Baneen fouad abas abd / Afr.J.Bio.Sc. 6(4) (2024) 79-86 ISSN: 2663-2187

https://doi.org/10.33472/AFJBS.6.4.2024.79-86

™

{arJBs

T
3

4
)

= N o
Research Paper OpenAccess

African Journal of Biological

Sciences

EVALUATING COMPOSITE AND UNCONNECTED PILED RAFTS

ENHANCED WITH STONE COLUMNS

Baneen fouad abas abd!?, Athraa Mohammed Jawad Alhassani?®
1-Department of Civil Engineering / University of Kufa , Najaf , Iraq
2-Department of Civil Engineering / University of Kufa, Najaf , Iraq

Article History
Volume 6,Issue 4, Feb 2024
Received:17 Feb 2024
Accepted : 01 Mar 2024

doi: 10.33472/AFJBS.6.4.2024.79-86

a-E-mail: ah12121982@yahoo.com
b- E-mail: athraa alhassani@yahoo.com

Abstract

The constructions with a moderate to high height are where this is used the most often. The
majority of the time, it is obvious that the base of the construction is supported by stone columns
or piles. The combination of a stone column and a pile makes for the most practical foundation
for structures with a medium height. This kind of foundation has the advantages of being more
affordable and higher in quality. Additionally, this kind of foundation increases the quality of the
earth. Raft Foundations improved with stone columns can give a successful answer for structures
on delicate soils. In any case, restricted direction is accessible on the distinctions between
utilizing composite versus separate foundation frameworks improved with stone section
considerations. This study assesses the way of behaving of these two establishment frameworks
mathematically utilizing PLAXIS 3D. Parametric investigations are performed to evaluate the
effects on bearing limit, differential settlement, and burden sharing for various designs of raft,
piles, and stone columns. The outcomes give bits of knowledge on fitting specifying to advance
the exhibition of these composite foundation frameworks on feeble soils. Plan suggestions are
produced for choosing doable choices relying upon soil conditions and stacking.
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Introduction

Over the past few years, it can be seen that the use of the raft foundation has increased a lot and
includes significant reasons for so. There are different reasons behind this. The most use of this
can be seen in the structures having a “moderate to high” height. In most cases, it can be seen
that there are columns made of stones or piles used as the foundation of the structure. The most
useful foundation for buildings having a medium height is to use the combination of the stone
column & the pile for making the foundation. This form of foundation provides the benefit of
being more economical & superior in quality. Also, the ground improves with the use of this
form of foundation. For identifying the several aspects of this form of foundation the different
data regarding this are needed to be analyzed. In this project, different data regarding the stone
columns & piles used in the raft foundation were collected. After this, these data were analyzed
in order to find out the behavior of these in the foundation of the structures. The main things that
were checked in this regard were the mode of failure of the foundation of the structures and the
change in the bearing capacity of the s oil on which the foundation is present. In addition to
this, the behavior of this combined form of the foundation was also studied here. In this project,
the different characteristics of the columns and piles were determined separately. Moreover, the
benefits of these were identified here. Hence, how these two can be effective in making a raft

foundation together was analyzed here in this project.

‘Column & pile” foundation, including raft foundation upheld by heaps, are a successful answer
for structures on delicate soils. Stone segments can additionally improve the bearing limit and
settlement execution of heaped rafts. This study intends to assess and think about the way of
behaving of “pile & column” in raft foundation, where the piles are associated with the columns,
v both improved with stone section considerations. Mathematical examinations are performed
utilizing PLAXIS 3D Establishment to evaluate the effects on bearing limit, differential
settlement, and stress dissemination. The outcomes give direction on fitting setups of improved
raft foundations for various soil conditions and stacking situations. This will uphold more

improved plan of these composite establishment frameworks.
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Project Background

It can be seen that there is a rapid form of urbanization is taking place in different parts of the
world. This is the reason that the increased number of use of “high-rise buildings” can be seen all
over the world. The main foundation that can be seen used in this form of building is the raft
foundation [1]. In the foundations, either the stone columns or the piles are used. The main use of
the piles is in soils that are soft in nature and have a low “bearing capacity”. In this case, the load
is carried by both end bearing & skin friction. So, from here it can be identified that the main use
of the piles is in the structures having a great load, and the soil is not well defined [2]. In this
case, the main challenge that is faced is the requirement of complex & heavy machinery are

required for driving the piles into the soil.

On the other hand, the stone columns are different from the piles. The main constituent of this
column is the coarse aggregates having different sizes. These are mainly placed in soils that are
well-compacted [3]. The main thing that is achieved by this is to make the performance of the
soft soils good. This also reduces the amount of consolidation. It is to be noted that when the
stone columns are placed on the ground it changes the soil forming a soil having a low
compressibility and a high “shear strength” at the same time. Hence, this can be considered as an
option that can result in reducing the cost of projects. The best structure for which it is the most
suited is the “industrial structure”. The many facts pertaining to this sort of foundation must be
studied in order to discover the various components of it. Various information on the stone
columns and piles utilized in the foundation of rafts was gathered for this project. The course of

these data in the basis of the structures was then determined by analyzing the data.

From the above discussion, it can be understood that the combination of these two types of
foundations improves the quality of the foundation. The benefit of using this form of foundation
is seen in the form of improving the capacity of carrying loads [15]. Moreover, there is also the
benefit of modification of the properties of the soil on which the foundation is resting. In
addition to this, another benefit that can be observed in this form of foundation is the reduction
of the cost that is incurred in doing different forms of geotechnical work. It is found that the
quality of this form of foundation is far better than the other foundations. This is more
economical as compared to the pile foundation. Also, this proves to provide more quality than

the stone columns [4]. This foundation improves the soil of the foundation and makes the
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performance of the soil better than other types of foundation. It is to be noted that this foundation

is the most suitable for buildings having medium height.

In this project, the previous data regarding this foundation is presented. The previously used raft
foundation having the presence of a pile & stone column is collected here for identifying the
different aspects of this foundation. Moreover, the behavior of the piles & stone columns was
also studied in this project. The main thing that was checked was the behavior of this foundation
in the soft clayey soils [14]. In addition to this, the mode of failure of the foundation was also
checked in this project. It can be said that the analysis of the behavior of this foundation in the
clayey soils is the main thing that is present in this project. For this reason, the data that is most

recent in nature was collected here to identify the several aspects of this foundation.

Raft foundations contain “piles & columns”, giving an effective groundwork framework to
structures on delicate or frail soils. The pile diminishes differential settlements while the heaps
give extra bearing limits and lessen absolute settlement. Further upgrades can be accomplished
by joining of stone sections which disperse pore pressures and offer stiffer help. Stone segments

can be introduced previously or after raft depending upon site conditions.

Restricted direction is accessible on proper designs and relative way of behaving of these
frameworks improved with stone segments. This study will assess execution through
mathematical investigations to give experiences on the best use of stone sections for worked on

bearing, decreased differential settlement, and more uniform pressure circulation.

Aim & Objectives
The main aim of this project is to find out the behavior of the foundation in which piles and
columns are used in the form of a raft foundation. The objectives of this project are as follows.

e To find out why it is beneficial to use a raft foundation.

e To check if a raft foundation is more beneficial than other forms of foundations.

e To find out the factors that govern the design of a raft foundation.

e To check the process of design of a raft foundation.
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Literature Review

Empirical Study

According to Konopatski et al. 2019 [6], the main approach that is used for stone columns is
making holes in the ground that are cylindrical in nature. This is done in order to improve the
performance of the soils [13]. The main constituent of these columns is the granular “coarse
aggregates”. It is to be noted that this form of foundation is not suitable for all types of structures
but is only limited to the structures where the load is less. Hence, from here it can be said that
this is less suitable for carrying heavy loads. On the other hand, different scenarios can be
observed for the piles. The piles are long in dimension [6]. These are slender elements. There are
different materials that are used for making piles. These are “concrete”, “steel”, and polymer.
There is a particular mechanism that is can be observed in the process of transfer of loads by
piles to the ground. The loads directly come to the piles then it is transferred to the bedrock on
which the piles rest [12]. This can be seen in the case of soils where the firm bedrock is available
at a shallow depth. Although where this is not available at a shallow depth, the load is mainly

transferred by skin friction.

According to Genette & Levett, 2023, for analyzing this form of foundation there can be seen
much data regarding this is available. In the history of this foundation, it can be seen that the
stone columns were used by the military of France first time [5]. This was used for supporting
the structure that was made of iron. This was actually artillery. This column was prepared by the
use of crushed “limestones”. There were holes that were boring for placing the columns. It is to
be noted that the load that each of the columns had to carry was 10 kN. For this the design cross-
section decided was a circle [11]. The diameter of the column was 0.2 m. Also, the length of the
column was 2 m. In later years, the use of this was seen in compacting “granular soils”. It was
found that the use of granular columns in the granular soils increased the capacity of carrying the
load of the ground. It is known that columns transfer loads by both end bearing & skin friction.
In the granular soils, there can be seen the load is mainly carried by skin friction. So, if the
column is made of granular material then the friction between the column & the soil becomes
more. This results in increasing the capacity of carrying the load. From this, it can be said that
the combined form of foundation is more suitable for structures having a medium height [7]. It
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can be seen that the performance of these piles has improved a lot. The performance of the stone

columns & piles can be increased when both of these are used together in the raft foundation.

According to PALSSON, 2020, it can be seen that there are different forms so laboratory works
that were conducted for checking the usefulness of these foundations. From the results of the
experiment, it was found that the main mode of failure of the stone column is bulging. In
addition to this, for checking the capacity of the column there was a particular method was used.
This concept is called the concept of the unit cell. In this case, the capacity of the column group
was determined by taking the summation of the individual columns [8]. Although in actual
practice, it can be observed that the capacity of the column group is slightly more than the
capacity of the summation of each column [9]. There can be seen the presence of different
theoretical models that can describe the capacity of the bearing of the columns. The main
inconsistency that can be seen here is that because of not considering the interaction of columns

the results of these columns may not match exactly with the actual results.
Methodology

There was a particular method applied to this project. It can be seen that for this project it was
required to find out how the raft foundation becomes effective for “medium-rise” building. The
process that was applied for this project is to collect data from the different secondary sources
regarding the topic of this project [10]. These data were about columns & piles used in the
foundation. After this thorough study was done for finding out the important results of this
research. Moreover, an analysis of designing one raft foundation was also done here in this

project.

This study uses mathematical demonstrating with the limited component programming PLAXIS
3D Establishment to examine and contrast Raft Foundations Models are created addressing
different powerless soil profiles comprising of delicate dirts or free sands. Composite and raft
foundations are demonstrated, with and without stone section considerations. Stone sections are

demonstrated as barrel shaped volume components with higher firmness implanted in the dirt.

The models are stacked up to inability to foster burden settlement bends and recognize a
definitive bearing limits. Differential settlement across the pontoon is additionally evaluated in
view of removals. The dispersion of stresses in the heaps, pontoon, and soil are assessed to

comprehend load sharing components. Parametric examinations are led changing the dividing
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and design of heaps and stone sections to concentrate on their associations and composite way of

behaving.

The approved mathematical models give an effective means to assess various plan options not
possible with actual testing. The outcomes will be utilized to foster direction on suitable
specifying and setups of improved raft foundations for various site conditions and stacking

situations. Ideal plans give satisfactory bearing limit while limiting differential settlements.
Results

Table 1 shows the characteristics of different types of soil that can be present under a raft
foundation. It is to be noted that there can be different amounts of penetration with the change in
the depth depending on the type of soil. Here, the values of this carried out in different forms of
soil are shown. Stiffness defines the resistance offered by a soil against the penetration of any
object into the soil. There can be seen a variation in the amount of penetration according to the

soil type.

Table 1: Different forms of soils under raft foundation

Stiffness

Soil Description | Depth (m) | Soil Data SPT-N E (KN/m?)

. Yary = 11.7 KN/m?, ysat = 16.4 KN/m?
Plastic Clay 0-2.2 2 1000
c=20 kN/m? ¢ = 16°, v =0.27

. Yary = 14.2 KN/m?, ysae = 20.4 KN/m?
Marine Clay 2.2-4.5 3 1500
c= 13 kN/m?2¢ =19% v =0.27

“Stiff Marine Yary = 12.8 KN/m?®, ysat = 17.7 KN/m?

4.5-8.3 13 6500
Clay” c=13 kN/m?¢=28°, v=0.3
“Medium Fine Yary = 14.6 KN/m?, ysar = 18.5 KN/m?

8.3-12.4 20 10000
Sand” c =3 kN/m? ¢ =28° v =0.27
“Medium Plastic vary = 15.1 KN/m3, ysat = 18.8 KN/m?

12.4-15.5 21 11000
Clay” c=20kN/m?¢=21% v=0.3
Clayey sand & Yary = 15.6 KN/m?3, ysat = 19.1 KN/m?

15.5-20 50 25000

gravel c=10kN/m?¢ =10° v =0.27
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Table 2 presents the description of the changes in the bearing capacity of soil according to the
change in the cross-sectional area and depth. It is to be noted that the more the breadth the more
the capacity of the foundation to bear loads. This is because of the fact that, with the increase in
the breadth the load gets the chance to spread over a wide area.

Table 2: Influence of Dimensions on the capacity of the foundation

Foundation Foundation D/B SPT Depth Allowable Bearing
Depth D (m) | Breadth B (m) Value (N) | Factor (Fd) | Capacity (kN/m?)

1.0 8 0.125 6 1.041 161.2

9 0.111 1.036 159.1

10 0.100 1.033 157.6

11 0.090 1.029 156.1

12 0.083 1.027 155.1

13 0.076 1.025 154.2

14 0.071 1.023 153.4

15 0.066 1.021 152.7

1.2 8 0.150 6 1.049 162.4

9 0.133 1.043 160.2

10 0.120 1.039 158.5

11 0.109 1.035 157.0

12 0.100 1.033 156.0

13 0.092 1.030 155.0
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14 0.085 1.028 154.0
15 0.0806 1.026 153.5
1.4 8 0.175 1.057 163.6
9 0.155 1.051 161.4
10 0.140 1.046 159.6
11 0.127 1.041 157.9
12 0.116 1.038 156.9
13 0.107 1.035 155.5
14 0.100 1.033 154.9
15 0.093 1.030 154.0
1.6 8 0.200 1.066 165.1
9 0.177 1.058 162.4
10 0.160 1.052 160.5
11 0.145 1.047 158.8
12 0.133 1.043 157.6
13 0.123 1.040 156.6
14 0.114 1.037 155.5
15 0.106 1.034 154.6
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The variation of the capacity of the bearing of the foundation with respect to the change in the
breadth is shown here. From Figure 1, it can be understood that with the increase in the breadth

by having the depth constant the “bearing capacity” increases.

162
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0 2 4 6 8 10 12 14 16

Figure 1: Bearing Capacity variation with change in breadth at 1m depth

The Figure 2 that describes the capacity of the bearing of the foundation with respect to the
change in the breadth is shown here. In this case, the depth has increased to 1.2m. At this depth,

the different “bearing capacity” was determined with changing breadth.
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Figure 2: Bearing Capacity variation with change in breadth at 1.2 m depth

Figure 3 presents the variation of the capacity of the bearing of the foundation with respect to the
change in the breadth is shown here. The variation in the bearing capacity was determined here

at a constant depth of 1.4 m. The characteristics of this change are shown here.
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Figure 3: Bearing Capacity variation with change in breadth at 1.4 m depth
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Figure 4: Bearing Capacity variation with change in breadth at 1.6 m depth

The variation of the capacity of the bearing of the foundation with respect to the change in the
breadth is shown here. Figure 4 shows the change in the bearing capacity with respect to the

breadth at a a constant depth of 1.6 m.

The variation & dependence of the dimension of the foundation & the depth of the foundation in

determining the capacity of the bearing of the foundation is described above.

Table 3: Different characteristics of piles

Parameter Piles
Unit Weight, y (kN/m?) 25
Young's Modulus, E (kPa) 35x10°
Poisson's ratio, v 0.2
Side Length, b (m?) 0.275
Normal Stiffness (kPa) 50000
Shear Stiffness (kPa) 6000
Cohesion, ¢ (kPa) 3.2
Friction Angle, ¢ (°) 24.79
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In the Table 3, there are different features are presented that provides the evaluation of a pile.
The characteristics of a pile that is considered in the design of the foundation are presented here.
These are the parameters on the basis of which the pulse is evaluated. Also, this also presents the
different characteristics of the soil in which these piles are present.

Discussion
Design of Raft Foundation

¥

1.050 0.4 —»

1050‘[ _] s [] 10

| 0.750 | 1.5 | 0.750 |

Figure 5: Dimensions of the foundation

The Figure 5 presents the dimensions of the designed foundations. The foundation is designed in
MS excel, the length and the dimension of breadth are 3.6m and 3m respectively. The
calculations for the foundation are presented below:

Assumed Data,

Soil Unit Weight = 1.8 T/m®

Water Density = 1 T/m?

Concrete Unit Weight = 2.5 T/m3

Concrete Compressive Strength (fc) = 30 N/mm?
Steel Yeild Strength (fy) = 415 N/mm?

Friction Coefficient () = 0.5
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Net SBC = 8 T/m?

Gross SBC = 13.6 T/m?
Foundation Length Lf=3 m
Foundation Width Ws = 3.6 m
Foundation Thickness Tf=0.75m
Foundation Depth D=2 m
Pedestal Length L, = 0.4 m
Pedestal Width W, = 0.6 m
Pedestal Height H, = 1.25 m

Calculation

Foundation Self-weight =3 x 3.6 x0.75x25=2025T

Foundation Buoyant Self-weight =3 x 3.6 x0.75x1.5=12.15T

Soil Self-weight=1.8x1.25x (3x3.6-06x0.4x4)=2214T

Soil Buoyant Self-weight =0.8 x 1.25x (3x3.6 -0.6x0.4x4)=9.84T
Pedestal Self-weight =2.5x0.6x04x1.25x4=3T

Pedestal Buoyant Self-weight =1.5x 0.6 x04x1.25x4=18T
Weight without considering buoyancy = 20.25 + 22.14 +3=4539 T

Weight considering buoyancy = 12.15+9.84 =23.79 T

Application of Load Combination

Column 1:

Page 85 of 29
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Table 4: Load Combination on column 1
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Combin Force- | Force- | Force- | Moment | Moment | Moment
ation No Load Combination X vy 7 X RV, 7
1 10 (SELF+WL+X) -0.184 | 0.105 | -0.017 -0.04 0 0.42
2 11 (SELF+WL-X) 0.097 | 2.203 | 0.033 0.07 0 -0.22
3 12 (SELF+WL+2) 0.141 | -462 |-0926 | -2.13 0 -0.32
4 13 (SELF+WL-2) -0.228 | 6.925 0.941 2.16 0 0.52
5 14 -0.196 | -0.868 | -0.141 | -0.32 0 0.45
6 15 (SELF+PO+WL+X) | -0.336 | -1.916 | -0.166 -0.38 0 0.77
7 16 (SELF+PO+WL-X) | -0.056 | 0.182 | -0.116 -0.27 0 0.13
8 17 (SELF+PO+WL+Z) | -0.012 | -6.64 | -1.074 | -2.47 0 0.03
9 18 (SELF+PO+WL-2Z) -0.38 4904 | 0.793 1.82 0 0.87
Table 5: Load Combination on column 2
Column 2
Combin Force- | Force- | Force- | Moment | Moment | Moment
ation No Load Combination X vy 7 X RV, 7
1 10 (SELF+WL+X) -0.212 | 3.032 0.051 0.12 0 0.49
2 11 (SELF+WL-X) 0.058 | 0.932 0.002 0.01 0 -0.13
3 12 (SELF+WL+Z) 0.378 | -3.629 | -0.206 | -0.47 0 -0.87
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4 13 (SELF+WL-2) -0.532 | 7.595 0.26 0.6 0 1.22
5 14 -0.22 3.492 0.069 0.16 0 0.51
6 15 (SELF+PO+WL+X) | -0.355 | 4.541 | 0.093 | 0.21 0 0.82
7 16 (SELF+PO+WL-X) | -0.084 | 2.441 0.044 0.1 0 0.19
8 17 (SELF+PO+WL+Z) | 0.235 | -2.12 | -0.165 | -0.38 0 -0.54
9 18 (SELF+PO+WL-Z) | -0.675 | 9.105 0.302 0.69 0 1.55
Table 6: Load Combination on column 3
Column 3

Combin Force- | Force- | Force- | Moment | Moment | Moment

ation No Load Combination X vy 7 X RV, 7
1 10 (SELF+WL+X) -0.184 | 0.105 0.017 0.04 0 0.42
2 11 (SELF+WL-X) 0.097 | 2.203 | -0.033 | -0.08 0 -0.22
3 12 (SELF+WL+2) -0.223 | 6.973 | -0.943 | -2.17 0 0.51
4 13 (SELF+WL-2) 0.136 | -4.668 | 0.927 2.13 0 -0.31
5 14 -0.258 | 0.592 | -0.097 | -0.22 0 0.59
6 15 (SELF+PO+WL+X) | -0.398 | -0.455 | -0.072 -0.17 0 0.92
7 16 (SELF+PO+WL-X) | -0.117 | 1.642 | -0.122 -0.28 0 0.27
8 17 (SELF+PO+WL+Z) | -0.438 | 6.413 | -1.032 -2.37 0 1.01
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‘ 9 ‘ 18 (SELF+PO+WL-2Z) ‘ -0.078 | -5.229 | 0.838

1.93 ‘ 0 ‘ 0.18 ‘

Table 7: Load Combination on column 4

Column 4
Combin | oad Combination Force- | Force- | Force- | Moment | Moment | Moment
ation No X Y Z -X =Y Z
1 10 (SELF+WL+X) -0.213 | 3.032 | -0.051 -0.12 0 0.49
2 11 (SELF+WL-X) 0.058 | 0.931 | -0.002 0 0 -0.13
3 12 (SELF+WL+2Z) -0.528 | 7.546 | -0.259 -0.6 0 1.21
4 13 (SELF+WL-2) 0.373 | -3.581 | 0.206 0.47 0 -0.86
5 14 -0.35 4.888 | -0.093 -0.21 0 0.81
6 15 (SELF+PO+WL+X) | -0.485 | 5.937 | -0.118 -0.27 0 1.12
7 16 (SELF+PO+WL-X) | -0.215| 3.837 | -0.069 -0.16 0 0.49
8 17 (SELF+PO+WL+Z) | -0.801 | 10.452 | -0.326 -0.75 0 1.84
9 18 (SELF+PO+WL-Z2) 0.1 -0.675 | 0.139 0.32 0 -0.23
Table 8: C.G Moments
C.G Moment
Load Fx Fy F; Mx My M;
1 -0.184 0.105 -0.017 -0.079 -0.079
2 0.097 2.203 0.033 | -1.653 -1.653

3 0.141 -4.62 -0.926 3.465 3.465
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4 -0.228 6.925 0.941 -5.194 -5.194
5 -0.196 0.868 -0.141 0.651 0.651
6 -0.336 -1.916 -0.166 1.437 1.437
7 -0.056 0.182 -0.116 | -0.137 -0.137
8 -0.012 -6.64 -1.074 4.98 4.98
9 -0.38 4.904 0.793 -3.678 -3.678
1 -0.212 3.032 0.051 -2.274 2.274
2 0.058 0.932 0.002 -0.699 0.699
3 0.378 -3.629 -0.206 2.722 -2.122
4 -0.532 7.595 0.26 -5.697 5.697
5 -0.22 3.492 0.069 -2.619 2.619
6 -0.355 4.541 0.093 -3.406 3.406
7 -0.084 2.441 0.044 -1.831 1.831
8 0.235 -2.12 -0.165 1.59 -1.59
9 -0.675 9.105 0.302 -6.829 6.829
1 -0.184 0.105 0.017 0.079 -0.079
2 0.097 2.203 -0.033 1.653 -1.653
3 -0.223 6.973 -0.943 5.23 -5.23
4 0.136 -4.668 0.927 -3.501 3.501
5 -0.258 0.592 -0.097 0.444 -0.444
6 -0.398 -0.455 -0.072 | -0.342 0.342
7 -0.117 1.642 -0.122 1.232 -1.232
8 -0.438 6.413 -1.032 481 -4.81
9 -0.078 -5.229 0.838 -3.922 3.922
1 -0.213 3.032 -0.051 2.274 2.274
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2 0.058 0.931 -0.002 0.699 0.699

3 -0.528 7.546 -0.259 5.66 5.66

4 0.373 -3.581 0.206 -2.686 -2.686

5 -0.35 4.888 -0.093 3.666 3.666

6 -0.485 5.937 -0.118 4.453 4.453

7 -0.215 3.837 -0.069 2.878 2.878

8 -0.801 10.452 -0.326 7.839 7.839

9 0.1 -0.675 0.139 -0.507 -0.507

Foundation Reaction
Table 9: Foundation Reaction
Total
Load Fx Fy F:
Mxxl Mxxz Mxx Mzzl M222 Mzz

1 -0.793 | 6.274 0 0 0 0 4.39 1.82 6.21
2 0.31 6.269 0 0 -5E-18 | -5E-18 -1.908 -0.7 -2.608
3 -0.232 6.27 | -2.334 | 17.077 5.37 22.447 1.173 0.53 1.703
4 -0.251 | 6.271 | 2.334 | -17.078 | -5.36 -22.438 1.318 0.57 1.888
5 -1.024 | 8.104 | -0.262 | 2.142 0.59 2.732 6.492 2.36 8.852
6 -1.574 | 8.107 | -0.263 | 2.142 0.61 2.752 9.638 3.63 | 13.268
7 -0.472 | 8.102 | -0.263 | 2.142 0.61 2.752 3.34 1.08 4.42




Baneen fouad abas abd / Afr.J.Bio.Sc. 6(4) (2024) 79-86

Page 91 of 29

8 -1.016 | 8.105 |-2.597 | 19.219 | 5.97 25.189 6.419 2.34 | 8.759
9 -1.033 | 8.105 | 2.072 | -14.936 | -4.76 | -19.696 | 6.566 2.37 | 8.936
Stability Check (Overturning &Sliding)
Table 10: Stability Check
Sliding Force Restoring Force
Lo 0.5 X! F.0.S | Remark
ad : (External
External | Foundation | Total
Fx F2 Resultant Load +
Load Pedestal Load .
Foundation
Pedestal)
1 |-0.793 0 0.79 6.274 23.79 30.064 15.04 19.04 | Safe
2 0.31 0 0.31 6.269 23.79 30.059 15.03 48.48 | Safe
3 |-0.232 | -2.334 2.35 6.27 23.79 30.06 15.03 6.4 Safe
4 | -0.251 | 2.334 2.35 6.271 23.79 30.061 15.04 6.4 Safe
5 | -1.024 | -0.262 1.06 8.104 23.79 31.894 15.95 15.05 | Safe
6 | -1.574 | -0.263 1.6 8.107 23.79 31.897 15.95 9.97 Safe
7 | -0.472 | -0.263 0.54 8.102 23.79 31.892 15.95 29.54 | Safe
8 | -1.016 | -2.597 2.79 8.105 23.79 31.895 15.95 5.72 Safe
9 | -1.033 | 2.072 2.32 8.105 23.79 31.895 15.95 6.88 Safe
Pmax = 8.46 T/sqm
Pmin = -2.56 T/sgm
Bearing pressure check
With Buoyancy
Table 11: Bearing pressure check 1
Fy/A | MxxlZzz | MzzlZzz | 1+2- 1- 02-01-
Load | Fywoad) | qoiy pgapg | Py | Moo [MZZIoiy oy | gy |3 | 243 | 2003
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1 6.274 | 23.79 | 30.064 0 6.21 [278| O 1.15 163 | 393 | 393 | 1.63

2 6.269 | 23.79 |30.059 | -5E-18 | -2.608 | 2.78 | O 0.48 2.3 3.26 | 3.26 2.3

3 6.27 23.79 | 30.06 | 22.447 | 1.703 | 2.78 | 3.46 0.32 5.92 | 6.56 | -0.36 -1

4 6.271 | 23.79 |30.061 | -22.438 | 1.888 | 2.78 | 3.46 0.35 589 | 6.59 | -0.33 | -1.03

5 8.104 | 23.79 |31.894 | 2.732 | 8.852 | 2.95| 0.42 1.64 1.73 | 501 417 | 0.89

6 8.107 | 23.79 |31.897 | 2.752 |13.268 | 2.95 | 0.42 2.46 091 |583 | 499 | 0.07

7 8.102 | 23.79 |31.892 | 2.752 442 | 295 | 042 0.82 255 |419 ) 33 | 171

8 8.105 | 23.79 |31.895| 25.189 | 8.759 | 2.95 | 3.89 1.62 522 | 846 | 0.68 | -2.56

9 8.105 | 23.79 |31.895|-19.696 | 8.936 | 2.95 | 3.04 1.65 434 | 764 | 156 | -1.74

Pmax = 8.46 T/sqm
Pmin = -2.56 T/sgm
Without Buoyancy

Table 12: Bearing pressure check 2

FylA | MsxlZzz | Mz2lZzz | 1+2- 1- 02-01-

Load | Fy (Load) (1) 2) (3) 3 2+3 | 2003

Soil+Fd+pPd | v | Me Mz

1 6.274 | 45.39 |51.664 0 621 |[478| O 1.15 363 | 593 | 593 | 3.63

2 6.269 | 45.39 |51.659 | -5E-18 | -2.608 | 4.78 | O 0.48 4.3 5.26 | 5.26 4.3

3 6.27 4539 | 51.66 | 22.447 | 1.703 | 4.78 | 3.46 0.32 7.92 8.56 | 1.64 1

4 6.271 | 45.39 |51.661 | -22.438 | 1.888 | 4.78 | 3.46 0.35 7.89 | 859 | 1.67 | 0.97

5 8.104 | 4539 |53.494 | 2.732 | 8.852 | 495 | 0.42 1.64 3.73 7.01 | 6.17 | 2.89

6 8.107 | 45.39 |53.497 | 2.752 |13.268 | 4.95 | 0.42 2.46 2.91 7.83 | 6.99 | 2.07

7 8.102 | 45.39 |53.492 | 2.752 442 | 495 | 042 0.82 4.55 6.19 | 535 | 3.71

8 8.105 | 45.39 |53.495| 25.189 | 8.759 | 4.95 | 3.89 1.62 7.22 |10.46| 2.68 | -0.56

9 8.105 | 45.39 |53.495|-19.696 | 8.936 | 4.95 | 3.04 1.65 6.34 | 9.64 | 356 | 0.26
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Pmax = 10.46 T/sgm

Pmin = 0.56 T/sgm

Conclusion

In this project, the several aspects of the raft foundation was highlighted. It can be seen that
together the Piles & columns make the raft foundation better than other foundations. For this
reason, there can be seen many benefits of using this form of foundation. Here, the different
characteristics of “stone columns” and “piles” when used separately are elaborated. Moreover,
the dependence of the capacity of the foundation on the soil type is also discussed here. From the

obtained data how raft foundations can be designed is also elaborated here.

Recommendations

There are different things that are recommended for obtaining better results regarding the project.
The first thing that can be adopted that there are different forms of columns are there. These
columns should also be tried to check the results in terms of suitability of use and bearing
capacity. In addition to this, there are different forms of new technologies are coming each day.

These technologies should also be implemented for obtaining far better results from this project.
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