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ABSTRACT

This study provided the findings of the theoretical and experimental investigations into
the modifications of conventional rigid method for mat foundation design carried out at
Islamic University of Gaza. The main objective of the investigation was to satisfy
equilibrium equations to construct shear force and bending moment diagrams using the
conventional rigid method by finding factors for adjusting column load and applied soil
pressure under mat and producing a computer program using C#.net based on the
modified proposed way of mat analysis suggested by the researcher to carefully analyze
the mat by drawing the correct closed moment and shear diagrams to each strip of mat
and to determine reliable coefficients of subgrade reactions for use of flexible method
jointly with performing plate load test on sandy soil on site and analyzing and studying
a large number of tests of plate load test on sand soil performed by material and soil
laboratory of Islamic University of Gaza and to generate a simplified new relation to
account for K mat as function of known settlement and compare it to the relation given
by Bowels (1997). It will also discuss the differences of the obtained results from design
analysis using the proposed solution of conventional rigid method and the flexible
method using finite element. In addition, it will launch an interesting finding shows a
significant reduction of the amount of flexural steel reinforcement associated with the
conventional rigid method that will be decreased by reducing its bending moment
obtained by up to 15% after applying a load factor to match the numerical obtained
values of bending moment from flexible method by applying a finite element available

commercials software.

Discussions emanating from the above investigation will provide interesting
findings and will balance equations to construct shear force and bending moment
diagrams using the new proposed solution analysis for conventional rigid method
passing through factors to adjust the column load and the soil pressure together and it
will also present experimental reliable coefficient of subgrade reactions taken for real
soil to be employed when using flexible method analysis using available finite element

computer software.
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Chapter 1
Introduction

1.1 Introduction

Over the past few decades, a very limited number of researches have tried to
devise equilibrium equations to construct shear force and bending moment diagrams
using the conventional rigid method, by finding factors for adjusting columns load
and soil pressure for each strip. Mat foundation is one type of shallow foundations
that is widely used in Gaza strip, Palestine. It is commonly used under structures
whenever the column loads or soil conditions result in footings or piles occupying
most of the founding area. For many multi-story projects, a single mat foundation is
more economical than constructing a multitude of smaller number of isolated
foundations. Mat foundations due to their continuous nature provide resistance to
independent differential column movements, thus enhancing the structural
performance. Mat can bridge across weak pockets in a nonuniform substratum, thus
equalizing foundation movements. Mat foundations are predominantly used in regions
where the underplaying stratum consists of clayey materials with low bearing
capacity. They are also used as a load distributing element placed on piles or directly
on high bearing capacity soil or rock, when considering high-rise building design
option. For mat foundation which is minimal in size and complexity, long hand
techniques with or without mini computer assistance may be acceptable. For large
mats under major structures, more complex finite element techniques utilizing large
main frame computers are normally required. For major mat foundation designs, it is
to structural engineer advantages to set up a computer analysis model. There are
several categories of mat foundations problems which by their nature required a
sophisticated computer analysis. They are: (1) mat with a non-uniform thickness; (2)
mat of complex shapes; (3) mats where it is deemed necessary that a varying subgrade
modulus must be used; (4) mats where large moments or axial force transmitted to the
mat. There are different approaches when an engineer considers a mat foundation
design option [4], and they are: (a) conventional rigid method, in which mat is divided
into a number of strips that are loaded by a line of columns and are resisted by the soil
pressure. These strips are analyzed in a way similar to that analysis of the combined

footing; (b) approximate flexible method as suggested by ACI Committee 336(1988)
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and (c) discrete element method. In this method, the mat foundation is divided to a
number of elements by griding using one of the finite-difference method (FDM),
finite-element method (FEM) or Finite-grid method (FGM).

This study was initiated because no literature was found in relation to balance
the equilibrium equations used for constructing shear force and bending moment
diagrams using the conventional rigid method, by finding factors for adjusting column
load and the soil pressure individually for each strip followed by producing an
optimum proposed average bending moment diagram. In addition, there is no research
found applies finite element method using the latest version of available commercial
new released softwares such as SAFE version 8 and Structural Analysis Program SAP
2000 version 11 to analyze and to discuss profoundly the possibility of a significant
reduction in the amount of flexural steel reinforcement associated with the
conventional rigid method that is expected to be decreased by reducing its bending
moment obtained after applying a load modifying factors to match the numerical

obtained values of bending moment from using flexible method.
1.2 Objectives:

The main objective of this work is to understand in depth the dissimilarities of
mat foundations design by applying the conventional rigid method and the
approximate flexible method. The research work is intended to achieve the following
objectives:

1. To satisfy equilibrium equations required for constructing shear force and bending
moment diagrams using the conventional rigid method.

2. To find out reliable coefficients of subgrade reactions by conducting plate load
tests.

3. To find out a simplified new relation to calculate K for sandy soil based on the
plate load test done by the researcher and a large number of an old available plate
load test performed on sandy soil by the material and soil laboratory of Islamic
University of Gaza

4. To better understand the differences between the results obtained using the
conventional rigid method and the flexible method.

5. To put forward a new innovative design approach by reducing the large amounts of

flexural reinforcement that are associated with the conventional rigid method.
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6. To create a user friendly structural analysis computer program to analyze the mat
strips based on the average optimum proposed suggested method by the researcher

to construct a correct shear and bending moment.

1.3 Methodology

This thesis has been divided into four parts. The first part comprises a
comprehensive literature review of the latest conducted research on conventional rigid
method and the flexible method. This part was summarized based on the findings of a
number of available resources related to the subject such as published research work,

journal papers, conference papers, technical reports, and World Wide Web internet.

The second part of this study contains more than one solution to find balanced
equations for constructing shear force and bending moment diagrams using the
conventional rigid method by either finding factors for adjusting column load as an
individual solution followed by adjusting the soil pressure for each strip to represent a
second solution. From the first and the second solutions, the writer of this manuscript
will propose an optimum solution stand for the average of the obtained numerical
moment values. The above suggested solutions will be performed on a real mat
foundation case study existent in Gaza city. In addition this part has a user friendly
computer structural analysis program developed by the researcher to analyze mat

foundation strips using the proposed optimum solution by the researcher.

The third part encloses a testing program using plate load tests conducted on
selected sites to determine the coefficient of subgrade reaction to be used when
constructing a finite element model using available commercial software. Moreover
this part contains a comprehensive analysis for a number of reports of old plate load
tests experiments done by material and soil laboratory of Islamic University of Gaza
on sandy soil, the reports were divided into groups and a best fitting curve were
obtained from each group followed by finding the best unified fitting curves for the
best fitting curves of each group then developing a relation to calculate the coefficient
of subgrade reactions K of sandy soil as a function of known settlement and compare

it to the Bowels relation (1997).
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The last part contains an inclusive computer analysis for a real case-study of
mat foundation using flexible method by employing two available commercial finite
element methods based software packages and the softwares are: 1) Structural
Analysis Program SAP 2000 and 2) SAFE version 8. The results obtained from each
individual software will be compared to the results obtained from the proposed
optimum solution for conventional rigid method. At the end, important findings and
suggested modified factors will be presented to attest that a large amount of flexural
reinforcement associated with the conventional rigid method will be decreased by
reducing its bending moment that obtained after applying a load modifying factor to
match the results of bending moment values obtained from the flexible method by

using finite element commercial softwares.

This thesis contains seven chapters. The first chapter consists of a general
introduction and outlines the objectives of this study. The second chapter discusses
research problem identification by introducing a complete solved case study for mat
foundation design using conventional method and comprises a survey of previous
work related to the subject of this thesis: conventional rigid method, and the flexible
method. The third chapter sets a theoretical solution of conventional rigid method and
comprises three parts, the first part applies modification factors for columns load only
to construct the first suggested bending moment diagram trailed by a second solution
that applies modifications only to the soil pressure to construct a second suggested
bending moment diagram, and finally from the first and the second bending moment
diagrams, an optimum average solution is proposed followed by writing a user
friendly structural analysis computer program to analyze mat strips based on the
optimum average solution suggested by the researcher. The fourth chapter outlines the
experimental test set-up and presents all the experimental results of the coefficients of
subgrade reaction along with analysis a number of an old plate load tests on sandy soil
done by material and soil laboratory of Islamic University of Gaza followed by
developing a relation to calculate coefficient of subgrade reactions of K as a function
of settlement. The fifth chapter contains a comprehensive finite element study using
Sap 2000 version 11 and Safe Program version 8 to analyze mat foundation. The sixth
chapter includes a discussion of the obtained result. And the final chapter contains

conclusions and recommendations.
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Chapter 2
Literature Review

2.1 Introduction

The problem of analysis and design of mat foundation had attracted the
attention of engineers and researchers for a long time. This is because mat foundations
are frequently associated with major multistoried structures founded on different types
of soils. The mat foundation is one type of shallow foundations and widely used in the
world. The use of mat foundation as an option by an engineer dated back to late of
eighteenth century. In Palestine, mainly in Gaza city, mat foundation has been a
dominant option when constructing a multistory building. This study focused on
optimizing conventional rigid method, this method is characterized by its simplicity
and ease in execution. On the other hand, the resultant of column loads for each of the
strips doesn't coincide with the resultant of soil pressure and therefore this can be
attributed to the shear forces present at the interfaces of the consecutive strips.
Consequently, this leads to a violation of the equilibrium equations summation of
forces in the vertical direction and the summation of moments around any point are
not adjacent or even close to zero, indeed a few researchers had tried in the past to
find a solution for this fictitious problem. for instance [8] had proposed two sets of
modification factors, one for column loads and the other for soil pressures at both
ends of each of the individual strips. These modifications factors result in satisfying
equilibrium equation of vertical forces, summation of forces in the vertical direction is
close to zero, therefore the construction of shear force diagrams can be worked out
but this is not the case when engineer try to construct a moment diagram as the
equilibrium equation is not satisfied as the summation of moments around any point
do not go to zero. As a result, constructing a correct bending moment diagram is a
challenge. This is because the factors applied are not suited to balance the total
resultant force of columns from top to the resultant force of the applied pressure under
mat as both forces are never pass through the same line of action, this will be given
more attention and detailed discussion later in the following chapters of this study.

In a comparison to the approximate flexible method, the conventional rigid
method requires larger amounts of flexural reinforcement because the distribution of
soil pressure is only permitted in one direction not in both directions as of that in

approximate flexible method therefore it is clear evidence that the obtained steel
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reinforcements employing approximate flexible method will be with no doubt less
that of using the conventional method. The flexible method requires the determination
of coefficients of subgrade reaction K, in order to carry out the analysis. The
coefficient of subgrade reaction is a mathematical constant that denotes the
foundation's stiffness. The coefficient of subgrade reaction is the unit pressure
required to produce a unit settlement. The value of the coefficient of subgrade
reaction varies from place to another and not constant for a given soil, it depends upon
a number of factors such as length, width and shape of foundation and also the depth
of embedment of the foundation, and usually determined using empirical equations in
terms of the allowable bearing capacity of the soil.

The conventional rigid method is based on Winkler’s concept of shear free elastic
springs in conjunction with the assumption of the mat as rigid which leads to

determine contact pressure distribution.

Winkler model:

Winkler (1867) developed a model to simulate Soil-Structure Interaction. The
interaction basic assumption is based on the idea that the soil-foundation interaction

force p at a point on the surface is directly proportion to the vertical displacement

AZ of the point as shown in Figure (2.1). Thus, P = KAZ where K is the stiffness or

fiun ati T
] y

modulus of sub-grade reaction.

Figure (2.1) Winkler foundation layout

The interaction of the structure and its soil was treated in Winkler model by
representing the soil with the linear elastic spring model with specific geometrical and
elastic properties. This is a pure analytical treatment of a structural model with

fictional supports without taking into account the actual behavior of soils.

www.manaraa.com



The analysis and design of mat foundations is carried out using different
methods techniques such as the conventional rigid method, the approximate flexible
method, the finite difference method and the finite element method as can be seen in
Figure (2.2). This literature review chapter encloses the American concrete institute
ACI code requirements for use of conventional method, conventional rigid method
assumptions and procedures, detailed worked-out example, an approximate flexible
method assumptions and procedures to better understand the subject of the thesis and
finally will contain a general survey of previous work in the field of mat foundation
analysis and related topic, namely; conventional rigid method and approximate
flexible method was carried out. The review is not intended to be complete but gives a
summary of some of the previous work conducted in relation to conventional rigid

method and approximate flexible method and their applications.

‘ Design Methods ‘
|
| B | |
Conventional Approximate Finite Difference| | Finite Element
Rigid Method | |Flexible Method Method Method

Figure (2.2) Flowchart of different design methods of mat foundation

2.2 ACI Code Requirements

According to the ACI committee 336 (1988) the design of mats could be done
using the conventional rigid method if the following conditions have been satisfied:
1. The spacing of columns in a strip of the mat is less than 1.75/A where A

the characteristic coefficient is defined by Hetenyi M. (1946) as

follow, A = 1/ i;; or the mat is very thick.

Where K, : Coefficient of subgrade reaction

B: width of strip
E: Modulus of elasticity of raft material
I: Moment of inertia of a strip of width B

2. Variation in column loads and spacing is not over 20%.

If the mat does not meet the rigidity requirements of conventional rigid method it
should be designed as a flexible plate using the approximate flexible method, the

finite differences or the finite element methods.
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2.3 Conventional Rigid Method Assumptions

The conventional rigid method assumes the following two conditions
1. The mat is infinitely rigid, and therefore, the flexural deflection of the
mat does not influence the pressure distribution.
2. The soil pressure is distributed in a straight line or a plane surface such

that the centroid of the soil pressure coincides with the line of action of

the resultant force of all the loads acting on the foundation as shown in

Figure (2.3).

Rload

Q, Q,

Rpressure

Figure (2.3): Soil pressure coincides with the resultant force of all the loads
2.4 Conventional Rigid Method Design Procedure

The procedure for the conventional rigid method consists of a number of steps
with reference to Figure (2.4) as follows:

N

B -

L% %
o

B, Mg . i ol L
£ Q Q Q

L 7 8 9

L . IR

Figure (2.4): A layout of mat foundation

Ol LEN Zyl_i.lbl 8
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Determine the line of action of all the loads acting on the mat
Q=Q, +Q, +Q; +.u=2.Q, 2.1)

The eccentricities ex and e, are found by summing moment about any
convenient location (usually a line of column).
About X' and Y' coordinates
Q% +Q, %, +QyX; +........) ~
2.Q '
y=(Q1y1+Q2y2+Q3y3+ ......... ) L
2.Q T2

Determine the allowable pressure q on the soil below the mat at its corner

X=

points and check whether the pressure values are less than the allowable

bearing pressure.

q:%iMIXYiMIyX (2.2)

X y

Where, A = B L =Base area of the mat foundation

I, moment of inertia about x - axis = BL'/12

[, moment of inertia about x - axis = LB’/12
M moment of the column loads about the x - axis = Z Qe,

M, moment of the column loads about the y - axis = Z Qe,

Determine the mat thickness based on punching shear at critical column
based on column load and shear perimeter.

Divide the mat into strips in x and y direction. Each strip is assumed to act
as independent beam subjected to the contact pressure and the columns
loads.

Determine the modified column load as explained below, it is generally
found that the strip does not satisfy static equilibrium, i.e. the resultant of
column loads and the resultant of contact pressure are not equal and they
do not coincide. The reason is that the strips do not act independently as
assumed and there is some shear transfer between adjoining strips.
Considering the strip carrying column loads Q;, Q, and Qs as seen in
Figure (2.5), let B; be the width of the strip and let the average soil
pressure on the strip g,,, and let B the length of the strip.
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Q2 Q

Q, 3
B 1q avg

Figure (2.5): A layout of strip

Average load on the strip is:

Qavg :£Q1 +Q2 +Q3 +qavg Bl BJ (23)
2
The modified average soil pressure (0, ,,q) 1S given by
Quve
= e 2.4
qavg mod qavg ( we Bl B ( )

The column load modification factor F is given by

. :(LJ 2.5)
Q +Q,+Q,

All the column loads are multiplied by F for that strip. For this strip, the
column loads are FQ,, FQ, and FQj3, the modified strip is shown in Figure
(2.6).

FQ FQ, FQ,

1
qu avg,mod

Figure (2.6): A modified strips layout

6. The bending moment and shear force diagrams are drawn for the modified

column loads and the modified average soil pressure 0, ;0 -

7. Design the individual strips for the bending moment and shear force.

10
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2.5 Conventional Rigid Method of Mat foundation Worked-out example

A real case study of mat foundation design in Gaza city has been worked out in

details using the conventional rigid method technique to familiarize the reader of this

manuscript with the research problem. See Figure (2.7) for dimensions and geometry.

Q 500 ‘ 500 ‘ 500 50
A B C D E F G
le) ! le ! fe) ! ca® 5
o —f—— -} —r g
les ‘ Ll ‘ m; ‘ cs®
A O A
m < ! m 10 ! m €l ! cogl
o —f— T
'ELJ‘{ii.ﬂéLi%i;‘QlS ! Clé‘ E
N M L K J I H |
Figure (2.7): Layout of mat foundation
Columns loads are shown in Table (2.1)
Table (2.1): Column loads
Column D.L L.L Column D.L L.L
No. (Ton) (Ton) No. (Ton) (Ton)
Cl 78.0 39.0 C9 133.8 66.9
C2 160.1 80.1 C10 280.4 140.2
C3 144.6 72.3 Cl1 286.8 143.4
C4 67.1 33.6 Cl12 136.0 68.0
C5 157.2 78.6 C13 60.3 30.2
Cé6 323.1 161.6 Cl4 127.5 63.8
C7 2953 147.7 C15 131.6 65.8
C8 138.3 69.2 C16 62.6 31.3
11
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Step 1: check soil pressure for selected dimensions

Column service loads =X Qi (wherei= 1 to n)
According to ACI 318-05 (Section 9.2),

Factored load, U = 1.2 (Dead load) + 1.6 (Live load)
So, Ultimate load Q , =X [1.2 DL;+ 1.6LL ;]
Ultimate to service load ratior , = Q ,/Q

The Table (2.2) shows the calculation for the loads:

Table (2.2): Load calculations

Column DL LL Q Qu
No. (ton) (ton) (ton) (ton)

1 78.0 39.0 117.00 156.00
2 160.1 80.1 240.15 320.20
3 144.6 72.3 216.90 289.20
4 67.1 33.6 100.65 134.20
5 157.2 78.6 235.80 314.40
6 323.1 161.6 484.65 646.20
7 295.3 147.7 442 .95 590.60
8 138.3 69.2 207.45 276.60
9 133.8 66.9 200.70 267.60
10 280.4 140.2 420.60 560.80
11 286.8 143.4 430.20 573.60
12 136.0 68.0 204.00 272.00
13 60.3 30.2 90.45 120.60
14 127.5 63.8 191.25 255.00
15 131.6 65.8 197.40 263.20
16 62.6 31.3 93.90 125.20

Total Loads = | 3874.05 5165.40

r, = 1.333

Ultimate pressure q , =q, X1, =14.9 x 1.333 =19.86 t/m>
Location of the resultant load Q,
In x- direction

Moment summation is X M y..4is = 0.0 (see Table (2.3))

12
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Table (2.3): Moment calculations in x- direction

Q Qu Xi M M.,

(ton) (ton) (m) (t.m) (t.m)

117.00 156.00 0 0.00 0.00
240.15 320.20 5 1200.75 1601.00
216.90 289.20 10 2169.00 2892.00
100.65 134.20 15 1509.75 2013.00

235.80 314.40 0.00 0.00
484.65 646.20 5 2423.25 3231.00
442.95 590.60 10 4429.50 5906.00
207.45 276.60 15 3111.75 4149.00

200.70 267.60 0.00 0.00
420.60 560.80 5 2103.00 2804.00
430.20 573.60 10 4302.00 5736.00
204.00 272.00 15 3060.00 4080.00

90.45 120.60 0.00 0.00
191.25 255.00 5 956.25 1275.00
197.40 263.20 10 1974.00 2632.00
93.90 125.20 15 1408.50 1878.00

Q. X;=|28647.75 | 38197.00

Xpar = [2Q i X i ]/ ZQ i =28,647.75/3,874.05=7.395 m
ex = Xpar —B/2=7.395-7.5=-0.105m

In y- direction

Moment summation is £ M yx_axis = 0.0 (see Table (2.4))

Table (2.4): Moment calculations in Y direction

Q Qu Yi M Mu

(ton) (ton) (m) (t.m) (t.m)
117.00 156.00 21 2457.00 3276.00
240.15 320.20 21 5043.15 6724.20
216.90 289.20 21 4554.90 6073.20
100.65 134.20 21 2113.65 2818.20
235.80 314.40 14 3301.20 4401.60
484.65 646.20 14 6785.10 9046.80
442.95 590.60 14 6201.30 8268.40
207.45 276.60 14 2904.30 3872.40
200.70 267.60 7 1404.90 1873.20
420.60 560.80 7 2944.20 3925.60
430.20 573.60 7 3011.40 4015.20
204.00 272.00 7 1428.00 1904.00

90.45 120.60 0 0.00 0.00

191.25 255.00 0 0.00 0.00

197.40 263.20 0 0.00 0.00

93.90 125.20 0 0.00 0.00
XQ;.Y; = 42149.10 | 56198.80

13
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Yoar = [2Qi yi [/ ZQ i =42,149.1/3,874.05 = 10.88 m
€y= Ypar—L/2=10.88—-10.5=0.38 m

M. x M
Applied ultimate pressure, ( = {% + I—y + I—Xy:|

y X

Where: A = Base area =B x L=16 x 22.4 = 358.4 m’
M = Quey=5,165.4%0.38 =1,962.10 t. m
M y= Quex=5,165.4%-0.105 =-543.5t. m

I _lgp :i(16)(22.4)3 =14,985.9m*
12 12
1 1
| =—LB*=—(22.4)16) =7.,645.9m*
) 12( Xi) ’ m

Therefore, 0, sppiied :{

51654 (-543.5)x | 196210y
3584 7,645.9 ~ 14,9859

=14.41 + (-0.071) x + 0.131y

(t/mz)

Now stresses can be summarized (see Table (2.5))

|

Table (2.5): Allowable soil pressure calculations

Point Q/A X -0.071 x y +0.131y q

(m?) (m) ({Ym?) (m) (t/m?) (t/m?)
A 1441 8 0.5687 11.2 1.4664 16.447
B 14.41 -5 0.3554 11.2 1.4664 16.234
C 14.41 -2.5 0.1777 11.2 1.4664 16.057
D 14.41 0 0.0000 11.2 1.4664 15.879
E 1441 2.5 -0.1777 11.2 1.4664 15.701
F 1441 5 -0.3554 11.2 1.4664 15.523
G 14.41 8 -0.5687 11.2 1.4664 15.310
H 14.41 8 -0.5687 -11.2 -1.4664 12.377
I 1441 5 -0.3554 -11.2 -1.4664 12.591
J 14.41 2.5 -0.1777 -11.2 -1.4664 12.768
K 1441 0 0.0000 -11.2 -1.4664 12.946
L 1441 -2.5 0.1777 -11.2 -1.4664 13.124
M 14.41 -5 0.3554 -11.2 -1.4664 13.301
N 14.41 -8 0.5687 -11.2 -1.4664 13.515
0) 14.41 -8 0.5687 7 0.9165 15.898
P 14.41 -8 0.5687 0 0.0000 14.981
Q 14.41 -8 0.5687 -7 -0.9165 14.065
R 14.41 8 -0.5687 7 0.9165 14.760
S 14.41 8 -0.5687 0 0.0000 13.844
T 14.41 8 -0.5687 -7 -0.9165 12.927

The soil pressures at all points are less than the ultimate pressure = 19.86 t/m”

14
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Step 2- Draw shear and moment diagrams

The mat is divided into several strips in the long direction and the following strips are
considered: ABMN, BDKM, DFIK and FGHI in the analysis. The following
calculations are performed for every strip:

A) The average uniform soil reaction,

_ qu,Edgel + qu,EdgeZ

’ 2

refer to the previous table for pressure values

for Strip ABMN (width = 3m)
Oata) T Q)  16.447+16.234

Qu.Edger = > =16.35t/m?
Qo pigen = Qatm) ;‘q(atN) _ 13.30142—13.515 1341 t/m?
= 16.35+13.41 1487 t/m?
for Strip BDKM (width = 5 m)
Uy £gget = Yearcy = 16.057 t/m?
Oy cdger = Oearr) = 13124 t/m’
= 16.057+13.124 1459 t/m?
for Strip DFIK (width = 5 m)
Ou.cdger = Gty =15-701 t/m?
Qu.dgez = Aars) =12.768 t/m?
= 15.701+12.768 1423 t/m?
for Strip FGHI (width =3 m)
Qo eager = Qatry ;—q(atG) _ 15.52342—15.310 1542 t/m?
Qo pagen = Oatry ‘;q(am) _ 12.591+12.377 1248 t/m?
_ 15.42+12.48

=13.95 t/m’

u

SlLaN Zyl_ﬂbl :
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B) Total soil reaction is equal to qyave (Bi B)
Strip ABMN: B;=3 m

Strip BDKM: B,=5m

Strip DFIK: Bs=5m

Strip FGHI: Bs=3m

For all strips B=22.4 m

C) Total column loads Qytotal = 2 Qui

qu,avg (B| B) + Qu,total
2

D) Averageload =

Average load

Qu,total
F) The modified loads on this strip Q'yi = F x Qy;

E) Load multiplying factor F =

Average load }

G) Modified Average soil pressure 0, moa =
’ qavg Bi B

The calculations for the selected strips are summarized in Table (2.6).

Table (2.6): Summarized calculations of the selected strips

A
Strip Bi Point qugze qav% (avg Bi B Qu,total {Zl:gge qavg,nzlod F

(m) (t/m°) (t/m”) (tons) (ton) (ton) (t/m”)

ABMN 3 A.B 16.34 14.87 999.56 858.6 929.08 15.19 1.082
M,N 13.41 12.46

BDKM 5 c 16.06 14.59 1634.09 1782.2 1708.15 16.78 0.958
L 13.12 13.72

DFIK 5 E 1570 14.23 1594.28 1716.6 1655.44 16.30 0.964
J 12.77 13.26

FGHI 3 F.G 15.42 13.95 937.46 808 872.73 14.35 1.080
LH 12.48 11.62

Based on Table (2.6), the adjusted column loads and pressure under each strip are

represented in Table (2.7) through Table (2.10):

Table (2.7): Strip ABMN allowable stress calculations

. Column DL LL ' SOi,l
Strip No. (ton) (ton) (tan) (3}'1) (t?)r;l) “Z:‘;:;“
ABMN 1 78 39 117 156 168.81
5 157.2 78.6 235.8 3144 340.21
9 133.8 66.9 200.7 267.6 289.57 929.08
F =1.082 13 60.3 30.15 90.45 120.6 130.50
Total = 4293 214.65 643.95 858.6 929.08

16
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Table (2.8): Strip BDKM allowable stress calculations

Soil
. Column DL LL Q Qu Q'u .
Strip No. (ton) (ton) (ton) (ton) (ton) re(ta;;lso)n
BDKM 160.1 80.05 240.15 320.2 306.89
323.1 161.55 484.65 646.2 619.35
10 280.4 140.2 420.6 560.8 537.50 1708.15
F=0.958 14 127.5 63.75 191.25 255 244,40
Total = 891.1 445.55 1336.65 1782.20 1708.15
Table (2.9): Strip DFIK allowable stress calculations
Soil
. Column DL LL Q Q Q' .
Strip u " reaction
No. (ton) (ton) (ton) (ton) (ton) (tons)
DFIK 144.6 72.3 216.9 289.2 278.90
2953 147.65 442.95 590.6 569.56
11 286.8 143.4 430.2 573.6 553.16 1655.44
F=0.964 15 131.6 65.8 197.4 263.2 253.82
Total = 858.3 429.15 1287.45 1716.60 1655.44
Table (2.10): Strip FGHI allowable stress calculations
Soil
. Column DL LL Q Qu Qu .
Strip No. (ton) (ton) (ton) (ton) (ton) re(:l::s())n
FGHI 4 67.1 33.55 100.65 134.2 144.95
8 138.3 69.15 207.45 276.6 298.76
12 136 68 204 272 293.79 872.73
F=1.080 16 62.6 31.3 93.9 125.2 135.23
Total = 404 202 606 808.00 872.73

17
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Tables (2.11) through (2.14) and the Figures (2.8) to (2.15) represents the shear and

moment numerical values and the construction of shear force diagram and the bending

moment diagrams for the four different strips.

Table (2.11): Shear and Moment numerical values for Strip ABMN

| Strip ABMN |
| Bi= 30m | | B= 24m |
Span . h h
Column Q' Lei gth Distance qavg,n;od SL::: Is{i;;rt x@V=0.0 | Moment
No. (tOIl) (m) (m) (t/m ) (tOl‘l) (tOIl) (m) (t'm)
0.7 0.7 15.19 0.000 0.00
1 168.81 15.10 31.807 -136.999 11.14
7 7.7 3.76 -197.68
5 340.21 14.25 171.228 -168.980 141.38
7 14.7 11.72 -196.41
9 289.57 13.40 121.358 -168.209 -14.86
7 21.7 18.97 -371.38
13 130.50 12.55 104.239 -26.261 -228.32
0.7 22.4 12.46 0.000 -237.51
Shear force diagram
171.23
121.36 104.24
31.81 ﬂ /T
A
126
V J/ -26.26
-137.00 -168.98 -168.21

Figure (2.8): Shear force diagram for strip ABMN

Bending moment diagram 371.38

197.68 196.41 ;23751

1114 \/ -14.86

141.38

-228.32

Figure (2.9): Moment diagram for strip ABMN
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Table (2.12): Shear and Moment numerical values for Strip BDKM

| Strip BDKM |
[ B.= 500m | | B= 2240m |
S . h h

Column Q' Leﬁ?;tlh Distance qavg,nzwd SL::: Is{i;; x@V=0.0 | Moment

No. (ton) (m) (m) (t/ m ) (ton) (tOl'l) (m) (t'm)

0.7 0.7 16.78 0.000

2 306.89 16.69 58.577 -248.318 20.52
7 7.7 3.71 -352.03

6 619.35 15.73 319.009 -300.340 287.50
7 14.7 11.58 -292.46

10 537.50 14.77 233.456 -304.042 72.96
7 21.7 18.90 -561.00

14 244.40 13.81 196.222 -48.182 -284.85
0.7 22.4 13.72 0.000 -301.69

Shear force diagram
319.01
233.46 196.22
58.58 /'[ /'[ /'[
Wai
r2
l/ V V -48.18
-248.32 -300.34 -304.04

Figure (2.10): Shear force diagram for strip BDKM

Bending moment diagram
-561.00

-352.03 292.46 -301.69
/"’\ -284.85

™ Y
2052 \/ 72.96

287.50

Figure (2.11): Moment diagram for strip BDKM
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Table (2.13): Shear and Moment numerical values for Strip DFIK

| Strip DFIK |
| B:= 500m | | B= 2240m |
S . h h
Column Q'u Lefl:tlh Distance ang’nzwd SL::: Is{i;; x@V=0.0 | Moment

No. (ton) (m) (m) (t/m ) (ton) (tOl'l) (m) (t'm)

0.7 0.7 16.30 0.000
3 278.90 16.21 56.895 -222.001 19.93
7 7.7 347 -286.51
7 569.56 15.26 328.633 -240.926 412.57
7 14.7 10.90 28.47
11 553.16 14.30 276.400 -276.764 556.16
7 21.7 18.64 13.94
15 253.82 13.35 207.253 -46.570 332.30
0.7 22.4 13.26 0.000 316.02

Shear force diagram
328.63
276.40 207.25
56.90
A
[ =l
-46.57
-222.00 -240.93 -276.76

Figure (2.12): Shear force diagram for strip DFIK

Bending moment diagram
-286.51

28.47 13.94

19.93 316.02

41257 332.30
556.16

Figure (2.13): Moment diagram for strip DFIK
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Table (2.14): Shear and Moment numerical values for Strip FGHI

Strip FGHI
Bi= 3.00m | B= 2240m |
S . h h
Column Q'u Lefl:tlh Distance qavg,nzwd SL:F: ;{i;ﬁ x@V=0.0 | Moment
No. (ton) (m) (m) (t/m ) (ton) (tOIl) (m) (t'm)
0.7 0.7 14.35 0.000
4 144.95 14.27 30.050 -114.901 10.53
7 7.7 3.42 -144.90
8 298.76 13.41 175.745 -123.014 233.93
7 14.7 10.80 44.13
12 293.79 12.56 149.714 -144.076 337.84
7 21.7 18.60 58.89
16 135.23 11.71 110.735 -24.496 231.59
0.7 22.4 11.62 0.000 223.03
Shear force diagram
175.75 149 71
; 110.73
30.05 /] /'[
Pl
2l
-24.50
-114.90 -123.01 14408

Figure (2.14): Shear force diagram for strip FGHI

4490  Bendingmoment diagram

RN

K

10.53

44.13 58.89

223.03

233.93 231.59

337.84

Figure (2.15): Moment diagram for strip FGHI

By looking at the calculations above it is a clear evidence that the construction of the

bending moment diagrams has failed to be closed and as a result the researcher of this

written manuscript is trying to study this point and will supply a modifications factors

to the bending moments diagram as will be shown later in the following chapter of

this thesis. The following section of this chapter is a general discussion of the

approximate flexible method assumptions.
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2.6 Approximate Flexible Method Assumptions and Procedures:

This method assumes that the soil behaves like an infinite number of individual
springs each of which is not affected by the other as shown in Figure (2.16), the
elastic constant of the spring is equal to the coefficient of subgrade reaction of the

soil. Further, the springs are assumed to be able to resist tension or compression.

Q Q,

Figure (2.16): An infinite number of individual springs

This method is based on the theory of plates on elastic foundations. The step by step
procedure is given by Bowels (1997) as follows:
1. Determine the mat thickness based on punching shear at critical column
based on column load and shear perimeter.

2. Determine the flexural rigidity D of the mat

Et’ (2.6)

P =0 7)

Where E = modulus of elasticity of mat material,
M= poison's ratio of mat material, and
t = thickness of mat.

3. Determine the radius of effective stiffness (L') from the following relation

. |D
L= i/k: (2.7)

The zone of influence of any column load will be on the order of 3L' to
4L

4. Find the tangential and radial moments at any point caused by a column
load using the following equations.
Tangential moment,

Mt:_B(Z4_M] 2.8)
4 r/L
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o)

Radial moment,

MHLE(ﬂZVQ;@ZiJ (2.9)
4 r/L

Where r = radial distance from the column load, P = column load.

The variations of Z, and Z3'with r/ L are shown in Figure (2.17).

In Cartesian coordinates, the above equations can be written as

M, =M, sin260+ M, cos 26 (2.10)
M, =M, cos 260 + M, sin 20 (2.11)
Where 6 is the angle which the radius r makes with x- axis.

Determine the shear force (V) per unit width of the mat caused by a

column load as

v-_PZ 2.12)
41

The variations of Z 4' with r / L are shown in Figure (2.17).

. If the edge of the mat is located in the zone of influence of a column,

determine the moment and shear along the edge, assuming that the mat is

continuous.

Moment and shear, opposite in sign to those determined, are applied at the

edges to satisfy the known condition.

Deflection at any point is given by the following equation
PL’

" 4D 7

5 (2.13)

If the zones of influence of two or more column overlap, the method of

superposition can be used to obtain the total moment and shear.

23

www.manaraa.com



0s Z. T
hY \ M, Load poini
A\ L
ﬂ"‘ mr .-r"
A\ >
.'\_I = r
03 A >
11 O
M, =M, cos* 8 + M,sin® @
0.2 X M, = M,sin" @+ M, cos @
1 X =—
NN
0.1 AN _ 42
N N %
:h___ D= Ert
T ™ Ty 12(1 — p¥)
0 / e I i
/ £
l / P
ok <~
\ v
1‘. —
1'\ F.;_z!
‘0-2 -\ r‘
b L
-z‘
-0.3
sl
-0.5 f
1] | 2 3 4 5 &
x=r/L

Figure (2.17): Variations of Z 4'with r/L (Ref. [4])
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2.7 Coefficient of Subgrade Reaction

The coefficient of subgrade reaction known as subgrade modulus or modulus of
subgrade reaction is a mathematical constant that denotes the foundation's stiffness.

The common symbol for this coefficient is k; it defined as the ratio of the pressure
against the mat to the settlement at a given point, kK = % the unit of k is t/m’, where:

q is the soil pressure at a given point and o is the settlement of the mat at the same
point.

The coefficient of subgrade reaction is the unit pressure required to produce a unit
settlement and the value of the coefficient of subgrade reaction is not a constant for a
given soil; it depends upon a number of factors such as length, width and shape of
foundation in addition to the depth of embedment of the foundation. Terzaghi K.
(1955) proposed the following expressions:

For cohesive soils,

0.3
k =k°-3(§j (2.14)
For sandy soils,

B+0.3)
k :km(Tj (2.15)
Accounting for depth,

2 2
k=k,, B+03)(03+2D <2k, B+0.3 (2.16)
‘ 2B B ‘ 2B
For rectangular foundation, Lx B, on sandy soil
K = k[ﬂj (2.17)
1.5

Where:

L, B and D: represent footing length, width and the depth respectively and

K is the value of a full-sized footing and K, is the value obtained from 0.3mx0.3m

load tests. This value can be determined by conducting a plate load test, using a
square plate of size 0.30*0.30 m or circular of diameter 0.3m. After load settlement

curve is constructed, the coefficient of subgrade reaction is determined using the

. q
equationk = —.
a 5
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Das, B.M (1999) presents rough values of the coefficient of subgrade reaction k for

different soils as seen in Table (2.15).

Table (2.15): Coefficient of subgrade reaction K,, for different soils (Ref. [8])

Type Condition Value of
of soil of soil k(t/m’)
Loose 800 to 2500
Dry or
) Medium 2500 to 12500
moist sand
Dense 12500 to 37500
Loose 1000 to 1500
Saturated
Medium 3500 to 4000
Sand
Dense 13000 to 15000
Stiff 1200 to 2500
Clay Very Stiff 2500 to 5000
Hard > 5000

An approximate relation between the coefficient of subgrade reaction and allowable

bearing capacity was suggested by Bowels (1997) as k =40(F.S)q,, =120q,, where

F.S represents the factor of safety while qa stands for allowable bearing capacity of

soil, this equation was developed by reasoning that (,, is valid for a settlement of

about 25.4 mm, and safety factor equal 3. For settlement 6 mm, 12 mm and 20 mm,
the factor 40 can be adjusted to 160, 83 and 50 respectively. The factor 40 is

reasonably conservative but smaller assumed displacement can always be used.

The conventional rigid method usually gives higher values of bending moment
and shear than the actual ones, therefore making the design uneconomical, and some
times in some local locations give lower values than the real ones and as a result the
design becomes unsafe. It was also evident that the conventional method is unable to
take in to account the deflected shape of mat which indeed not only modifies the soil
reaction but also re-distributes the load coming from the superstructure columns. In
all the previous researches, the subgrade reactions had been simulated by shear-free
Winkler’s spring, Mehrotra B. L. (1980) had analyzed the entire system as a space
frame with mat, floors and walls using stiffness and finite element analyses on a
digital computer to understood the behavior of the mat. He introduced an

approximation method of stiffness analysis of mat foundation for multi panel framed
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building. His research paper showed a reduction in the intensity of the maximum
moment in mat 25 % compared with that given by conventional rigid method for the
frame under the study. His stiffness analysis of a complete ten-story 12 bay framed
structure along with the raft foundation was based on a digital computer and
producing moment, shear and axial force distribution of the superstructure due to
deformation of the raft that showed a reasonable saving in both concrete and steel in

mat design.

Vesic, A. B. (1961) discussed an infinite beam resting on an isotropic elastic
solid under a concentrated load and had supplied integrals solutions confirmed by
numerical evaluation and approximated analytical functions. He also investigated the
reliability of the conventional approach using the coefficient of subgrade reactions, K.
He stated that the Winkler’s hypothesis assumes that footings and mat foundation as
well as grillage beams, resting on subgrades, the behavior of which is usually well
simulated by that of elastic solids, and frequently analyzed by the elementary theory
of beams on elastic subgrades. Based on the assumption, the contact pressure at any
point of the beam is proportional to the deflection of the beam at the same point.
However he argued that the theoretical investigation showed clearly that the pressure
distribution at the contact between slabs and subgrades may be quite different from
those assumed by the conventional analysis (Winkler’s hypothesis generally not
satisfied). In his paper he was able to satisfy the Winker’s hypothesis for beams
resting on an elastic subgrade and he found appropriate values in some cases can be
assigned to the coefficient subgrade reactions K. He concluded that the beams of
infinite length on an elastic isotropic semi infinite subgrade are analyzed by means of

elementary theory based on Winker’s hypothesis using the following equations:

09[Eb* ] E,
o :?[ E, | } — (2.18)
Where :
E;: modulus of elasticity of soil
Ep : modulus of elasticity of beam
Us : poisson ratio
b : beam width
I : moment of inertia
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C : constant

Also, he concluded that when beams of infinite length resting on an elastic isotropic
half-space are analyzed by means of the elementary theory, based on coefficient of
subgrade reaction K, bending moments in the beam are overestimated, while contact
pressure and deflections are underestimated. The amount of error depends on the
relative stiffness of the beam. Concerning beams of finite length, it is shown that the
conventional analysis based on the elementary theory is justified if the beam is

sufficiently long.

Yim Solomon C. (1985) developed a simplified analysis procedure to consider
the beneficial effects of foundation-mat uplift in computing the earthquake response
of multistory structures. This analysis procedure is presented for structures attached to
a rigid foundation mat which is supported on flexible foundation soil modeled as two
spring-damper elements, Winkler foundation with distributed spring-damper
elements, or a viscoelastic half space. In this analysis procedure, the maximum,
earthquake induced forces and deformations for an uplifting structure are computed
from the earthquake response spectrum without the need for nonlinear response
history analysis. It is demonstrated that the maximum response is estimated by the
simplified analysis procedure to a useful degree of accuracy for practical structural
design. He showed also that a reasonable approximation to the maximum response of
multistory structure can be obtained by assuming that the soil structure interaction and
foundation mat uplift influence only the response contribution of the fundamental
mode of vibration and the contributions of the higher modes can be computed by

standard procedures disregarding the effects of interaction and foundation uplift.

Mandal, J.J.(1999) proposed a numerical method of analysis for computation of
the elastic settlement of raft foundations using a Finite Element Method — Boundary
Element Method coupling technique. His structural model adopted for the raft was
based on an isoparametric plate bending finite element and the raft-soil interface was
idealized by boundary elements. Mindlin's half-space solution was used as a
fundamental solution to find the soil flexibility matrix and consequently the soil
stiffness matrix. The transformation of boundary element matrices were carried out to
make it compatible for coupling with plate stiffness matrix obtained from the finite

element method. His method was very efficient and attractive in the sense that it can
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be used for rafts of any geometry in terms of thickness as well as shape and loading.
He also considered the depth of embedment of the raft in the analysis. In his paper, a
computer program had been developed and representative examples such as raft on
isotropic homogeneous half space, raft on layered media and raft on layered media
underlain by a rigid base had been studied to demonstrate the range of applications of
his proposed numerical method, to compute the settlement of raft foundation on a
layered media the depth of the soil up to five times the width had been considered.
Also he proposed a method for comparing the rigid displacement of centrally loaded
square plate by introducing the numerical factor & as given below:

o= (_rf_E;::vrP 2.19)
Where
o : numerical factor
P : load applied
w, : rigid plate displacement
Es : modulus of elasticity of soil

Us : poisson ratio.

Based on the literature review conducted by the researcher, it was clear evidence
that there is no unambiguous literature was found to help civil engineers to understand
in depth the dissimilarities of mat foundations design by applying the conventional
rigid method and the approximate flexible method besides no literature was found to
supply solutions to satisfy equilibrium equations when engineer construct shear force
and bending moment diagrams using the conventional rigid method and to find out a
precise reliable coefficients of subgrade reactions by conducting plate load tests to be
used later on as an input in a computer software to analyze the mat foundation based
on the approximate flexible analysis. The researcher was motivated to put forward
anew innovative design approach by reducing the large amounts of flexural
reinforcement that are associated with the conventional rigid method and approximate
flexible method to the case studied examples solved within the research using the new
modified methods suggested by the researcher as will be discussed later on in the

coming chapters of this research.
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Chapter 3
Proposed Solutions of Conventional Rigid Method

3.1 Introduction

The conventional rigid method is characterized by its straightforwardness and
ease in implementation by civil engineering design practitioners. In contrast, the
resultant of column loads for each of the strips is not equal and does not coincide with
the resultant of soil pressure and this can be attributed to the shear forces present at
the interfaces of the successive adjacent strips. Accordingly, this will lead to breach
the equilibrium equations as it can be easily visualized when a designer summing up
all the applied forces in the straight down direction, the output of the moment
diagrams around end point of the strip is not approaching zero. Some researchers have
tried to find out a solution for this made up problem. For instance [8] proposed two
sets of modification factors, one for column loads, and the other for soil pressures at
both ends of each of the individual strips. These modifications factors result in
satisfying the equilibrium equation on vertical forces, summation of forces in the
vertical direction is close to zero, consequently the construction of shear force
diagrams can be worked out but this however is not true when a designer engineer
attempts to construct a bending moment diagram as the equilibrium equation is not
satisfied. Summations of moments around end point do not go to zero and as a result
constructing a correct bending moment diagram is a real challenge. This is because
the factors applied are not suited to balance the total resultant force of columns from
top to the resultant force of the applied pressure under mat as both forces are not
passing through the same line of action.

This chapter will offer a number of solutions to crack down the problem when
constructing bending moment diagram for each individual strip for the mat by finding
out factors that will make the resultant force of columns from top and the resultant
force of the applied pressure under mat are equal and overlap. The researcher
developed an optimized original excel sheet to analyze and design a real case of
establishing a mat foundation for a relatively large size building. The researcher will
supply two individual solutions based on the finding factors that modify column loads
and soil pressure separately and to construct two individual shear and bending

moments as result followed by proposing a new suggested better fit solution for the
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analysis of the conventional rigid method. In additions a user friendly computer
structural analysis program was developed by the researcher to analyze mat
foundation strips using the mentioned above proposed optimum solution by the
researcher. The detailed analysis of the building can be found in appendix B. The
researcher will illustrate a detail analysis for only single strip to propose the three

suggested solutions as will be seen on the sequent sections within this chapter.

3.2 Strip Design Analysis (B D K M)

The strip B D K M was randomly taken from chapter 2 as shown in Figure (2.7)
to illustrate the analysis and make it easy to follow up while the other strips were also
studied independently and a complete analysis for the other strips can be found in
appendix A . After performing a check on the bearing capacity of mat foundation, it
was found that the values of bearing capacity under mat is less than the allowable
bearing capacity and as a result, the mat then has been divided into strips in X and Y
directions, the solutions discussed by the researcher in the above paragraph to balance
the equations and construct an accurate three modified bending moment diagrams are

arguing on the following subsequent paragraphs in this chapter.

3.2.1 First solution

Treating the strip shown in Figure (3.1) as a combined footing by neglecting the
applied soil pressure under mat and calculate the new soil pressure under ends of the
strip based on the columns loads from the following equation

ZQ+ZQ e, (B2) (3.1)
A T I

y

ql,z(new) -

Q Q4

ql new
92 new

B i

Figure (3.1): Layout of strip (Q; Q2 Q3 Qu)- First solution
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Where:
ZQ =Q,+Q, +Q; +Q,
A=BxB,

3

) . B.B
I, = Moment of inertia = i2

e, =X, =X, = ZZQQX

By using the above equation, the resultants of the soil pressure under the strip and

columns loads will act on the same line, and then the shear force and bending moment
diagrams can be easily constructed. The strip labeled BDKM as can be seen in Figure
(3.2) was taken from the complete performed analysis on mat to follow the solution
for the above mentioned approach by visualizing numerical numbers. The other strips

detailed analysis can be found in appendix A.

2 C6 C10 Cl4
0.7m—~ 7m -I 7m I— 7m ~0.7m
C L
1312t
16.06 t/m /m

Figure (3.2): Loads on the strip BDKM before using the modification factors

ZQ =320.2+646.2 +560.8 +255 =1,782.2ton

~320.2*%0.7+646.2*7.7+560.8*14.7 +255%21.7
1,782.2

X, =10.65m

e :%—10.65 =0.55m

X

A=224*5=112m’

5%20.4°

I =4,683.1m*

%k * *
q = L7822 L7822%(055)*224%05) _ 1o ooe o
112 4,683.1

%k % %
q2:1,782.2_1,782.2 (0.55)*(224%0.5) _ 15 oy /o
112 4,683.1

The modified soil pressure and column loads for strip B D K M is shown in Figure

(3.3).
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C2 C6 C10 Cl4
302t 646.2 ¢ 560.8 t 255 ¢

18.265 t/m 13.56 t/m

Figure (3.3): Loads on the strip B D K M after using the modification factors-First
solution

The shear force and bending moment diagrams can be seen by looking at Figures
(3.4) and (3.5). The intensity of new soil pressure (qux)under the strip at distance x

from the left of the strip is calculated as follows:
4,—¢q
0 =0, + (#jx

Where : q; is the bearing pressure at the strip first face
gz i1s the bearing pressure at the strip end face
B is the length of the strip

g, =18.256-0.21x

The shear force is obtained by integrating q ,x as follows:

Vi, =18.256 X — % x” + Shear due to column loads

The bending moment is obtained by integrating V. as follows:

x> 021, .
M, = 18.256? e X~ + Bending due to column loads

The section of maximum bending moment corresponds to the section of zero shear,

V, =0.0.

SlLa Zyl_ilsl N
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Table (3.1) and Figures (3.4) and (3.5) represent the shear and bending moment

numerical values and show the construction of shear force and bending moment

diagrams for the strip B D K M.

Table (3.1) Shear and Moment numerical values for Strip BDKM-First solution

| Strip BDKM |
B,= 500m | | B= 2240m |
S . h, h
ColiTumn Q'u Leﬂ;‘h Distance qavg,nzlod SL:F: ;i;ﬁ x @ V=0.0 M(:ment
0. (tOI'l) (m) (m) (t/m ) (ton) (tOl'l) (m) ( 'm)
0.7 0.7 18.26 0.000 0.00
2 320.20 18.12 63.669 -256.531 22.31
7 7.7 3.58 -344.99
6 646.20 16.65 351.859 -294.341 385.98
7 14.7 11.32 -142.45
10 560.80 15.18 262.597 -298.203 304.88
7 21.7 18.74 -292.10
14 255.00 13.71 207.281 -47.719 16.67
0.7 224 13.56 0.000 0.00
Shear force diagram
351.86
262.60 207.28
63.67 /'[ /] /.[
s
o
l/ V 47.72
-256.53 -294.34 -298.20

Figure (3.4): Shear force diagram for strip BDKM -First solution

Bending moment diagram

-344.99 29910
/\ -142.45
~— /_.\
2231 16.67

N

385.98

304.88

Figure (3.5): Moment diagram for strip BDKM -First solution
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3.2.2 Second Solution

This solution modifies the columns loads on the strip only, by finding out
factors for columns loads based on the soil pressure under the mat. Two factors make
the resultant of the modified column load equal and coincide to resultant of the soil
pressure under the strip. The first factor will be multiplied by the columns loads on
the left of the resultant of the modified column loads and second will be multiplied by
the columns loads on the right of the resultant of the modified column loads, then

constructing shear force and bending moment diagrams as follows:

Treating the chosen strip BDKM shown in Figure (3.6) by mathematical equations as:

>'F, =0.0

+
FlZQLeft + FZZQRigh[ = (%]Bi B (3.2)

Z Mat left point = 00

FlZ(QiLeft 'Xi)+F22(QiRight -Xi)= (MJB B, {M} (3.3)

3(g, +9,)

F Q4

Figure (3.6): Layout of strip (Q1 Q2 Q3 Q4)- Second solution

From the above equations (3.2) and (3.3), the value of F; and F, can easily be
obtained. As a result the shear force and bending moment diagrams can easily be
constructed. Once again the researcher presents numerical values of the analysis of
strip BDKM available within this paragraph. The detailed solution of mat as a whole
using this method is also provided in appendix A.

The column loads on the strip BDKM and soil pressure under the mat strip are shown

in the Figure (3.2)

D>'F, =00

+
FlZQLeft + FZZQRight = (%jBI B

35

www.manaraa.com



*5%22.4

F,(320.2+646.2)+ F,(560.8 + 255) = (M)

966.4F, +815.8F, =1,634.09 ton

zMat left point =0.0

....... (al)
h Z(Q‘ Lo X )+ Z(Ql Right  Xi ) - (%jB B {M}

3g, +0,)

(2(13.12)+1606)224
3(1606+13.12)

e n(BD)

F,(3202(0.7)+6462(7.7))+ F, (5608(14.7)+2552 1.7))=1,63409(

519988F, +1377726F, =1891647
By solving equations (al) and (bl) for F; and F,, give F; = 0.891 and F, = 0.948,
therefore; the modified column numerical loads are as follows:

Qimoda=F1 Qi =0.891*320.2 =285.28 ton

Q2mod=F1 Q2 =0.891*%646.2 = 575.73 ton

Q3mod=F2 Q3 =0.948*560.8 = 531.44 ton

Q4 mod= F2 Q4 =0.948%255 =241.65 ton

The soil pressure and modified column loads for strip BDKM is shown in Figure

(3.7).

@) C6 C10 Cl4
2853 1 575.7 t 5314t o417t
16.06 t/m 13.12t/m

Figure (3.7): Loads on the strip BDKM after using the modification factors- second
solution

The intensity of soil pressure under strip BDKM at distance x from the left of the strip
is taken as ¢, =16.06—-0.131X.

The shear force is obtained by integrating qux as follows:

0.131 X? + Shear due to column loads

V, =16.06 x—

The bending moment is obtained by integrating V. as follows :

2
M, =16.O6X?—0'131

x> + Bending due to column loads
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The section of maximum bending moment corresponds to the section of zero shears,
V,=0.0.
Table (3.2) and Figures (3.8) and (3.9) represent the shear and moment numerical

values and the construction shape of shear force and the bending moment diagrams

for strip BDKM.

Table (3.2): Shear and Moment numerical values for Strip BDKM-second solution

| Strip BDKM |
| B,= 500m | | B= 2240m |
Span . h h

Column Q'u Lefl gth Distance qavg,n;od SL:;: Is{igil;: x @ V=0.0 M(:ment
No. (ton) (my (m) (t/m”) (ton) (ton) (m) (t.m)

0.7 0.7 16.06 0.000 0.00

2 285.28 15.96 56.037 -229.243 19.63
7 7.7 3.61 -312.17

6 575.73 15.05 313.489 -262.239 333.21
7 14.7 11.24 -128.51

10 531.44 14.13 248.415 -283.021 303.53
7 21.7 18.78 -270.49

14 241.65 13.22 195.555 -46.093 16.11

0.7 22.4 13.12 0.000 0.00

Shear force diagram

313.49
248.41 195.55

w A

-229.24 -262.24 -283.02

Figure (3.8): Shear force diagram for strip BDKM - Second solution

Bending moment diagram
31217 -270.49
— TN
19.63 \/ \/ 16.11
333.21 303.53

Figure (3.9): Moment diagram for strip BDKM - Second solution
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3.2.3 Third Solution

This proposed solution will consider both the columns loads on the strip
BDKM, and the applied soil pressure under the mat for the same strip at once, this
strip will be modified by finding the average loads and factors for the applied column
loads to make the value of the resultant of column loads equal and coincide with that
of the average loads and factors for the applied soil pressure under the strip in
addition to putting together the resultant of the soil reaction equal and coincide with
the average applied column loads where the influence point for the average column
load is at mid point between the influence points of column loads and soil reaction
before applying the modifications factors. Two factors will be applied to make the
resultant of the modified column load equal and coincide with the average loads, the
first factor will be multiplied with the columns loads on the left side of the resultant of
the modified column loads while the second factor will be multiplied by the columns
loads on the right side of the resultant of modified column loads then finding the
values of the maximum and minimum pressure under the studied strip at both ends.
The constructed shear force and bending moment diagrams can then be easily
sketched. The following are the symbolic analysis in terms of simple steps to help in

understanding the proposed third solution (see Figure 3.10).

The mathematical equations can be represented as follows:

Qtotal = ZQI

Soil reaction (qavg B, B)= (%)B B (3.4)

Qtotal + qavg Bi B

Averageload = (3.5
XX
Xaverage - 2 (36)

Where :
x; 1s the distance between the Qo and the left edge of mat strip

Xp 1s the distance between average soil pressure and the left edge of mat strip
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- Xp

qavBBi

Figure (3.10): Applied loads on strip BDKM before the using the modification
factors-Third solution

For modified columns load

D F, =00

3.7
F ) Qup +F ) Qp = Average load SR
zMat left point = 00
FIZ(QiLeﬂ - X )+ FZZ(QiRight ‘Xi): Average load. Xaverage (3.8)
Equations (4.7) and (4.8), gives F; and F,.
Use equation (4.9) for modifying soil pressure
+
(M]Bi B = average load (3.9)
2
where,
Thecentroid of thetrapezoidal pressure for soil is
(2q1,mod + q2,mod )B _—
3(q1,mod + q2,mod) e (3 10)

Equations (3.9) and (3.10), give qi,mod and q2.mod
The modified soil pressure and column modification loads for the strip B D K M are

shown in Figure (3.11)

Q total,mod

'<7Xaverage
FQ: F2Qs
FQ, F2Q,

q2,mod

Figure (3.11): Applied loads on the strip BDKM after using the modification factors-
Third solution
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The complete design analysis using the proposed third solution for mat for the other

strips is can also be found in the last part of appendix A.

The column loads on the strip BDKM and soil pressure from mat under the strip can

be seen in the Figure (3.2).
Qui = 2,Q; =1,782.2 ton

Soil reaction (q,,,B;B) =

(Mj*5*22.4:1,634.09 ton

Averageload = 1’634'09; 1,782.2 =1,708.15ton

X, =10.65m and x, =10.82m,

S0, X :W:lo.ﬂm

> “taverage

D F, =00

F ) Qu +F D) Qg = Averageload

F,(320.2 + 646.2)+ F,(560.8 + 255) =1,708.15

966.4F, +815.8F, =1,708.15ton . (a2)

Z Mat left po int =0.0

F Y (Qipen - i)+ FZZ(QiRight X,)= Averageload. X g aq.
F,(320.2*%0.7 + 646.2*7.7) + F,(560.8 ¥14.7 + 255*21.7) = 1,708.15 *10.74
5199.88F, +13,777.26 F, =18,345.53 tm ... (b2)
By solving equations (a2) and (b2) for F; and F,, give F; = 0.945 and F, = 0.975, so
the modified column loads are as follows:

1mod=F1 Q1 =0.945%320.2 = 302.55 ton
Q2mod=F1 Q2 =0.945%646.2 = 610.58 ton
Q3 mod=F2 Q3 =0.975%560.8 = 546.51 ton
Q4 mod=F2 Q4 =0.975%255 =248.50 ton

(ql,mod + q2,m0d

5 J B, B=average load

+
(—q'»md 5 B2 J* 224%5=1708.15 = (0 g +Usppea ) =30.50
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where

[(2q2’md +ql’m°d)BJ—x o o (Gl oq +30.50) 22.4 o4

3(ql,mod + q2,mod) e 3 (3050)
Upmoq =13.36 t/m? ,and

Upmod =17.14 t/m?

The modified soil pressure and modified column loads for the strip BDKM are shown

in Figure (3.12).

Cc2 Co6 C10 Cl14
302.6 t 610.6 t 546.5 t 2485t
1714 t/m 13.36 t/m

Figure (3.12): Applied load on the strip B D K M after using the modification
factors- Third solution

The intensity of soil pressure under the strip BDKM at distance x from the left edge of
the stripis ¢, =17.14—-0.169x.

The shear force is obtained by integrating qux as follows:

0.169

Vi =17.14 X - x> + Shear due to column loads

The bending moment is obtained by integrating V,x as follows:

x> 0.169

M, =17.14 E x> + Bending due to column loads

The section of maximum bending moment corresponds to the section of zero shears,

V, =0.0

SlLaN Zyl_ilsl Y
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Table (3.3) represents the shear and moment numerical values and Figures (3.13) and

(3.14) represent the shape of the construction shear force and bending moment

diagrams for the strip BDKM.

Table (3.3): Shear and Moment numerical values for Strip BDKM -Third solution

| Strip BDKM |
| B,= 500m | | B= 2240m |
Span . h h
Column Q' LeIr)l gth Distance qavg,n;od SL:;: Is{i;;rt x@V=0.0 | Moment
No. (ton) (my (m) (t/m”) (ton) (ton) (m) (tm)
0.7 0.7 17.14 0.000 0.00
2 302.55 17.03 59.800 -242.752 20.95
7 7.7 3.59 -328.48
6 610.58 15.84 332,467 | -278.117 359.12
7 14.7 11.28 -135.37
10 546.51 14.66 255.679 -290.830 304.75
7 21.7 18.76 -281.34
14 248.50 13.48 201.543 -46.959 16.41
0.7 22.4 13.36 0.000 0.00
Shear force diagram
332.47
255.68 201.54
59.80 M /‘[
e
V
l/ -46.96
-242.75 -278.12 -290.83

Figure (3.13): Shear force diagram for strip B D K M -Third solution

-328.48

Bending moment diagram

-135.37

T

-281.34

TN

X

20.95

TN
N

359.12

304.75

16.41

Figure (3.14): Moment diagram for strip B D K M -Third solution

From the analysis it has been noticed that the third suggested solution represents the

average solution of both first and second suggested solutions approach for mat

analysis mentioned earlier by the researcher in chapter 3, it can be seen that the

numerical values of both bending moment and shear force obtained by the third
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solution lies between the upper and the lower bound numerical values obtained by the
other two solutions, the upper bound values of the first column of Table (3.4)
represents the first suggested solution of mat analysis while the lower bound values in
the same column represent the second solution of mat suggested by the researcher and
by observing the values obtained by the third solution it is clear evidence that those
values correspond to an average of upper and lower bounds this is because in the third
solution the column modified loads are taken between the first solution and the
second solution for both modified applied column loads and applied soil pressure as

suggested in that method for mat analysis (refer to section 3.2.3).

Table (3.4): Numerical moment values for Strip BDKM for the suggested three

solutions
Exterior Span (t.m) | Interior Span (t.m) | Exterior Span (t.m)
Solution [ Exterior | Interior Interior Interior Interior Interior | Exterior
+ ve -ve + ve -ve + ve -ve + ve
t
15. 22.31 344.99 385.98 142.45 304.88 292.10 16.67
solution
nd
2 . 19.63 312.17 333.21 128.51 303.53 270.49 16.11
solution
rd
3 . 20.95 328.48 359.12 135.37 304.75 281.34 16.41
solution

Figure (3.15) characterizes the graphical representations for the three solutions
collectively suggested by the researcher for the moment numerical values for strip

BDKM.

142.45
T~
13537 \
/ 12851\
/SN
Vo3 1L\
V2095 \\ / o1y
/2231 3331 v / ‘
\ / 1st solution — —
33312V / 2nd solution —— -
\ / 3rd solution —
y
385.98

Figure (3.15) Graphical representations for the suggested three solutions collectively
for the moment numerical values of strip BDKM.
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Also, the value of shear force in third solution is roughly equal the average value

between the values of the obtained shear force due to the first and the second

solutions suggested by the researcher.

Table (3.5) summarizes the values of three solutions for shear force diagram for the

strip BDKM and Figure (3.16) describes the graphical representations for the three

solutions collectively suggested by the researcher for the shear numerical values for

the strip BDKM.

Table (3.5): Numerical shear values for Strip BDKM for the suggested three solutions

Solution Column No. 2 Column No. 6 Column No. 10 Column No. 14
Left Right Left Right Left Right Left Right
st
1 . 63.67 256.53 351.86 294.34 262.6 298.2 207.28 47.72
solution
nd
2 . 56.04 229.24 313.49 262.24 248.41 283.02 195.55 46.09
solution
rd
3 . 59.80 242.75 332.47 278.12 255.68 290.83 201.54 46.96
solution
— — 1st solution 351.86
— — 2nd solution P 7 133247 262.60
— 3rd solution s/ 31349 7/ 255.68 207.28
e s 24841 /| 201.54
63.67 7 Z - y 195.55
59.80 / P Y
/156,04 Z e
a 46.06
//// yd 4696 I
4 Py 7 47.72
29531 7 7 =7
242751/ 262241 7/ 283.02 7
256.53 278.12¢ , 290.83
294.34 298 20

Figure (3.16): Graphical representations for the suggested three solutions collectively
for the shear numerical values of strip BDKM.

Another L-shaped mat design analysis was worked-out to verify the validity of

the third suggested solution proposed by the researcher established successfully for

the rectangular mat shown in Figure (2.7). The L-shaped mat layout and the applied

columns loads can be seen in Figure (3.17) and a comprehensive design analysis for

all that strips are reachable in the end of the appendix B.
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LL=442t LL=59.5 t LL=58.7t LL=493t
B F G
o)
- [ [ | ||
DL=108.8 t DL=149.4 t DL=158.1t DL=129.1t
o LL=54.4 t LL=158.1t LL=79.0 t LL=645t | [ J
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- u ] u u u B
DL=132.0t DL=1885t DL=185.6t DL=166.8t DL=1291t DL=986t
LL=66.0 t LL=943t LL=928t LL=834t LL=645t LL=493t
(e [aw]
g L M g
DL=104.4 t DL=1523t DL=1523t DL=168.2t DL=158.1t DL=1175t
LL=52.2t LL=76.1t LL=76.1t LL=841t LL=79.0t LL=58.7 t
- [ | [ | [ | [ | [ | [ | y
Q) O (e
g N o
r . . _
DL=108.8 t DL=156.6 t DL=1523t DL=1885t DL=1494t DL=1189t
LL=54.4t LL=783t LL=76.1t LL=943t LL=158.1t LL=59.5¢
(@] (e
B P Q3
DL=73.2t DL=108.8 t DL=104.4 t DL=1320t DL=108.8t DL=885t
LL=36.6t LL=54.4t LL=52.2t LL=66 t LL=54.4 t LL=44.2t
o4 | | | | | | =
= =
R S T U A\ W Z
100, 500 350 500 300 350 100,

Figure (3.17): Layout of L-shaped mat foundation and columns loads

According to the design analysis performed on the mat L. shape using the suggested

third solution by finding the average loads and factors for the applied column loads to

create the value of the resultant of column loads equal and correspond with that of the

average loads and factors for the applied soil pressure under the strip furthermore to

putting together the resultant of the soil reaction equal and coincide with the average

load where the influence point for the average load is at mid point between the

influence points of column loads and soil reaction before applying the modifications

factors it was clear evidence that the method suggested by the researcher is also valid

for L-shaped mat.
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In conclusion, the researcher recommends the third solution takes into account both
the modifications for the column load and the modification for the applied soil
pressure as a reasonable solution however the researcher will construct a finite
element model to analyze mat foundation using a number of available commercial
software and compare the obtained results from them to the solutions proposed for the

conventional rigid method in this thesis as will be shown later in chapter 5.

3.4 Computer Program

A user friendly computer structural analysis program was developed by the
researcher to analyze mat foundation strips using the proposed optimum average
solution (third solution) discussed in section 3.3.3 by the researcher.

The programming language used to develop this software was based on Microsoft C#
(sharp) . NET and a copy of the developed software is attached at the back page cover
of the thesis. Also the program is equipped with a help menu contains the analysis of
mat shown in Figure (2.7) and other examples of a real mat foundation and their
applied loads for some multi story building to work as a tutorials to help potential
users to use easily this developed software by the researcher. This program prompts
the user to enter first the distance from the left edge of mat boarders to the left
columns and to enter the distance from right edge of mat boarders to the right
columns of mat followed by entering the top distance between top mat boarders and
the top columns and entering the distance between bottom mat boarders and bottom
columns. Also the user needs to feed the program with the number of spans and the
spans length in both directions. Another advantage of the program is that the built in
functions are so flexible that the user has the ability to modify the length of spans
input, the number of spans enter and modify the load applied column. As soon as the
input is final, the program divides the mat into a number of strips, each of these strips
only carry half of the distance between columns, then the program displays the mat
layout and dimensions and the column applied load and the applied soil pressure
before and after modification for the selected strip and finally the program does the
analysis and design internally based on the researcher average modified solution to be
ready for display the final output. Shortly as the user picked up the mat strip, the
shape and the values of both shear force and bending moment diagrams are easily can

be displayed.
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A complete mat foundation analysis of Figure (2.7) in chapter 2 was worked out by
the researcher by using the developed computer program software and showed exact
results to those values obtained both by hand calculations and by the developed
optimized excel sheet. The following display screens of Figure (3.18) and Figure
(3.19) show the mat layout strips and the applied column load and the applied
modified pressure after modification respectively, in addition to the output of the
analysis of both the shear force and the bending moment diagrams of strip B D K M
as can be seen in Figure (3.20) and Figure (3.21) correspondingly.

1k t

s I K i
1 1 1 1
Strp 3-3 Ztrip B-8 Strp 7-7 Strip B-8
o ~
_|m ] m n %+
i Cl W)
i
L3
------ I
[} ¥
x| ]
B n *
L]
=
L N SRS )
b
: ;
o
£ n of
Lord
==
=+
-
B s
= ]
n R
7L -q‘.
Strip 5-5 Strip 6-6 Strip 7-7 Strip 5-2
0.5, c " 5 - 5 0.9, Strip 6-b
AA “ Gl AaA

Figure (3.18): Mat layout produced by the developed computer program
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Sum Modify )
1708.146 t
L Havg = 10.74 m ]

o2 ZE i 10 =14
302 .55 E10.52

E4g Bl 2.5

qzrnod= 13.3
glmod= 17,145

Havg = 10.74 m
1 1
q_avg_mod = 15.2513 bt/ m(square])
SoilRaction_mod = 1708.146 &

Figure (3.19): Applied columns load and soil pressure after modifications

Shear Diagram: Strip 6-6

Shear Force Diagram

-4i00

After Modify

Figure (3.20): Shear force diagram screen display by the use of computer program

Moment Diagram: Strip 6-6

400

300 4
200 4
100 4

-100 4

Moment Diagram

-200 4
-300 7

400

-500 } } }

After Modify

Figure (3.21): Bending moment diagram screen display by the use of computer
program
The following chapter will be an experimental testing for a number of selected sand
sites to get the subgrade reactions numerical values in addition to analysis of a
number of old plate load tests on sandy soil performed by material and soil laboratory

of Islamic University of Gaza to be used later in chapter 5 for more exact and accurate

analysis.
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Chapter 4
Field Plate Load Test Set Up on Sandy Soil

4.1 Introduction

This chapter contains a detailed description of the field plate load test of a sandy
soil and how to determine the coefficient of subgrade reaction. The experimental
output will assist the researcher to use real numerical values of subgrade reactions of a
sandy soil for a site to be employed later in the finite element modeling, using the
flexible method of mat foundation as will be discussed in chapter 5. In addition it
includes a comprehensive analysis for a number of reports of old plate load tests
experiments done by material and soil laboratory of Islamic University of Gaza on
sandy soil to produce a relation to calculate the coefficient of subgrade reactions K of
sandy soil as a function of known settlement and compare it to the Bowels relation

(1997).

4.2 Site Information

The plate load test was used to determine the subgrad reactions on top of a deep
layer of yellow natural sandy soil on a site located to the west of Dair-Albalah area in
Gaza strip, a 150 meter a way from the Mediterranean Sea. The site was excavated by

a bulldozer at 30 cm under the surface level.

4.3 Field Plate Load Test Set Up

The plate load test is a field test performed on uniform sandy and clayey soils. In this
thesis, the researcher will only conduct the test on a number of sites of sandy soil.
This will help in determining the possible settlement of the soil for a given loading
and at a given depth to determine the subgrade reaction for the soil and the ultimate
bearing capacity. Three tests have been performed to get the subgrade reactions, two
of them using plate size of 30 cm and a thickness of 2.5 cm while the third test used
steel plate of 45 cm and a thickness of 2.5 cm. The load on the plate was applied by
making use of a hydraulic jack of 50 tons capacity and capable to measure 0.2 tones.
The reaction of the jack load was taken as the weight of the bulldozer to give a
reaction of minimum 15 tons as shown in Figure (4.1). The settlement of the plate was

measured by a set of three dial gauges of 50mm travel of sensitivity 0.01 mm. The
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dial gauges were fixed to two reference steel beams 2.5 meter long which were not
disturbed during the test. The test was carried at 0.3 m under the surface level and

according to ASTM D1194-94 standard.

Figure (4.1): Arrangement for plate load test set-up

4.4 Test procedures using 30 cm and 45 cm diameter plates

Step by step summary of the field experiment of plate load of 30 cm and 45 cm
tests 1s listed below:

1. The plate is placed at 0.3 m under the surface level, then the soil below the
plate was leveled.

2. The plate was centered below the center of gravity of the bulldozer. Then the
hydraulic jack was located on the center of the plate.

3. Two long reference steel beams 2.5 m long were fixed firmly beside the plate
and three dial gauges were attached firmly to the beams. The dial gauges were
distributed equally on the plate.

4. Initial dial reading was recorded.

5. The soil at that level was kept at its normal moisture content up to allowable

load.
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10.

The 45 cm plate was loaded in equal increments of about 2 ton while the 30
cm plate was loaded of 0.8 ton, increment.

The time interval between each load increment was 15 minutes as the
settlement was ceased or its rate is very low. The settlement was recorded for
each load increment.

The load was increased up to about three times the predictable allowable
bearing capacity.

Load versus settlement records for the 30 cm plate performed on two different
spots on the same construction site are summarized in Tables (4.1) and (4.2).
The test plots correspond to load versus settlement for 30 cm plate are shown
in Figures (4.2) and (4.3), in addition, Figure (4.4) signifies the curve fitting
for the two different tested samples on the same construction site using a 30
cm plate.

Load versus settlement records for the 45 cm plate was carried out on the same
construction site is summarized in Tables (4.3). The tests plot correspond to
load versus settlement for the 45 cm plate is shown in Figure (4.5).

Stress (Ton/mz)

0 10 20 30 40 50 60 70 80

9.0 4
10.0
11.0 4
12.0
13.0
14.0 4
15.0 4
16.0 4
17.0
18.0
19.0
20.0
21.0 4
22.0
23.0 4
24.0
25.0

Settlement (mm)

Figure (4.2): Load versus settlement of 30 cm plate load test (first test)
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Table (4.1): An experimental plate load test results obtained from three attached
reading gauges for load versus settlement using 30 cm plate (first test)

ELAPSED GAUGE READING SETTLEMENT
Loading e LOAD | STRESS (0.01mm) (mm) AVERAGE
Stages (min) (ton) ton/m” (mm)
G Gy G3 S S S3
I{‘“‘i‘il 0.00 0 0 28.86 | 37.71 | 4566 | 0.00 | 0.00 | 0.00 0.00
oa
Reading 0.00 2794 | 3674 | 4423 | 092 | 097 | 143 111
5.00 03 131 2759 | 3639 | 4384 | 127 | 132 | 1.8 1.47
10.00 2751 | 3618 | 4371 | 135 | 153 | 1.95 1.61
15.00 2750 | 36.16 | 43.68 | 136 | 1.55 | 1.98 1.63
0.00 2625 | 34.83 | 42.04 | 261 | 2.88 | 3.62 3.04
5.00 6 63 2587 | 34.52 | 4167 | 299 | 3.19 | 3.99 3.39
10.00 2579 | 3442 | 4148 | 307 | 329 | 418 3.51
15.00 2578 | 3441 | 4144 | 308 | 330 | 422 3.53
0.00 2419 | 32.64 | 3925 | 467 | 507 | 641 538
5.00 24 3304 2394|3233 | 3890 | 492 | 538 | 6.76 5.69
10.00 23.87 | 3223 | 3867 | 499 | 548 | 6.99 5.82
15.00 2386 | 3222 | 3864 | 500 | 549 | 7.02 5.84
0.00 2241 | 3064 | 3645 | 645 | 707 | 921 7.58
5.00 15 455 2191 | 2993 | 3542 | 695 | 778 | 1024 8.32
10.00 2166 | 2959 | 3477 | 720 | 812 | 10.89 8.74
15.00 2161 | 2951 | 3463 | 725 | 820 | 11.03 8.83
0.00 1936 | 26.79 | 31.07 | 9.50 | 10.92 | 14.59 11.67
5.00 . s6.57 1842 | 25.74 | 29.58 | 1044 | 11.97 | 16.08 12.83
10.00 17.98 | 25.06 | 28.73 | 10.88 | 12.65 | 16.93 13.49
15.00 1771 | 2477 | 2831 | 11.15 | 12.94 | 1735 13.81
0.00 16.09 | 2123 | 22.64 | 12.77 | 16.48 | 23.02 17.42
5.00 % 6788 14.58 | 19.59 | 19.91 | 14.28 | 18.12 | 25.75 19.38
10.00 13.91 | 18.87 | 18.69 | 14.95 | 18.84 | 26.97 20.25
15.00 13.62 | 18.52 | 18.18 | 1524 | 19.19 | 27.48 20.64
0.00 Continuous Settlement
5.00 5.6 79.19
10.00
15.00
52
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Table (4.2): An experimental plate load test results obtained from three attached
reading gauges for load versus settlement using 30 cm plate (second test)

ELAPSE GAUGE READING SETTLEMENT
Loadin . LOAD | STRESS AVERAGE
8 D time A (0.01mm) (mm)
Stages (min) (ton) ton/m (mm)
G Gy G3 S S S3
Initial 0.00 0 0 3527 | 46.77 | 3592 | 0.00 | 0.00 | 0.00 0.00
Load
Reading 0.00 33.79 | 45.16 | 3502 | 148 | 161 | 090 133
5.00 038 e 3327 | 4465 | 3474 | 200 | 2.12 | 1.18 1.77
10.00 33.09 | 4437 | 34.65 | 2.18 | 240 | 1.27 1.95
15.00 33.06 | 4437 | 3464 | 221 | 240 | 128 1.96
0.00 3238 | 4333 | 34.63 | 289 | 344 | 1.29 2.54
5.00 6 263 31.61 | 4234 | 34.08 | 3.66 | 443 | 1.84 3.31
10.00 3134 | 4192 | 3393 | 393 | 485 | 1.99 3.59
15.00 3132 | 41.84 | 3391 | 395 | 493 | 201 3.63
0.00 29.64 | 39.65 | 32.67 | 563 | 7.12 | 325 533
5.00 4 33.04 28.86 | 38.68 | 32.11 | 641 | 8.09 | 3.81 6.10
10.00 28.55 | 3825 | 31.89 | 672 | 852 | 4.03 6.42
15.00 2851 | 38.18 | 31.87 | 676 | 859 | 4.05 6.47
0.00 26.52 | 35.08 | 30.15 | 875 | 11.69 | 5.77 8.74
5.00 . 4505 25.73 | 33.88 | 29.46 | 9.54 | 12.89 | 6.46 9.63
10.00 2534 | 33.11 | 29.15 | 9.93 | 13.66 | 6.77 10.12
15.00 2522 | 32.90 | 29.07 | 10.05 | 13.87 | 6.85 10.26
0.00 20.05 | 2630 | 24.39 | 1522 | 2047 | 11.53 15.74
5.00 4 56.57 17.93 | 23.55 | 22.44 | 1734 | 2322 | 13.48 18.01
10.00 16.87 | 22.17 | 21.46 | 18.40 | 24.60 | 14.46 19.15
15.00 16.64 | 21.84 | 2129 | 18.63 | 24.93 | 14.63 19.40
0.00 Continuous Settlement
3.00 438 62.22
10.00
15.00
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Figure (4.3): Load versus settlement of 30 cm plate load test (second test)

A fitting curve was initiated from the experimental results of the two different

samples on the construction site that used same plate diameter of 30 cm to represent

the final load versus settlement for the plate load test can be seen in Figure (4.4).

0
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20 30 40 50
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80

1.0
2.0 4
3.0 |
4.0 4
5.0 |
6.0 1
7.0 4

9.0
10.0 -
11.0 4
12.0
13.0
14.0 4
15.0
16.0
17.0
18.0 4
19.0
20.0 -
21.0 4
22.0
23.0 1
24.0
25.0

Settlement (mm)

& Ilsttest
®  2nd test

—— Best curve|

Figure (4.4): Fitting curve to represent final load versus settlement of 30 cm plate load

test (first and second tests)
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The subgrade reaction can be calculated for plate diameter of 30 cm by establishing a
line that modify the fitting curve then finding the slope of this line as can be easily
obtained from Figure (4.4). This represents the subgrade reactions K for the 30 cm

plate as follows:

- 9q_20 (t/m?)

Y (mm) =6250t/m’
Where

K, : Coefficient of subgrade reaction for 30 cm plate load tests

q : The soil pressure at a given point obtained graphically from Figure (4.4).
o : the settlement of the plate at the same point.

As defined by Das (1999) the coefficient of subgrade reactions for sandy soils can be

(4.1

2
found as, Kg, = k0_45( B+ 03)

2B
Where

Ky : Coefficient of subgrade reaction for square foundation (BxB)

B : Mat width obtained from Figure (2.7).

B+0.3) 16+0.3Y’ )
Kog =kos| —— | =Kk =6250 =6250(0.5094)" =1622t/m’
BxB 0.3( ZB j 16x16 ( 2X16 j ( )
It is clear that the width of the mat is way bigger than the diameter of the plate and it
is a reasonable assumption to assume that the diameter of the plate goes to zero and

the above equation can be modified to the following form:
B 2
Kee =Kos (ﬁj =0.25k,, That gives K, =0.25%6250=1563t/m> ~1622t/m’

For a rectangular foundation with length L and width B placed on sandy soil Das

1+ B/ZL]

5 (4.2)

(1999) can be calculated as follows, k | ;= k[

Where: K,z is the coefficient of subgrade reaction for rectangular foundation (LxB)

1+ B/2L
k Lszk( 15 ]

1+O.5£

Kyp are = 1622 % = 1468t/m’
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Table (4.3): An experimental plate load test results obtained from three attached

reading gauges for load versus settlement using 45 cm plate

ELAPSED GAUGE READING SETTLEMENT
Loading e LOAD | STRESS (0.01mm) (mm) AVERAGE
Stages (min) (ton) ton/m’ (mm)
G G) G3 S S S3
I{“tlgl 0.00 0 0 27.15 | 3488 | 31.50 | 0.00 | 0.00 | 0.00 0.00
oa
Reading 0.00 2582 | 34.00 | 29.75 | 133 | 088 | 1.75 1.32

5.00 s 219 2558 | 33.56 | 2943 | 157 | 132 | 2.07 1.65
10.00 2551 | 3341 | 2935 | 164 | 147 | 2.15 1.75
15.00 2549 | 3328 | 2927 | 1.66 | 1.60 | 223 1.83
0.00 2430 | 32.50 | 27.95 | 2.85 | 238 | 3.55 2.93
5.00 A 2438 2400 | 3221 | 2750 | 3.15 | 2.67 | 4.00 3.27
10.00 2388 | 32.11 | 2732 | 327 | 277 | 418 3.41
15.00 2384 | 3209 | 2724 | 331 | 279 | 426 3.45
0.00 2240 | 30.65 | 2530 | 475 | 423 | 620 5.06
5.00 ¢ 3656 2172 | 3020 | 2467 | 543 | 468 | 683 5.65
10.00 21.50 | 30.00 | 24.40 | 5.65 | 488 | 7.10 5.88
15.00 2143 | 2992 | 2433 | 572 | 496 | 7.17 5.95
0.00 1930 | 27.75 | 2145 | 7.85 | 7.13 | 10.05 8.34
5.00 g 4875 18.40 | 2690 | 2030 | 875 | 7.98 | 11.20 9.31
10.00 18.08 | 26.55 | 19.95 | 9.07 | 833 | 11.55 9.65
15.00 17.98 | 2643 | 1985 | 917 | 845 | 11.65 9.76
0.00 17.00 | 2544 | 1825 | 10.15 | 9.44 | 13.25 10.95
5.00 0 5485 15.95 | 2440 | 17.10 | 1120 | 10.48 | 14.40 12.03
10.00 1550 | 24.03 | 16.65 | 11.65 | 10.85 | 14.85 12.45
15.00 1538 | 23.92 | 1649 | 11.77 | 1096 | 15.01 12.58
0.00 1420 | 2225 | 14.05 | 12.95 | 12.63 | 17.45 14.34
5.00 0 60.94 1245 | 2033 | 1228 | 1470 | 14.55 | 19.22 16.16
10.00 1175 | 19.60 | 11.40 | 1540 | 1528 | 20.10 16.93
15.00 1152 | 1939 | 11.11 | 15.63 | 15.49 | 20.39 17.17
0.00 825 | 1590 | 7.10 | 18.90 | 18.98 | 24.40 20.76
5.00 " 0.69 6.50 | 14.00 | 4.60 | 20.65 | 20.88 | 26.90 22.81
10.00 475 | 1230 | 330 | 2240 | 22.58 | 28.20 24.39
15.00 350 | 11.10 | 2.00 | 23.65 | 23.78 | 29.50 25.64
0.00 Continuous Settlement
3.00 12 73.13
10.00
15.00
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o

Figure (4.5) Fitting curve to represent load versus settlement of 45 cm plate load test

The subgrade reaction for plate 45 cm diameter can be found by drawing a straight
line that modify the curve as shown in Figure (4.5) and finding the slope of that line
which represent the subgrade reactions k for plate diameter of 45 cm as follows:

s =%=%:6452 t/m’
Where

K,.s: Coefficient of subgrade reaction for 45 cm plate load tests

q : The soil pressure at a given point obtained graphically from Figure (4.5).

o : the settlement of the plate at the same point.

As defined by Das (1999) the coefficient of subgrade reactions for sandy soils can be

found as,
2
kaB :k045(B+0'45j (4.3)
' 2B
Where:

Kg,e : Coefficient of subgrade reaction for square foundation (BxB)

B : Mat width obtained from Figure (2.7).

B+ 0.45j2

kaB = k0.45( B
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16 +0.45
2*16

Similarly as the diameter of the plat is very small when compared to the width of the

2
Kioxis = 6452( j =6452(0.5143)° =1706t/m’

mat it is assumed that the diameter of plate can be neglected as shown in the

following relation:
B 2
Kexe =Ko (Ej =0.25K,,5 $0, Kgg =0.25%6452=1613t/m> ~1706t/m’

1+ B/2L]

For rectangular mat foundation: L by B placed on sandy soil: kK | ;= kaB( s

Where Kk, : Coefficient of subgrade reaction for rectangular foundation (LxB)

1+0.5£

K 5,46 =1706 % = 1544t/ m’

Based on the above calculations for the two computed values of the subgrade
reactions it can be recommended that the value of the subgrade k is close to 1500
ton/m’. The bearing capacity of the soil based on the plate load test was evaluated and
was 14.9 t/m’. The details of these calculations of the bearing capacity, the plate load

test experiment report, and related plate load test photos can be found in appendix C.

4.5 Additional plate load tests reports

A number of plate load test on a sandy soil were conducted by the material and
soil laboratory of Islamic University of Gaza on a number of locations within Tel
Alsultan district in Rafah city, Gaza strip. Most of the results of plate load tests
conducted by material and soil laboratory on the sandy soil showed that a bearing
capacity of about 15 ton/m’, it is essential to mention that these experiments were not
conducted to find out the coefficient of subgrade reactions rather than to check out the
values of the recommended bearing capacity. All of plate load tests reported on sandy
soil were performed on the top layer at the above mentioned location; this layer was
classified as deep yellow natural dune sand. The reports obtained by the material and
soil laboratory of Islamic University of Gaza for Tel Alsultan, Rafah and the plate
load test conducted by the researcher on sandy soil in Deir-Albalah were collected

and divided into three separate groups as follows:
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Group 1:

This group contains the plate load tests executed by the researcher with the help
of the material and soil laboratory of Islamic University of Gaza on plate diameter of
30 cm as can be seen in Figure (4.2) and Figure (4.3) and from the two constructed
figures the researcher was able to obtain the best fitted curve (the average settlement
to the same stresses values, this means that the first curve represents the lowest values
of the settlement while the second curve represents the largest values of the

settlement) as was explained earlier in the section 4.3 and can be seen at Figure (4.4).

Group 2:

This group represents a collection of six plate load tests of diameter 45 cm
performed on dune sandy soil on six random locations within lot 2 in Tel Alsultan
area in Rafah city, Gaza strip. Figure (4.6) shows the graphical representations of

stress versus settlement curve of the six plate load test samples.

Stress (ton/m?)

0 10 20 30 40 50 60 70 80
0.0 m . .
2.0 1 g
2 .
4.0 - " s .
| A ]
6.0 )
u °
_ 80 ™ A *°
g
g 100 n . A
-
“E’ 12.0
% 1404 4 TestNo. 1
-
(2 16.0 m Test No. 2 -
A TestNo.3
18.0
m Test No. 4
20.0 4 e TestNo.S
® Test No.6
22.0 4
24.0

Figure (4.6): Stress versus settlement of 45 cm plate load test (Group 2)

By using Figure (4.6) the researcher constructed a lower bound curve closely to fit the
lowest settlement values versus stresses and was named curve 1 as can be seen in
Figure (4.6). On the other hand the researcher also constructed upper bound curve
closely to fit the highest obtained values of settlement versus stresses and was named
curve 2. From curve 1 and curve 2 shown in Figure (4.7), the researcher established

the best fitting curve from the two curves to represent the average numerical
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settlement values versus the average stresses as can be seen in Figure (4.7). See
Appendix C for more information related to the six experimental plate load test

results. The best curve equation of Figure (4.7) was found as follows:

2
Quapy) =155, =0.74 S, (4.4)
Stress (ton/m?)
0 10 20 30 40 50 60 70 80
0.0 - -
2.0
4.0 A
6.0 4
- 8.0
g
g 100
-
g 120
o
& 140 -1 0.74 S.2
b quE = 155,-0.74 §,
3 16.0
18.0
20.0 | —Curvel
——Curve?2
22.0 1 Best curve
24.0

Figure (4.7): Best fitting curve to represent the average settlement values of 45 cm
plate load test versus average stresses (Group 2)

Group 3:

This group describes five plate load tests of 45 cm carried out on lot 3 in Tel Alsultan
area of Rafah city, Gaza strip. Similarly the five plate load tests samples have been
represented graphically by the researcher as can be seen in Figure (4.8). Two curves
have been established, the first is a lower bound curve to fit the lowest settlement
values versus stresses and was named curve 1 as can be seen in Figure (4.9) and the
other is an upper bound curve to fit the highest obtained values of settlement versus
stresses and was named curve 2 shown in Figure (4.9). The best fitting curve from
both curves to represent the average numerical settlement values versus the average
stresses can be seen in Figure (4.9). See Appendix C for more information related to
the five experimental plate load test results. The best curve equation of Figure (4.9)

was found as follows:

Oysp) =11.085, —0.41S,” (4.5)
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Figure (4.8): Stress versus settlement of 45 cm plate load test (Group 3)

Stress (ton/m?)
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Figure (4.9): Best fitting curve to represent the average settlement values of 45 cm
plate load test versus average stresses (Group 3)

Estimation of K for plate for each test

Kplate values were found out from performing plate load test experiment on sandy soil
by figuring out the values of the plate settlement that compensate the settlement value
of mat by using the equation of cohesionless soil as defined by the following metric

unit equation by Das (1999) as follows:
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2 2
B 3.28B, +1
S =5 e I i B
mat pl*““[BpNs.zssFHj (4.6)

The researcher has worked out simple math to bring the Das equation (1999) in a very
simple format as follows:
B. (B, +0.3)) (4.7)
Smat = 9 plate B—
p (B +0.3)
Where:

Smat: mat settlement

Splate: plate settlement

Br: footing width

Bp: plate diameter

For 30 cm plate, Bp = 0.3 m, the settlement equation for cohesionless soil can be
rewritten as follows:

o s [(BeO3+0nY o ( oss Y
- TPEY 1 0.3(B, +0.3) PEY10.3(B, +0.3)

As Byp (mat width) is larger than Bp (plate diameter), the above equation can be

reduced and can be re written as follows:

2
0.6B
Smat ~ SP(SO) (O 3BF] = SP(30)(2)2 = Smat = 4SP(3O)
-0 Dg

Likewise for 45 cm plate, Bp = 45 m, the settlement equation for cohesionless soil can
be modified and re written as follows:
o _ B(0.45+03)) _ 0758 Y

mat TP 0.45(B+0.3) PU91°0.45(B +0.3)

0.75B
Sat ® SP(45) (m

In conclusion, it was found that for 30 cm plate diameter gives, S, =4 S; 5, ,while

2
j - SP(45)(1-67)2 = Spat = 2.8 SP(45)

for 45 cm plate diameter, gives S =2.8 Sp

Table (4.4) contained the equivalent values of settlement in plate (Spiaee) to settlement

in mat (Smat) using the concluded adaptation approximation equations.
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Table (4.4): Equivalent values of settlement in plate Spa to settlement in mat Spy

S mat
(mm)

S 30 cm plate
Approximate 10
(mm)

S 45 cm plate
Approximate
(mm)

40 25 20 12 6

6.25 5 3 1.5

14.3 8.9 7.1 43 2.2

In group 1, knowing the values of plate settlement, the researcher easily located the
pressure values using the best fitting curves established followed by finding the
subgrade reactions by dividing the pressure over the settlement. Table (4.5) shows
both pressure values against the settlement values and the subgrade reactions.
Similarly the pressure values against the settlement values in addition to the subgrde

reactions can be found in Table (4.6) and Table (4.7) for Group 2 and Group 3

respectively.

Table (4.5): Pressure values against the settlement values and the subgrade reactions

K (Group 1)

S mat 40 25 20 12 6
(mm)

S 30 plate 10 6.25 5 3 1.5
(mm)
qu 30)
t/m? 46 34 29 18 8
KP‘“‘; 4600 5440 5800 6000 5330
t/m

K (Group 2)
S mat 40 25 20 12 6
(mm)
S 45 plate 143 8.9 7.1 43 22
(mm)
qQu @45
t /m;_) 83 64 55 39.5 24
KP‘“? 5805 7190 7750 9190 10900
t/m
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Table (4.7): Pressure values against the settlement values and the subgrade reactions

K (Group 3)
S mat 40 25 20 12 6
(mm)
S5 plate |, 5 8.9 7.1 43 22
(mm)
Quay 78 62 56 41 23
t/m
Kplate
oy 5450 6950 7890 9500 | 10450
m

As discussed in section 4.4 a unified best fitting curve was established for each group.
In group 1 the best fitting curve was derived for plate diameter of 30 cm while for the
other two groups, the best fitting curves were created for plate load diameter of 45
cm. Therefore the researcher has compensated the stresses obtained when using plate
diameter of 30 cm to the stresses of plate diameter of 45 cm based on Das (1999) for

sandy soil as follows:

B
qu(F) = qu(P) B_F (4.8)
P

The researcher has set g, and q,;, to be as s and g, respectively, the new

form of the equation is as follows:

B
qu(45) = qu(30) B_45 (4.9)
30

Where B4s = 0.45 m, and B3y =0.30 m

0.45
Quas) = Qoo 537 = Guaas) = 1.5 Gy
Also, the settlement obtained from group 1 was modified to compensate the
settlement of plate diameter of 45 cm based on the simplified equation of Das (1999)
derived by the researcher as follows:

o _g [ Br(By+03) ’
"7 Boie (Bys +0.3)

The researcher has set the Sy and Spiae to be as Spasy and Sp(3g) respectively, the new

form of the equation is as follows:

2
s _s [Bu(Byt03)
P(45) P(30) B,, (B, +0.3)
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~ [0.45(0.3+0.3)
P45 — P30

2
= S, =128
0.3(0.45 + 0.3)j Pe P30

By modifying both the stress and the corresponding settlement of group 1, the
researcher produced a new curve to represent stress versus settlement for plate
diameter 45 cm of group 1 adding together to the two best fitting curves of group 2
and 3 for plate diameter of 45 cm. Finally the researcher has developed a modified
unified fitting curve from the best fitting curves of each individual group as clearly
can be visualized in Figure (4.10).

Stress (ton/m?)

0 10 20 30 40 50 60 70 80
0.0

2.0 -

4.0 -

6.0 -

8.0 -

10.0

12.0 -

14.0 -

16.0 -

Settlement (mm)

& Best curve Gr.1

18.0 -
m  Best curve Gr.2

20.0 4 a Best curve Gr.3

220 | Curve mod

24.0 -

Figure (4.10): Modified unified curve obtained from the three best fitting curves to
represent the average settlement values of 45 cm plate load test versus average
stresses

From the modified unified best fitting curve of the three groups it can be seen that the

relation between the stress versus the settlement can be represented as follows:

Quepy = 9065 S, —0.26 Sy’ (4.10)
Knowing that the correlation factor R* = 0.997 and the units of dypyand Sp are in

t/m*> and mm respectively. The coefficient of subgrade reaction of sand soil is

represented as:

Oy (4.11)
P ,
S, (10)”
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Replacing the value of ,,, from equation (4.11) into the coefficient of subgrade

reaction of sandy soil K , gives the following equation:

o 90658, ~0.26 S,’
P~ =
S, (10)~

kp =9065 —260 S, (4.12)
Where K unit is in t/m’ and S, unit in mm

The following Table (4.8) shows the values of stresses versus settlement of plate load
test diameter of 45 cm using equation (4.11) or by using the modified unified best
fitting curve of the three groups discussed in section 4.5 simultaneously with the

values of K for plate using equation (4.12)

Table (4.8): Pressure values against the settlement values and the subgrade reactions
K of the modified unified best fitting curve

S mat 40 25 20 12 6
(mm)
Sas plate | |, 5 8.9 7.1 43 22
(mm)
Qu s 76.5 60 51 34 18.7
t/m
If/wage 5350 6740 7180 7910 8500
m

By knowing the Kpue and S, , the values of Ky, and Sma can be found using

Kpat = 0.25 Kppe and S, =2.8 S, respectively. Therefore by applying simple

math, the researcher came up with the following simplified equation::
S
K = 0.25 (9065-260 S,) =0-25(9065 ~260 [ 2m;t D
kmat =2266-23 Smat (4.13)

As it can be seen at settlement 25 mm of a footing, the value of K for mat can be

taken as:
K, = 2266—23(25) =1690t/m*

The values of coefficient of subgrade reaction of mat foundation on sandy soil K for

mat using the equation (4.3) is summarized in Table (4.9).
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Table (4.9): Values of coefficient of subgrade reaction of mat foundation on sandy
soil Kyt using the equation (4.3)

S mat 40 25 20 12 6
(mm)

k ma3t 1345 1690 1800 1990 2130
t/m

Bowels equations

As it was explained earlier in the thesis that Bowels (1997) had reported a relation
between allowable bearing capacity of soil and the coefficient of subgrade reaction as
Kfooting= 40 F.S q an knowing that this relation was formed based on a settlement of 25
mm but this value of K is for mat or footing and in this case an alteration is needed to
convert K for mat to a K for a plate and by looking at equation (2.15) knowing that
the b value (Plate diameter) is very small compared to the value of B (mat width), it
can be concluded that K for mat is approximately equal one quarter of K plate (Kfooting
=0.25 K jiaee) and as a result the equation can be re written as follows:

Kplae = 4 (40) F.S q 1= 160 FS q a1 and by setting the factor of safety to be 4 and the
Qan = 15 ton/m? (from Islamic University soil and material laboratory), this will adjust
the value of K plate as follows:

Kplate = 160 (4) (15) = 9600 ton/m’

The above calculations was pursued based on settlement of 25 mm. correspondingly,
the value of K for the plate of settlement 20 mm is as follows:

Koplate = 200 F.S q a1 = 12000 ton/m’ , the following Table (4.10) includes the values of
K plate at different settlements

Table (4.10): Kyiae values at different settlements based on Bowel formula (1997)

Settlement 40 25 20 12 6
(mm)
KFooti3ng 1,500 2,400 3,000 5,000 10,000
t/m
It(/Il’;:ge 6,000 9,600 | 12,000 | 20,000 | 40,000

It can be noticed that by considering small settlement of 6 mm using Bowel formula
(1997) it gives a large value of 40,000 ton/m’ for K and this was surprisingly very
high as the maximum value of K in preceding tables (4.5), (4.6) and (4.7) was 10,900
ton/m’ which represent a quarter of the numerical value obtained by Bowels (1997);

therefore it is clear evidence that Bowels formula (1997) supply large values of K in
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case of small settlement and this likely because the pressure under small settlement is
way less than the value of the ultimate bearing capacity. However when considering
large settlement it gives reasonable close values because the value of the ultimate

bearing capacity is close to the pressure value around the large settlement.

68

www.manaraa.com




Chapter 5
Finite Element Analysis and Results

5.1 Introduction

A finite element model analysis of mat is based on the theory of flat plate
bending being supported by the soil which is modeled as a dense liquid using Winkler
Springs. Commercial softwares based finite element programs are readily available
today and are capable of easing the engineer's workload, yet will provide a
sophisticated solution to a complex problem. The finite element method can also
consider important effects ignored by some of the other mat analysis methods, the
most important effect being "dishing action" of the mat foundation on the
compressible substratum.

The finite element method is a numerical method for solving problems of
engineering and mathematical physics and in this method the mat is idealized as a
mesh of discrete elements interconnected at the nodal points. The soil is modeled as a
series of Winkler Springs which are located at each node in the computer model.
Normally, three degrees of freedom exist at each node, a vertical deflection and a
rotation about each of the in plane axes as shown in Figure (5.1). External loads may
be applied in these same directions. The internal stress resultants (two orthogonal in-
plane moment vectors and, for some elements, a vertical shear) are related to the
degrees of freedom of the element by a stress matrix derived from the finite element

displacement function.

Figure (5.1): Rectangular plate element with nodal degrees of freedom
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5.2 Analysis Assumptions

There are several assumptions must be made in using the finite element
approach:
I- Commonly, it is assumed that the mat acts as an isotropic, homogeneous, elastic
solid in equilibrium.
2- The subgrade reactions are vertical vectors and are proportional to the deflection of
the node. The springs are such that only compression is resisted. All nodes must be
reviewed for tensile support reactions. The spring constant at supports resisting
tension must be set to zero, and a new analysis performed. This iterative procedure
must be repeated until no tension resistance at the mat-soil interface occurs.
3. The subgrade reaction is equal to the spring constant at a node multiplied by the
deflection of that node.
Prior to any computerized analysis, assumptions must be made regarding mat size and
thickness. It is important that initial mat dimensions be carefully selected to avoid
costly remodeling of the mat foundation with each geometry change. The finite
element analysis is then used not only to verify mat sizing but also to determine the
soil pressure distribution, mat displacements, and internal finite element stresses and

forces.

5.3 Mat Dimension Selection

The selection of mat plan dimensions is primarily based on limiting the mat
contact pressure to within the limits prescribed by the soil consultant. Mats must be
sized such that the gross bearing pressure under the mat allows for an adequate
margin of safety with respect to soil failure. Also, serviceability considerations dictate
that the magnitude of the uniform and differential mat settlement must be limited. The
mat dimensions will be used for analysis in this chapter is similar to that of mat

dimensions stated in chapter 2 as shown in Figure (2.7).

5.4 Mat Thickness Selection

The mat thickness is primarily proportioned based on punching shear provisions
of ACI-318-05 at the typical column locations. The mat thickness has been selected
such that no shear reinforcement at the typical mat section that requires relatively low

concrete strengths.
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5.5 Finite Element Type Selection

There are many different types of elements available for performing a finite
element mat analysis and some of the different available types that are in use by

practitioners of mat analysis will follow in subsequent sections within chapter 5.

5.5.1 Flat Plate Elements Neglecting Transverse Shear Deformation

Flat Plate Elements Neglecting Transverse Shear Deformation are used when
the plate thickness is much smaller than its in-plane dimensions (length and width),
then transverse shear deformation should not be used. These elements are commonly
used for finite element mat analysis. They are the most economical, are simple to use,
and yield reasonable displacement and moment values. Most of the available solutions
using elements of this type do not yield transverse shear values. These elements are
usually stiffer than the actual mat element. This implies non-conservative
displacements and, most commonly, conservative moments emanating from the

analysis.

5.5.2 Flat Plate Elements with Transverse Shear Deformation (Thick plate)

Flat Plate Elements with Transverse Shear Deformation are used when the plate
thickness is more than about one tenth the span of the plate, then the transverse shear
deformation must be accounted for and the plate is then said to be thick. These
elements are isoparametric elements. Solutions result in conforming elements that
usually yield good results. Use of these elements results in solutions that are less
predictable than those using conventional elements because they are more sensitive to
the mat geometry, they can result in ill-conditioned stiffness equations and can yield
diverging results. They are sensitive to the mat thickness and should not be used on
thin mats. These elements are more flexible than the actual mat element, hence they

can result in solutions that yield displacements and moments with higher accuracy.

5.5.3 Solid Element

Solid element is a three dimensional solid and is a very expensive and laborious

element to use. They have the advantages that of considering transverse strain.
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5.6 Finite Element Mesh Generation

This paragraph will tutor the reader to create a good finite element mesh based
on the minimum number of finite elements used in the analysis and will help to
understand both the mat geometry and loading conditions of the potential established
finite element model. A nodal point existed at all column locations, concentrated
loads, and along the boundaries of an area that has a distributed loading of different
magnitude than the rest of the mat. The major grid lines were used to discretize the
mat and determined by drawing intersecting lines through the column joints,
concentrated load locations, and along the boundaries of the distributed loading area,

as illustrated in Figure (5.2) and Figure (5.3).

Area of heavy distribted loading

Column

. . .~ locations

Concentrated load
Figure (5.2): Mat geometry and loading

Major grid lines

N

Figure (5.3): Discretizing mat with the major grid lines
It is common in many mat systems for a column joint location to be slightly offset
from a grid line containing several column joints. In an effort to simplify a mat model,
Daryl Logan (2002) has shown that the results of the analysis are not affected
appreciably whenever a lightly loaded column is "shifted" slightly from the offset
position to the common grid line. The researcher has assessed each occurrence to
determine whether the analysis will be affected by this practice. The major grid lines

produced the minimum number of finite elements for the particular mat geometry.
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The researcher addressed the level of accuracy that is desired from the analysis as
well as cost considerations and determined whether his mesh be refined to produce
smaller finite elements. The mesh has refined by supplementing the model with minor
grid lines between the major grid lines. An "ideal" mat model would have a fine mesh
near the column concentrated load locations and a coarser mesh at some distance from
the concentrated loads. It is not necessary to arbitrarily use this ideal gradating mesh
throughout the entire mat. This refinement has been found necessary only at some
locations. Factors helped to determine the degree of refinement are considered the
relative magnitude of the column loads, column spacing, and the relative positions of
the loads within the mat. The final mesh consisted of finite elements with an aspect
ratio, length/width, near unity and has interior angles less than 180° and long slender

elements and elements with sharp angles were avoided.
5.7 Soil Structure Interaction — Determination of Spring Modulus

The interaction of the compressible soil material with the mat foundation is modeled
with finite elastic springs connected to the nodal points in the model. The behavior of
the soil material is represented by a modulus of subgrade reaction value. The modulus
of subgrade reaction varies throughout the domain of the mat area and it is taken for
simplicity to be a constant value throughout. The use of a varying or uniform modulus
of subgrade reaction is dependent upon the type of soil material, general behavior of
the mat subjected to the applied loading, type of applied loading, and the degree of
accuracy refinement required for the design of the mat system. The modulus of
subgrade reaction is used to compute node springs based on the contributing plan area
of an element to any node. The required calculation for determination the magnitude

of the finite elastic spring constants is illustrated in Figure (5.4).

. G Ji AL G[\T/g\f/]A
‘ ) \. ) ‘ > / Ny
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BEENERENERE

Figure (5.4): Mat discretization
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K; = Spring constant at node i (t/m)
ks = Modulus of subgrade reaction (t/m°)

A; = tributary area contribution of finite element to node i (m?)
1 1 1 1
A = Z(AABIH )+ Z(Ascol )+ Z(ADEFI )+ Z(AFGHI )

K, =k, (t/m*)x A,(m?) = units of t/m

These calculations are laborious for hand calculations; however, it is a rather than
trivial task to develop a computer program for preprocessing the information to obtain
the spring constant values. The following section will discuss the use of two available
commercial software SAP2000 version 11 and SAFE version 8 to construct a finite

element model to be used for analysis of the mat foundation as described in Figure

2.7).
5.8 SAP 2000 Software

The geometry and the dimensions of mat foundation as well as the applied loads
on centers of columns revealed in Figure (2.7) of chapter 2 were entered to construct
the finite element model using the latest version of sap 2000. The obtained
experimental numerical value of subgrade reaction was taken from chapter 4 and it
was found to be 1500 t/m’. The mat thickness was considered to be 80 cm based on
punching shear computations. The loads applied to the column has not been entered as
a concentrated point load on center of the column to avoid receiving sharp value of
the moment under the center of the column as this will be in deed not a real
representation for the moment as shown in Figure (5.5).

Column

i
|
|
‘,

Icul u
Calculated A Modified
moment

Figure (5.5): Moment shape due to a point concentrate load
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The researcher has chosen another way to enter the applied loads on columns by
entering that applied loads on columns as an equivalent pressure through dividing the
applied column point load by the calculated area that fallout where the applied point
column load reach half of mat thickness (t=45 cm) of a given slope of 1:1 downward
of mat as shown in Figure (5.6). The subjected pressure numerical values applied on

the computed areas are shown in Figure (5.8) and Table (5.1).

column load

I

qlglivalent
i

Q
Concentrated
E _
distributed load 1

Mat thickness

| e /\
Eh%miuig&j center

I

JEN D O N

@)

C1+D)(C2+D)

g

Figure (5.6): Load transfer mechanism indoor the mat thickness

The mat was meshed by dividing it into a number of elements; the size of the element
was measures to be 0.25m by 0.35m, the layout of the mesh of mat finite element

model can be seen in Figure (5.7).
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Figure (5.7): Mat mesh layout using Sap 2000

The joint spring for the interior node, the corner nodes and the edge nodes were
estimated as follows:

e Interior nodes K;= ks x A; =1500 (0.25*0.35) = 131.25 t/m

e Corner nodes K. =k x A, =1500 [0.25*(0.25%0.35)] = 32.81 t/m

e Edge nodes K. = ks x A. =1500 [0.5%(0.25*0.35)] = 65.63 t/m
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Figure (5.8): Applied pressures on the computed columns surrounded areas

Table (5.1): Applied pressure and computed areas

Pressure Dead Live Area
designation Loaczi Loagl Area No. (mz)
(t/m’) (t/m’)

P1 4457 22.29 Al 1.75

P2 76.24 38.12 A2 2.10

P3 68.86 34.43 A3 2.10

P4 38.34 19.17 A4 1.75

P5 89.83 4491 A5 1.75

P6 153.86 76.93 A6 2.10
P7 140.62 70.31 A7 2.10

P8 79.03 39.51 A8 1.75

P9 76.46 38.23 A9 1.75
P10 133.52 66.76 A10 2.10
P11 136.57 68.29 All 2.10
P12 77.71 38.86 Al12 1.75
P13 34.46 17.23 Al13 1.75
P14 60.71 30.36 Al4 2.10
P15 62.67 31.33 Alb5 2.10
P16 35.77 17.89 Al6 1.75
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The shear force and mat moment distribution in Y-direction are shown in Figure (5.9)

and Figure (5.10) respectively.

i
i e

i
I
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Figure (5.9): Shear force of mat in y-direction
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Figure (5.10): Moment distribution of mat in y-direction

78

www.manaraa.com



In Sap 2000 it is difficult to display graphically the numerical values of shear

force and bending moment for each individual strip of mat finite element model, the

researcher however obtained the numerical values for each strip from the output

database file and drew the shear force and bending moment diagrams. The shear force

and the bending moment diagrams for the four different strips using SAP2000

program can be found from Figure (5.11) to Figure (5.18).

121.5

-104.8

90.3

-70.52 ] -

-105.4

62.2

Figure (5.11): Shear force diagram for strip ABMN using SAP2000 program

-148.9

15

15

-54.2

117.7

-126.4

Figure (5.12): Bending moment diagram for strip ABMN using SAP2000 program

-140.2

248.5

-209.9

173.3

-210.7

1171

Figure (5.13): Shear force diagram for strip BDKM using SAP2000 program

-249.8

290.2

236.1

-217.10

Figure (5.14): Bending moment diagram for strip BDKM using SAP2000 program

-130.9

228.7

-192.7

178.8

-215.7

Figure (5.15): Shear force diagram for strip DFIK using SAP2000 program
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-241.2 -216.90

259.8 248.

Figure (5.16): Bending moment diagram for strip DFIK using SAP2000 program

113.4 92.5 628

-66.3 924 -116.1

Figure (5.17): Shear force diagram for strip FGHI using SAP2000 program

-138.20 -125.
-50.10 >3

119.1 120.2

Figure (5.18): Bending moment diagram for strip FGHI using SAP2000 program

5.9 SAFE Software Overview

SAFE is a sophisticated, yet easy to use, special purpose analysis and design
program developed specifically for concrete Slab/Beam, Basement/Foundation
systems. SAFE couples powerful object-based modeling tools with an intuitive
graphical interface, allowing the user to quickly and efficiently model slabs of regular
or arbitrary geometry with openings, drop panels, ribs, edge beams, and slip joints
supported by columns, walls or soil.

The analysis is based upon the finite element method in a theoretically
consistent fashion that properly accounts for the effects of twisting moments. Meshing
is automated based upon user specified parameters. Foundations are modeled as plates
or thick plates on elastic foundations, where the compression only soil springs are
automatically discretized based upon a modulus of subgrade reaction that is specified

for each foundation object.

5.9.1 SAFE Software Finite Element Analysis

The mat dimensions was entered in SAFE program and was automatically
meshed based upon the maximum mesh dimension, in this model the researcher used
an element dimension 0.5 m by 0.5 m. The mesh layout for the mat foundation, the

redistribution of column loads and the computed areas surround the columns are
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shown in Figure (5.19) and Table (5.2). The Subgrade modulus for soil under the mat
was 1500 t/m’ as mentioned in chapter 4. The out put of both shear force and moment
diagrams on mat received from the analysis are represented in Figure (5.20) and
Figure (5.21). It was noticed that unlike the structural analysis program SAP 2000, the
structural analysis software SAFE allows the user to draw the shape of the shear and
bending moment diagrams separately for each individual strip, Figures from (5.22) to

Figures (5.25) respectively represent the shear and bending moment diagrams for the

mat.
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Figure (5.19): Mat mesh layout using SAFE
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Table (5.2): Applied pressure on corresponding computed areas as a result of load

transfer mechanism.
Pressure Dead Live Column

designation Loaczi Loacz:l Arga
(t/m’) (t/m’) (m’)

P1 216.67 108.33 0.36

P2 44472 222.36 0.36

P3 401.67 200.83 0.36

P4 186.39 93.19 0.36

P5 436.67 218.33 0.36

P6 897.50 448.75 0.36

P7 820.28 410.14 0.36

P8 384.17 192.08 0.36

P9 371.67 185.83 0.36
P10 778.89 389.44 0.36
P11 796.67 398.33 0.36
P12 377.78 188.89 0.36
P13 167.50 83.75 0.36
P14 354.17 177.08 0.36
P15 365.56 182.78 0.36
P16 173.89 86.94 0.36
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Figure (5.20): Shear force diagram drawn on mat in y-direction
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Figure (5.21): Bending moment diagram drawn on mat in y-direction

Figures (5.22) to (5.29) respectively represents the shear force and the bending
moment diagrams for strips ABMN strip, BDKM strip, DFIK strip, and FGHI strip
using SAFE program.

136.7 94.7 68.7

-88.9 -134.6 110.3

Figure (5.22): Shear force diagram for strip ABMN using SAFE program

-157.1 615 -122.5

M‘

166.8 134.6

Figure (5.23): Bending moment diagram for strip ABMN using SAFE program

SlLaN Zyl_i.lbl N

www.manaraa.com




263.2
198.7 1363

-177.1 221.6 2221

Figure (5.24): Shear force diagram for strip BDKM using SAFE program

2821 -239.1

— -105.7 -

311.8 255.5

Figure (5.25): Bending moment diagram for strip BDKM using SAFE program

240.2
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-175.0
-197.3 -230.6

Figure (5.26): Shear force diagram for strip DFIK using SAFE program

-267.6 -239.3

281.3 269.2

Figure (5.27): Bending moment diagram for strip DFIK using SAFE program

128.7 99.3 733

-78.8 -101.6 -114.1

Figure (5.28): Shear force diagram for strip FGHI using SAFE program

-139.6 = 127.2

1471 138.9

Figure (5.29): Bending moment diagram for strip FGHI using SAFE program
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Chapter 6
Discussion of Results

6.1 Discussions

Previous chapters of the thesis discussed number of ways for the analysis of mat
foundation placed on sandy soil located in a location to the west of Dair-Albalah area
in Gaza strip as can be seen in Figure (2.7). The analysis was performed first using the
conventional rigid method, this method based on two sets of modification factors for
column loads and for soil pressures at both ends of each of the individual strips to
satisfy the equilibrium equation on vertical forces to construct shear force diagrams
but this way of analysis however is not true when a designer engineer attempt to
construct a bending moment diagram as the equilibrium equation is not satisfied
because the summation of moments around end point does not go to zero and as a
consequence establishing accurate bending moment graph is a real test as it was
clarified in chapter 2. The second way of mat analysis was suggested by the
researcher of this thesis called the modified conventional rigid method and it contains
three suggestions to overcome the problem when constructing the bending moment as
described in fine points in chapter 3. The third method of mat analysis was employing
finite element method using two available latest versions of structural analysis
programs SAFE and Sap 2000 as demonstrated in chapter 5. Table (6.1) summarized
the obtained numerical values of the bending moment of strip B D K M received from
the analysis using the conventional rigid method. The suggested modified method by
the researcher of the manuscript and the finite element method using the latest version
of both Sap 2000 and SAFE. From Table (6.1) it was noticed that the obtained
numerical moment values of the strip BDKM of mat foundation analysis using the
conventional rigid method are considered divergent, for instance it was found that the
numerical value of the moment (301.69 ton-m) at the end of the strip represents the
product of the average load by the distance lies between the line of action of the
modified columns resultant force and the line of action of the resultant force of the
modified pressure under the strip. In chapter 3 it was shown that there are three
suggestions by the researcher to modify the conventional method and was found the
third suggestion of the modified conventional rigid method is the best one among the

three and still lies between the first two suggestions as discussed earlier in previous
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chapters and by looking at Table (6.1), it is evident that the numerical values of the
bending moment obtained by the modified conventional rigid method suggested by
the researcher are less than that of conventional rigid method and larger than that of
the finite element analysis approach of analyzing the mat foundation using two
structural analysis programs of Sap 2000 and SAFE for that reason it was a clear
proof by looking at the moment values obtained by SAFE structural analysis
softwares finite element models based presented in Table (6.1) that the engineer can
reduce the numerical value of the bending moment of the modified rigid method up to
15 percent and up to 20 percent when moment values compared the moment numbers
obtained from structural analysis Sap 2000 program. It is beneficial to know that the
moment values obtained from the running established finite element mat models using
sap 2000 and SAFE programs give lesser moment values and it looks reasonable and
this is because the soil pressure under the mat was analyzed in two direction not in
only one direction like the conventional rigid and the modified rigid method

suggested by the writer of thesis.

Table (6.1): Bending moment values of strip B D K M using different methods of mat
analysis

Exterior Span (t.m) Interior Span (t.m) Exterior Span (t.m)

Solution Exterior | Interior | Interior | Interior | Interior | Interior | Exterior

+ ve -ve + ve -ve + ve -ve + ve

Conventional Rigid 20.52 | -352.03 287.5 -292.46 | 7296 | -561.00 | 284.85

Modified Conventional | 2095 | 32848 | 359.12 | -135.37 | 304.75 | -281.34 | 16.41

Rigid

Finite Element using - -249.8 290.2 -93.6 236.1 217.1 -
Sap2000

Finite Element using - -282.1 311.8 -105.7 255.5 -239.1 -
SAFE

Considering the values of the shear force obtained from the conventional rigid, it can
be visualized that the shear force diagram was drawn exactly at the center of the
support as it is assumed that the load is concentrated there but for the values of shear
force obtained by finite element analysis was taken from the face of the support at
distance of half of the depth and this what considered when doing the comparisons
with the other method as can be seen in Table (6.2). This table summarized the results
obtained by the conventional rigid method, modified conventional method proposed

by the researcher and the finite element analysis.
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Table (6.2): Numerical values of shear force for strip B D K M using different
methods of mat analysis;

Column No. Q> Qs Qio Qi4
Solution Left Right Left Right Left Right Left Right
Conventional ; 22329 | 29541 | 27675 | 21131 | 28185 | 175.50
Rigid
Modified - 21720 | 30871 | -25436 | 233.69 | -268.84 | 180.78

Conventional
Finite Element ; 1402 | 2485 | 2099 173.3 2107 117.1
using Sap2000
Finite Element ; a771 | 2632 | 2216 1987 | -222.1 136.1

using SAFE

From Table (6.2) it can be noticed that the values of the shear force obtained used the
conventional rigid method and the modified rigid method proposed by the researcher
are very close and greater than those obtained by finite element using SAFE of about
13 percent and a bit more than 16 percent of those obtained by finite element using
Sap 2000. The suggested reduction of bending moment and shear force values for the
modified rigid method suggested by the researcher are applied to the other strips, for

the other strips considered in the mat analysis please refer to Appendix A.

Based on a careful comprehensive analysis for a number of reports of old plate
load tests experiments done by material and soil laboratory of Islamic University of
Gaza on sandy soil along with the plate load tests on sandy soil performed by the
researcher, a best unified fitting curve for the best fitting curves of each individual
group as discussed in chapter 4 was successfully developed to help the researcher to
create a simplified relation to calculate the coefficient of subgrade reactions K of
sandy soil as a function of known settlement K . = 2266- 23 (S 1) and this relation
was compared to the Bowels relation (1997). It was observed that by considering
small settlement of 6 mm using Bowel formula (1997) it gives a large value of 40,000
ton/m’ for K and this was surprisingly very high as the maximum value of K in
preceding tables (4.5), (4.6) and (4.7) was 10,900 ton/m’ which represent a quarter of
the numerical value obtained by Bowels (1997); therefore it is clear evidence that
Bowels formula (1997) supplies large values of K in case of small settlement and this
likely is because the pressure under small settlement is way less than the value of the
ultimate bearing capacity however when considering large settlement it gives
reasonable close values because the value of the ultimate bearing capacity is close up

to the pressure value around the large settlement.
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Chapter 7

Conclusions and Recommendations
7.1 Summary

A hand detailed example relating to the analysis of mat foundation using the
conventional rigid method was included in the thesis to better understand the
problems associated with this method was reviewed in chapter 2, it is anticipated that
the information provided will provide the background necessary to be able to
understand and to work out the steps of conventional rigid method for mat analysis
followed by a thorough review of previous work conducted in the fields touched on
this thesis: conventional rigid method, the flexible method, and soil coefficient
subgrade reactions were provided. In Chapter 3, a detailed description of suggested
theoretical solutions of conventional rigid method noticed problems and it consists of
three parts the first part applied modification factors only for columns load to
construct the first suggested bending moment diagram trailed by a second solution
used modifications only to the soil pressure to construct a second suggested bending
moment diagram, and finally from the first and the second bending moments
diagrams, an optimum average solution was proposed besides developing a user
friendly computer structural analysis program by the researcher to analyze mat
foundation strips using the proposed optimum solution by the researcher (third
solution). Chapter 4 focused on the experimental test for different samples of sand to
calculate the real values of coefficients subgrade reactions for the sandy soil and it
supplied a comprehensive analysis for a number of reports of old plate load tests
experiments done by material and soil laboratory of Islamic University of Gaza on
sandy soil, the reports were divided into groups and a best fitting curve were obtained
from each group followed by finding the best unified fitting curves for the best fitting
curves of each group then developing a simplified relation to calculate the coefficient
of subgrade reactions K of sandy soil as a function of known settlement and compared
it to the Bowels relation (1997). Chapter 5 consisted of using two finite element
analysis SAFE version 8 and SAP 2000 version 11 to confirm the use of the modified
conventional rigid method suggested by the researcher to overcome the problems
facing structural designers when constructing a bending moment shape using the

conventional rigid method and to prove with evidence the possibility of applying a
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moment and shear reduction factor can be safely applied by an engineer. Chapter 6
comprised a scrupulous discussion of thesis findings and the last chapter contained a

summary of the work, conclusions and recommendations.

7.2 Conclusions

Based on the findings of this report, the following conclusions were made:

e A modified rigid method for mat analysis suggested by the researcher has
cracked down the problem of the conventional rigid method when constructing
bending moment diagram for each individual strip for the mat by finding out a
reasonable factors that made the resultant force of columns from top and the
resultant force of the applied pressure under mat are equal and meet at the

same line of action.

e A user friendly computer structural analysis program was developed by the
researcher to analyze mat foundation strips using the proposed optimum

solution by the researcher.

e The numerical values of the coefficient subgrade reactions obtained from the
plate load test on sandy soil in Gaza were found relatively close to the values

of the coefficients subgrade reactions suggested by Das (1999).

e A new relation has been carefully developed by the researcher to calculate the
coefficient of subgrad reactions of sandy soil K ., for mat foundation as a
function of known mat settlement S ;¢ the relation is K 5t = 2266- 23 (S 1at)
where K a¢ unit in t/m> and S mat UNit in mm. It was also concluded that
Bowels formula (1997) supplies large values of K in case of small settlement
and this likely is because the pressure under small settlement is way less than
the value of the ultimate bearing capacity however when considering large
settlement it gives reasonable close values with those values calculated by the
researcher relation because the value of the ultimate bearing capacity is close

up to the pressure value around the large settlement
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e It was shown that the moment values obtained from the modified conventional
rigid method by the researcher are lower than the moment values obtained by
the conventional rigid method and at the same time are higher than the
moment values compared to moment values obtained from finite element out

put of SAFE and Sap 2000 soft wares.

e It was shown that the shear force values obtained from the modified
conventional rigid method by the researcher very much the same to the shear
values obtained by the conventional rigid method and at the same time are
higher than the shear force values compared to shear force values obtained

from finite element output of SAFE and Sap 2000 soft wares.

e It was proven that a reduction of 15 percent in the moment values and 13
percent in the shear force values can be applied to the modified conventional
rigid method suggested by the researcher for the two analyzed case studies of
mat foundation within the research when it is compared to the moment and

shear force values received from the finite element SAFE software.

e It was proven that a reduction between 20 and 18 percents in the moment
values and between 15 and 10 percents in the shear force values can be applied
to the modified conventional rigid method suggested by the researcher for the
two analyzed case studies of mat foundation within the research when it is
compared to the moment and shear force values received from the finite

element Sap 2000 software.
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7.3 Recommendations

During the course work of this thesis the researcher recommends the following
suggestions for potential research in the area of modifying conventional rigid and
flexible method of mat foundation design on sandy soil as follows:
e Performing an independent study of modifying conventional rigid and flexible
method of mat foundation design on clayey and silty soil
e Developing new simplified relations to calculate the coefficient of subgrad
reactions of clay and silt soil K ,,, for mat foundation as a function of known
mat settlement Spat.
e Developing a comprehensive user friendly computer software structural
analysis program to analyze mat foundation placed on different types of soil.
e Performing an independent study on the effect of thermal expansion and its
contribution on different types of soil and mat foundation analysis.
e Checking the limit set by ACI committee 366 (1988) for the applicability for
the modified conventional rigid method of different mat geometry

configuration.
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Design of mat Foundation (Figure 2.7)

First solution

Table (A.1): Shear and Moment numerical values for Strip ABMN

| Strip ABMN |
Bl= 30m | | B= 224m
Column Q'u Liﬁ;lh Distance | qavgmod s]l::;tr Is{l:;;rt x@V=0.0 | Moment
No. (ton) (m) (m) (t/m?) (ton) (ton) (m) (t.m)
0.7 0.7 14.91 0.000 0.00
1 156.00 14.78 31.174 -124.826 10.93
7 7.7 3.57 -166.99
5 314.40 13.44 171.501 -142.899 190.63
7 14.7 11.34 -66.93
9 267.60 12.11 125.414 -142.186 145.78
7 21.7 18.74 -138.46
13 120.60 10.78 98.111 -22.489 7.85
0.7 22.4 10.64 0.000 0.00

shear force diagram

171.50
125.41 9811

R N
l/ l/ 1/ 22.49

-124.83 -142.90 -142.19

Figure (A.1): Shear force diagram for strips ABMN

bending moment diagram

-166.99 138,46

10.93 7.85

145.78

190.63

Figure (A.2): Moment diagram for strips ABMN
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Table (A.2): Shear and Moment numerical values for Strip BDKM

| Strip BDKM |
[ B2= 500m | | B= 2240m |
Column Q'u Lifl;rtlh Distance (Javg,mod s{l:;r Is{l:;;rt x@V=0.0 | Moment
No. (ton) (m) (m) (t/m?) (ton) (ton) (m) (t.m)
0.7 0.7 18.26 0.000
2 320.20 18.12 63.669 -256.531 22.31
7 7.7 3.58 -344.99
6 646.20 16.65 351.859 -294.341 385.98
7 14.7 11.32 -142.45
10 560.80 15.18 262.597 -298.203 304.88
7 21.7 18.74 -292.10
14 255.00 13.71 207.281 -47.719 16.67
0.7 224 13.56 0.000 0.00
Shear force diagram
351.86 262.60
.67 ‘ 207.28
e /'[ /1,
1/ 1/ -47.72
-256.53 -294.34 -298.20
Figure (A.3): Shear force diagram for strips BDKM
Bending moment diagram
-344.99 29210
-142.45
- /\
2231 v V 16.67
3%5.98 304.88

Figure (A.4):Moment diagram for strips BDKM
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Table (A.3): Shear and Moment numerical values for Strip DFIK

| Strip DFIK
B3= 500m | B= 2240m |

Column Q'u Lseflartlh Distance Javg/mod s{l:;r Is{l:;;rt x@V=0.0 | Moment

No. | (ton) | (o m | ®m) | gon) | (ton) (m) | (tm)

0.7 0.7 16.12 0.000

3 289.20 16.07 56.340 -232.860 19.73
7 7.7 3.62 -319.10

7 590.60 15.58 320.972 -269.628 338.27
7 14.7 11.19 -130.97

11 573.60 15.08 266.810 -306.790 338.56
7 21.7 18.81 -289.70

15 263.20 14.58 212.252 -50.948 17.82

0.7 224 14.53 0.000 0.00

shear force diagram
320.97
260.81 212.25
56.34
=
-50.95
-232.86 -269.63 -306 79
Figure (A.5): Shear force diagram for strips DFIK
bending moment diagram
-319.10 -289.70

N

-130.97

S —

PN

—K

19.73

338.27

NS

338.56

17.82

Figure (A.6): Moment diagram for strips DFIK
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Table (A.4): Shear and Moment numerical values for Strip FGHI

| Strip FGHI |
B4= 300m | | B= 2240m |
Column Q'u Lseflgrtlh Distance Javg/mod s{l:;r Is{l:;;rt x@V=0.0 | Moment
Noo | om) | s | ™ | @md | gom | (om) m | (em)
0.7 0.7 12.46 0.000
4 134.20 12.44 26.147 -108.053 9.15
7 7.7 3.61 -147.79
8 276.60 12.16 150.233 -126.367 160.16
7 14.7 11.18 -59.51
12 272.00 11.89 126.133 -145.867 162.72
7 21.7 18.82 -137.00
16 125.20 11.61 100.847 -24.353 8.52
0.7 22.4 11.58 0.000 0.00
shear force diagram
150.23 12613 100.85
26.15 /] /'[ /1
-24.35
-108.05 -126.37 -145.87
Figure (A.7): Shear force diagram for strips FGHI
bending moment diagram
-147.79 -137.00
-59.51
/I\
9.15 \/ \/ 8.52
160.16 162.72

Figure (A.8): Moment diagram for strips FGHI
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Second solution

Table (A.5): Shear and Moment numerical values for Strip ABMN

Strip ABMN
Bl= 30m B= 224m |
Span . shear shear _
Column " Length Distance qavg,nzmd Left Right x@V=0.0 | Moment
No. (ton) (m) (m) (t/m ) (ton) (ton) (m) (t‘m)
0.7 0.7 16.34 0.000 0.00
1 174.24 16.25 34.220 -140.021 11.99
7 7.7 3.61 -190.69
5 351.16 15.33 191.589 -159.572 203.70
7 14.7 11.22 -75.88
9 326.86 14.42 152.791 -174.065 191.20
7 21.7 18.80 -163.48
13 147.30 13.50 119.052 -28.253 9.88
0.7 22.4 13.41 0.000 0.00
shear force diagram
191.59
152.79 119.05
34.22 /'[
-28.25
-140.02 -159.57 -174.06
Figure (A.9): Shear force diagram for strips ABMN
bending moment diagram
-190.69 163.48
/ \ -75.88
11.99 9.88
203.70 191.20

Figure (A.10): Moment diagram for strips ABMN

100

www.manaraa.com



Table (A.6): Shear and Moment numerical values for Strip BDKM

| Strip BDKM |
| B2= 500m | | B= 2240m |

Column Q' Liﬁ;rtlh Distance | qavgmod s{l::tr IS{I:;;; x@V=0.0 | Moment

No. (ton) (m (m) (t/m?) (ton) (ton) (m) (t.m)

0.7 0.7 16.06 0.000

2 285.28 15.96 56.037 -229.243 19.63
7 7.7 3.61 -312.17

6 575.73 15.05 313.489 -262.239 333.21
7 14.7 11.24 -128.51

10 531.44 14.13 248.415 -283.021 303.53
7 21.7 18.78 -270.49

14 241.65 13.22 195.555 -46.093 16.11

0.7 22.4 13.12 0.000 0.00

Shear force diagram

313.49 248.41

,516r'04 /] /'[ /w?j
| — 1/ 1/ -46.09

-229.24 -262.24 -283.02

Figure (A.11): Shear force diagram for strips BDKM

Bending moment diagram
-312.17 -270.49
/'\ -128.51 /"\
— /"\
19.63 \/ \/ 16.11
333.21 303.53

Figure (A.12):Moment diagram for strips BDKM
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Table (A.7): Shear and Moment numerical values for Strip DFIK

| Strip DFIK |
B3= 500m | | B= 2240m |
Span . shear shear _
Colilumn " Length Distance angmzwd Left Right x @ V=0.0 M(:ment
0. (ton) (m) (m) (t/m ) (ton) (tOl'l) (m) ( 'm)
0.7 0.7 15.70 0.000
3 277.29 15.61 54.793 -222.497 19.20
7 7.7 3.59 -300.53
7 566.28 14.69 307.795 -258.484 336.45
7 14.7 11.28 -123.15
11 514.59 13.78 239.730 -274.862 289.52
7 21.7 18.77 -266.01
15 236.12 12.86 191.274 -44.849 15.68
0.7 22.4 12.77 0.000 0.00

shear force diagram

307.79 239.73

191.27
54.79 /'[ /'[
=

l/ l/ V 4485

-222.50 -258.48 -274.86

Figure (A.13): Shear force diagram for strips DFIK

. /I\

bending moment diagram

-300.53

-266.01
-123.15

19.20 \/ \/ 15.68

336.45 289.52

Figure (A.14): Moment diagram for strips DFIK
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Table (A.8): Shear and Moment numerical values for Strip FGHI

| Strip FGHI |
B4= 300m | | B= 2240m |
Column Q'u Liﬁ;rtlh Distance Javgymod S]lj:;tr Is{l:;;rt x@V=0.0 | Moment
No. (ton) (m) (m) (t/m?) (ton) (ton) (m) (t.m)
0.7 0.7 15.42 0.000
4 162.51 15.33 32.279 -130.233 11.31
7 7.7 3.57 -174.66
8 334.95 14.41 181.971 -152.983 203.62
7 14.7 11.30 -70.07
12 301.31 13.49 139.974 -161.333 169.32
7 21.7 18.77 -156.48
16 138.69 12.58 112.377 -26.312 9.20
0.7 224 12.48 0.000 0.00
shear force diagram
181.97
139.97 112.38
32.28 /] /'[ /'[
-26.31
-130.23 -152.98 -161.33
Figure (A.15): Shear force diagram for strips FGHI
bending moment diagram
-174.66 156.48
/""\ -70.07
/—.\
11.31 \/ \/ 9.20
203.62 169.32

Figure (A.16): Moment diagram for strips FGHI
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Third solution

Table (A.9): Shear and Moment numerical values for Strip ABMN

| Strip ABMN |
Bl= 30m | | B= 224m
Column Q'u Lseﬂ;rtlh Distance | qavgmod S{‘:;r Is{l‘:;;rt x@V=0.0 | Moment
No. (ton) (m) (m) (t/ mz) (ton) (ton) (m) (t.m)
0.7 0.7 15.66 0.000 0.00
1 165.38 15.55 32.770 -132.610 11.48
7 7.7 3.59 -178.96
5 333.30 14.40 181.830 -151.475 197.81
7 14.7 11.28 -71.41
9 296.69 13.25 138.863 -157.825 167.73
7 21.7 18.77 -150.87
13 133.71 12.10 108.411 -25.298 8.84
0.7 224 11.99 0.000 0.00
shear force diagram
181.83
32.77 /'[ P 10841
—
l/ l/ 1/ et
-132.61 -151.47 -157.82
Figure (A.17): Shear force diagram for strips ABMN
bending moment diagram
-178.96 150,87
/"* -71.41 /——A\
— /——i—\ o
11.48 \/ \/ 8.84
1% a1 167.73

Figure (A.18): Moment diagram for strips ABMN
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Table (A.10): Shear and Moment numerical values for Strip BDKM

| Strip BDKM |
[ B2= 500m | | B= 2240m |

Coli;:)mn Q' Lifl:;h Distance qavg,nzmd s{l::tr IS{I:;;; x@V=0.0 | Moment

. (ton) (m) (m) (t/m”) (ton) (ton) (m) (t.m)

0.7 0.7 17.14 0.000

2 302.55 17.03 50.800 | -242.752 20.95
7 7.7 3.59 -328.48

6 610.58 1584 | 332467 | -278.117 359.12
7 14.7 1128 | -135.37

10 546.51 14.66 | 255679 | -290.830 304.75
7 21.7 1876 | -281.34

14 248.50 1348 | 201.543 | -46.959 16.41

0.7 224 13.36 0.000 0.00

Shear force diagram

332.47
255.68 201.54

R
l/ V V 6.9

-242.75 -278.12 -290.83

Figure (A.19): Shear force diagram for strips BDKM

Bending moment diagram

-328.48 08134

20.95 \/ \,/ 4
359.12 304.75

Figure (A.20):Moment diagram for strips BDKM
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Table (A.11): Shear and Moment numerical values for Strip DFIK

| Strip DFIK |
| B3= 500m | | B= 2240m |

Column Q' Span Distance | (avg/mod shear sl}ear x@V=0.0 | Moment

No Length (m) ) Left Right (m) (t.m)

. (ton) (m) (t/m ) (tOIl) (tOl'l) .
0.7 0.7 15.93 0.000

3 283.41 15.85 55.614 -227.798 19.48
7 7.7 3.60 -309.88

7 578.78 15.14 314.569 -264.210 337.79
7 14.7 11.23 -127.03

11 543.75 14.42 253.115 -290.633 313.56
7 21.7 18.79 -277.78

15 249.50 13.71 201.651 -47.851 16.73

0.7 224 13.64 0.000 0.00

shear force diagram

314.57
253.12 201.65

=0 M M /'[
| — | — V T

-227.80 -264.21 -290.63

Figure (A.21): Shear force diagram for strips DFIK

bending moment diagram

-309.88 -277.78
o -127.03 =

19.48 16.73

337.79 313.56

Figure (A.22): Moment diagram for strips DFIK
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Table (A.12): Shear and Moment numerical values for Strip FGHI

| Strip FGHI |
B4= 300m | | B= 2240m |
S . h h,
Colilumn Q'u Leﬁ;rtlh Distance qavg,n;od SL:;: Is{i;;rt x@V=0.0 | Moment
o | tom) | G| @ | Wm) | om | (om) m | (em)
0.7 0.7 13.91 0.000
4 148.12 13.85 29.146 -118.975 10.21
7 7.7 3.59 -161.10
8 305.29 13.27 165.837 -139.455 181.27
7 14.7 11.24 -64.69
12 287.15 12.70 133.273 -153.873 166.69
7 21.7 18.79 -146.81
16 132.17 12.12 106.772 -25.400 8.88
0.7 224 12.07 0.000 0.00
shear force diagram
165.84 133.27 106.77
29.15 M /'[
~

l/

l/

-25.40

-118.98 -139.46 -153.87

Figure (A.23): Shear force diagram for strips FGHI

bending moment diagram

-161.10 -146.81

/-—\ -64.69
/.\
10.21 \/ \/ 8.88
181.27 166.69

Figure (A.24): Moment diagram for strips FGHI
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Appendix (B)

108

www.manaraa.com




Design of mat L-Shape using the third suggestion recommended by the

researcher.
‘]_OO‘ 500 350 500 ‘JS&
A B C D E
g
- [ | [ | [ | [ |
DL=105.4 t DL=139.4t DL=137.7 t DL=115.6 t
LL=527t LL=69.7 t LL=68.9t LL=57.8t
B F G
[ep!
- || [ |
DL=134.3 t DL=175.1t DL=185.3 DL=151.3 t
o LL=67.2t LL=87.6t LL=927t LL=757t | | J
= H K -
I -
G|
- [ | [ | [ | [ | [ | y
DL=168.3 t DL=221.0 t DL=217.6 t DL=1955t DL=1513t DL=115.6t
LL=84.2t LL=110.5t LL=108.8 t LL=978t LL=757t  LL=57.8t
o [aw]
= L M B
DL=132.1t DL=178.5 t DL=178.5 t DL=197.2t DL=1853t DL=1445t
LL=66.0 t LL=89.3 t LL=89.3 t LL=986t LL=92.7t LL=723t
- [ | [ | [ | [ | [ | [ | y
o O <
g N 3
- [ | [ | [ | [ | [ | y
DL=134.3 t DL=183.6 t DL=178.5t DL=221.0t DL=1751t DL=139.4t
LL=67.2t LL=91.8t LL=89.3 t LL=1105t LL=87.6t  LL=69.7t
[aw] [aw]
2 P QR
DL=96.9 t DL=1343t DL=132.1t DL=1683t DL=1343t DL=105.4t
LL=485t LL=67.2t LL=66.0 t LL=842t LL=672t LL=527t
4 [ ] [ | [ | [ | [ | =
=N =
R S T U W Z
100, 500 350 500 300 350 100,

Figure (B.1): Layout of L shape mat foundation

Step 1: check soil pressure for selected dimensions

Column service loads =% Qi (wherei=1 ton)
According to ACI 318-05 (Section 9.2),
Factored load, U = 1.2 (Dead load) + 1.6 (Live load)
So, Ultimate load Q , =X [1.2 DL;+ 1.6LL ; ]

Ultimate to service load ratior , = Q ,/Q

The Table (B.1) shows the calculation for the loads:
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Table (B.1): Load calculations

Column DL LL Q Qu
No. (ton) (ton) (ton) (ton)
1 88.5 44.2 132.7 176.9
2 118.9 59.5 178.4 237.8
3 117.5 58.7 176.2 234.9
4 98.6 49.3 147.9 197.2
5 108.8 54.4 163.1 217.5
6 149.4 74.7 224.0 298.7
7 158.1 79.0 237.1 316.1
8 129.1 64.5 193.6 258.1
9 132.0 66.0 197.9 263.9
10 188.5 94.3 282.8 377.0
11 185.6 92.8 278.4 371.2
12 166.8 83.4 250.1 333.5
13 129.1 64.5 193.6 258.1
14 98.6 49.3 147.9 197.2
15 104.4 52.2 156.6 208.8
16 152.3 76.1 228.4 304.5
17 152.3 76.1 228.4 304.5
18 168.2 84.1 252.3 336.4
19 158.1 79.0 237.1 316.1
20 123.3 61.6 184.9 246.5
21 108.8 54.4 163.1 217.5
22 156.6 78.3 234.9 313.2
23 152.3 76.1 228.4 304.5
24 188.5 94.3 282.8 377.0
25 149.4 74.7 224.0 298.7
26 118.9 59.5 178.4 237.8
27 73.2 36.6 109.8 146.5
28 108.8 54.4 163.1 217.5
29 104.4 52.2 156.6 208.8
30 132.0 66.0 197.9 263.9
31 108.8 54.4 163.1 217.5
32 88.5 44.2 132.7 176.9
Total Loads 6326.0 8434.7
Iy 1.333

Ultimate pressure q = q . X1, =18 x 1.333 =22.54 t/m>

Center of Gravity of Base

X centroid Of L shape mat foundation = 10.357 m
Y centroid Of L shape mat foundation = 10.357 m
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Location of the resultant load Q,

In x- direction

Moment summation is X M y.a4is = 0.0 (see table B.2)

Table (B.2): Moment calculation in x- direction

Q Qu Xi M M.
(ton) (ton) (m) (t.m) (t.m)
132.7 176.9 1 132.7 176.9
178.4 237.8 6 1070.1 1426.8
176.2 234.9 9.5 1673.7 2231.6
147.9 197.2 14.5 2144.6 2859.4
163.1 217.5 1 163.1 217.5
224.0 298.7 6 1344.2 1792.2
237.1 316.1 9.5 2252.2 3003.0
193.6 258.1 14.5 2806.8 3742.5
197.9 263.9 1 197.9 263.9
282.8 377.0 6 1696.5 2262.0
278.4 371.2 9.5 2644.8 3526.4
250.1 333.5 14.5 3626.8 4835.8
193.6 258.1 17.5 3387.6 4516.8
147.9 197.2 21 3105.9 4141.2
156.6 208.8 1 156.6 208.8
228.4 304.5 6 1370.3 1827.0
228.4 304.5 9.5 2169.6 2892.8
252.3 336.4 14.5 3658.4 4877.8
237.1 316.1 17.5 4148.8 5531.8
184.9 246.5 21 3882.4 5176.5
163.1 217.5 1 163.1 217.5
2349 313.2 6 1409.4 1879.2
228.4 304.5 9.5 2169.6 2892.8
282.8 377.0 14.5 4099.9 5466.5
224.0 298.7 17.5 3920.4 5227.3
178.4 237.8 21 3745.4 4993.8
109.8 146.5 1 109.8 146.5
163.1 217.5 6 978.8 1305.0
156.6 208.8 9.5 1487.7 1983.6
197.9 263.9 14.5 2869.9 3826.6
163.1 217.5 17.5 2854.7 3806.3
132.7 176.9 21 2786.2 3714.9

2Q;.X;=| 68227.6 90970.1

X par = [EQ; X1/ ZQ ;= 68,227.6/6325.99 = 10.79 m

€ x = X bar =X centroid = 10.79 —10.375= 0.43 m
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In y- direction

Moment summation is X M y .js = 0.0 (see table B.3)

Table (B.3): Moment calculation in Y direction

Q Qu Xi M M.
(ton) (ton) (m) (t.m) (t.m)
132.7 176.9 21 2786.2 3714.9
178.4 237.8 21 3745.4 4993.8
176.2 234.9 21 3699.7 4932.9
147.9 197.2 21 3105.9 4141.2
163.1 217.5 17.5 2854.7 3806.3
224.0 298.7 17.5 3920.4 52273
237.1 316.1 17.5 4148.8 5531.8
193.6 258.1 17.5 3387.6 4516.8
197.9 263.9 14.5 2869.9 3826.6
282.8 377.0 14.5 4099.9 5466.5
278.4 371.2 14.5 4036.8 5382.4
250.1 333.5 14.5 3626.8 4835.8
193.6 258.1 14.5 2806.8 3742.5
147.9 197.2 14.5 2144.6 2859.4
156.6 208.8 9.5 1487.7 1983.6
228.4 304.5 9.5 2169.6 2892.8
228.4 304.5 9.5 2169.6 2892.8
252.3 336.4 9.5 2396.9 3195.8
237.1 316.1 9.5 2252.2 3003.0
184.9 246.5 9.5 1756.3 2341.8
163.1 217.5 6 978.8 1305.0
234.9 313.2 6 1409.4 1879.2
228.4 304.5 6 1370.3 1827.0
282.8 377.0 6 1696.5 2262.0
224.0 298.7 6 1344.2 1792.2
178.4 237.8 6 1070.1 1426.8
109.8 146.5 1 109.8 146.5
163.1 217.5 1 163.1 217.5
156.6 208.8 1 156.6 208.8
197.9 263.9 1 197.9 263.9
163.1 217.5 1 163.1 217.5
132.7 176.9 1 132.7 176.9

2Q;.Yi=| 68227.6 90970.1

Y b = [ZQ; v 1/ ZQ ;= 68,227.6/6325.99 = 10.79 m

€y =Y bar—Y centroid = 10.79 —10.375=0.43 m
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Applied ultimate pressure,  =| —+

Q MyX+Mxy

A 1 I

y X

Where: A = Base area = (22.0%22.0)-(6.0%6.0) = 448.00 m’
M = Quey =8,434.7* 0.43 =3,626.9 t. m
M y=Quex=28,434.7* 0.43 =3,626.9 t. m

B L
l, = +
12
B*L
Iy: +
12

Therefore, q, 4ieq ={

2 b|3 2 = 4
AD? |-| —+ad 16924.19 m
12

3
ADZJ—(l—;Jradzj =16924.19m*

8,434.7 4 3,626.9 x 4 3,6269y
448.0  16924.19 16924.19

—18.83 + 0214x * 0214y (t/m?)

Now stresses can be summarized (see table B.4)

Table (B.4): Allowable stresses calculations

Point Q/A X (m) + 0214 X y (m) + 0214 Y q
(t/m?) (t/m?) (t/m?) (t/ m?)

A 18.83 -10.36 -2.22 11.64 2.50 19.10
B 18.83 -6.86 -1.47 11.64 2.50 19.85
C 18.83 -2.61 -0.56 11.64 2.50 20.76
D 18.83 -22.36 -4.79 11.64 2.50 16.53
E 18.83 5.64 1.21 11.64 2.50 22.53
F 18.83 -10.36 -2.22 8.89 1.91 18.51
G 18.83 5.64 1.21 8.89 1.91 21.94
H 18.83 -10.36 -2.22 5.64 1.21 17.82
I 18.83 5.64 1.21 5.64 1.21 21.25
J 18.83 8.89 1.91 5.64 1.21 21.94
K 18.83 11.64 2.50 5.64 1.21 22.53
L 18.83 -10.36 -2.22 1.64 0.35 16.96
M 18.83 11.64 2.50 1.64 0.35 21.67
N 18.83 -10.36 -2.22 -2.61 -0.56 16.05
0 18.83 11.64 2.50 -2.61 -0.56 20.76
P 18.83 -10.36 -2.22 -6.86 -1.47 15.14
Q 18.83 11.64 2.50 -6.86 -1.47 19.85
R 18.83 -10.36 -2.22 -10.36 -2.22 14.39
S 18.83 -6.86 -1.47 -10.36 -2.22 15.14
T 18.83 -2.61 -0.56 -10.36 -2.22 16.05
U 18.83 1.64 0.35 -10.36 -2.22 16.96
\Y 18.83 5.64 1.21 -10.36 -2.22 17.82
W 18.83 8.89 1.91 -10.36 -2.22 18.51
Z 18.83 11.64 2.50 -10.36 -2.22 19.10

The soil pressures at all points are less than the ultimate pressure = 24.00 t/m’
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Step 2- Draw shear and moment diagrams

The mat is divided into several strips in long direction and the following strips are
considered: ABST, BCTS, CDUT, DEVU, JWV and JKZW in the analysis. The
following calculations are performed for every strip:

B) The average uniform soil reaction,

_ qu,Edgel + qu,EdgeZ

’ 2

refer to the previous table for pressure values

for Strip ABSR (width =3.50 m)
Uy £gger =19.50 t/m?

0. £oger = 14.76 t/m?

for Strip BCTS (width = 4.25 m)

Oy ggger = 20.33 t/m?

Uy pager = 15.58 t/m?

for Strip CDUT (width = 4.25 m)
Uy £gger = 18.68 t/m?

Uy £ager = 1649 t/m’

for Strip DEVU (width = 4.00 m)
Uy £gger =19.56 t/m’

Uy £ager = 17.37t/m?

for Strip IIWV (width = 3.25 m)

Uy ggger = 21.60 t/m?

Uy £age = 18.14t/m’

for Strip JKZW (width = 2.75 m)
Uy pgger = 22:24 t/m?

Uy £ager = 18.78t/m’
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B) Total soil reaction qu,avg x (Bi x B)
: Bi=3.50m
: B,=425m

Strip ABSR
Strip BCTS

Strip CDUT : B3=4.25m

Strip DEVU : B4=4.00 m

Strip JWV  : Bs=3.25m

Strip JKZW : B=2.75m

For strips ABST, BCTS, CDUT, and DEVU :B=22m

For strips JWV and JKZW : B=16.0 m

C) Total column loads Qo1 = Z Qui locates @ distance X jpaq

D ) Total soil pressure, qu.avg B1 B locates @ distance X pressure

qu,ang(Bi B) + Qu,total

2
X T X

: _ Loa Pressure
locates @ distance X ... = 5

E) Averageload =

F) Modified Column Loads
All columns loads at the left of the average load are multiplied with F1
columns loads at the right of the average load are multiplied with F2.
> F =0.0
F, Z Qi +F z Qpign = Averageload =eq.1
D M, et poine = 0-0
F Z (Qi Left - Xi )+ E, z (Qi Right - Xi)z Averageload. Xmsm =eq.2
from equation eq. 1 & eq. 2 we get F; and F», and
Modified Loads on strip
Quiret = F1 X Qui Left
Quiright = F2 X QuiRignt

Modified Soil Pressure

X — (2 qu,2 mod + qu,lmod )B
average 3(qu’1 N n qu,z i )

=eq.3

+
Where, (q“““"d—zq“““"dj B B, = Average load =eq.4
from eq.3 & eq. 4 we get qu.imod and qu2mod

The calculations for the selected strips are summarized in Table B.5

115

and all

www.manaraa.com



Table (B.6): Summarized calculations of the selected strips

B qEd q Qavg BiB | Queotat | V8¢ | g d
Stri i Point e ave avg i u,tota Load AVE/mo Factor
P (m) (t/m?) (t/m?) (tons) (tons) (tons) (t/m?)
AB 19.48 131829 | 1231.05 | 127467 | 19.970 | F1=0.992
ABSR | 35 17.12 @ xp @ xp @ xp
SR 14.76 1050 9.9 1054 13138 | F2=1.085
B,C 20.31 167842 | 174870 | 171356 | 21590 | F1=0.951
BCTS 4.25 17.95 @ xp @ xp @ xp
T,S 15.59 —105 | —1018 | -1035 15.064 | F2=1.011
CD 18.65 1643.35 | 1740.00 | 1691.68 20.963 | F1=0.913
CDUT | 425 17.58 @xp @xp @xp F2-1.039
U,T 16.50 =1078 | =1006 | =10.42 15.222 s
D'E 19.53 1624.48 | 1766.10 | 1695.29 19.509 | F1=0.992
DEVU 4 18.46 @xp @xp @xp F9=0.934
V,U 17.39 =10.79 | =11.12 | =10.95 19.020 e
L] 21.59 1033.74 | 1090.40 | 1062.07 21.417 | F1=0.998
JWV | 325 19.88
J @xp @ xp @xp F2=0.948
\AY 18.17 =7.77 =7.97 =7.87 19.432
JK 22.24 902.99 858.40 880.70 20579 | F1=1.063
JKZW | 275 20.52 @xp @xp @xp 20,986
ZW 18.81 =7.78 =8.07 =7.92 19.452 o
Based on Table (B.5), the adjusted column loads and pressure under each strip are
represented in Table (B.6) through Table (B.11):
Table (B.6): Strip ABSR allowable stress calculations
Column Qu, Xi, load left load right Q'u, qu,mod
No. (ton) (m) (ton) (ton) Factors (ton) ton/ m’
1 176.9 1 176.9 0 175.50
5 217.5 45 217.5 0 F1=0.992 21578 | q1 =19.97
9 263.9 75 263.9 0 261.81
15 208.8 12.5 0 208.8 226.60
21 217.5 16 0 217.5 F2=1.085 236.05 | 92=13.14
27 146.45 21 0 146.45 158.94
Total = 1231.05 658.3 F1 572.8 F2 1274.67
313490 F1 | 9165.45 F2
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Table (B.7): Strip BCTS allowable stress calculations

Column Qu, Xi, load left load right Q'u, qu,mod
No. (ton) (m) (ton) (ton) Factors (ton) ton/ m’
2 237.8 1 237.8 0 226.20
6 298.7 45 298.7 0 F1=0.951 28412 | q1=21.59
10 377 7.5 377 0 358.60
16 304.5 125 0 304.5 307.94
2 313.2 16 0 313.2 F2=1.011 316.74 q2 =15.06
28 217.5 21 0 217.5 219.96
Total = 1748.7 913.5 F1 835.2 F2 1713.56
4409.45 F1 | 13384.95 F2
Table (B.8): Strip CDUT allowable stress calculations
Column Qu, Xi, load left load right Qu, qu,mod
No. (ton) (m) (ton) (ton) Factors (ton) ton/m”
3 234.9 1 234.9 0 214.54
7 316.1 45 316.1 0 F1=0.913 288.70 | 91=20.96
11 371.2 7.5 371.2 0 339.03
17 304.5 12.5 0 304.5 316.27
23 304.5 16 0 304.5 F2=1.039 316.27 q2=15.22
29 208.8 21 0 208.8 216.87
Total = 1740 9222 F1 817.8 F2 1691.68
444135 F1 | 13063.05 F2
Table (B.9): Strip DEVU allowable stress calculations
Column Qu, Xi, load left load right Q'u, qu,mod
No. (ton) (m) (ton) (ton) Factors (ton) ton/ m’
4 197.2 1 197.2 0 195.56
8 258.1 45 258.1 0 F1=0.992 25595 | q1=19.51
12 333.5 7.5 333.5 0 330.72
18 336.4 125 0 336.4 314.29
24 377 16 0 377 F2=0.934 35222 | 92=19.02
30 263.9 21 0 263.9 246.55
Total = 1766.1 788.8 F1 9773 F2 1695.29
3859.90 F1 | 15778.90 F2
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Table (B.10): Strip [JWV allowable stress calculations

Column Qu, Xi, load left load right Q'u, qu,mod
No. (ton) (m) (ton) (ton) Factors (ton) ton/ m’
13 258.1 1.5 258.1 0 F1=0.998 257.49 ql =21.42
19 316.1 6.5 316.1 0 315.36
25 298.7 10 0 298.7 F2=0.948 283.09 q2 =19.43
31 217.5 15 0 217.5 206.13
Total = 1090.4 574.2 F1 516.2 F2 1062.07
2441.80 F1 | 6249.50 F2
Table (B.11): Strip JKZW allowable stress calculations
Column Qu, Xi, load left load right Q'u, qu,mod
No. (ton) (m) (ton) (ton) Factors (ton) ton/ m’
14 197.2 1.5 197.2 0 F1=1.063 209.68 q1 =20.58
20 246.5 6.5 246.5 0 262.10
26 237.8 10 0 237.8 F2=0.986 234.48 q2 =19.45
32 176.9 15 0 176.9 174.43
Total = 858.4 443.7 F1 414.7 F2 880.70
1898.05 F1 | 5031.50 F2

Tables (B.12) through (B.17) and the Figures (B.2) to (B.13) represents the shear and

moment numerical values and the construction of shear force diagram and the bending

moment diagrams for the four different strips.
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Table (B.12): Shear and Moment numerical values for Strip ABSR

| Strip ABSR |
| Bl= 350 m | | B= 220m |
Colilt:)mn Q'u Liﬁ;rtlh Distance qavg,n;od s{l:;r Is{l:;;rt x@V=0.0 | Moment
o | CREN L @ | wmd) | e | ew | ™| €m)
1 1 19.97 0.000 0.00
1 175.50 19.66 69.351 -106.147 34.77
3.5 4.5 2.56 -47.79
5 215.78 18.57 128.022 -87.754 76.93
3 7.5 5.87 17.24
9 261.81 17.64 102.366 -159.442 101.29
5 12.5 10.14 -107.80
15 226.60 16.09 135.689 -90.914 53.23
3.5 16 14.14 -20.94
21 236.05 15.00 99.512 -136.533 72.16
5 21 18.67 -108.68
27 158.94 13.45 112.409 -46.528 23.17
1 22 13.14 0.000 0.00
shear force diagram
128.02 102.37 135.69 99,51 11241

69.35

L L V -90.191/ 1/ o

-106.15 -87.75
15944 136.53

Figure (B.2): Shear force diagram for strip ABST

bending moment diagram

-107.80 -108.68

-47.79
20.94
P 17.24 P R
—~ N A4 e
34.77 :
76.93 53.23 72.16
: 10129 :

Figure (B.3): Moment diagram for strip ABST
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Table (B.13): Shear and Moment numerical values for Strip BCTS

| Strip BCTS |
B2= 425 m | | B= 220m |
Coli;:)mn Q'u Liﬁag?h Distance qavg,n;od Sf:;r Is{l:;;rt x@V=0.0 | Moment
S o | R | Om) | gen | e | | Em
1 1 21.59 0.000 0.00
2 226.20 21.29 91.127 -135.069 45.67
3.5 4.5 2.51 -55.84
6 284.12 20.26 173.947 -110.177 118.21
3 7.5 5.79 47.26
10 358.60 19.37 142.401 -216.203 169.38
5 12.5 10.18 -118.52
16 307.94 17.88 179.547 -128.393 90.87
3.5 16 14.21 -18.62
22 316.74 16.84 129.877 -186.861 97.98
5 21 18.67 -149.78
28 219.96 15.36 155.306 -64.651 32.22
1 22 15.06 0.000 0.00
shear force diagram
173.95 142,40 179.55 s 15531

s -64.65
-132.98 : A -128.39 e
Figure (B.4): Shear force diagram for strip BCTS
bending moment diagram
11852 -149.78
-55.84
/—4\ 1862 /ﬂ\
/ i
~/ 7.6 \/
45.67 \/ 32.22
118.21 9087 97.98
169.38

Figure (B.5): Moment diagram for strip BCTS
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Table (B.14): Shear and Moment numerical values for Strip CDUT

| Strip CDUT |
| B2= 425 m | | B= 220m |
Coli;:)mn Q'u Liﬁag?h Distance qavg,n;od Sf:;r Is{l:;;rt x@V=0.0 | Moment
S o | R | Om) | gen | e | | Em
1 1 20.96 0.000 0.00
3 214.54 20.70 88.540 -126.001 44.36
3.5 45 2.45 -46.41
7 288.70 19.79 175.155 -113.549 134.34
3 7.5 5.86 57.23
11 339.03 19.01 133.771 -205.257 167.17
5 12.5 10.09 -96.73
17 316.27 17.70 184.761 -131.507 127.49
3.5 16 14.27 11.54
23 316.27 16.79 125.008 -191.260 120.08
5 21 18.74 -139.95
29 216.87 15.48 151.620 -65.249 32.53
1 22 15.22 0.000 0.00
shear force diagram
175.16 13377 184.76 15162

-126.00 -113.55 V -131.51

-205.26 -191.26

P R R
—

-65.25

Figure (B.6): Shear force diagram for strip CDUT

bending moment diagram

-139.95
-96.73
-46.41

A TN

44.36

127.4
134.34 117 9 120.08

N
32,53

Figure (B.7): Moment diagram for strip CDUT
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Table (B.15): Shear and Moment numerical values for Strip DEVU

| Strip DEVU |
B2= 400 m | | B= 220m |

Coli;:)mn Q'u Liﬁag?h Distance qavg,n;od Sf:;r Is{l:;;rt x@V=0.0 | Moment

S Gom | PEER @) | wm) | gemy | (em | @ | €m)

1 1 19.51 0.000 0.00

4 195.56 19.49 77.991 -117.568 39.00

3.5 45 2.51 -49.71

8 255.95 19.41 154.701 -101.251 104.30

3 7.5 5.81 38.25

12 330.72 19.34 131.257 -199.468 149.51
5 12.5 10.08 -107.87

18 314.29 19.23 186.269 -128.017 117.44

3.5 16 14.17 10.85

24 352.22 19.15 140.678 -211.538 139.91
5 21 18.77 -152.43

30 246.55 19.04 170.425 -76.126 38.06

1 22 19.02 0.000 0.00

shear force diagram
154.70 131.26 186.27 140.68 17043
77.99

-199.47

L

-128.02

-

-211.54

Figure (B.8): Shear force diagram for strip DEVU

-49.71

bending moment diagram

TN

-107.87

10.85

-152.43

39.00

30.40

104.30

14951

117.44

Ny

139.91

38.06

Figure (B.9): Moment diagram for strip DEVU
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Table (B.16): Shear and Moment numerical values for Strip JWV

| Strip [JWV |
[ B2= 325m | | B= 160m |
S . h h
Colilumn Q'u Leﬁag?h Distance qavg,n;od SL:;: Is{i;;rt x@V=0.0 | Moment
o | gon) | CUEN | | wmd) | gemy | aw | ™ | €m
15 15 21.42 0.000 0.00
13 257.49 21.23 103.955 -153.540 78.08
5 6.5 3.74 -93.49
19 315.36 20.61 186.424 -128.935 164.49
3.5 10 8.44 39.92
25 283.09 20.18 103.041 -180.047 120.62
5 15 12.77 -127.97
31 206.13 19.56 142.777 -63.355 31.64
1 16 19.43 0.000 0.00

shear force diagram

186.42 14278

N R
M l/ j/ _63}35

-153.54 -128.93 -180.05

Figure (B.10): Shear force diagram for strip [JIWV

bending moment diagram

93.49 -127.97

N 39.92 /_-\ .

s
31.64

87.74

Figure (B.11): Moment diagram for strip [JWV
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Table (B.17): Shear and Moment numerical values for Strip JKZW

| Strip JKZW |
| B2= 275 m | | B= 160m |

Colilumn Q'u Liﬁ;rtlh Distance qavg,n;od s{l:;r Is{l:;;rt x@V=0.0 | Moment

o. (ton) (m) (m) (t/m%) (ton) (ton) (m) (t.m)

1.5 1.5 20.58 0.000 0.00

14 209.68 20.47 84.672 -125.011 63.56
5 6.5 3.73 -75.58

20 262.10 20.12 154.081 -108.022 138.25
3.5 10 8.46 32.57

26 234.48 19.87 84.461 -150.020 97.71
5 15 12.76 -108.85

32 174.43 19.52 120.840 -53.591 26.78

1 16 19.45 0.000 0.00

shear force diagram

154.08 12084

84.67 /I /84T46 /'[
1/ l/ V -53.59

-125.01 -108.02

-150.02

Figure (B.12): Shear force diagram for strip JKZW

bending moment diagram

75,58 -108.85

/._\ 32,57 /\

26.78

63.56 97 71

138.25

Figure (B.13): Moment diagram for strip JKZW
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Appendix (C)

125

www.manaraa.com




Bearing Capacity Calculation

It should be noticed that the load test may express only the short term loading of a
small plate and not the long term loading of full sized footing. Therefore the
following facts should be considered in interpretation of the load test results.

Bearing Capacity And settlement (Terzaghi)

a) Bearing Capacity of Cohesive Soil.

q(footing) = q(plate) » 6]

where q is the ultimate bearing capacity.

b) Bearing Capacity of Cohesionless Soil.

Q(footing) = q(plate) * (B/b) 2

where B = footing width, b = plate wide (0.457m)

c) Settlement of Cohesive Soil.

S(footing) = Splate) * (B/b) (3)

where S is the settlement.

d) Settlement of Cohesionless Soil.

Stfooting) = Seplate) * [{B*(b+0.3)}/{b*(B+0.3)}]2 4)

B & b in meters.

Load Bearing Capacity using two Plates (Housel)

Q=A m+Pn For plate 1 %)
Q:=Aom+P;n For plate 2 (6)
Qr=Afm+P¢n For footing (7

Allowable Bearing Capacity:
From the results of the plate load test the Ultimate bearing Capacity (qu:) and
corresponding settlement against shear failure are listed on the following table:

for plate = 0.457 m.

q u S(failure)
t/m’ mm
70 25
for plate = 0.30 m.
q u S (failure)
t/m’ mm
68 20.5

Using Eq (2), the ultimate bearing capacity of the footing are listed in the following
table for B=16m :
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for plate = 0.457 m.

for plate = 0.30 m.

For allowable bearing capacity calculation, a high factor of safety(5) should be used.

q u (Plate) A aa
) (Mat) (Mat)
t/m
t/m? t/m?
70 2450.76 490.15
q u (Plate) du aa
5 (Mat) (Mat)
t/m 5 5
t/m t/m
68 3626.67 725.33

Bearing Capacity /Settlement Failure :

For Plate 45.7 cm

For settlement control of 25 mm, 40 mm and 50 mm and by using Eqn (4) and

relevant curves the following results can be obtained :

Footing Width B (m) 16 16 16
Plate width b (m) 0.457 0.457 0.457
Sett. footing (mm) 25 40 50
Sett. plate(mm) 9.45 15.13 18.91
q aul (t/m?) 47 58 63

For Plate 30 cm

For settlement control of 25 mm, 40 mm and 50 mm and by using Eqn (4) and

relevant curves the following results can be obtained :

Footing Width B (m) 16 16 16
Plate width b (m) 0.30 0.30 0.30
Sett. footing (mm) 25 40 50
Sett. Plate (mm) 6.49 10.38 12.97
qan (t/m’) 37 49 55

Allowable Bearing Capacity Using Equations 5, 6 and 7 (Housel)

A1=0.0707 , P1 =0.942 For plate 0.30m, and Q1 =4.8 ton (For S =20.64mm)
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A2=0.164 , P2 = 1.435 For plate 0.457m, and Q2 = 10.66 ton (For S = 20.64mm)
Solving Eqn's 5 & 6 : m =59.39, and n=0.6367, Therefore :

Footing Width 16
B (m)
Q (ton) 15245
q ui (t/m?) 59.55
q ait (t/m?) 14.9
A factor of Safety of 4 is used
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Plate load Tests

Group 2

Test No. 1
GAUGE READING SETTLEMENT AVG
Loading | Time Load Stress (0.01mm) (mm) SETT.

Stages (min) (ton) ton/m2
G Gy G3 S1 Sy S3 (mm)
Initial L_0-00 0 0 27.76 | 4620 | 6.00 | 000 | 000 | 000 | 0.00
Reading | 50 2634 | 4554 | 520 | 142 | 066 | 080 | 0.96
Loading
10.00 2 1219 | 2631 | 4545 | 515 | 145 | 075 | 085 | 1.02
15.00 2627 | 4538 | 508 | 149 | 082 | 092 | 1.08
5.00 2587 | 4428 | 420 | 189 | 1.92 | 1.80 | 1.87
10.00 4 2439 | o584 | 4420 | 415 | 192 | 200 | 185 | 192
15.00 2583 | 4412 | 410 | 193 | 208 | 190 | 197
5.00 2532 | 4390 | 315 | 244 | 230 | 285 | 253
10.00 6 36.58 | 2508 | 4385 | 312 | 248 | 235 | 288 | 257
15.00 2526 | 43.81 | 308 | 250 | 239 | 292 | 2.0
5.00 2445 | 4113 | 276 | 331 | 507 | 324 | 3.87
10.00 8 4877 | 2441 | 4103 | 268 | 335 | 517 | 332 | 395
15.00 2440 | 4095 | 265 | 336 | 525 | 335 | 3.99
5.00 2290 | 3946 | 096 | 486 | 674 | 504 | 555
10.00 10 609 | 285 | 3939 | 093 | 491 | 681 | 507 | 560
15.00 2281 | 3937 | 090 | 495 | 683 | 510 | 5.3
5.00 2115 | 3627 | 4812 | 661 | 993 | 788 | 814
10.00 12 7316 | 2096 | 3615 | 48.09 | 6.80 | 10.05 | 7.91 8.25
15.00 2093 | 3612 | 48.08 | 6.83 | 1008 | 792 | 828
5.00 2115 | 3627 | 4812 | 661 | 993 | 788 | 814
10.00 12 7316 | 2096 | 3615 | 48.09 | 6.80 | 1005 | 7.91 | 825
15.00 2093 | 3612 | 48.08 | 683 | 1008 | 792 | 828
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Test No. 2

GAUGE READING SETTLEMENT AVG
Loading | Time Load Stress (0.01mm) (mm) SETT.
Stages (min) (ton) ton/m2
G1 Gy G3 S1 Sy S3 (mm)
Initial L_0-00 0 0 4905 | 31.08 | 1394 | 000 | 000 | 000 | 000
Reading | 5, 4840 | 3032 | 1320 | 065 | 076 | 074 0.72
Loading
10.00 2 1219 | 4838 | 3017 | 1315 | 067 | 091 | 079 0.79
15.00 4835 | 3010 | 1310 | 070 | 098 | 084 0.84
5.00 4793 | 2895 | 1220 | 112 | 213 | 174 1.66
10.00 4 2439 | 4700 | 2890 | 1218 | 115 | 218 | 176 1.70
15.00 4788 | 2884 | 1212 | 117 | 224 | 182 1.74
5.00 4616 | 2661 | 1068 | 289 | 447 | 326 3.54
10.00 6 36.58 | 4613 | 2654 | 1064 | 292 | 454 | 330 3.59
15.00 4606 | 2641 | 1060 | 299 | 467 | 334 3.67
5.00 4546 | 2132 | 713 | 359 | 976 | 681 6.72
10.00 8 4877 | 4535 | 2116 | 710 | 370 | 992 | 684 6.82
15.00 4533 | 2090 | 700 | 372 | 1018 | 694 6.95
5.00 4181 | 1650 | 530 | 724 | 1458 | 864 | 1015
10.00 10 6096 | 4165 | 1645 | 526 | 740 | 1463 | 868 | 1024
15.00 4150 | 1616 | 520 | 755 | 1492 | 874 | 1040
5.00 3581 | 1050 | 010 | 1324 | 2058 | 13.84 | 1589
1000 | 12 68.28 | 3565 | 1045 | 006 | 1340 | 2063 | 1388 | 15.97
15.00 3550 | 1016 | 000 | 1355 | 2092 | 1394 | 16.14
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Test No. 3

GAUGE READING SETTLEMENT AVG
Loading | Time Load Stress (0.01mm) (mm) SETT.
Stages | (min) (ton) | ton/m2
G1 Gy G3 S1 Sy S3 (mm)
Initial L_0-00 0 0 1266 | 4997 | 31.02 | 000 | 000 | 000 | 000
Reading | 5, 1143 | 4904 | 2959 | 123 | 093 | 143 1.20
Loading
10.00 2 1219 | 1141 | 4895 | 2958 | 125 | 1.02 | 144 124
15.00 1139 | 4892 | 2957 | 127 | 105 | 145 1.26
5.00 1101 | 4775 | 2906 | 165 | 222 | 19 1.94
10.00 4 2439 | 1099 | 4765 | 2005 | 167 | 232 | 197 1.99
15.00 1098 | 4755 | 2905 | 168 | 242 | 197 | 20
5.00 1028 | 4605 | 2833 | 238 | 392 | 269 3.00
10.00 6 36.58 | 1022 | 4588 | 2832 | 244 | 409 | 270 3.08
15.00 1016 | 4580 | 2831 | 250 | 417 | 27 3.13
5.00 910 | 4330 | 2760 | 356 | 667 | 342 | 455
10.00 8 4877 | 893 | 4320 | 2758 | 373 | 677 | 344 465
15.00 885 | 4305 | 2727 | 381 | 692 | 375 | 483
5.00 695 | 3780 | 2541 | 571 | 1217 | 561 7.83
10.00 10 6096 | 680 | 3765 | 2540 | 586 | 1232 | 562 7.93
15.00 670 | 37.55 | 2539 | 596 | 1242 | 563 8.00
5.00 495 | 3580 | 2341 | 771 | 1417 | 761 9.83
1000 | 108 6584 | 480 | 3565 | 2340 | 7.86 | 1432 | 762 9.93
15.00 470 | 3555 | 2339 | 796 | 1442 | 763 | 10.00
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Test No. 4

GAUGE READING SETTLEMENT AVG
Loading | Time Load Stress (0.01mm) (mm) SETT.
Stages (min) (ton) ton/m2
G1 Gy G3 S1 Sy S3 (mm)
Initial L_0-00 0 0 1200 | 2323 | 4467 | 000 | 000 | 000 | 000
Reading | 5, 1131 | 2160 | 4395 | 069 | 163 | 072 1.01
Loading
10.00 2 1219 | 1905 | 2150 | 4392 | 075 | 173 | 075 1.08
15.00 1120 | 2130 | 4380 | 080 | 193 | 087 | 1.20
5.00 1110 | 2000 | 4281 | 090 | 323 | 186 2.00
10.00 4 2439 | 1000 | 1955 | 4275 | 110 | 368 | 192 2.23
15.00 1070 | 1940 | 4268 | 130 | 3.8 | 1.9 2.37
5.00 970 | 1510 | 4075 | 230 | 813 | 392 | 478
10.00 6 36.58 | 950 | 1467 | 4054 | 250 | 856 | 413 5.06
15.00 925 | 1423 | 4038 | 275 | 900 | 429 5.35
5.00 780 | 1059 | 3865 | 411 | 1264 | 602 7.59
10.00 8 4877 | 744 | 1012 | 3799 | 456 | 1311 | 6.68 8.12
15.00 715 | 1003 | 37.94 | 485 | 1320 | 673 8.26
5.00 638 | 827 | 3685 | 562 | 1496 | 7.82 9.47
10.00 8.8 5365 | 602 | 772 | 3673 | 598 | 1551 | 7.94 9.81
15.00 582 | 732 | 3665 | 618 | 1591 | 802 | 10.04
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Test No. 5

GAUGE READING SETTLEMENT AVG
Loading | Time Load Stress (0.01mm) (mm) SETT.
Stages | (min) (ton) | ton/m2
G1 Gy G3 S1 Sy S3 (mm)
Initial L_0-00 0 0 2796 | 4485 | 309 | 000 | 000 | 000 | 000
Reading | 5, 2691 | 4326 | 176 | 105 | 159 | 1.33 1.32
Loading
10.00 2 1219 | 2685 | 4323 | 166 | 111 | 162 | 143 1.39
15.00 2682 | 4321 | 158 | 114 | 164 | 151 143
5.00 2633 | 4280 | 098 | 163 | 196 | 211 1.90
10.00 4 2439 | 9623 | 4282 | 085 | 173 | 203 | 224 2.00
15.00 2622 | 4281 | 079 | 174 | 204 | 230 2.03
5.00 2545 | 4129 | 4997 | 251 | 356 | 312 3.06
10.00 6 36.58 | 9541 | 4125 | 4996 | 255 | 360 | 313 3.09
15.00 2535 | 4120 | 4995 | 261 | 365 | 3.14 3.13
5.00 2452 | 4054 | 4810 | 344 | 431 | 499 | 425
10.00 8 4877 | 2447 | 4050 | 4807 | 349 | 435 | 502 429
15.00 2441 | 4045 | 4803 | 355 | 440 | 506 | 434
5.00 2333 | 3931 | 4709 | 463 | 554 | 600 5.39
10.00 10 6096 | 2320 | 3925 | 4696 | 474 | 560 | 613 5.49
15.00 2317 | 3921 | 4695 | 479 | 564 | 614 5.52
5.00 2177 | 3840 | 4466 | 619 | 645 | 843 7.02
10.00 12 7316 | 5173 | 3839 | 4464 | 623 | 646 | 845 7.05
15.00 2169 | 3838 | 4462 | 627 | 647 | 847 | 707
5.00 2077 | 3740 | 4366 | 719 | 745 | 943 8.02
1000 | 124 7560\ o073 | 3739 | 4364 | 723 | 746 | 945 8.05
15.00 2069 | 3738 | 4362 | 727 | 747 | 947 | 807
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Test No. 6

GAUGE READING SETTLEMENT AVG
Loading | Time Load Stress (0.01mm) (mm) SETT.
Stages | (min) (ton) | ton/m2
G1 Gy G3 S1 Sy S3 (mm)
Initial L_0-00 0 0 2852 | 4766 | 058 | 000 | 000 | 000 | 000
Reading | 5, 2775 | 4660 | 4965 | 077 | 106 | 093 0.92
Loading
10.00 2 1219 | 9773 | 4656 | 4962 | 079 | 110 | 096 0.95
15.00 2770 | 4655 | 4961 | 082 | 111 | 097 | o097
5.00 2621 | 4549 | 4905 | 231 | 217 | 1.3 2.00
10.00 4 2439 | 9618 | 4548 | 4902 | 234 | 218 | 156 2.03
15.00 2615 | 4547 | 4900 | 237 | 219 | 158 2.05
5.00 2540 | 4535 | 4841 | 312 | 231 | 217 | 253
10.00 6 36.58 | 9537 | 4534 | 4837 | 315 | 232 | 221 2.56
15.00 2534 | 4533 | 4835 | 318 | 233 | 2.3 2.58
5.00 2435 | 4519 | 4772 | 417 | 247 | 286 3.17
10.00 8 4877 | 2432 | 4518 | 4769 | 420 | 248 | 289 3.19
15.00 2431 | 4517 | 4765 | 421 | 249 | 293 321
5.00 2315 | 4433 | 4685 | 537 | 333 | 373 | 414
10.00 10 6096 | 2304 | 4425 | 4684 | 548 | 341 | 374 421
15.00 23.02 | 4420 | 4682 | 550 | 346 | 376 | 424
5.00 2250 | 43.00 | 4536 | 602 | 466 | 522 5.30
10.00 12 7316\ 2545 | 4295 | 4535 | 607 | 471 | 523 5.34
15.00 241 | 4287 | 4533 | 611 | 479 | 525 5.38
5.00 2150 | 4200 | 4436 | 7.02 | 566 | 622 6.30
1000 | 124 7560 | o145 | 4195 | 4435 | 707 | 571 | 623 6.34
15.00 2141 | 4187 | 4433 | 711 | 579 | 625 6.38
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Group 3

Test No. 1
GAUGE READING SETTLEMENT AVG
Loading | Time Load Stress (0.01mm) (mm) SETT.
Stages (min) (ton) ton/m2
G Gy G3 S1 Sy S3 (mm)
Initial L_0-00 0 0 2035 | 4436 | 4724 | 000 | 000 | 000 | 000
Reading | 5, 1950 | 4232 | 4688 | 085 | 204 | 036 1.08
Loading
10.00 2 1219 | 1945 | 4220 | 4687 | 090 | 216 | 037 114
15.00 1940 | 4212 | 4686 | 095 | 224 | 038 1.19
5.00 1875 | 4135 | 4653 | 160 | 301 | 071 1.77
10.00 4 2439 | 1865 | 4126 | 4650 | 170 | 310 | 074 1.85
15.00 1860 | 4117 | 4645 | 175 | 319 | 079 1.91
5.00 1774 | 4020 | 4584 | 261 | 416 | 140 272
10.00 6 3658 | 1767 | 4015 | 4581 | 268 | 421 | 143 2.77
15.00 1761 | 4005 | 4579 | 274 | 431 | 145 2.83
5.00 1656 | 39.81 | 4490 | 379 | 455 | 234 3.56
10.00 8 4877 | 1649 | 3071 | 4485 | 386 | 465 | 239 3.63
15.00 1640 | 3960 | 4477 | 395 | 476 | 247 | 373
5.00 1456 | 3771 | 9212 | 579 | 665 | 512 5.85
10.00 10 6096 | 1445 | 3761 | 4203 | 590 | 675 | 521 5.95
15.00 1436 | 3750 | 4191 | 599 | 686 | 533 6.06
5.00 965 | 3245 | 3735 | 1070 | 1191 | 989 | 1083
10.00 12 7316 | 940 | 3223 | 3720 | 1095 | 1213 | 1004 | 11.04
15.00 910 | 3220 | 3703 | 1125 | 1216 | 1021 | 11.21
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Test No. 2

GAUGE READING SETTLEMENT AVG
Loading | Time Load Stress (0.01mm) (mm) SETT.
Stages (min) (ton) | ton/m2
G1 G2 G3 S1 Sy S3 (mm)
Initial L_0-00 0 0 450 | 2473 | 4890 | 000 | 000 | 000 | 000
Reading | 5 424 | 2332 | 4813 | 026 | 141 | 077 | o081
Loading
10.00 2 1219 | 420 | 2331 | 4805 | 030 | 142 | 085 0.86
15.00 418 | 2330 | 4804 | 032 | 143 | 086 0.87
5.00 295 | 2162 | 4748 | 155 | 311 | 142 2.03
10.00 4 2439 | 290 | 2159 | 4744 | 158 | 314 | 146 2.06
15.00 288 | 2154 | 4742 | 162 | 319 | 148 210
5.00 044 | 1970 | 4660 | 406 | 503 | 230 3.80
10.00 6 3658 | 042 | 1962 | 4654 | 408 | 511 | 236 3.85
15.00 036 | 1954 | 4650 | 414 | 519 | 240 3.91
5.00 4944 | 1741 | 4530 | 506 | 732 | 3.60 5.33
10.00 8 4877 | 4940 | 1725 | 4524 | 510 | 748 | 3.6 5.41
15.00 4935 | 1720 | 4520 | 515 | 753 | 370 5.46
5.00 4556 | 1497 | 4353 | 894 | 976 | 537 | 802
10.00 10 09 | 4557 | 1492 | 4352 | 898 | 981 | 538 8.06
15.00 4547 | 1490 | 4351 | 9.03 | 983 | 539 8.08
5.00 3350 | 4871 | 37.58 | 21.00 | 2602 | 1132 | 1945
10.00 12 7316 | 3347 | 4869 | 3758 | 2103 | 2604 | 1132 | 1946
15.00 3346 | 4867 | 3757 | 21.04 | 2606 | 1133 | 19.48
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Test No. 3

GAUGE READING SETTLEMENT AVG
Loading | Time Load Stress (0.01mm) (mm) SETT.
Stages (min) (ton) | ton/m2
G1 G2 G3 S1 Sy S3 (mm)
Initial L_0-00 0 0 2500 | 295 | 4937 | 000 | 000 | 000 | o000
Reading | 5 2400 | 072 | 4874 | 1.00 | 223 | 063 1.29
Loading
10.00 2 1219 | 2393 | o064 | 4873 | 107 | 231 | 064 1.34
15.00 2385 | 055 | 4872 | 115 | 240 | 065 1.40
5.00 297 | 4975 | 4710 | 203 | 320 | 227 | 250
10.00 4 2439 | 20091 | 4967 | 4709 | 200 | 328 | 228 255
15.00 284 | 4961 | 4707 | 216 | 334 | 230 2.60
5.00 2174 | 4870 | 4642 | 326 | 425 | 295 3.49
10.00 6 3658 | 2165 | 4863 | 4640 | 335 | 432 | 297 | 355
15.00 2160 | 4857 | 4637 | 340 | 438 | 3.00 3.59
5.00 1970 | 4701 | 4530 | 530 | 594 | 407 | 510
10.00 8 4877 | 1951 | 4690 | 4525 | 549 | 605 | 412 5.22
15.00 1942 | 4682 | 4523 | 558 | 613 | 414 5.28
5.00 1732 | 4445 | 4466 | 768 | 850 | 471 6.96
10.00 10 6096 | 1680 | 4411 | 4456 | 820 | 884 | 481 7.28
15.00 1660 | 4390 | 4452 | 840 | 905 | 485 7.43
5.00 940 | 3990 | 4125 | 1560 | 13.05 | 812 | 1226
10.00 12 7316 | 920 | 3975 | 4124 | 1580 | 1320 | 813 | 1238
15.00 909 | 3967 | 4123 | 1591 | 1328 | 814 | 1244
5.00 840 | 3890 | 4025 | 1660 | 1405 | 912 | 13.26
1000 | 124 7560 | 820 | 3875 | 4024 | 1680 | 1420 | 913 | 1338
15.00 809 | 3867 | 4023 | 1691 | 1428 | 914 | 1344
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Test No. 4

GAUGE READING SETTLEMENT AVG
Loading | Time Load Stress (0.01mm) (mm) SETT.
Stages | (min) (ton) | ton/m2
G1 Gy G3 S1 Sy S3 (mm)
Initial 000 0 0 2741 | 322 | 4990 | 000 | 000 | 0.00 0.00
Reading | 509 2600 | 226 | 4806 | 141 | 096 | 184 1.40
Loading
10.00 2 1219 | 25091 | 220 | 4805 | 150 | 1.02 | 185 1.46
15.00 2585 | 218 | 4803 | 156 | 1.04 | 187 1.49
5.00 2473 | 144 | 4730 | 268 | 178 | 260 2.35
10.00 4 2439 a1 | 137 | 4720 | 270 | 185 | 261 2.39
15.00 2465 | 127 | 4719 | 276 | 195 | 271 247
5.00 2343 | 043 | 4648 | 398 | 279 | 342 3.40
10.00 6 3658 | 2335 | 036 | 4644 | 406 | 286 | 346 3.46
15.00 2323 | 031 | 4639 | 418 | 291 | 351 3.53
5.00 2132 | 4871 | 4537 | 609 | 451 | 453 5.04
10.00 8 4877 | 2116 | 4860 | 4532 | 625 | 462 | 458 515
15.00 2110 | 4850 | 4526 | 631 | 472 | 464 5.22
5.00 1790 | 4436 | 4388 | 951 | 886 | 6.02 8.13
10.00 10 60.96 | 1783 | 4419 | 4385 | 958 | 903 | 6.05 8.22
15.00 1775 | 4415 | 4378 | 966 | 907 | 612 8.28
5.00 1358 | 4185 | 4032 | 1383 | 1137 | 958 | 1159
10.00 12 7316 | 1350 | 4180 | 4032 | 1389 | 1142 | 958 | 11.63
15.00 1333 | 4170 | 4031 | 1408 | 1152 | 959 | 11.73
5.00 1258 | 4085 | 3932 | 1483 | 1237 | 1058 | 1259
1000 | 124 7560 | 1050 | 4080 | 3932 | 1489 | 1242 | 1058 | 1263
15.00 1233 | 407 | 3931 | 1508 | 1252 | 1059 | 12.73
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Test No. 5

GAUGE READING SETTLEMENT AVG
Loading | Time Load Stress (0.01mm) (mm) SETT.
Stages (min) (ton) ton/m2
G1 Gy G3 S1 Sy S3 (mm)
Initial L_0-00 0 0 4480 | 337 | 2472 | 000 | 000 | 000 | 000
Reading | 5, 4429 | 202 | 2417 | 051 | 135 | 055 0.80
Loading
10.00 2 1219 | 4400 | 193 | 2415 | 060 | 144 | 057 0.87
15.00 4414 | 183 | 2412 | 066 | 154 | 0.60 0.93
5.00 4344 | 061 | 2366 | 136 | 276 | 1.06 1.73
10.00 4 2439 | 4336 | 043 | 2353 | 144 | 294 | 119 1.86
15.00 4333 | 035 | 2351 | 147 | 302 | 121 1.90
5.00 4240 | 4895 | 2290 | 240 | 442 | 182 2.88
10.00 6 36.58 | 4030 | 4880 | 2288 | 250 | 457 | 184 2.97
15.00 4225 | 4867 | 2284 | 255 | 470 | 188 3.04
5.00 4061 | 4636 | 2199 | 419 | 701 | 273 | 464
10.00 8 4877 | 4053 | 4626 | 2196 | 427 | 711 | 276 471
15.00 202 | 530 | 955 | 2278 | 4807 | 1517 | 28.67
5.00 4046 | 4614 | 2193 | 434 | 723 | 279 | a7
10.00 10 6096 | 3775 | 4218 | 2040 | 7.05 | 1119 | 432 7,52
15.00 3765 | 4190 | 2033 | 715 | 1147 | 439 7.67
5.00 3750 | 41.83 | 2032 | 730 | 1154 | 440 7.75
10.00 12 7316 | 2948 | 3045 | 1715 | 1532 | 2292 | 757 | 1527
15.00 2029 | 3034 | 1714 | 1551 | 23.03 | 758 | 1537
5.00 2020 | 2900 | 1713 | 1560 | 2437 | 759 | 1585
1000 | 124 7560 | o848 | 2945 | 1615 | 1632 | 2392 | 857 | 1627
15.00 2829 | 2934 | 1614 | 1651 | 2403 | 858 | 16.37
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Figure C.1: A photo shows plate load set up and instrumentations

Figure C.2: A photo depicts the shape of failure seen on site in the sandy soil
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Figure C.3: A photo shows the load cell, strain gauges and the reference beams

Figure C.4: A close up picture of the failure occurred in the sandy soil on site
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Figure C.5: A photo shows a radial failure occurred while performing load plate test
on the sandy soil on site around plate of 45 cm diameter
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Figure C.6: A photo shows the adjustmen plat idad and strain ges in field
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