo | 4.2478 tand/y 0.6314
Yo’ 1 tang/y' 0.7892
sing 0.6195
Ng 30.842 Q 36845 | kN/m?
Ng' 50.628
Nec 47.266
Nc 6883
Ny 37.682
Ny’ 78.332
Sq 1.6195
Sy 0.7
Sc 1.6403
Ic 1
Iq 1
ly 1
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Ultimate DEign load= 1.35Gk+1.5Qk-----------------
(design approach @omb 1)
B 1| m
Rd 3264.4 | kN
Total DL 19449 | kN
Total live load 230.28 | kN
vd 2971.1 < 3264.426 | kN
SF 1.09873287
Ultimate Design load= 1Gk+1.3Qk----------------- (
design approach 1 comb 2)
B 26| m
Rd 13015 | kN
Total DL 2034.8 | kN
Total live load 230.28 | kN
Vvd 2334.2 < 13015.02 | kN
SF 5.57590597
design approach 2
Ultimate Design load= 1.35Gk+1.5Qk----------------- (
design approach 2)
B 1| m
Rd 3264.4 | kN
Total DL 1944.9 | kN
Total live load 230.28 | kN
vd 2971.1 < 3264.426 | kN
SF 1.09873287
design approach 3
Ultimate Design load= 1.35Gk+1.35Qk-----------------
( design approach 3)
B 1.2 | m
Rd 2772.4 | kN
Total DL 1951.8 | kN
Total live load 230.28 | kN
vd 2262.7 < 2772.431 | kN
SF 1.22528868
Take B 26| m
MAX Vvd 2971.1 | kN

Net Contact Pressure at the underside of footing
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base:
Therefore, maximum net upward pressure is:
pmax 439.51 | KN/mm?
Ultimate moment
Mu 691.347999 | kN.m
Mu per m width 265.9 | kN.m/m
Step 5: Design of sections
bar diameter 20
Trial 1: Assume D 0.65 | m
dx 0.602 | m
dy 0.572 | m
dav 0.587
K 0.1003 < 0.295
Take K 0.1003
VA 0.5559 > 0.48134
Take Z 0.5559

Therefore, area of steel required: As=Mu/(z*fy)

fy 500 | N/mma2

As 1100.1 | mm? as 314
Adopt T20 bars;
no. 3.5036
As 1884 | mm?
S 333.33 | mm
Minimum % of tensile reinforcement=
0.00133*b*d

782.47 < 1884 | mm?

Check for shear: Actual shear stress at a distance d
from the face of column

Vud 225.47 | kN
Applied shear stress in column :

Ved 0.3841 | N/mm?
Concrete shear capacity: Vrdc= 0.12*K
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* (P*fck)o.33
p 0.0031
0.0031 < 0.02
K 1.5837 < 2
Vrdc 0.3979 | N/mm?
0.3821
0.3979 > 0.384103 | N/mm?
Check for punching: Calculated around a
perimeter of 2d from the face of column
2d 1.174 | m
q 439.51 | kN/mm? 3.6864
2.748
Total shear in concrete around the perimeter 2d
from the face of column
Ved 347.87 | kN
Applied punching shear stress: shear stress over
perimeter of the circle
Ved 0.2754 | N/mm*
Vrdc > Ved
0.3979 > 0.275353 | N/mm?
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Appendix- F

Isolated footing (F2) design
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> lsolated footing Design for F2

c.c000
e !
¥
0.5500-—
- . 2000 —= ~-~— 2 200 — =
— W
Dp 05| m b 2| m
Hc 3| m Csize 0.4
Self-weight of footing 48 | kN
Soil overburden on
footing 59.46 | kN
Weight of rising column 11.52 | kN
Live load from Column 178.1 | kN
dead load 1425 | kN
DL 1544 | kN LL 178.1 | kN
¢| 383 C 0 | kPa
45+¢/2 64.15 45+¢/3 | 2.061 tand 0.79
yo | 1.25 Yo | 4.248 tand/y 0.63
ve’ 1 tand/y' 0.79
sing 0.62
Ng 30.84 q 36.95
Ng' 50.63
Nc 47.27
Ne 62.88
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Ny 37.68
Ny' 78.33
sq 1.62
sy 0.7
Sc 1.64
ic 1
iq 1
iy 1

Ultimate Design load= 1.35Gk+1.5Qk-----------------
(design approach 1 comb 1)

B 08 | m

Rd 2625 | kN

Total DL 1506 | kN

Total live load 178.1 | kN

vd 2300 < 2625.131 | kN

SF 1.141499

Ultimate Design load= 1Gk+1.3Qk----------------- (

design approach 1 comb 2)

B 2|m

Rd 7430 | kN

Total DL 1544 | kN

Total live load 178.1 | kN

vd 1775 < 7429.614 | kN
SF 4.184703

design approach 2

Ultimate Design load= 1.35Gk+1.5Qk----------------- (

design approach 2)

B 09 | m

Rd 2625 | kN

Total DL 1506 | kN

Total live load 178.1 | kN

vd 2300 < 2625.131 | kN

SF 1.141499

design approach 3

Ultimate Design load= 1.35Gk+1.35Qk-----------------
( design approach 3)
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B 1|m
Rd 1857 | kN
Total DL 1508 | kN
Total live load 178.1 | kN
vd 1748 < 1857.404 | kN
SF 1.062389
Take B 2| m
MAX vd 2300 | kN
Net Contact Pressure at the underside of footing
base:
Therefore, maximum net upward pressure is:
pmax 574.9 kN/mm2
Ultimate moment
Mu 367.9557 | KN.m
Mu per m width 184 | k.m/m
Step 5: Design of sections
bar diameter 20
Trial 1: Assume D 0.5 | m
dx 0.452 | m
dy 0.422 | m
dav 0.437 | m
K 0.096 < 0.295
Take K 0.096
VA 0.415 > 0.35834
Take Z 0.415
Therefore, area of steel required: As=Mu/(z*fy)
fy 500 | N/mm?
As 1020 | mm? as 314 | mm
Adopt T20 bars;
no. 3.249
As 1884 | mm?
S 333.3 | mm

Minimum % of tensile reinforcement= 0.00133*b*d
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582.5 < 1884 | mm?
Check for shear: Actual shear stress at a distance d
from the face of column
Vud 208.7 | kN
Applied shear stress in column :
Ved 0.478 | N/mm?
Vrdc= 0.12*K
Concrete shear capacity: * (P*fck)o.33
o] 0.004
0.004 < 0.02
K 1.677 < 2
Vrdc 0.463 | N/mm?
0.416
0.463 > 0.477574 | N/mm?
Check for punching: Calculated around a perimeter
of 2d from the face of column
2d 0.874 | mm
q 574.9 | kN/mm? 2.744
2.148
Total shear in concrete around the perimeter 2d
from the face of column
Ved 353 | kN
Applied punching shear stress: shear stress over
perimeter of the circle
Ved 0.28 | N/mm?
Vrdc > Ved
0.463 > 0.27979 | N/mm?
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Appendix- G

Combined footing (F2) design
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»Design of a combined Footing F2

e

Fe

* 1.6000 D Fo |:|
r Fe 0,5000
}
5,2000 52000
Dp 05| m b 1.6 | m
Hc 3| m Csize 0.4
Self-weight of footing 30.72 | kN
Soil overburden on footing 55.74 | kN
Weight of rising column 11.52 | kN
Live load from Column 105 | kN
Live load from Column 180.4375 | kN
dead load 1 1396 | kN
dead load 2 1443.5 | kN
dead load new 1 1444 .99
dead load new 2 1492.49
DL 2937.48 | kN LL 285.4375 | kN
0] 38.3 c 0 | kPa
45+¢/2 64.15 | tan(45+¢/2) 2.061019 tang 0.7892
020 1.25 | [tan(45+¢/2)]*2 | 4.247798 tand/y 0.6314
ve’ 1 tand/y' 0.7892
sing 0.6195
Ng 30.841984 q 36.945 | KN/m?2
Ng' 50.627552
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Nc 47.266055
Ne 62.883181
Ny 37.68218 113.16
Ny' 78.332358
sq 1.6195131
sy 0.7
Sc 1.6402728
ic 1
iq 1
iy 1

Ultimate Design load= 1.35Gk+1.5Qk-----------------
fesign approach 1 comb 1)

B 1.2 | m
L 52| m
DL(1) 1396 | KN
DL(2) 14435 | KN
Total live load(1) 105 | KN
Total live load(2) 180.4375 | KN
VD1 2042.1 | KN
VD2 2219.3813 | KN
C/C 4 |m
R 4261.4813 | KN
al 2.0832017 | m
4.1664034
4.5664034
5.5664034
Rd 12362.421 | kN
R/A 682.92969 1981.157 | kN/m?
SF 2.900968
Ultimate Design load= 1Gk+1.3Qk----------------- (
design approach 1 comb 2)
B 1.2 | m
L 52| m
DL(1) 1396 | kN
DL(2) 14435 | kN
Total live load(1) 105 | kN
Total live load(2) 180.4375 | kN
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VD1 1532.5 | kN
VD2 1678.0688 | kN
c/c 4| m
R 3210.5688 | kN
al 2.090681 | m
4,1813619
4,1813619
5.1813619
Rd 12362.421
R/A 514.51422 1981.157 | kN/m?
SF 3.8505391
design approach 2
Ultimate Design load= 1.35Gk+1.5Qk----------------- (
design approach 2)
B 16| m
L 52| m
DL(1) 1396 | kN
DL(2) 1443.5 | kN
Total live load(1) 105 | kN
Total live load(2) 180.4375 | kN
VD1 2042.1 | kN
VD2 2219.3813 | kN
C/C 4| m
R 4261.4813 | kN
al 2.0832017 | m
2*al 4,1664034 | m
2*al+ Cz 4.5664034 | m
2al+l 5.5664034 | m
Rd 16859.823 | kN
R/A 512.19727 2026.421 | kN/m?
SF 3.9563292
design approach 3
Ultimate Design load= 1Gk+1.35Qk----------------- (
design approach 3)
B 12| m
L 52| m
DL(1) 1396 | kN
DL(2) 1443.5 | kN
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Total live load(1) 105 | kN
Total live load(2) 180.4375 | kN
VD1 1537.75 | kN
VD2 1687.0906 | kN
C/C 4| m
R 3224.8406 | kN
al 2.0926189 | m
2*al 4,1852378 | m
2*al+ Cz 4,1852378 | m
2al+l 5.1852378 | m
Rd 12644.867 | kN
R/A 516.80138 < 2026.421 kN/m2
SF 3.9210827
Max R 4261.4813 | kN
Max B 16| m
MaX L 52 |m
Max VD1 2042.1 | kN
Max VD2 2219.3813 | kN
Max R 4261.4813 | kN
max DL1 1396 | kN
max DL2 14435 | kN
Step 3: Calculate the actual gross contact pressure
Net Contact Pressure at the underside of footing
base:
Therefore, maximum net upward pressure is:
net pmax 363.81701
net upward pressure 512.19727 kN/m2
a 0.6 | m
Ultimate moment
cantilever moment 147.51 | KN.m
span moment 1491.52 | KN.m
cantilever moment 147.51 | KN.m
Mu per meter length 147.51 | kN.m/m
Mu per m width 28.367849 | kN.m/m

Design of sections
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span moment

bar diameter 20 | mm
Trial 1: Assume D 05| m
dx 0.452 | m
dy 0.422 | m
dav 0.437 | m
K 0.3905132 < 0.295
Take K 0.295
YA 0.3584083 > 0.35834
Take Z 0.3584083
Therefore, area of steel required: As=Mu/(z*fy)
fy 500 | N/mm?
As 9571.4657 | mm? as 314 | mm
per
As per meter width 5982.1661 | meter
Adopt T20 bars;
no. 30.482375
no. 31.000
As 9734 | mm?
no. per meter 19.051484
no. of bars rounded up 20
As per meter width 6280 | mm?
S 64.516129 | mm
Minimum % of tensile reinforcement=
0.00133*b*d
582.521 < 9734 | mm?
Design of sections
cantilever moment
bar diameter 20 | mm
Trial 1: Assume D 0.5 | mm
dx 0.452 | m
dy 0.422 | m
dav 0.437 | m
K 0.0386222 < 0.295
Take K 0.0386222
VA 0.4283915 > 0.35834
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Take Z 0.4283915
Therefore, area of steel required: As=Mu/(z*fy)
fy 500 | N/mm?
As 791.98465 mm? as 314 | mm
Adopt T20 bars;
no. bars 2.5222441
no. of bars rounded up 3
As 1055 | mm?
S 396.47233 | mm
Minimum % of tensile reinforcement=
0.00133*b*d
582.521 < 1055 | mm?
take As 1055 | mm?
Design of sections
short side
bar diameter 20 | mm
Trial 1: Assume D 05| m
dx 0.452 | m
dy 0.422 | m
dav 0.437 | m
K 0.0386222 < 0.295
Take K 0.0386222
VA 0.4283915 > 0.35834
Take Z 0.4283915
Therefore, area of steel required: As=Mu/(z*fy)
fy 500 | N/mm?
As 152.30474 | mm? as 314 | mm
Adopt T20 bars;
no. of bars 0.4850469
no. of bars rounded up 1
As 314 mm2
S 2061.6561 | mm
Minimum % of tensile reinforcement=
0.00133*b*d
582.521 < 314 | mm?
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take(As) 582.521 | mm
Check for shear: Actual shear stress at a distance d
from the face of column
shear distance 2.027 | m
shear force due to dead load 263.5687 | KN
partial factor 1.425
Ultimate shear 375.58537 | KN
ultimate applied shear stress 0.537164 | N/mm?
Vrdc= 0.12*K
Concrete shear capacity: * (P*fck)o.33
p 0.0260218
0.0260218 < 0.02
K 1.6765101 2
Vrdc 0.8474199
0.4161385
0.8474199 > 0.537164
Check for punching: Calculated around a
perimeter of 2d from the face of column
2d 0.874 | m
q 512.19727 kN/mm2 2.74436
2148 | m
Total shear in concrete around the perimeter 2d
from the face of column
Ved 2406.3465 | kN
Applied punching shear stress
Applied punching shear stress: shear stress over
perimeter of the circle
Ved 0.3567749 | N/mm?
Vrdc > ved
0.8474199 > 0.356775 | N/mm?
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Appendix- H

Combined footing (F3) design
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> Design of a combined Footing F3

P1 Pz
t 13009 [ ] F3 [ ]
F3 0,5000
t
5.2000 s =000
Dp 05| m b 1.3 |m
Hc 3| m Csize 0.4
Self-weight of footing 20.28 | kN
Soil overburden on
footing 41.805 | kN
Weight of rising column 11.52 | kN
Live load from Column 105 | kN
Live load from Column 111.25 | kN
dead load 1 14249 | kN
dead load 2 890 | kN
dead load new 1 1461.7025
dead load new 2 926.8025
DL 2388.505 | kN LL 216.25 | kN
0 38.3 c 0 | kPa
45+¢/2 64.15 | tan(45+d/2) 2.061018608 tand 0.789202
Yo 1.25 | [tan(45+d/2)]"2 4.247797703 tand/y 0.631362
Yo’ 1 tand/y' 0.789202
singd 0.61951
Ng 30.84198393 q 36.945 | kN/m?
Ng 50.6@55181
Nc 47.26605486
Nc' 62.88318074
Ny 37.68218049
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Ny’ 78.33235756
Sq 1.61951305
sy 0.7
Sc 1.64027281
ic 1
iq 1
iy 1

UBimat@esign load= 1.35Gk+1.5Qk---------------
-- (design approach 1 comb 1)

B 1.3 | m
L 52| m
DL(1) 1461.7025 | kN
DL(2) 926.8025 | kN
Total live load(1 105 | kN
Total live load(2) 111.25 | kN
VD1 2130.798375 | kN
VD2 1418.058375 | kN
c/C 4| m
R 3548.85675 | kN
al 1.598326982 | m
3.196653965
3.596653965
4.596653965
Rd 13469.11817 | kN
R/A 524.9788092 1992.473102 | kN/m?
SF 3.795340054
Ultimate Design load= 1Gk+1.3Qk-----------------
( design approach 1 comb 2)
B 1|m
L 52| m
DL(1) 1461.7025 | kN
DL(2) 926.8025 | kN
Total live load(1) 105 | kN
Total live load(2) 111.25 | kN
VD1 1598.2025 | kN
VD2 1071.4275 | kN
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c/C 4| m
R 2669.63 | kN
al 1.605357297 | m
3.210714593
3.210714593
4.210714593
Rd 10184.33117
R/A 513.3903846 1958.525226 kN/m2
SF 3.814884899
design approach 2
Ultimate Design load= 1.35Gk+1.5Qk-------------
---- ( design approach 2)
B 13| m
L 52| m
DL(1) 1461.7025 | kN
DL(2) 926.8025 | kN
Total live load(1) 105 | kN
Total live load(2) 111.25 | kN
VD1 2130.798375 | kN
VD2 1418.058375 | kN
c/C 4| m
R 3548.85675 | kN
al 1.598326982 | m
2*al 3.196653965 | m
2*al+ Cz 3.596653965 | m
2al+1l 4.596653965 | m
Rd 13469.11817 | kN
R/A 524.9788092 1992.473102 kN/m2
SF 3.795340054
design approach 3
Ultimate Design load= 1Gk+1.35Qk---------------
-- ( design approach 3)
B 1| m
L 52| m
DL(1) 1461.7025 | kN
DL(2) 926.8025 | kN
Total live load(1) 105 | kN
Total live load(2) 111.25 | kN
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VD1 1603.4525 | kN
VD2 1076.99 | kN
c/c 4| m
R 2680.4425 | kN
al 1.607182396 | m
2*al 3.214364792 | m
2*al+ Cz 3.214364792 | m
2al+1l 4214364792 | m
Rd 10360.86013 | kN
R/A 515.4697115 < 1992.473102 | kN/m?
SF 3.86535437
Max R 3548.85675 | kN
Max B 13 |m
MaX L 52| m
Max VD1 2130.798375 | kN
Max VD2 1418.058375 | kN
Max R 3548.85675 | kN
max DL1 1461.7025 | kN
max DL2 926.8025 | kN
Calculate the actual gross contact pressure
Net Contact Pressure at the underside of
footing base:
Therefore, maximum net upward pressure is:
net pmax | 363.5421598 kN/m2
net upward pressure | 524.9788092 kN/m2
Ultimate moment
cantilever moment 122.85 | kN.m
span moment 1242.10 | kN.m
cantilever moment 122.85 | kN.m
Mu per meter length 69.10 | kN.m/m
Mu per m width 13.28852611 | kN.m/m
Step 5: Design of sections
span moment
bar diameter 20 | mm
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Trial 1: Assume D 0.5| m
dx 0.452 | m
dy 0.422 | m
dav 0437 | m
K 0.325209815 < 0.295
Take K 0.295
z 0.358408265 > 0.35834
Take Z 0.358408265
Therefore, area of steel required:
As=Mu/(z*fy)
fy 500 | N/mm?
As 7970.88116 | mm2 as 314 | mm2

As per meter width 6131.447046 | per meter

Adopt T20 bars;

no. 25.38497185
no. 26.000
As 8164 | mm2
no. per meter 19.52690142
no. of bars rounded up 20
As per meter width 6280 | mm?2
S 76.92307692 | mm
Minimum % of tensile reinforcement=
0.00133*b*d
582.521 < 8164 | mm?2

Design of sections

cantilever moment

bar diameter 20 | mm
Trial 1: Assume D 0.5 | mm
dx 0.452 | m
dy 0.422 | m
dav 0437 | m
K 0.032163608 < 0.295
Take K 0.032163608
VA 0.429855445 > 0.35834

Take Z | 0.429855445
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Therefore, area of steel required:
As=Mu/(z*fy)

fy 500 | N/mm?
As 657.2990959 | mm2 as 314 | mm2
Adopt T20 bars;
no. bars 2.093309223
no. of bars rounded up 3
As 1055 | mm2
S 477.7125086 | mm
Minimum % of tensile reinforcement=
0.00133*b*d
582.521 < 1055 | mm2
take As 1055 | mm2
Design of sections
short side
bar diameter 20 | mm
Trial 1: Assume D 0.5 | m
dx 0.452 | m
dy 0.422 | m
dav 0.437 | m
K 0.032163608 < 0.295
Take K 0.032163608
VA 0.429855445 > 0.35834
Take Z 0.429855445
Therefore, area of steel required:
As=Mu/(z*fy)
fy 500 | N/mm?
As | 71.10206566 | mm? as 314 | mm®
Adopt T20 bars;
no. of bars 0.2264397
no. of bars rounded up 1
As 314 | mm?
S 4416.186746 | mm
Minimum % of tensile reinforcement=
0.00133*b*d
582.521 < 314 | mm?
take(As) 582.521 | mm?
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Check for shear: Actual shear stress at a
distance d from the face of column

shear distance 2.027 | m
shear force due to dead load 31.16744519 | kN
partial factor 1.425
Ultimate shear 44.4136094 | KN
ultimate applied shear stress 0.015034464 | N/mm?
Vrdc=0.12*K
Concrete shear capacity: * (P*fck)o.33
p 0.02242911
0.02242911 < 0.02
K 1.676510091 < 2
Vrdc 0.806873411
0.41613853
0.80683411 > 0.015034464 | N/mm?
Check for punching: Calculated around a
perimeter of 2d from the face of column
2d 0.874 | m
q| 524.9788092 | KN/mm?
2.148 | m
Total shear in concrete around the perimeter
2d from the face of column
Ved 1647.428315 | kN
Applied punching shear stress
Applied punching shear stress: shear stress
over perimeter of the circle
Ved | 0.244254515 | N/mm?
Vrdc > ved
0.806873411 > 0.244254515 | N/mm?
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Combined footing (F1) design
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> Design of a combined Footing F1

Pl Pz
2,0000
05500 I:I F1 l:l
| g It
! 52000 | Lia.eooo——
Dp 0.55| m b 2| m
Hc 3| m Csize 0.4
Self-weight of footing 52.8 | kN
Soil overburden on footing 72.8336 | kN
Weight of rising column 11.52 | kN
Live load from Column 105 | kN
Live load from Column 230.275
dead load 1 1672.7 | kN
dead load 2 1842.2 | kN
dead load new 1 1741.2768
dead load new 2 1910.7768
DL 3652.0536 | kN LL 335.275 | kN
0] 38.3 c 0 | kPa

45+¢/2 64.15 | tan(45+¢/2) 2.061018608 tand 0.789202

0%0) 1.25 | [tan(45+d/2)]r2 4.24779770 tand/y 0.631362

Yo’ 1 tand/y' 0.789202

singd 0.619513
Ng 30.8488393 36.945 | kN/m?
Ng' 50.62755181
Nc 47.26605486
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Nc 62.88318074
Ny 37.68218049
Ny' 78.3323575
sq 1.6195138
sy 0.7
Sc 1.40272831
ic 1
iq 1
iy

Ultimate Design load= 1.35Gk+1.5Qk-------------
---- (design approach 1 comb 1)

B 2| m
L 52| m
DL(1 1741.288 | kN
DL(2) 810.7768 | kN
Total live load(p 105 | kN
Total live load(2) B0.275 | kN
VD1 2508.22368 | kN
VD2 2924.96118 | kN
C/C 4| m
R 5433.18486 | kN
al 2.153404499 | m
4.306808997
4.706808997
5.706808997
Rd 21545.52206 | kN
R/A 522.4216212 2071.684814 kN/m2
SF 3.965541872
Ultimate Design load= 1Gk+1.3Qk-----------------
( design approach 1 comb 2)
B 15| m
L 52| m
DL(1) 1741.2768 | kN
DL(2) 1910.7768 | kN
Total live load(1) 105 | kN
Total live load(2) 230.275 | kN
VD1 1877.7768 | kN
AAIT Page 91




Foundation construction on a very loose sand deposit (Literature review and cost
comparison of foundations for a case of Ziway town)

VD2 2210.1343 | kN
c/C 4| m
R 4087.9111 | kN
al 2.162605053 | m
4,325210105
4.325210105
5.325210105
Rd 15717.81915
R/A 524.0911667 2015.10502 kN/m2
SF 3.844951314
design approach 2
Ultimate Design load= 1.35Gk+1.5Qk-------------
---- ( design approach 2)
B 2| m
L 52| m
DL(1) 1741.2768 | kN
DL(2) 1910.7768 | kN
Total live load(1) 105 | kN
Total live load(2) 230.275 | kN
VD1 2508.22368 | kN
VD2 2924.96118 | kN
c/C 4| m
R 5433.18486 | kN
al 2.153404499 | m
2*al 4.306808997 | m
2*al+ Cz 4.706808997 | m
2al+l 5.706808997 | m
Rd 21545.52206 | kN
R/A 522.4216212 2071.684814 kN/m2
SF 3.965541872
design approach 3
Ultimate Design load= 1Gk+1.35Qk---------------
-- ( design approach 3)
B 15| m
L 52| m
DL(1) 1741.2768 | kN
DL(2) 1910.7768 | kN
Total live load(1) 105 | kN
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Total live load(2) 230.275 | kN
VD1 1883.0268 | kN
VD2 2221.64805 | kN
c/C 4| m
R 4104.67485 | kN
al 2.164992971 | m
2*al 4.329985943 | m
2*al+ Cz 4,329985943 | m
2al+1 5.329985943 | m
Rd 16159.14155 | kN
R/A 526.2403654 < 2071.684814 kN/m2
SF 3.936765307
Max R 5433.18486 | kN
Max B 2| m
MaX L 52 |m
Max VD1 2508.22368 | kN
Max VD2 292496118 | kN
Max R 5433.18486 | kN
max DL1 1741.2768 | kN
max DL2 1910.7768 | kN
Calculate the actual gross contact pressure
Net Contact Pressure at the underside of
footing base:
Therefore, maximum net upward pressure is:
net pmax 357.0212885
net upward pressure | 522.4216212 | kN/m?
Ultimate moment
cantilever moment 188.07 | kN.m
span moment 1901.61 | kN.m
cantilever moment 188.07 | kN.m
Mu per meter length 334.35 | kN.m/m
Mu per m width 64.29804568 | kN.m/m

Design of sections

span moment
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bar diameter

20 | mm
Trial 1: Assume D 0.55 | m
dx 0.502 | m
dy 0.472 | m
dav 0.487 | m
K 0.400898663 < 0.295
Take K 0.295
VA 0.399416075 > 0.39934
Take Z 0.399416075
Therefore, area of steel required:
As=Mu/(z*fy)
fy 500 N/mm2
As | 10950.26987 | mm® as 314 | mm
As per meter width | 5475.134933 | per meter
Adopt T20 bars;
no. 34.87347091
no. 35.000
As 10990 | mm?
no. per meter 17.43673546
no. of bars rounded up 18
As per meter width 5652 | mm?
S 57.14285714 | mm
Minimum % of tensile reinforcement=
0.00133*b*d
649.171 < 10990 | mm?
Design of sections
cantilever moment
bar diameter 20 | mm
Trial 1: Assume D 0.55 | mm
dx 0.502 | m
dy 0.472 | m
dav 0.487 | m
K 0.039649318 < 0.295
Take K 0.039649318
VA 0.477146004 > 0.39934
Take Z 0.477146004
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Therefore, area of steel required:
As=Mu/(z*fy)
fy 500 | N/mm?
mm2
Adopt T20 bars;
no. bars 2.887157923
no. of bars rounded up 3
As 1055 | mm?
S 346.3613791 | mm
Minimum % of tensile reinforcement=
0.00133*b*d
649.171 < 1055 | mm?
take As 1055 | mm?
Design of sections
short side
bar diameter 20 | mm
Trial 1: Assume D 0.55 | m
dx 0.502 | m
dy 0.472 | m
dav 0.487 | m
K 0.039649318 < 0.295
Take K 0.039649318
Z 0.477146004 > 0.39934
Take Z 0.477146004
Therefore, area of steel required:
As=Mu/(z*fy)
fy 500 | N/mm?
As | 309.9376369 | mm? as 314 | mm
Adopt T20 bars;
no. of bars 0.987062538
no. of bars rounded up 1
As 314 | mm?
S 1013.107034 | mm
Minimum % of tensile reinforcement=
0.00133*b*d
649.171 < 314 | mm?
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take(As) 649.171 | mm
Check for shear: Actual shear stress at a
distance d from the face of column
shear distance 2.077 | m
shear force due to dead load 427.7103677 | kN
partial factor 1.425
Ultimate shear 609.487274 | kN
ultimate applied shear stress 0.625756955 | N/mm?
Vrdc= 0.12*K
Concrete shear capacity: * (P*fck)o.33
p 0.02606606
0.026B606 0.02
K 1.640841336 < 2
Vrdc 0.829855974
0.402929026
0.88855974 > 0.625756955
Check for punching: Calculated around a
perimeter of 2d from the face of column
2d 0974 | m
q| 522.4216212 | kN/mm? 3.05836
2.348 | m
Total shear in concrete around the perimeter
2d from the face of column
Ved 3172.255548 | KN
Applied punching shear stress
Applied punching shear stress: shear stress
over perimeter of the circle
Ved | 0.430269364 | N/mm?
Vrdc > ved
0.829855974 > 0.430269364 N/mm2
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Appendix- ]

Mat foundation design
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» Alternative 3:-Mat foundation
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Dp 06| m 16 | m L 22 | m
Hc 3| m Csize 04 | m
Self-weight of footing 5068.8 | kN
Soil overburden on footing | 695.635 | kN
Weight of rising column 207.36 | kN
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0 38.3 C 0 | kPa
45+¢/2 |  64.15 tan(45+d/2) | 2.0610186 tandg | 0.789202
0 1.25 4.2477977 tand/dby | 0.631362
Ye’ 1 tand/¢y' | 0.789202
sind | 0.619513
Ng| B.842 q 36845 | kN/m?
Ng' | 50.6276
NC | 47.2661
Nc' | 62.8832
Ny | 37.6822
Ny' | 78.3324
sg | 1.61951
sy 0.7
SC | 1.64027
iC 1
iq 1
Iy
C/C (center to center distance) 4 | m
Ultimate Design load= 1.35Gk+1.5Qk----------------- (design
approach 1 comb 1)
B 16 | m
L 22 | m
DL 29256.4 | kN
Total live load 2910.57 | kN
vD1 43861.9 | kN
c/C 4| m
R 43861.9 | kN
Rd 298288 | kN
R/A 124.608 | < | 847.4085456 | kN/m’
Sf | 6.80061
Ultimate Design load= 1Gk+1.3Qk----------------- ( design
approach 1 comb 2)
B 16 | m
L 22 | m
DL(1) 29256.4 | kN
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Total live load(1) 2910.57 | kN

VD1 33040.1 | kN

c/c 4| m

R 33040.1 | kN

Rd 298288 | kN

R/A 93.8639 847.4085456 kN/m2
Sf | 9.02806

design approach 2

Ultimate Design load= 1.35Gk+1.5Qk----------------- ( design

approach 2)

B 16 | m

L 22 | m

DL(1) 29256.4 | kN

Total live load(1) 2910.57 | kN

VD1 43861.9 | kN

C/C 4 | m

R 43861.9 | kN

Rd 298288 | kN

R/A 124.608 847.4085456 | kN/m?
Sf | 6.80061

design approach 3

Ultimate Design load= 1Gk+1.35Qk----------------- ( design

approach 3)

B 16 | m

L 22 | m

DL(1) 29256.4 | kN

Total live load(1) 2910.57 | kN

VD1 3929.27 | kN

C/C 4| m

R 3929.27 | kN

Rd 298288 | kN

R/A 11.1627 847.4085456 kN/m2
Sf | 75.9143

Max R 43861.9 | kN

Max B 16 | m
MaX L 22 | m
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Max VD 43861.9 | kN
Max R 43861.9 | kN
max DL 29256.4 | kN
max LL 2910.57 | kN

Net Contact Pressure at the underside of
footing base:

Therefore, maximum net upward pressure is:

Area of Mat 352 | meter square
net upward pressure | 124.608 | kN/m?
CIC 4|m

Wshort side | 498.431 | KN/m

fixed end moment( short side)

Mf (b/n axis 2-1) 2242.94 | KN.m
Mf (b/n axis 2-3) 2242.94 | KN.m
Fixed end moment( longer side)
cantilever | member 2-1 member 2-3 | cantilever
DF 0.5 0.5
FEM 2242939833 | -2242.939833
Bal 0 0
Co
final moments(kN.m) 2243.439833 | -2242.439833

The moments calculated above shall be distributed in
column and middle strip:

In column strip:

Y of longitudinal column spacing= 4/2=2m

-ve moment at support= 75% 0f2360.94

1682.579875 | KN.m

-ve moment per meter 841.29 | kN.m
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+ve moment at span = 55% of 2360.94

1233.891908 | KN.m
+ve moment per meter 616.946 | KN.m
In middle strip
Y of longitudinal column spacing= 4/2=2m
-ve moment at support= 25% of 2360.94
560.8599584 | KN.m
-ve moment at support per meter 280.43 | kKN.m
+ve moment at span = 45% of 2360.94
1009.547925 | KN.m
+ve moment at support per meter 504.774 | KN.m
Step 5: Design of sections
A. At support
bar diameter 24 | mm
Trial 1: Assume D 0.6 | m
dx 0.552 | m
dy 0.518 | m
dav 0.535 | m
K | 0.14696 < 0.295
Take K | 0.14696
Z | 0.49228 > 0.4387
Take Z | 0.49228
Therefore, area of steel required: As=Mu/(z*fy)
fy 500
As | 3930.66 | mm® as | 452.16 | mm
Adopt T24 bars;
no. 8.69307
no. bars rounded up 9.000
As 4069.44 | mm?
S 111.111 | mm
Minimum % of tensile reinforcement= 0.00133*b*d
713.155 < 4069.44 mm?2
Take 4069.44 | mm?
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B. At Mid span
bar diameter 24 | mm
Trial 1. Assume D 0.6 | m
dx 0.552 | m
dy 0.518 | m
dav 0.535 | m
K| 0.10777 < 0.295
Take K | 0.10777
Z | 0.50442 > 0.4387
Take Z | 0.50442
Therefore, area of steel required: As=Mu/(z*fy)
fy 500 | N/mm?
As | 2813.07 | mm? as | 452.16 | mm
Adopt T20 bars;
no. 6.22139
no. bars rounded up 7.000
As 3165.12 | mm?
S 142.857 | mm
Minimum % of tensile reinforcement= 0.00133*b*d
713.155 < 3165.12 mm?
Take 3165.12 | mm?
Consider middle strip;
A. At support
bar diameter 24 | mm
Trial 1: Assume D 0.6 | m
dx 0.552 | m
dy 0.518 | m
dav 0535 | m
K | 0.04899 < 0.295
Take K | 0.04899
Z | 0.52156 > 0.4387
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Take Z | 0.52156
Therefore, area of steel required: As=Mu/(z*fy)
fy 500 | N/mm?®
As | 1236.66 | mm® | as 452.16 | mm®
Adopt T20 bars;
no. 2.735
no. bars rounded up 3.000
As 1356.48 | mm?
S 333.333 | mm
Minimum % of tensile reinforcement= 0.00133*b*d
713.155| < | 1356.48 mm?
Take 1356.48 | mm?
Design of sections
B. At mid span
bar diameter 24 | mm
Trial 1: Assume D 0.6 | m
dx 0.552 | m
dy 0.518 | m
dav 0.535 | m
K | 0.08818 < 0.295
Take K | 0.08818
Z | 0.51027 > 0.4387
Take Z | 0.51027
Therefore, area of steel required: As=Mu/(z*fy)
fy 500 | N/mm?
As | 2275.23 | mm® | as 452.16 | mm®
Adopt T20 bars;
no. 5.03191
no. bars rounded up 6.000
As 2712.96 | N/mm?®
S 166.667 | mm?
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Minimum % of tensile reinforcement= 0.00133*b*d

713.155 <

2712.96

mm

Take

2712.96

mm

AB |[BA BC (8

(o)

DC DE

ED EF

FE

DF 0.5 05 0.5

05

05

0.5 05

05

FEM 1573.626857| -1573.626857| 1573.6269

-1573.63

1573.627

-1573.63

1573626857

-1573,626857

Bal 0 0 0

0

0

0 0

0

1573.626857| -1573.626857| 1573.6269

final moment(KN.m)

-1573.63

1573.627

-1573.63

1573626857

-1573,626857

The moments calculated above shall be
distributed in column and middle strip:

In column strip: 3m wide

-ve moment at support= 75% of 1573.626857

1180.220143

kN.m

negative moment at support per meter

393.407

kN.m

+ve moment at span = 55% of 1573.626857

865.4947714

kN.m

positive moment at span per meter

288.498

kN.m

In middle strip; 3m wide

-ve moment at support= 25% of 1573.626857

393.4067143

kN.m

negative moment at support per meter

131.136

kN.m

+ve moment at span = 45% of 1573.626857

716.00022

kN.m

positive moment at span per meter

238.667

kN.m

Design of sections

Consider the column strip

A. At support

bar diameter

24

Trial 1; Assume D

0.6

dx

0.552

dy

0.518

dav

0.535

3333

0.06872

< 0.295

Take K

0.06872
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Z 0.51594 > 0.4387
Take Z 0.51594
Therefore, area of steel required: As=Mu/(z*fy)
fy 500 | N/mm?®
As 1753.77 | mm? as 452.16
mm?
Adopt T20 bars;
no. 3.87865
no. bars rounded up 4.000
As 1808.64 | mm?
S 250 | mm
Minimum % of tensile reinforcement=
0.00133*b*d
713.155 < 1808.64 | mm?
Take 1808.64 | mm?
B. At Mid span
bar diameter 24 | mm
Trial 1: Assume D 0.6 | m
dx 0.552 | m
dy 0.518 | m
dav 0.535 | m
K 0.0504 < 0.295
Take K 0.0504
Z 0.52116 > 0.4387
Take Z 0.52116
Therefore, area of steel required: As=Mu/(z*fy)
fy 500 | N/mm?
As 1273.21 | mm? as 452.16
Adopt T20 bars;
no. 2.81583
no. bars rounded up 3.000
As 1356.48 | mm?
S 333.333 | mm
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Minimum % of tensile reinforcement=

0.00133*b*d
713.155 < 1356.48

Take 1356.48 | mm*
Consider middle strip
A. At support
bar diameter 24 | mm
Trial 1: Assume D 0.6 | m

dx 0.552 | m

dy 0.518 | m

dav 0.535 | m

K 0.02291 < 0.295

Take K 0.02291
Z 0.5288 > 0.4387
Take Z 0.5288

Therefore, area of steel required: As=Mu/(z*fy)

fy 500 | N/mm?

As 570.37 | mm? as 452.16

mm?
Adopt T20 bars;
no. 1.26143
no. bars rounded up 2.000
As 904.32 | mm?
S 500 | mm?
Minimum % of tensile reinforcement=
0.00133*b*d
713.155 < 904.32 | mm?

Take 904.32 | mm2
B. At mid span
bar diameter 24 | mm
Trial 1: Assume D 0.6 | m

dx 0.552 | m

dy 0.518 | m

dav 0.535 | m
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K 0.04169 < 0.295
Take K 0.04169
yA 0.5236 > 0.4387
Take Z 0.5236
Therefore, area of steel required: As=Mu/(z*fy)
fy 500 | N/mm?®
As 1048.37 | mm? as 452.16
mm?
Adopt T20 bars;
no. 2.31859
no. bars rounded up 3.000
As 1356.48 | mm®
42 333.333 | mm
Minimum % of tensile reinforcement=
0.00133*b*d
713.155 < 1356.48 | mm®
Take 1356.48 | mm®
Check for shear: Actual shear stress at a distance
d from the face of column
Applied shear stress in column :
Ved 2832.8 | KN
Vrdc= 0.12*K
Concrete shear capacity: * (P*fck)0.33
p 0.00308
0.00308 < 0.02
K 1.61142 < 2
Vrdc 0.40265
0.39214
0.40265 > 0.119149733 | N/mm?
punching shear length 254 | m
punching shear width 527 | m

Check for punching: Calculated around a
perimeter of 2d from the face of column
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2d 1.07
q 124.608 | KN/m?
Total shear in concrete around the perimeter 2d
from the face of column
Ved 656.683
537.533
119.15
0.11915 | N/mm®
Vrdc > ved
0.40265 > 0.119149733 | N/mm?
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Appendix- K

Bill of quantity
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Bill of quantity for isolated footing

Item

Description

Unit

Qty.

Unit
price

Total
price

1) Excavation and earth work

1.1

Clear and remove top
soil to an average
depth of 200mm.

m2

352

10

3520

1.2

Bulk excavationin
ordinary soil to a
depth 150cm starting
from stripped ground
level.

m3

556.875

60

33412.5

1.3

Ditto over 1500mm
but not exceeding
3000mm

m3

556.875

80

44550

1.4

Pit excavationin
ordinary soil to a
depth not exceeding
1500mm starting from
stripped ground
level.

m3

198.4524

60

11907.14

1.5

Ditto over 1500mm
but not exceeding
3000mm

m3

198.4524

80

15876.19

1.6

Back fill around
foundation and
compact in layer not
exceeding 200mm
thick.

m3

1255.75

80

100460

1.7

Remove surplus
excavated material
and depositata
suitable tip.

m3

83.28364

100

8328.364

Total carried to summary

218054.2

AAIT

Page 111



Foundation construction on a very loose sand deposit (Literature review and cost
comparison of foundations for a case of Ziway town)

Item

Description

Unit

Qty.

Unit
price

Total
price

2) Concrete work

2.1

500mm lean concrete
class c-5 with
minimum cement
content of

150Kg/m3 under
footing

m2

88.5216

100

8852.16

2.2

Reinforced concrete
class c-25, with
minimum cement of
360Kg/m3 filled into
from work and
vibrated around steel
reinforcement, steel
and form work
measured separately.

m3

76.08364

2500

190209.1

2.3

Provide and fix in
position sawn zigba
wood from work to
footing pad,
uniform mat and
column.

m2

89.008

150

13351.2

Steel reinforcement
according to
structural drawing,
price including
cutting, bending,
placing in position

®20mm deformed bar

Kg

1780.376

45

80116.92

®24mm deformed bar

Kg

50

0

Total carried to summary

292529.4
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Bill of quantity for combined footing

[tem

Description

Unit

Qty.

Unit
price

Total
price

1) Excavation and earth work

L

—_

Clear and remove top soil to
an average depth of 200mm.

m2

352

10

3520

1

No

Bulk excavation in ordinary
soil to a depth 150cm starting
from stripped ground level.

m3

556.875

60

33412.5

13

Ditto over 1500mm but not
exceeding 3000mm

m3

556.875

80

44550

14

Pit excavation in ordinary soil
to a depth not exceeding
1500mm starting from
stripped ground level.

m3

156.465

60

9387.9

15

Ditto over 1500mm but not
exceeding 3000mm

m3

156.465

80

12517.2

16

Back fill around foundation
and compact in layer not
exceeding 200mm thick.

m3

1069.11

80

85528.8

17

Remove surplus excavated
material and deposit at a
suitable tip.

m3

44.64

100

4464

Total carried to summary

193380.4
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Item

Description

Unit

Qty.

Unit
price

Total
price

2) Concrete work

2.

[EEY

500mm lean concrete class c-
5 with minimum cement
content of

150Kg/m3 under footing

m?2

143.52

100

14352

2.2

Reinforced concrete class c-
25, with minimum cement of
360Kg/m3 filled into from
work and vibrated around
steel reinforcement, steel
and form work measured
separately.

m3

37.44

2500

93600

2.3

Provide and fix in position
sawn zigba wood from work
to footing pad,

uniform mat and column.

m2

125.52

150

18828

Steel reinforcement according
to

structural drawing, price
including

cutting, bending, placing in
position

®20mm deformed bar

Kg

4674.228

45

210340.3

®24mm deformed bar

Kg

50

0

Total carried to summary

337120.3
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e Bill of quantity for mat foundation

Unit (Total
ltem Description Unit — |Qty. [price [price

1) Excavation and earth work
Clear and remove top soil to an average

1.1|depth of 200mm, m2 352 10 3520
Bulk excavation in ordinary soil to a
depth 150cm starting from stripped

1.2Jground level. m3 556875 60 334125
Ditto over 1500mm but not exceeding

1.33000mm m3 556.875| &0 1550
Pit excavation in ordinary soil to a depth
not exceeding 1500mm starting from

14|stripped ground level. m3 0f 60 0
Ditto over 1500mm but not exceeding

1.5(2500mm m3 0 & 0
Back fill around foundation and compact

1.6]in layer not exceeding 200mm thick, ~~ [m3 902.166] 80 B8
Remove surplus excavated material and

1.7)deposit at a suitable tip. m3 211,584 100 211584
Total carried to summary 174814.18
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ltem

Description

Unit

Unit {Total
Qty.  |price [price

2) Concrete work

2

—_

500mm lean concrete class ¢-5 with
minimum cement content of
150Kg/m3 under footing

m2

352 100 35200

22

Reinforced concrete class ¢-25, with
minimum cement of 360Kg/m3filled
into from work and vibrated around steel
reinforcement, steel and form work
measured separately.

m3

211.2] 2500 528000

23

Provide and fix in position sawn zigha
wood from work to footing pad,
uniform mat and column.

m2

58| 150 7920

Steel reinforcement according to
structural drawing, price including
cutting, bending, placing in position

(20mm deformed bar

Kg

0 4 0

024mm deformed bar

Kg

87529 50 437648

Total carried to summary

1008763
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