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Abstract

Most structural engineers use Microsoft (MS) Excel in their work as a daily basis,
this presentation will illustrate some more unique ways in which Excel can be used
as a very powerful tool in structural design. The tools shown are focused around
some simple code written in Visual Basic for Applications (VBA) to develop a
computer programme, entitled FSD. In this study the code of VBA FSD
programme is actually quite simple for any engineer and students to get reactions
results from ETABS software Models by use application programming interface

(API) function and using in design of footings.

The significance of this study was find way to save wasting time in export
the results to software and errors in modeling when dealing with this soft wares that
use finite elements method (FEM) without practical experience for the design of

footings.

The main objective of the study was to provide interesting findings and will
balance equations to construct shear force and bending moment in analysis raft
foundations this could be by conventional rigid method passing through factors to

adjust the column load and the soil pressure together.

In is this study a reinforced concrete structure of Six stores was modeled in
ETABS as case study, the design footing by CSI SAFE software was done to
verification the design in FSD proramme and Comparison of the results showed
that the difference between finite element software CSI SAFE design and FSD
software did not exceed 8.5% in analysis and did not exceed 30% in flexure design
in all types of footing. The computer programme FSD can be used reliably as

design software for footings according to brutish standard BS9811-1997.
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Chapter One

Introduction

1.1 Introduction

Visual Basic for Applications (VBA) is a Microsoft Visual Basic programming
system Application Edition. It is an industry standard and a powerful programming
environment. It is the fastest and easiest way to create and customize Microsoft

Windows applications.

Process View is shipped with Microsoft Visual Basic for Applications. VBA
allows customizing Process View to suit specific requirements. It also offers high-
level application programmability and features cross platform support for ActiveX
technology for the Microsoft Windows operating systems. It is identical to VBA in

Microsoft Office applications and other third-party products. VBA allows to:
* Create, debug and run custom scripts or macros.

» Write Visual Basic code for events.

* Modify native objects.

» Connect ActiveX objects to each other and to native objects.

VBA uses an event-driven model approach for development. The execution of the
code is driven by events. Visual Basic interprets code as written. Code can be
written, compiled and tested during development. This saves a lot of development
time because you can run the application as you develop it rather than waiting to

compile it later.

Footings are structural elements that transmit column or wall loads to underlying
soil below the structure. Footing is designed to transmit these loads to the soil

without exceeding its safe bearing capacity to prevent excessive settlement of the

1



structure to tolerable limit, to minimize differential settlement and to prevent
sliding and overturning. The settlement depends upon the intensity of the load, type
of soil and foundation level. Where possibility of differential settlement occurs, the
different footings should be designed in such a way to settle independently of each

other.

An Application Programming Interface or API is the set of symbols that are
exported and available to the users of a library to write their applications. The
design of the APIs is arguably the most critical part of designing the library,
because it affects the design of the applications built on top of them. Software is
built on abstractions. Pick the right ones and programming will flow naturally from
design; modules will have small and simple interfaces; and new functionality will
more likely fit in without extensive reorganization. Pick the wrong ones and

programming will be a series of nasty surprises.

This manual gathers together the key insights into API design that were discovered
through many years of software development on the Qt application development
framework at Troll tech. When designing and implementing a library, other factors
should also be kept in mind, such as efficiency and ease of implementation, in
addition to pure API considerations. And although the focus is on public APIs,
there is no harm in applying the principles described here when writing application
code or internal library code.

Foundation design involves a soil study to establish the most appropriate type of
foundation and a structural design to determine footing dimensions and required

amount of reinforcement.

Because compressive strength of the soil is generally much weaker than that of the
concrete, the contact area between the soil and the footing is much larger than that

of the columns and wall.



A computer program with VBA software was developed, entitled FSD programme,

to design shallow foundation in accordance with BS9811-1997.
1.2. Problem Statement and Significance

The design of the foundations requires practical and scientific experience in the
case of the use of computer programs that analyze and design based on the method
of the finite elements method FEM. Using this software sometimes gives errors
when modeling the foundations, this always happen in case of definition of
materials for the structural elements of the models or when extracting or exporting

the results of reactions from one software to another.

When dealing with package to design foundations without practical experience in
the use of this software, it may result in illogical design results such as giving high
values to the necessity of intensifying the area of reinforcement steel in some
nodes, by developing software using Visual Basic net Microsoft language. This
would enable programming, designing, computing, saving and making installable
format of the program besides other features to help structural engineering those

using manual design.
1.3. Research Objectives

The general objectives of the study are:

1. Develop structural computer programme (Excel VBA programme) for
analysis and design footings (Shallow foundations) for personal computers
that it can make flexural and shear design and draw structural details
according to BS9811-1997.

2. Save time in exporting the results and modeling to software for the design of

footings and make drawing for design results.



3. To better understand the differences between the results obtained using the
simplified method which used in excels VBA program and results obtained

from finite element Software.
1.4. Research Methodology

The method of this research is based on analysis and design of footings by
developing structural computer software (Excel VBA programme) based on
BS9811-1997. Comparison of the results obtained by excel VBA program and

Finite Element Program Software (SAFE) was also done.
1.5. Research Outline

This thesis has five chapters as shown below.

Chapter one: includes the introduction of research and
Chapter two: is literature Review and previous studies.
Chapter three: includes the research methodology.

Chapter four: results and discussion design from FSD software and SAFE

software.

Chapter five: summarizes the research conclusions and recommendations.



Chapter Two

Literature Review

2.1 Introduction

Visual Basic for Applications (VBA for short) is a programming environment
prepared to work with Microsoft's Office applications (Word, Excel, Access and
PowerPoint). Components in each application (for example, worksheets or
documents) are exposed as objects to the programmer to use and manipulate to a

desired end.

Almost anything can be done through the normal use of the Office application can
also be automated through programming. VBA is a complete programming
language, but can't be used outside the application in which it is integrated. This
does not mean VBA can be integrated only with Office programs. Any software

vendor that decides to implement VBA can include it with their application.

VBA is relatively easy to learn, but to use it in a new application; one must first
become familiar with the object model of the application. For example, the
Document and Dictionary objects are specific to the Word object model, whereas
the Workbook, Worksheet and Range objects are specific to the Excel object
model. As proceed, one will see that the Excel object model is fairly extensive;
however, if person is familiar with Excel, he will find that using these objects is

generally straightforward.
2.2 Procedural Programming

Procedural programming has been the most common programming method.
Examples of procedural programming languages are PASCAL, FORTRAN, and C.
In procedural programming the data and functions are separate entities within the

program. Data variables have to be declared as global in order for functions in the
5



program to have access to these variables. The use of global variables increases the
possibility of functions accidentally changing the data. The data and functions of
procedural programs do not model real life objects and program development is
significantly more difficult. Furthermore, the maintaining of data and functions of a
large complex program becomes a difficult task. For smaller programs these

disadvantages are not as noticeable. Procedural programming is still widely used 1.
2.3 Type of Footings

The type of footing chosen for a particular structure is affected by the following:

- The bearing capacity of the underlying soil.

- The magnitude of the column loads.

- The position of the water table.

- The depth of foundations of adjacent buildings.

Footing may be classified as deep or shallow. If depth of the footing is equal to or
greater than its width, it is called deep footing; otherwise it is called shallow

footing. Shallow footings comprise the following types:
2.3.1. Isolated Footings

An isolated footing is used to support the load on a single column. It is usually
either square or rectangular in plan. It represents the simplest, most economical
type and most widely used footing. Whenever possible, square footings are
provided so as to reduce the bending moments and shearing forces at their critical
sections. Isolated footings are used in case of light column loads, when columns are
not closely spaced, and in case of good homogeneous soil. Under the effect of
upward soil pressure, the footing bends in a dish shaped form. An isolated footing
must, therefore, be provided by two sets of reinforcement bars placed on top of the

other near the bottom of the footing. In case of property line restrictions, footings
6



may be designed for eccentric loading or combined footing is used as an alternative

to isolated footing. Figure 2.1 shows square and rectangular isolated footings.

The depth to which foundations shall be carried is to satisfy the following:

a.
b.

C.

Ensuring adequate bearing capacity.

In footing should be located sufficiently below maximum scouring depth.
The footing should be located away from top soils containing organic
materials.

The footing should be located away from unconsolidated materials such as
garbage.

All footings shall extend to a depth of at least 5m below natural ground level.
On rock or such other weather-resisting natural ground, removal of the top
soil may be all that is required .in such cases, the surface shall be cleaned, so
as to provide a suitable bearing. Usually footings are located at depth of 1.5

to 2.0 meters below natural ground level.

B h
C,
e |k B
L
L

(2 )

Figure 2.1 (a) Square isolated footing; (b) Rectangular isolated footing

The distribution of soil pressure under a footing is a function of the type of soil, the

relative rigidity of the soil and the footing, and the depth of foundation at level of

contact between footing and soil. A concrete footing on sand will have a pressure

7



distribution similar to Figure 2.2.a. when a rigid footing is resting on sandy soil; the
sand near the edges of the footing tends to displace laterally when the footing is
loaded. This tends to decrease in soil pressure near the edges, whereas soil away
from the edges of footing is relatively confined. On the other hand, the pressure
distribution under a footing on clay is similar to Figure 2.2.b. As the footing is
loaded, the soil under the footing deflects in a bowl-shaped depression, relieving
the pressures under the middle of the footing. For design purposes, it is common to
assume the soil pressures are linearly distributed. The distribution will be uniform
if the centroid of the footing coincides with resultant of the applied loads, as shown

in Figure 2.2.

(I [

(2) (b) )

Figure 2.2: Pressure distribution under Footing; (a) footing on sand; (b) footing on

clay; (c) equivalent uniform distribution

The maximum intensity of loading at the base of foundation which causes shear
failure of soil is called ultimate bearing capacity of soil, denoted by q, .The
intensity of loading that the soil carries without causing shear failure and without
causing excessive settlement is called allowable bearing capacity of soil, denoted
by q,. It should be noted that q, is a service load stress. The allowable bearing
capacity of soil is obtained by dividing the ultimate bearing capacity of soil by a
factor of safety on the order of 2.50 to 3.0.

8



The allowable soil pressure for soil may be either gross or net pressure permitted
on the soil directly under the base of the footing. The gross pressure represents the
total stress in the soil created by all loads above the base of the footing. These loads
include(a) column service loads; (b) the weight of the footing; and (c) the weight of

the soil on the top of the footing, or

 gross =  soil ¥ ] footing T d column 2.1

For moment and shear calculations, the upward and downward pressures of the
footing mass and the soil mass get cancelled. Thus, a net soil pressure is used

instead of the gross pressure value, or

q net — q gross ~ q footing ~ q soil 2.2

Figure 2.3 shows schematic representation of allowable gross and net soil

pressures.

I O A

I O A A 7 S
1 A
I‘TT‘TTTT_TT‘TT‘TTTIQEH(M,)

qaﬂ'(graﬁ's)= qsar'i' + qcmte_l_ qca.!'umn

a)
LT T T T T T TT I T T T T 170 7] Fermen

qa}f {uet): qa.ﬂ {g'rm.; qsoﬂ' - qcmmcrece

(b)

_|,_

_|_

Figure 2. 3: Gross and net soil pressures; (a) gross soil pressure ;(b) net soil

pressure

If the resultant of the loads acting at the base of the footing coincides with the

centroid of the footing area, the footing is concentrically loaded and a uniform



distribution of soil pressure is assumed in design, as shown in Figure 2.4. The

magnitude of the pressure intensity is given by

q= 2.3

|

Where A is the bearing area of the footing, and P is the applied load.

P

AT S\ M=0
e=M/P=0

PITPPTTTEr I Ei ity g=Pia

Figure 2. 4: Concentrically loaded footing

Although it is always desirable to load footings axially to ensure uniform
settlement and to minimize soil pressures, footings are often designed for both axial
load and moment. Moment may be caused by lateral forces due to wind or
earthquake and by lateral soil pressures. If the resultant of the loads acting at the
base of the footing does not coincide with the centroid of the footing area, the
footing will be eccentrically loaded and the distribution of the soil pressure will not
be uniform. Depending on the extent of the eccentricity of the load relative to the

dimensions of the base area, one of the following cases may occur:
Case (a):e<L/6

The resultant lies within the middle third of the length of the footing. In this case

the pressure distribution on the soil is given by

P 6
AQmax = Z (1+Te) 2.4

P 6
Qmin— Z (1'Te) 2.5
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Where L is the length of the footing, and e is the eccentricity of load. In this case,

compressive stresses develop over the entire base of the footing, as shown in Figure

P LP
P S M /‘f]\\\M
e=MP<L/ e=MP=L/6

25

Qoo LLLTTT T T T T [ T (e G0 LTI T T g,
B 2 B A,
I 12
(@) e<Ll6 (b)e=Li6

Figure 2.5: Eccentrically loaded footings (e < L/6)

Case (b):e>L/6

Large eccentricities cause tensile stresses on part of the base area of the footing.
Since soil cannot resist tensile stresses, redistribution of stresses is necessary to
maintain equilibrium. The maximum pressure associated with this stress
redistribution is established by knowing that the centroid of the soil pressure is
located directly under the vertical component of the applied load. With the
dimensions of the footing established and the eccentricity of the vertical load
known, the distance between the resultant of the applied load P and the outside
edge a can be established. The length of base on which the triangular distribution of
soil pressure acts is equal to 3a. Equating the resultant of the soil pressure to the

applied forces gives

p= Qmaazc 3aB 2.6

_ 2P
qmax 3aB

2.7

Where a=L/2 — e, and B is the width of footing, as shown in Figure 2.6
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Figure 2.6: Eccentrically loaded footing (e > L/6)

2.3.2 Combined footing

Whenever two or more columns in a straight line are carried on a single spread
footing, it is called a combined footing. Isolated footings for each column are
generally the economical. Combined footings are provided only when it is

absolutely necessary, as

e When two columns are close together, causing overlap of adjacent isolated
footings.

e Where soil bearing capacity is low, causing overlap of adjacent isolated
footings.

e Proximity of building line or existing building or sewer, adjacent to a building

column.
Types of Combined footings are:

e May be rectangular, trapezoidal or Tee-shaped in plan. The geometric
proportions and shape are so fixed that the centroid of the footing area coincides
with the resultant of the column loads. This results in uniform pressure below the

entire area of footing.

12



e Trapezoidal footing is provided when one column load is much more than the
other. As a result, the both projections of footing beyond the faces of the columns

will be restricted.

e Rectangular footing is provided when one of the projections of the footing is

restricted or the width of the footing is restricted
| |
T TT

[u.

Figure 2. 7: Rectangular Combined footing with loads

e Longitudinally, the footing acts as an upward loaded beam spanning between
columns and cantilevering beyond. Using statics, the shear force and bending
moment diagrams in the longitudinal direction are drawn. Moment is checked at the
faces of the column. Shear force is critical at distance ‘d’ from the faces of columns
or at the point of contra flexure. Two-way shear is checked under the heavier

column. Show in Figure 2.8.

e The footing is also subjected to transverse bending and this bending is spread

over a transverse strip near the column as shown in Figure 2.9.
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Figure 2.9: Transverse Bending

2.3.3 Raft footing

This is a footing that covers the entire area that structure. This footing is used when
very heavy loads of building are to be transmitted to the underlying soil having
very low and differential bearing capacities. Due to its rigidity, it minimizes

differential settlement as shown in Figure 2.10.
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Figure 2.10: Raft Footing

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. 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,

15



indeed a few researchers had tried in the past to find a solution for this fictitious

problem.

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.

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, 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
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columns from top to the resultant force of the applied pressure under mat as both

forces are never passing through the same line of action.

This study will offer a solution 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 will supply a solution based on the finding factors that modify
column loads and soil pressure separately and to construct two individual shears
and bending moments as result followed by proposing a new suggested better fit
solution for the analysis of the conventional rigid method. In additions FSD
software will analyze mat foundation strips using the mentioned above proposed

optimum solution by the researcher.

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
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
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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 (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 2.11. Thus,
K= PAZ 2.8

Where K is the stiffness or modulus of sub-grade reaction.
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Figure 2.11: Foundation Layout

The analysis and design of mat foundations is carried out using different methods
and 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 2.12.
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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,

K=1 2.9
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 and the range

of The coefficient of subgrade reaction for soil show in table2.1.

This proposed solution will consider both the columns loads on the strip 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 midpoint 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.
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Table2.1: Coefficient of subgrade reaction K for different soils

Type of Soil

Condition Of Soil

Value of K (KN/m?)

Lose 800 t025000

Dry or moist Sand Medium 25000 t0125000
Dense 125000 to375000

Lose 10000 to15000

Saturated Sand Medium 35000 to4000
Dense 130000 to150000

Stiff 12000 t025000

Clay Very Stiff 25000t050000

Hard >50000
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2.4 Previous Studies

There have been many advances in information technology and educational
institutions have worked to utilize these advances. Educational institutions have
realized the importance of creating new methods for teaching engineering concepts
and have turned to technology to aid in their development. When teaching complex
engineering concepts and theories in standard lecture environments, students do not
always easily grasp the information being presented. However, when these
concepts and theories were presented in a virtual environment and there was
interaction with instructive programs, Haque found that a student’s understanding
of the material was improved. Hence, demonstrating the effectiveness and the need

for interactive programs.

With the development of the World Wide Web (WWW), information can be easily
accessed through the Internet. The Internet has become a useful tool which
provides quick, easy and relatively inexpensive access to interactive learning.
Another advantage to interactive learning through the Internet from web-based

documents is that it allows students to learn at their own pace.

Haque 2001 conducted research to create an innovative structural design concept
visualization methodology on a web-based interactive virtual environment. He
developed a web-based interactive virtual environment for the design of flexural
and shears behavior of reinforced concrete beams using Java and Virtual Reality
Modeling Languages (VRML). This visual environment used for reinforced beams
can be applied to other design concepts to enhance a student’s subject visualization

and conceptual understanding.

Mishra 2001 developed applets to monitor a flagpole. This purpose of this research
was to develop technology to monitor structures under duress, such as during an

earthquake by providing real time information. The applets created for the flagpole
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perform analysis and obtain information from archived data. One of the analysis
applets includes real time stress/ strain limits of the flagpole. Another applet shows

a visual representation of the flagpole and its real time deflections.

Jiang 2002 created three virtual laboratory modules which educate students on
reinforced concrete structures. These modules are based on applets, which perform
the calculations involved in the analysis of reinforced concrete sections. One
module allows the user to explore the flexural design of rectangular singly
reinforced concrete beams. Another module shows the axial force, moment,
curvature relationships for rectangular beam and column sections. The last module
explores the relationship of uniaxial stress-strain for confined and unconfined

reinforced concrete.

Gao 2003 developed a Java-powered virtual laboratory for nonlinear structural
dynamic analysis. This visual environment allows users to understand structural
dynamic concepts related to designing structures for seismic loads. The number of
stories, the floor mass, stiffness, and damping coefficients of each story of the
structure can be selected by the user. Features of the program include graphs of the

dynamic analysis results and an animation of the virtual building.

Rojiani 2001 developed several web based instructional units using Java These
instructional units, embedded in WWW pages where they are called applets, were
developed to assist undergraduate students in the conceptualization of structural
mechanics. The applets developed included shear, moment and deflection of
beams; computation of section properties of sections built up from standard
geometric shapes; and shear center for open and closed section thin-walled tubes.
These interactive applets were made accessible to any student with a computer and

Internet access.
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An overview of object oriented programming was presented in this chapter. The
most commonly used procedural programming paradigm was presented. The
characteristics of object oriented programming including classes, objects,
inheritance, encapsulation, abstraction and polymorphism were briefly discussed.
The advantages and disadvantages of object oriented programming were also
presented. A brief description of the Java programming language was also
presented. In the last section, a review of the application of Java in structural

engineering was presented.

Soggy, Robert (2012) Solutions for soil and structural systems using excel and
VBA programs. A practical guide to analyzing soil and structural systems using

Excel spreadsheets and VBA macro programs (in open—source code).

ATENA user Richard Malm (2014) says in his Ph.D. thesis: “One advantage using
ATENA for the finite element analysis is that it calculates all material properties
based on the cube strength with equations from Model Code 2010. Another great
advantage with this program is that it is specially designed for concrete, which
makes it easier for the user since good default values are given. The main
advantage is that, even though the analysis described severe cracking, the program
never had problems finding a convergent solution. A novice user can rather easy

create advanced models in ATENA."

With ATENA one can simulate real behavior of concrete and reinforced concrete
structures including concrete cracking, crushing and reinforcement yielding.
ATENA gives person the power to check and verify your structural design in a user

friendly graphical environment.

LUSAS is a trademark and trading name of Finite Element Analysis Ltd., Last
modified: February 17, 2017. Civil & Structural LT provides quick and easy to use

linear static analysis using 2D/3D structural beams and grillages.

23



This LT version will be of particular interest to companies wishing to standardize
and expand on their use of LUSAS software throughout their organization and with
Standard and Plus versions provides a ‘one stop solution’ for all analysis

requirements.

Because all levels of the products use the same user interface and terminology,
training costs can be minimized and users can be introduced to LUSAS at the most
appropriate level for the work they need to do. There is also full data compatibility
across the product range allowing easy migration of a model to a more advanced

analysis when required without any data conversion or remodeling.

JBeam4.0.0 2012-01-01by Schwebke software development is a Java 6 application
for introductory level two-dimensional static and dynamic structural analysis. It
supports arbitrary hinged Euler-Bernoulli and Timoshenko beams and truss

elements.

Truss works allows users to easily create and analyze 3D structures using the Direct
Stiffness Method. It models truss structures that can carry axial loads. The click
and drag interface lets one input two-dimensional structures, but the program can
take in and perform calculations for three-dimensional structures as well using a
text based XML input. Also included is a database of steel cross-sections and their
corresponding geometric properties developed by a colleague and adapted for the
programs, as well as material properties of the most commonly used engineering
materials, the program is intended to be free to use, the primary target audience

being undergraduate engineering students and faculty.
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Chapter Three

Research Methodology

3.1 Introduction

Procedural Programming (PP) has been the methodology of choice for the
development of most engineering software. However, there has been a recent
interest in developing engineering software using the Object Oriented
Programming (OOP) methodology. This is due to the fact that OOP has significant
advantages over procedural programming. One advantage of OPP is that it uses
single entities called objects, which combine data and functions (Objects represent
real life objects). For instance, in the programs written for this research, objects

such as a joint, a support, and a member were developed.

In large engineering programs using PP, the program can become quite complex
with separate entities. With OPP, the program is easier to understand and manage.
Another advantage is that OPP possesses characteristics such as inheritance,
abstraction and encapsulation. These characteristics allow programs to be reusable
and easier to maintain. Furthermore, most OPP languages provide class libraries

that reduce the time and effort of developing applications.

Building Information Modeling (BIM) is the usage of computer programs that have
the ability to communicate to each other either through application programming

interface (API) or through compatible file formats.

BIM that will be used as a popular example throughout the thesis is the architect
using Autodesk to develop the concept and working design, the structural engineer
using ETABS analysis and design software, BIM can be any number of different
software communicating with each other but the quick and easy access to

information is the main focus.
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BIM advantages are not limited to only the architects, engineers, even people
without professional training can benefit from the organization of a large amount of

information in an easy-to-view three-dimensional model.

This chapter describes the methodology followed to achieve the objective of this
research which is summarized in three stages as illustrated on the flow chart shown
in Figure 3.1. The first stage comprised the creation footing analysis and design
program for this study by aid of many software application programs namely;
Excel VBA code, ETABS (API) and CAD (API).

The second stage of the study involved the data analysis and results of footing. The
FSD program can automatically open the model created on ETABS and run the
analysis by button existing on the program. The results of analysis obtained from

ETABS will then export to FSD programme.

The third stage of the study included the design of footing based on the results of
the analysis obtained from ETABS. The results that have been obtained from the

analysis must be studied carefully based on the objectives.

The fourth stage of the study involved the output of FSD programme which
consist of displaying the results of the design results on CAD drawing and PDF
file.
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[ Methodology ]

Stage 1: creation of footing design program

[ FSD programme]

I l; Y

Excel VBA code ETABS (API) CAD (API)

!

Stage 2: Analysis Frame and Get results for design Footing

[ FSD programme ]

¢ iy U

Open ETABS (== Run analysis —— Get ETABS

J

Stage 3: Design of Footing

[ FSD programme ]

Analysis of Footing < —~  Design of Footing

4

Stage 4: Output of FSD program

{ FSD programme ]

[ CAD design details ]< S >[ PDF design results ]

4

Stage 5: SAFE design and Compare a result
[ Comparison of results with SAFE Design ]

J

Stage 6: Summary

{ Conclusions and recommendations ]

Figure 3.1: Flow Chart of the Methodology
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3.2 Process of FSD Programme

The Process of work revolves around 5 main aspects as shown in Figure 3.2. The
first step is created ETABS model and save it. The second step FSD Programme is
run analysis throw ETABS. Thirdly, FSD Programme design is run. Fourthly,
design result presented in CAD VBA code to sketch the structural detailing.
Finally, FSD programme Design Results printed in PDF format.

ETABS Model ETABS Analysis
and Analysis Results

FSD Programme
Design

CAD Design FSD programme
Details Design Results

Figure 3. 2: Process of FSD program
3.3 Theoretical Methodology

In order to be able to perform the structural analysis, firstly, the structure will be
modeled on ETABS for better understanding of its operation mode and the
reactions exerted on the supporting members of ETABS Model. The results would
also be especially useful in the FSD Program design for the footings.

Secondly, the FSD Program will be open the ETABS model and run analysis
throw ETABS API function and VBA code in the program. Thirdly, the FSD
Program design the footing by using VBA code of procedures design footing
according to British Standard (BS). Fourthly, use the program design result in CAD
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VBA code to sketch the structural detailing. Fifthly, export the model analysis

result from ETABS to SAFE and design footing on it to compare FSD results with

SAFE software, the FSD program displays the design results such as in PDF

format.

3.3.1 Modeling on ETABS

The following provides a broad overview of the basic modeling, analysis, design

and detailing processes:

Specific model initialization; Select the Base Units and Design Codes, Use the
grid Dimensions (Plan) area of the form to define a grid line system, Use the
Story Dimensions area of the form to define the number and height of stories.
Change for unique name in base joint by given the corner joint first litter (C)
and middle joint (M) and (E) for edge joint. The second litter for all joint had
same litter (C) to refer to column.

Define the model properties; material, frame section, and slab sections; and load
patterns, combinations (SLS) for Serviceability limit state and (ULS) for
ultimate limit state.

Draw model, Select Objects and Assignment operations include properties,
restraints.

Assign load for model; the load patterns defined in the previous section are
required in order to be able to assign loads to joints, frames, and shells.

Set the mesh options; if the model is floor objects that have plate bending
behavior such as cast-in- place slabs, review the meshing options before running
the analysis

After a complete structural model has been created using the preceding
commands, the model can be analyzed to determine the resulting displacements,

forces/stresses and reactions. The program saves the data.
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3.3.2 Steps and Equations of Analysis and Design in FSD Programme

Calculations

3.3.2.1 Isolated footing

Step 1: Get maximum reactions from column (ETAB analysis result)
E, = maximum vertical reaction serviceability limit state (SLS)

E,,, = maximum vertical reaction ultimate limit state (ULS)

e Find Area of footing:

A==

dall

For square footing
B=vA L=B
For rectangular footing assume value for B (meters)

L=

sVl IS

Step 2: Calculate bearing pressure under footing at corners:

A. In serviceability limited state:

e For type 1 axial load plus biaxial moment:
P=(iz) + () * (5)
(i) +(5)- ()

) G- ()
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e For type 2 axial load plus moment about x-direction:

hi=h= (LB) * (%)
P=Py=(H(%)

e For type 3: Axial load plus moment about Y-direction:

P=P=(33) (GiF)
P=Ps=(53) -(5)

e For type4: Axial load:
P=(%)

B. In ultimate limited state:

e For typel: axial load plus biaxial moment:
P=(35) + (5) ()

P=(1) +(58) ()

P=(5)- (5) -(552)

P (1) -(GE) ()

e For type 2: Axial load plus moment about x-direction:

rencli) ()

Po=pe=(5 ()

31

3.6

3.7

3.8

3.9

3.10

3.11

3.12

3.13

3.14

3.15

3.16



For type2: Axial load plus moment about Y-direction:

P=r=(32)- () 3.07
P=Py=(3) -(52) 3.18

For type4 axial load:

—_ Fzy
P=(") 3.19
Step 4: Stability of footing:

e Check for bearing capacity:

Maximum pressure in serviceability limit state (SLS) > g 110wapie  “that is ok™.

e Calculate factor of safety against sliding

F.S= % >1.5 3.20
FS: Fpr‘ 321
u=tand 3.22

e calculate factor of safety of overturning moment

M,=M, or M,

Fs=Mr> o 3.23
My

Mgr=0.5BxF, or 3.24

Mg=0.5BXF,, 3.25
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Step5: Calculate ultimate design moment (M) at critical section (column face)

_ PuangBX[(L_h)/Z]z

M, . 3.26
Puav L [(B—b)/2]2
My = =20 3.27
Step 6: Calculate ultimate shear
a. At d from column face
At x-direction
_[(L-h
v=|(557) = ] <Pucag 3.28
At y-direction
_[(B-h
2= [(52) = d|*Pu avg 3.29
Step 7: Flexural design
Calculate area of tension reinforcement and distribution
k= —2—<0.156 3.30
feuBd
z=d [ 0.5 + (0.25 - £)]s 0.95d 3.31
0.9
As = —2 3.32
0.95fyz

e Check minimum reinforcement for flexure
Minimum tensile reinforcement in both directions (f,,= 460N/mm?).

Provide this minimum reinforcement also top of the foundation where top

reinforcement is required for flexure.

ASin=0.0013Bh 3.33
33



Check: A ;> As,in
Step 8: Check shear stress

1.0ne-way shear (At d from column face)

e X-direction
v;=-%<08/f,, or5N/mm’  whichever is the lesser.
e Y-direction
v,= 2+ <0.8,/f, Or 5N/mm”  whichever is the lesser.

Where

e The concrete punching shear factored strength is taken as

v, = 0'79::’(2 (1°b°;S)13 (%) (BS 3.4.5.4 Table 3.8)

And is conservatively taken as 1 (BS 3.4.5.8)

_ (fa\”
kp= (1) 21 (BS 3.4.5.4 Table 3.8)

Ym=1.25 (BS 3.4.5.2)

e However, the following limitations also apply:

100 4s

0.15s—=2><3 (BS 3.4.5.4 Table 3.8)
(%) >1 (BS 3.4.5.4)

Check:

V1< 27,

V,< 27,
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e punching shear (two way)

a. at column perimeter

Vo= llj“d <0.8,/f-, or SN/mm*  whichever is the lesser 3.41
0

Vo< VU,

Up=2(h+h)

b. at 1.5d from column face

Ny . :

V1= 354 < 0.8{f;,or 5SN/mm2  whichever is the lesser 3.42
v < v,

Where

U;= (Uy+ 12d)

3.3.2.2 Combined footing:

Stepl: Find maximum reactions from column (ETAB analysis result)
Step2: Dimensions of footing

Find maximum vertical load in column 1 (N;) and column 2 ( N,)
N, = F,, +self-weight footing

N,=F,,+self-weight of footing

Ni+N;

Area= 3.43
dall
e Find located R of service load
X= NeXs 3.44
R
R=N;+N,
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e Length and width of footing

Assume E,

L=[Ey + X]x2 3.45
En=L—S—E,, 3.46
Width=B=2 3.47

Step3: Ultimate pressure ( P,,)
Find maximum ultimate vertical load in column 1 (N,;) and column 2 ( N;)
Ny1=F,,1t self-weight of combined footing

N,,=F,,,+ self-weight of combined footing

Ny1+Nyo

Py=—5 3.48
e [Factored load per length in longitudinal direction
Wy, = P, xB 3.49
e [Factored load per length in longitudinal direction
W, = PyxL 3.50

Step 4: Shear force and bending moment diagram: from diagram
e Bending Moment:

1. Moment at face of columnl (M,)

2. Moment at face of column 2 (M,)

3. Moment at mid span between columns( M)
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e Shear Force:

v,,3= Shear force at column 1 — W,;(d + h) 3.51
v+ =Shear at column 2 — W,,(d + h) 3.52
Step5: Flexural design

e Bending moment due to ultimate loads (M,,)

For Bottom take M,, is max moment from M;and M,

For top take M, moment at mid span between columns M5

e Calculate area of tension reinforcement and distribution

My

K =T < 0.156 3.53
7= [o.s + /(0.25 _ ﬁ)] <0.95d
0.9
A= —2 mm? 3.54
0.95fyz
A mm¥m
B

e Check minimum reinforcement for flexure

e Minimum tensile reinforcement in both directions (f,= 460N/mm?®).
As,,in=0.0013Bh
Check: Ag> As,in

e Reinforcement in transverse bending

)

A 3.55

=t 2 3.56
0.95fyz
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% — mm?/m

e Minimum tensile reinforcement (f,= 460N/mm?).
Aspin=0.0013Lh 3.57
Check: Ag > Aspin

e Check shear stress

One-way shear (At d from column face)

Shear stress for column 1:

o X-direction

V= B <, 8\/f OF SN/mm? whichever is the lesser.

e Y-direction

V=T B —=<0. 8\/f OF SN/mm? whichever is the lesser.
Shear stress for column 2:

o X-direction

V= V“Z <0.8,/f- or 5N/mm? whichever is the lesser
e Y-direction

v,= ‘i‘: <0.8,/fz, or 5N/mm? whichever is the lesser

The concrete punching shear factored strength is taken as

0.79K1K <1OOA5>1/3 <400>%
Ve =

Ym bd d
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Check:
1< 27,
V,< 27,

e punching shear (two way)

e at column perimeter

_ Ny 2 . .
Vo= g < 0.8,/ f,, or 5N/mm* whichever is the lesser
Vo= V¢

e at 1.5d from column face

Ny i .
V= Uldso.&/fcu or 5N/mm® whichever is the lesser.
V1< v,
Where

U= (Uy+ 12d)

3.3.2.3 Raft footing:
Stepl: Determine the line of action of all the loads acting on the mat
Q=Q:*+Q; + Q3=2.Q; 3.58

The eccentricitiese,. and e, are found by summing moment about any convenient

location (usually a line of column).

About X' and Y"' coordinates

7= UX1+QoX2+Q)X3

Q0 3.59

e, =% — 3.60

N |
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- Q1y1+Q2y2+Q3y3 3.61

ey= )_/ — 5 3.62
Step2: Determine the allowable pressure g on the soil below the mat at corner

Points and check whether the pressure values are less than the allowable bearing

pressure
q:%iMIXYi@ 3.63
X y

Where

=2 3.64
_ LB3

Iy = - 3.65

My=2Q.ey 3.66

My=2 Q.ex 3.67

Step3: Determine the mat thickness based on punching shear at critical

column based on column load and shear perimeter.

Step4: Divide the mat into strips in x and y directions. Each strip is assumed to
act as independent beam subjected to the contact pressure and the columns

loads.
Step5: 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 are some shear transfers between adjoining

strips. Considering the strip carrying column loads Q,, Q, and Qs as seen in Figure
40



3.1, let B;be the width of the strip and let the average soil pressure on the strip q,.q

and let B the length of the strip.

2 2 Q,

Figure 3.3 :A layout of strip

2 Qi+qavgB1B
Qavg :[ +1 ] 3.68
The modified average soil pressure (qqpg,moa) IS given by
Qav
qavg,mod :CIavg [ Qavng1B ] 3.69

The column load modification factor F is given by

F:[%ﬁ;ib] 510

All the column loads are multiplied by F for that strip. For this strip, the column

loads are Fyp; Fy, and Fy3, the modified strip is shown in Figure 3.4.

FQ, FQ, FQ,

I : ~ ; qu avg,mod

Figure 3.4: A modified strips layout

Step6: The bending moment and shear force diagrams are drawn for the
modified column loads and the modified average soil pressure qq,qmoq- That

is for all strips in x-direction and strips in y-direction.
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Step7: Design the individual strips for the bending moment and shear force.
e Bending moment due to ultimate loads (M,,)

From diagram of bending moment, the moments of x and y strips will be used to
design the top and the bottom reinforcement for the raft. The maximum moments in

each direction will be used to design the reinforcement in all raft strips.
Take maximum moment M, at strips in x-direction and maximum moment M,,,, at
strips in y-direction.

e Calculate area of tension reinforcement and distribution

e X-Strip design:

Positive moments (Top reinforcement)

=~ < 0.156
7= [o.s + /(0.25 _ ﬁ)] <0.95d
0.9
+Myx 2
= — mm
0.95fyz
A mm¥m
B

e Check minimum reinforcement for flexure

Minimum tensile reinforcement in both directions (f,= 460N/mm>).
As,,;,=0.0013Bh

Check: A, > As,in

e Negative moments (Bottom Reinforcement):

K =% <0.156
fCqu
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z7=d [0.5 + /(0.25 - %)] <0.95d

e Check minimum reinforcement for flexure

Minimum tensile reinforcement in both directions (f,= 460N/mm?).
Asin=0.0013Bh

Check: Ag> ASpin

e Y-strip Design:

Positive moments (Top Reinforcement):

+Myy

z=d [o.s + /(0.25 - ﬁ)] <0.95d
0.9
_ +Muy 2
S 0.95f,z
4s _ mm¥m
B

e Check minimum reinforcement for flexure

Minimum tensile reinforcement in both directions (f,= 460N/mm?).
As i, =0.0013Bh

Check: A; > Asip

Negative moments (Bottom Reinforcement):
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K= Mw - 0156

fC‘qu2 o
z=d [0.5 + /(0.25 - %)] <0.95d
_Muy 2
S 095fyz
s 2
—= > mm“/m

e Check minimum reinforcement for flexure

Minimum tensile reinforcement in both directions (f,= 460N/mm?).

Aspin=0.0013Bh
Check: Ag > ASpin

e Check punching shear (two way)

Given the punching shear force and the fractions of moments transferred by

eccentricity of shear about the bending axis, the nominal design shear stress,V,,, ..

is calculated as:

Viix = V [f + 1'3““"] (BS 3.7.6.2, 3.7.6.3)
y

1.5My]

Verry = V|f + - (BS 3.7.6.2, 3.7.6.3)

Veff,x

Vmax = Max { "9 (BS 3.7.7.3)

Vefty
ud

Where,

1.00 for interior columns
f={ 1.25 for edge columns (BS 3.7.6.2, 3.7.6.3)

1.25 for corner columns
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e The shear stress carried by the concrete v,, is calculate as:

_ 0.79KiK, <1OOAS)1/3 (400>%

Ve Voo bd d
Check:
Vmax = Ve

3.3.3 Modeling and Design Footing in CSI Safe Software

SAFE is a software application based on the finite element method for the
engineering analysis, design and detailing of reinforced-concrete and post
tensioned slabs, beams and foundations. SAFE is a sophisticated, yet easy to use
special purpose analysis and design program developed specifically for concrete

Slab/Beam, Basement/Foundation system.

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.

In this Part of the methodology, isolated footing or single footing, combined
footing and mat or raft foundation are modeled and design by using SAFE software

application.
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3.3.4 FSD Programing

The FSD programme was created to work alongside ETAB and include variety of

feature allowing’s an engineer effectively to optimize design of footing.

The FSD programme include license to an application program interfaces (API) for
ETAB. This allows for direct links between information in ETAB.

3.3.4.1 Steps of FSD Programme Using API Function

In order to get start, the user must select ETAB model to open, after this is done the
FSD open the model selected and been to gather frame, area, coordinate, group and
load combination information from ETAB. This gives the user the power to run
analysis for the model through API Function written in the FSD programme VBA

code in application.

3.3.4.2 FSD Programme VBA Procedure

The basic unit of VBA code it is block of code that tell Excel what to do for design
footing. The FSD Programme in Excel is tools that include the VBA IDE
(Integrated Development Environment), controls and functions available through

the main Excel application and VBA Programing Environment.

3.3.4.3 Designing the FSD Programme

In designing program, the researcher considers the user interfaces program, input
and output the location of the code (for example event procedure of active X
Controls) and use configuration of the other program.

The researcher starts by making very simple user form interfaces for the FSD
Programme. The interface uses command button, list box, text box, combo box and

image have altered there.
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3.3.4.4 Variables and Data Types

The researcher use focus on spreadsheet cells to introduce variables. Spreadsheet
cells are temporary storage containers for input that can be used in number of

different format and calculations of design footing in FSD Program.
e Declaring Variables

Option Explicit is used to the declared variable in general declarations section of
module window to force explicit variable declarations. The following the variable
name, the data type is specific for the variable this tell what kind of data can be

stored in this variable and How much the Memory must be reserved for it.
e Sub Procedures

All procedures are really sub (short for subroutine) procedure.

3.3.5 Case Study one (ETABS Model)

In is this study, a reinforced concrete structure of Six stories was modeled in
ETABS as shown in Figure 3.5. The plan of the structure is irregular grid system

had different spacing x-direction and Y-direction as show in Figure 3.6.
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Figure 3.6 : ETABS Model Plan View
3.3.5.1 Isolated Footing Input Design and Parameter
fou =25 MPa
f, = 460 MPa

C =50mm
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qau = 200 kPa

@ =16 mm

Ye =25 kN/m3

¥s =18 kN /m3

h = 500mm

b =250mm

H “overall depth of footing”
Middle = 0.5m

Edge = 0.4m

Corner =0.35m

3.3.5.2 Combined Footing Input Design and Parameter
fo =25 MPa

f, = 460 MPa

C =50mm

o= 200 kPa

@ =16 mm

Ve =25 kN /m?3

Vs = 18 kN/m?3

h =500mm

b =250mm

H=0.4m
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3.3.5.3 Raft Footing Input Design and Parameter
fou =25 MPa
f, =460 MPa
C =50mm

qau = 160 kPa
@ =20 mm

Ye = 25kN /m3
¥s = 18kN /m3
h =500mm

b =250mm

H =800mm

3.3.6 Case Study two (STAAD. Foundation V8i verification Manual)

3.3.6.1 Isolated footing P

In is this study,

Specification: ’f;‘ ‘H‘M

Gau = 200 KN/m? [ | ID.E-Sm

A =2.5m x2.5m _ _ _
Figure 3.7 : Isolated footing sections for design

H=0.5m

f,= 460 MPa

fo, =35 MPa

F,= 1100 kN (800 Dead load + 300 Live load)

M, = 0 kN.m M, = 0 kN.m
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3.3.6.1 Combined footing:
(a) Specification

qqn = 150 KN/m?

f,= 450 MPa

fow =25 MPa

cl=c2=c3=¢c4=0.3m

500 KM 500 KM
3 )

T
h=06m
rs

| | 3m | f
1m ! 1rn !
Cy Y
%c. o 1.5m

Figure 3.8 : Combined footing sections for design
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Chapter Four

Results and Discussion

4.1 Results

As presented in Chapter three, the follow up specifies design of all type of shallow
footing by taking base reaction from ETABS Model and show what’s suitable type
of footing. The results obtained from FSD programme and CSI SAFE are

presented and discussed in this chapter.
4.1.1 FSD Programme Design Results of Case Study One
4.1.1.1 Isolated Footing

After running FSD, first Step is to design isolated footing. One click (ETABS
MODEL) button on main form to access ETABS model file (*.edb) and Run
Automatic analysis for the model and save the load cases and load combination
which used in ETABS analysis. The analysis results were shown in Table A.1 and
Table A.2 for load combination (SLS) and (ULS) respectively.

Results of FSD software for isolated footing dimensions, design shear force and
bending moment, flexural and reinforcement, shear stress and Punching shear

check for concrete shear strength were presented in Table A.3 - Table A.7
4.1.1.2 Combined Footing

After running FSD programme, Automatic analysis for the model and save the load
cases and their combinations, which were produced from ETABS. The analysis
result of columns had small span between them show in Tables A.8 and A.9 for

load combination (SLS) and (ULS) respectively.
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Results of FSD output design for shear force and bending moment, footing
dimensions and flexural reinforcement were presented in Tables A.10 to Table
A.12.

4.1.1.3 Raft Footing Result

The results of raft footing using FSD programme and CSI SAFE were studied. For
comparison of results, it was selected two strips in x- direction and y- direction for
both FSD programme and CSI SAFE. The results of FSD programme for design
shear force and bending moment, footing dimensions and flexural reinforcement

were presented in Tables A.13- A.15.
4.1.2 CSI SAFE Design Results of Case Study One
4.1.2.1 Isolated Footing

Results of CSI SAFE for footing dimensions, design shear force and bending
moment, flexural and reinforcement, shear stress and Punching Shear Check for

Concrete Shear Strength were presented in Tables A.16-A.20.
4.1.2.2 Combined Footing

Result of SAFE Output for design shear force and bending moment, footing

dimensions and flexural reinforcement were presented in Tables A.21-A.23.
4.1.2.3 Raft Footing Result

The results of SAFE software for design shear force and bending moment, footing
dimensions and flexural reinforcement for raft footing were presented in Tables
A.24.to A.26.
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4.1.3 FSD Programme Results of Case Study Two
4.1.3.1 Isolated Footing

For more verification some examples were taken from STAAD- Foundation V8i
verification Manual for isolated footing and combined one. Result of FSD
programme Output for Shear Force and Bending Moment, footing dimensions,

flexural reinforcement and shear stress were presented in Table A.27- A.30.
4.1.3.2 Combined Footing

Result of FSD output for design shear force and bending moment, footing

dimensions and flexural reinforcement in Table A.31- A.34.
4.1.4 STAAD- Foundation Verification Manual Results of Case Study Two
4.1.4.1 Isolated Footing

Result of STAAD- Foundation V8i verification Manual for Shear Force and
Bending Moment, footing dimensions, flexural reinforcement and shear stress
were presented in Table A.35-A.39.

4.1.4.2 Combined Footing

Result of STAAD-Foundation V8i verification Manual output for design shear
force and bending moment, footing dimensions and flexural reinforcement in
Table A.40-A.42.

4.2 Results Presenting

The Bar Charts are used to show comparison results between FSD Programme and
SAFE software. For different results of bending moment and flexural design of
isolated Footing middle footing, Edge footing and corner footing were shown in bar

charts of Figure 4.1, Figure 4.2 and Figure 4.3.
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Comparison results of bending moment and Flexural design of Combined Footing
was shown in bar chart of Figure 4.4 for long direction and Short direction. The bar
chart in Figure 4.5 displays comparison results of bending moment and flexural
design for X-Strip, and Figure 4.6 displays the comparison results of bending
moment and flexural design for Y-Strip. The Bar chart in Figure 4.7 displays
comparison results of punching shear for isolated footing. Figure 4.8 shows
comparison result of punching shear for combined Footing and charts in Figure 4.9

displays comparison results punching shear for Raft footing.

Comparison of Results between FSD and SAFE for Middle Footing F1

4290.98mm?
S 4105.79 mm?

3671.65mm?
3438.38mm?

BFSD Result

B SAFE Result

1059.55kN.m  1054.7 kN.
906.62kN.m 904,16 kN.m .

Governing Moment Governing Moment Area of Steel (X-X)  Area of Steel (Y-Y)
(Mx) (My)

Figure 4.1: Comparison of Bending Moment and Flexural Design F1
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Comparison of Results between FSD and SAFE for Edge Footing F2

2378.59 mm? 2362.43 mm?

2019.35 mm?
1951.92mm?
B FSD Results
¥ SAFE Results
372.66 kN.m 396.79 kN.m
306-86-”“."‘ - -
Governing Moment Governing Moment Area of Steel (X-X) Area of Steel (Y-Y)

(Mx) My)

Figure 4.2: Comparison of Bending Moment and Flexural design F2

Comparison of Results between FSD and SAFE Corner Footing F3

1667.09 mm?
1499.15 mm?
1212.08 mm? 1177.14 mm?
B FSD Result
® SAFE Result
165.61kN.m  166.35kN.m
124.71kN.m 123.46 kN.m -
Governing Moment Governing Moment Area of Steel (X-X) Area of Steel (Y-Y)

(Mx) My)

Figure 4.3: Comparison of Bending Moment and Flexural design F3
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Comparison of Results between FSD and SAFE Combined Footing

1095.06 mm?

1033.87 mm?
885.6 mm?
707.2 mm?
581.53 mm?
505.56 mm? B FSD Results
443.54 mm’ # SAFE Results
337.71kN.m _ 325.98 KN.m 313.32 mm?
264.04kN.m  256.29 kN.m
- 132.47kN.m 133.97 kN.m
Moment (+Mu)- Moment (-Mu)- Governing Area of Steel (Top) Area of Steel Area of Minimum Area of
Long Direction Long Direction Mom ent(+Mu)-Short (Bottom) Steel(Bottom)-Short Steel
Direction Direction

Figure 4.4: Comparison of Bending Moment and Flexural Design Combined Footing

Comparison of Bending Moment Raft Foundation

1267.89 kN.m

1168.45KN.m

112641kN.m 111492 kN.m
778.96 kN.m
745.64 kN.m 765.58kN.m _ 754.3kN.m
®FSD Results
u SAFE Results
Design Moment in Y- Design Moment in Y- Design Moment in X- Design Moment in X-
Strip (+Mu) Strip(-Mu) Strip (+Mu) Strip (-Mu)

Figure 4.5: Comparison of Bending Moment Raft Foundation
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Comparison of Flexural Design Raft Foundation

1328.4 mm2/m

1170 mm%/m

2
s 827.14 mm?/m

29332 mi 765.14 mm2/m
r = FSD Results
515.82 mm?/m 537.91mm?/m
4 L L = SAFE Results
411.52 mm?/m

Area of Steel in X- Area of Steel in Y- Area of Steel in X- Area of Steel in X- Minimum Area of
Strrip (Bottom) Strrip (Bottom) Strrip (Top) Strrip(Top) Steel

Figure 4.6: Comparison of Flexural Design Raft Foundation

Punching Shear Stress Check At 1.5d From Column Face
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Punching  Concrete  Shear Stress Punching  Concrete  Shear Stress = Punching ~ Concrete  Shear Stress

Shear Stress ~ Shear  Ratio(D/C) Shear Stress  Shear  Ratio(D/C) Shear Stress  Shear  Ratio (D/C)
Strength Strength Strength

Fi | F2 | F3

B FSD Program W SAFE Software

Figure 4.7: Comparison of Punching Shear Stress for Isolated Footings
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Punching Shear Stress Check At 1.5d From Column Face
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Punching Shear Concrete Shear Shear Stress Punching Shear Concrete Shear Shear Stress
Stress Strength Ratio (D/C) Stress Strength Ratio (D/C)
Long Direction Short Direction
mFSD Program B SAFE Software

Figure 4.8: Comparison of Punching Shear Stress for Combined Footings

Punching Shear Stress Check At 1.5d From Column Face
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Figure 4.9: Comparison of Punching Shear Stress for Raft Footing
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4.3 Comparison of Results

Comparison of design results between FSD and SAFE software for isolated footing
was presented in Tables A.43-A.45. And Comparison results between FSD and
SAFE for combined footing and raft footing was presented in Tables A.45-A.49.
The differences of design results between FSD and STAAD-Foundation V8i
verification Manual for isolated footing was presented in Tables A.50-A.52.
Comparison of result between FSD Program and STAAD-Foundation VS8i

verification Manual for Combined
4.4 Discussion of Results

The overall summary of the thesis is given and could attract the attention of
readers. The author is giving a complete clear picture for design types of footing by
using traditional methods, which use in manual design and design by using finite

element computer software.

By comparison of the results between the FSD program and the SAFE, it is clear
that when designing the Footings using traditional methods Finite Element Method,
the results are quite suitable. It was noticed that, the great convergence of the
design values, especially when analyzing the isolated and combined footings.
Comparison of results in the raft foundation using the conventional method in
balancing column loads with soil pressure to make the loads at the same point as

the soil pressure ratio when dividing the Raft into design strips is not significant.

Also from comparison of results, it was noticed that the SAFE gives for the area of
steel values less than that obtained from the FSD program, but from the verification

of results it was not considered to be suitable and economical.

It was also noticed that the FSD program when examining the shear stress in the
isolated footings and comparing the ultimate shear stress (v,,) divided by design

concrete shear strength (v.) obtained from the FSD program with SAFE gave
60



different values. The FSD program gave a larger percentage of reinforcement steel
than the SAFE program.
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Chapter Five

Conclusion and Recommendations

5.1 Summary of Thesis

The objectives of the research conducted was first create of programme (FSD) that
work with ETABS and second to use this programme (FSD) to design and easy
understand difference between design footing by traditional method and finite

element method.

The first task required in-depth of investigation in to ETABS API functions to
automatic analyze models of building and get ultimate base reactions for design
footing. The next step was to complete programming in Excel VBA to design and
use direct link with AutoCAD software to make the structural detailing for footing

design output.
5.2 Conclusion

Using the oriented programming VBA language to write the programs is very easy
and useful, based on the findings of this report, the following conclusions were

made:

e There is no large different between Analysis and design footing by finite
element software and the traditional method (manual design) for isolated and
combined footing as has shown in this study.

e The use of programming languages such as VBA has several benefits to assist
civil engineers in design the foundations systems of buildings.

e FSD programme may have practical uses for the design of footing.

e Structural engineers could find many applications and software when using FSD

programme to analyze and design footing.
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5.3 Recommendations

Researcher recommends the following suggestions for the future study and research
using programming language in structural engineering especially when use Excel
VBA.

e Preforming independent study of using other ETABS API functions to
reduce time of analysis and design structural elements of building models.

e Use of the flexible method with conventional method to analyze mat
foundation for better results.

e Comparison of programming results of regular method with more finite
element software to Optimization the results.

e Develop the programming of FSD by using other codes of practice or use
more than one code when programming applications.

e Develop of FSD programme user interface by reduction the numbers of user

form which used in design programme.
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Appen

dix A:

Analysis and Design Results

Table A.1: ETABS Column Reaction (Serviceability)

Column Reaction (SLS)
T f footi
ype of footing F, F, F M, M,
Middle F1 1908.87 9.22 -13.55 0 0
Edge F2 1024.19 -20.02 -30.03 0 0
Corner F3 578.85 18.53 -20.11 0 0
Table A.2: ETABS Column Reaction (Ultimate)
Column Reaction (Ultimate)
Type of footin
P M Ea Fux Fuy My | M,
Middle F1 2754.66 13.43 -18.17 0 0
Edge F2 1478.67 43.31 -39.1 0 0
Corner F3 834.74 26.82 -29.09 0 0

Table A.3: Dimensions of isolated footing using FSD (Case Study One)

Max Pressure

Size of Footing SLS
Footing Length | Width | Area | Thickness
(Lm | (B) m| (A) m? (H) m (P) kPa
Middle F1 3.3 3.3 11 0.65 195.09
Edge F2 2.4 2.4 6 0.5 194.61
Corner F3 1.9 1.9 3.5 0.35 186.53
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Table A.4: Shear and Moment of isolated footing (Case Study One)

Py At | Py, At | v, Atd | vy, Atd
column | column | from from
Footing Mux Muy face face | column | column
KNm | kNm kPa kPa KN KN
Middle F1 | 906.62 | 1059.55| 269.09 | 268.94 | 625.25 764.77
Edge F2 | 372.66 | 306.86 | 250.32 | 250.75 | 362.75 454.8
Corner F3 | 124.71 | 165.61 | 269.13 | 269.07 | 212.37 278.47

Table A.5: Reinforcement of isolated footing FSD (Case Study One)

Provided | Provided Asx Ay
Middle F1 | 3671.65 | 4290.98 | 4021.24 | 4624.42 | 3233.71 | 3233.71
Edge F2 |2339.78 | 2807.44 | 2412.73 | 2814.87 | 1592.17 | 1592.17
Corner F3 | 1212.08 | 1667.09 | 1357.2 1809.6 851.23 | 851.23

Table A.6: Shear Stress of isolated footing FSD (Case Study One)

Shear Stress (MPa) Punching Shear (MPa)
Footing One Way Shear At Column At1.5d
Uy Uy Vux Vuy Vux Vuy
Middle F1 0.288 0.337 2.68 2.68 0.175 0.175
Edge F2 0.330 0.406 2.27 2.27 0.267 0.267
Corner F3 0.377 0.497 1.89 1.89 0.311 0.311
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Table A.7: Punching Shear Stress Check (Failed) FSD (Case Study One)

Shear Strength Punching Shear Stress (MPa)
(MPa)
Footing Concrete Shear Stress (v) | Shear Ratio [1;—"]
0.8\/fcu Ve Vux Vuy X Y
Middle F1 4 0.471 0.396 | 0.396 1.4 1.4
Edge F2 4 0.391 0.683 | 0.683 | 1.75 1.75
Corner F3 4 0.453 0.379 | 0.379 | 0.87 0.87

Table A.8: ETABS Columns Reaction (Serviceability)

_ Columns Reaction (SLS)
Unigue Name of
ETABS Columns E, Fx Fy M, My
ECS8 880.69 25.43 6.92 0 0
MC6 953.08 9.22 -5.40 0 0
Table A. 9: ETABS Columns Reaction (Ultimate)
Unigue Name of Columns Reaction (ULS)
ETABS Columns F,, F,. Fuy M, M,,
ECS8 1268.86 36.91 10.04 0 0
MC6 1373.53 13.43 -7.83 0 0
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Table A.10: FSD Shear and Moment of combined footing (Case Study One)

o -M, +M, At column face | Atd from column
Direction
KNm KNm P, kPa v, kN
Long -132.47 +264.04 249.73 514.05
Short - 404.41 249.73 110.05

Table A. 11: FSD Dimensions of combined footing (Case Study One)

Size of Footing Max. Pressure
SLS
Footing Length Width | Area (A) | Thickness "
Lm | ®m | m? (H) m (P) kPa
Combined 4.2 2.52 10.59 0.5 185.81

Table A. 12: FSD Flexural Reinforcement combined footing (Case Study One)

. . AsBottom AsTop AsBott ASTop Asmin

Direction | mm?/m | mm?/m | Provided | Provided | mm?/m
mm?/m mm?2,/m
Long 443.54 581.53 797.85 797.85 707.20
Short 1095.06 - 1310.04 - 707.20
Table A. 13: FSD Maximum Shear and Moment in Raft strips

Direction —M, KNm +M, KNm Shear Force v,, kN
X-direction -1115.26 +695.50 1410.93
Y-direction -1267.89 +822.63 1488.20
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Table A. 14: FSD Dimensions of Raft Footing

_ _ Max Pressure
Size of Footing SLS
Footi : :
ootng Max Width | Area | Thickness (P) kPa
Length(L) | B) m |(A)m?| (H)m
m
Raft (mat) 20.6 15.6 297.51 0.9 99.12

Table A. 15: FSD Flexural Reinforcement of Raft

Direction | Asgottom | AsTop ASgpoit AStop Agmin
mm’*/m | mm?/m | Provided | Provided mm?*/m
mm?/m mm?/m
X-direction | 827.14 | 515.82 | 1256.64 | 1256.64 1170.00
y-direction | 860.23 | 578.00 | 1256.64 | 1256.64 1170.00

Table A. 16 : Dimensions of isolated footing SAFE (Case Study One)
Max Pressure At

Footing | Length | Width | Area (A) | Thickness (P) kPa
(L)m | (B) m m? (H) m

Middle F1 3.3 3.3 11 0.75 192.11

Edge F2 2.4 2.4 6 0.50 198.9

Corner F3 1.9 1.9 3.5 0.35 177.38
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Table A. 17: SAFE Shear and Bending Moment of isolated footing (Case Study

One)
o Iy At At Atd Atd
Footing ux uy column | column from from
KNM face face column | column
kKNm
P, kPa P,y kPa Vyux KN Vyy KN
Middle F1 903.40 |1053.84 | 281.92 281.93 875.86 912.53
Edge F2 317.81 | 397.11 | 272.64 271.85 394.99 421.3
Corner F3 | 123.46 | 166.35 | 247.11 246.36 197.11 232.37
Table A. 18 :SAFE Flexural Reinforcement of isolated footing
As, As, Agmin | Agymin
Footing Ag Asy PFOViged Provided mm? mm?
mm? 2 mm mm’
Middle F1 | 3438.38 | 4105.79 | 3438.38 4105.79 3653.1 | 3653.1
Edge F2 | 1951.92 | 2362.43 | 1459.53 1459.53 1771.2 | 1771.2
Corner F3 | 1177.14 | 1499.15| 1177.14 1459.53 981.5 981.5

Table A. 19: SAFE Punching Shear Stress Check for Isolated Footing (Failed)

(Case Study One)
Shear Strength Punching Shear Stress (MPa)
Footin (MPa)
ooting Concrete Shear Stress Shear Ratio [”_u]

Ve

0.8 fcu Ve Vux ‘Uuy X Y
Middle F1 4 0.464 4.259 | 4.259 1.06 1.06
Edge F2 4 0.467 0.575 | 0.575 1.23 1.23
Corner F3 4 0.656 0.932 | 0.932 1.42 1.42
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Table A. 20 : SAFE Punching Shear Stress Check for Isolated Footing (Failed)
(Case Study One)

Shear Strength (MPa) Punching Shear Stress (MPa)
Footing Concrete Shear Ratio [1;—1:]
0.8\/feu v Vyx Vuy X Y
Middle F1 4 0.304 0.168 | 0.168 | 0.55 0.55
Edge F2 4 0.366 0.264 | 0.264 | 0.72 0.72
Corner F3 4 0.432 0.307 | 0.307 | 0.71 0.71

Table A. 21 : SAFE Dimensions of combined footing (Case Study One)

Size of Footing Max Pressure
: SLS
Footing _ ;
Length | Width | Area (A) | Thickness (P) kPa
(Lym | (B) m m? (H) m
Combined | 4.2 2.52 | 10.59 0.6 189.44

Table A. 22: SAFE Shear and Moment of combined footing (Case Study One)

At column face | At d from column
Direction | —M, KNm | +M,kNm P, kPa v, kN
Long 112.96 254.66 276.46 475.73
Short - 373.74 275.86 -

Table A. 23 : SAFE Flexural and Reinforcement of combined footing (Case
Study One)

g AsBottom AsTop ASB_Ott Asrlj()p Agmin
Direction Provided Provided
mm?/m | mm?/m | mm?/m mm?2,/m mm?/m
Long 313.32 505.56 885.6 885.6 885.6
Short 1033.87 - 1033.87 - 885.6
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Table A.24 : SAFE Raft Dimensions (Case Study One)

Size of Footing Max Pressure
Footin SLS
g Max Length (L) | Width | Area (A) Thickness (P) kPa
m (B) m m? (H)ym
Raft (mat) 20.6 15.6 29751 0.9 95.85

Table A.25 : SAFE Maximum Shear and Moment in Raft Strips (Case Study
One)

Direction —M, KNm +M, KNm Shear Force (v,,) kN
X-direction -1121.98 +591.27 1196.63
Y-direction -1168.45 +754.30 1289.90

Table A.26 : SAFE Flexural Reinforcement for Raft Footing (Case Study One)

ASBott ASTop .
Direction AsBottom AsTop Provided Provided Asmm
2
mm?/m | mm?/m mm?* /m mm?”/m mm”/m
X-direction | 880.26 577.72 1256.64 1256.64 1170.00
Y-direction 899.87 618.49 1256.64 1256.64 1170.00
Table A.27 : FSD Footing Dimensions (Case Study Tow)
Footing Size of Footing Max Pressure SLS
Length Width Area Thickness (P) kPa
(L) m (B) m (A) m? (H)m
F 2.5 2.5 6.25 0.5 188.5
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Table A.28 : FSD Design Shear and Moment (Case Study Tow)

M,y At column At column Atdfrom | Atd from
Footing | kNm kNm | face Py kPa | face P,, kPa column column vy,
Vux KN kN
F 352.8 | 352.8 256 256 396.80 396.80

Table A.29 : FSD Design Flexural Reinforcement (Case Study Tow)

Footing Asx Asy As_x As_y Asx Asy
Provided | Provided min min
F 1976.31 | 1976.31 | 1976.31 1976.31 1625 1625

Table A.30 : FSD Design Shear Stress (Case Study Tow)

Shear Stress (MPa) | Punching Shear (MPa)
Footing One Way Shear At Column Atl15d
Vx Vy Vux Vuy Vux Vuy
F 0.369 0.369 2.32 2.32 | 0.299 0.299

Table A.31: FSD Design Punching Shear Check for Concrete Shear Strength

(Case Study Tow)
Shear Strength Punching Shear Stress (MPa)
(MPa)
Footing Concrete Shear Stress Shear Ratio [ %]
Ve
0.8 r_fcu \'% Vux Vuy X Y
F 4.73 0.402 0.299 | 0.299 | 0.74 0.74
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Table A.32: FSD Design Shear and Bending Moment For Combined Footing (Case

Study Tow)
-M, | +M, | Atcolumn | Atd from At 1.5d from
Direction | kNm kKNm face column column
P, kPa v, kN v, kKN
Long 101.15 | 175 186.67 225.68 3.24
Short - 168.00 186.67 252 -

Table A.33 : FSD Design Footing dimensions (Case Study Tow)

Footing Size of Footing Max Pressure
SLS
Length (L) | Width (B) | Area (A) Thickness
m m m? (H)m (P) kPa
Combined 5 1.5 7.50 0.6 148.33

Table A.34 : FSD Design Flexural Reinforcement for Combined Footing (Case

Study Tow)
AsBottom AsTop ASB_ott ASTop Asmin
Direction | mm? mm? Provided Provided mm?
(mm?) (mm?)
Long 457.83 792.10 1206.37 1206.37 1170.00
Short 760.41 - 4021.24 - 3900.00

Table A.35 : STAAD- Foundation Verification Manual Shear and Moment for
Isolated Footing (Case Study Tow)

My | My, | Atcolumn | Atcolumn | Atdfrom | Atd from
Footing | KNm | kNm face Py, face Py, | columnvy, | columnv,,
kPa kPa KN KN
F 352.8 | 352.8 256 256 396.8 396.8
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Table A. 36 : STAAD- Foundation Verification Manual Footing Dimensions
for Isolated Footing (Case Study Tow)

) ) Max Pressure
_ Size of Footing SLS
Footing
Length (L) m | Width (B) | Area (A) Thickness (H) (P) kPa
m m? m
F 2.5 2.5 5.89 0.5 -

Table A.37: STAAD- Foundation Verification Manual Flexural Reinforcement
for Isolated Footing (Case Study Tow)

As, A min | Agy min
Footing Ay Agy As, Provided | proyided

F 1976.31 | 1976.31 1976.31 1976.31 1625 1625

Table A.38: STAAD- Foundation Verification Manual Shear Stress for
Isolated Footing (Case Study Tow)

Shear Stress (MPa) Punching Shear (MPa)
Footing One Way Shear At Column At1.5d
Vx Vy Vux Vuy Vux Vuy
F 0.369 0.369 - - 0.3 0.3

Table A.39 : STAAD- Foundation Verification Manual Punching Shear Check
for Concrete Shear Strength for Isolated Footing (Case Study Tow)

Shear Strength (MPa) Punching Shear Stress (MPa)
Footing Concrete Shear Ratio [‘;—“]
0.8{/fy \/o Vux Vuy X Y
F 4.73 0.402 0.3 0.3 - -
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Table A.40 : STAAD- Foundation Verification Manual Shear and Moment for

Combined Footing (Case Study Tow)

. -M, +M, At column face Atd from At 1.5d from

Direction KNm KNm P, kPa column v, kN | column v, kN
Long 140.04 | 174.99 186.667 225.68 3.24
Short - 168.13 186.667 - -

Table A.41 : STAAD-Foundation Verification Manual Footing Dimensions for
Combined Footing (Case Study Tow)

Size of Footing Max ISDIieSssure
Footing : :
Length | Width (B) | Area Thickness (P) kPa
(L) m m (A) m? (H)m
Combined 5 15 7.50 0.6 147.82

Table A.42 : STAAD-Foundation Verification Manual Flexural Reinforcement
for Combined Footing (Case Study Tow)

AsBottom AsTop ASBott ASTop Asmin
Direction mm? mm?2 | Provided | Provided mm?
mm? mm?
Long 637 792 1170 1170 1170
Short 761 - 1170 - 1170
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Table A. 43 : Comparison of Results between FSD and SAFE for
Foundation F1 (Case Study One)

Middle

Value of FSD Result | SAFE Result | Difference%
Soil Pressure (SLS) 195.09 192.11 1.55
Effective Depth(X-X) 684 684 None
Effective Depth(Y-Y) 684 684 None
Governing Moment(M,) 906.62 904.16 0.27
Governing Moment(M,) 1059.55 1054.70 0.46
Area of Steel(Along X-X) 3671.65 3438.38 6.78
Area of Steel(Along Y-Y) 4290.98 4105.79 451
Punching Shear (Two-way) 0.175 0.168 4.17

Table A. 44: Comparison of Results between FSD and SAFE for Edge Footing

F2 (Case Study One)

Value of FSD Results | SAFE Results | Difference %
Soil Pressure (SLS) 194.61 198.9 2.16
Effective Depth (X-X) 434 434 None
Effective Depth (Y-Y) 434 434 None
Governing Moment (Mx) 306.86 317.81 2.9
Governing Moment (My) 372.66 396.79 6.16
Area of Steel (Along X-X) 2019.35 1951.92 3.45
Area of Steel(Along Y-Y) 2378.59 2362.43 0.68
Punching Shear (Two-way) 0.267 0.265 0.75
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Table A. 45 : Comparison of Results between FSD and SAFE for Corner

Foundation F3 (Case Study One)

Value of FSD Result | SAFE Result | Difference %

Soil Pressure (SLS) 186.53 177.38 5
Effective Depth (X-X) 343 343 None
Effective Depth (Y-Y) 343 343 None
Governing Moment (MXx) 124.71 123.46 1
Governing Moment (My) 165.61 166.35 0.44
Area of Steel (Along X-X) 1212.08 1177.14 2.96
Area of Steel(Along Y-Y) 1667.09 1499.15 11.20
Punching Shear (Two-way) 0.311 0.307 1.3

Table A. 46 : Comparison of design results between FSD and SAFE Program
in Long Direction for Combined Footing (Case Study One)

Value of FSD Result | SAFE Result | Difference %

Effective Depth 534 534 0

Maximum Pressure SLS 188.31 189.44 0.6
Governing Moment(M+u) 264.04 256.29 3.7
Governing Moment(M-u) -132.47 -133.97 11
Area of Steel(Bottom) 443.54 313.32 15
Area of Steel(Top) 581.53 505.56 5.5
Minimum Area of Steel 707.20 885.6 20.1
Shear Stress at Column Face 249.73 276.46 9.7
Punching Shear (Two-way) 0.230 0.254 9.5
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in Short Direction for Combined Footing (Case Study One)

Table A. 47 : Comparison of design results between FSD and SAFE Program

Value of FSD Result | SAFE Result | Difference%
Effective Depth 534 534 0
Maximum Pressure SLS 188.31 192.67 2.2
Governing Moment (M+u) +337.71 +325.98 3.6
Governing Moment (M-u) - - -
Area of Steel(Bottom) 1095.06 1033.87 5.7
Area of Steel (Top) - - -
Minimum Area of Steel 707.2 885.6 20.1

in Long Direction for Raft footing (Case Study One)

Table A. 48 : Comparison of Design Results between FSD and SAFE Program

Value of FSD Results | SAFE Results | Difference%o
Effective Depth 830.00 830.00 0
Maximum Pressure SLS 99.12 95.85 3.69
Governing Moment (M+u) 778.96 745.64 4.67
Governing Moment (M-u) 1126.41 1114.92 1.03
Area of Steel (Bottom) 827.14 765.14 8.1
Area of Steel (Top) 515.82 411.52 25.26
Minimum Area of Steel 1170.00 1328.4 13.54
Max Shear Force At Column 1423.63 1256.64 13.29
Punching Shear (Two-way) 0.28 0.26 7.69
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Table A. 49: Comparison of Design Results between FSD and SAFE Short
Direction for Raft Footing (Case Study One)

Value of FSD Result | SAFE Result | Difference %
Effective Depth 830.00 830.00 0

Maximum Pressure SLS 99.12 95.85 3.69
Governing Moment (M) 765.58 754.30 1.50
Governing Moment(M") 1267.89 1168.45 8.51
Area of Steel(Bottom) 890.85 793.12 12.32
Area of Steel(Top) 537.91 504.88 6.54
Minimum Area of Steel 1170.00 1328.4 13.54
Max Shear Force At Column 1438.66 1289.90 11.53
Punching Shear (Two-way) 0.28 0.26 7.69

Table A. 50 : Comparison of Results between FSD and STAAD-Foundation
Verification Manual for Isolated Footing (Case Study Two)

STAAD. Difference
Value of FSD Results | foundation o
Yo
Result
Effective Depth(X-X) 0.5 0.5 0
Governing Moment(M,) 352.8 352.8 0
Governing Moment(M,) 352.8 352.8 0
Area of Steel(Along X-X) 1976.31 1976.31 0
Area of Steel(Along Y-Y) 1976.31 1976.31 0
Shear Stress one way (X-X) 0.369 0.369 0
Shear Stress one way (Y-Y) 0.369 0.369 0
Punching Shear (Two-way) 0.299 0.3 0
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Table A. 51 : Comparison of result between FSD Program and STAAD-

Foundation Verification Manual Design Data in Long Direction for Combined

Footing (Case Study Two)

value of FSD STAA[_)— Difference
Result Foundation %
Effective Depth 544 544 0
Maximum Pressure SLS 148.33 147.82 0.4
Governing Moment(+M,) 175 174.99 0
Governing Moment(-M,) 101.15 140.04 27.8
Area of Steel(Bottom) 457.83 637 28.1
Area of Steel(Top) 792.10 792 0
Minimum Area of Steel 1170 1170 0
Shear Force At d Column Face 225.8 225.8 0
Shear Stress ( One Way) 0.2766 0.276 0.2
Shear Force At 1.5d Column Face 3.24 3.24
Concrete Shear Strength (vc) 0.331 0.331
Punching Shear (Two-way) 0.000772 0.0077
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APPENDIX B:

FSD Programme Output and Verification

B.1 Cases Study Output and Verification

The Appendix A are used for show FSD user Form Interface and how to use it and
open ETABS model and run analysis to get base reactions. This appendix contains

printed output of Design of the cases Study as represent in chapter 3.

B.2 FSD Programme START-UP AND FILE OPEN SCREENS

When FSD is opened, the screen shows in Figure. B.1, this screen is show ETABS
model open desired file (Hassan.EDB) for run analysis. The ETABS load cases and
load combinations will be saved in list Box as show in Figure. B.2, the screen in
Figure. B.3 and Figure. B.4 show results from ETABS (Base reactions) for load
Combinations serviceability limit state (SLS) and Ultimate limit state (ULS)
respectively and select maximum reactions from middle, Edge, Corner Use the

buttons in this tab.
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Select ETABS Model. >4
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Figure B. 1 : Select ETABS Model Hassan.EDB

FSD Design

Model Analysis IAnaIysis Results | Max Reactions | Type of Footing

ETABS MODEL
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AL Jojuisimief=jfal § § § § § 1 |
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ETABS MODEL

ETABS 2016

GET RESULT

Integrated Building Design Software

Live
Modal
~LLRF
ULS

5

DSIbU1
DSIbU2 -

|»

Figure B. 2Save ETASB Load Case and Load Combinations in List Box
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FSD Design

Model Analysis Analysis Results | Max Reactions | Type of Footing

— ETABS RESULT

|'_X

Base Joint Load Case Fx (kN) Fy (kN) Fz (kN) Mx (kNm) My (kN
26.00 SLS 4] 0.00 0.00 4] 0.00 4] 0.00 4] 0.
CC1 SLS 11.96 12.36 457.09 0.00 0.
cc2 SLS -13.14 13.18 460.55 — 0.00 0.
cC3 SLS -13.80 -13.77 511.78 0.00 0.
CC4 SLS 18.53 -20.11 578.85 0.00 0.
CCs SLS -2.39 -0.68 171.20 0.00 0.
EC1 SLS -0.34 25.37 876.23 0.00 0.
EC10 SLS 24.26 -1.77 748.03 0.00 0.
ECl11 SLS 29.94 -0.09 928.19 0.00 0.
EC3 SLS -2.00 25.86 881.81 0.00 0.
EC4 SLS -24.21 -0.82 869.91 0.00 0.
EC5 SLS -29.34 9.40 961.03 0.00 0.
EC6 SLS -30.04 -5.54 976.99 0.00 0.00
EC7 SLS -4.28 -27.02 1024.20 0.00 0.00
EC8 SLS 2543 6.92 880.69 0.00 0.00
ECY SLS 9.97 -331 388.72 0.00 0.00
MC1 SLS -1.31 -0.52 1751.66 0.00 0.00
MC2 SLS -5.57 -1.19 1765.18 0.00 0.00
MC3 SLS -1.51 9.26 1889.52 0.00 0.00
MC4 ~ SLS ~ -4.22 358 ~ 1906.87 ~ 0.00 ~ 0.00

Select Maximum reactions

SLS Reactions

SLS Middle
SLS Edge
SLS Corrner

ULS Reactions

ULS Middle
ULS Edge
ULS Corrner

Figure B. 3ETASB Base Reactions Load Combination (SLS)

Model Analysis Analysis Results IMax Reactions I Type of Footingl

— ETABS RESULT

Base Joint Load Case Fx (kN) Fy (kN) Fz (kN) Mx (kNm) My (kNm)
EC4 4] ia -35.03 -1.19 4] 1255.50 | 0.00 4] 0.00 4}
EC5 -42.44 13.61 1387.24 0.00 0.00
MC5 4.11 -1817 — 2100.26 — 0.00 0.00
MC3 -2.18 13.40 2729.61 0.00 0.00
MC1 -1.89 -0.75 2530.34 0.00 0.00
MC2 -8.06 -1.73 2549.86 0.00 0.00
EC1 -0.50 36.70 1264.63 0.00 0.00
EC3 -2.90 3741 1272.70 0.00 0.00
CCs -3.56 -0.96 242.98 0.00 0.00|
EC9 14.32 -4.81 557.60 0.00 0.00) §
CcC3 -19.96 -19.92 737.77 0.00 0.00| 5
CcCc4 26.82 -29.09 834.74 0.00 0.00| §
EC6 -43.46 -8.01 1410.32 0.00 0.00 E
EC7 -6.19 -39.10 1478.67 0.00 0.00| 5
MC4 -6.10 -5.18 2754.66 0.00 0.00 E
EC8 36.91 10.04 1268.86 0.00 0.00f ©
MC6 13.43 -7.83 1373.53 0.00 0.00 %
CC1 17.30 17.88 658.67 0.00 0.00 &
ECI11 4331 -0.13 1339.81 0.00 0.00 ¥
EC10 ~ 35.10 -1125 ~ 1079.17 ~ 0.00 ~ 0.00

Sort By Name

g

SLS Reactions

SLS Middle

SLS Edge

SLS Corrner

i

ULS Reactions

ULS Middle

ULS Edge

i

ULS Corrner

[»

Figure B. 4 : ETASB Base Reactions Load Combination (ULS)

84



B.3 FSD Programme Maximum Reactions and Select Type of

Footing

Selected maximum reactions in middle, Edge, Corner columns for combinations as
show in The Figure B.5, the screen in Figure. B.6 displayed Check the suitability
of use isolated footing to maximum area under single one column and show entered
Soil and materials input data.

Design input and maximum reactions and first design results for isolated footing
Middle show in Figure B.7 this screen displayed area of footing and second
moment of area, pressure at corners. Figure B.8 this screen displayed area of
footing and second moment of area, pressure at corners for Edge footing and

Figure B.9 Show same results for corner footing.
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FSD Design

L’_X

Model Analysis | Analysis Results Max Reactions ]Type of Footing ]

— Max Reactions (SLS)

Middle Columns :
Fx (kN) 922 Fy(kN) 1355 Fz(kN) | 1908.87 Mx (kNm) 0.00 My (kNm) 0.00
Edge Columns :

Fx(kN) [ -30.04 Fy(kKN) 2586 Fz(kKN) | 102420 Mx(KNm)| .00 My (kNm) 0.00

Corrner Columns :

Fx (kN) 1853 Fy(kN) 2011 Fz(kN) | 57885 Mx(kKNm)| 0,00 My (kNm) 0.00

Max Reactions (ULS)

Middle Columns :
Fx(kN)| 1343 FEy®&N)| 3817 Fz(KN)| 2754.66 Mx (kNm) 0.00 My (kNm) | 0.00
Edge Columns :

Fx(kN)| 4346 Fy(&N)| 3741 Fz(kN)| 1478.67 Mx (kNm) 0.00 My (kNm) | 0.00

Corrner Columns :

Fx(kN) | 2682 Fy(kN)| 2009 Fz(kN)| 834.74 Mx(kNm) 0.00 My (kNm) | 0,00

Figure B. 5: ETASB Base Reactions Maximum Reactions Combinations Middle, Edge,

Corner
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Model Analysis | Analysis Results | Max Reactions Type of Footing

* Check Maximum Area Under One Column - Sail & Materials - =

l Tnit Wieg SoiL ( kN/m"3
Max (F2) 2754.65 KN ¢ Sandy Soil Unit Wieght Of SoiL ( kN/m"3)

18 ~
Azes ()~ Max(Fe) | Diet Safe Dearing Capclly © Clayey SoiL Safe Bearing Capcity ( kPa)

Calculate Area I 13.77 SqMeter |  Siltv Soil 200 v

Microsoft Excel X

ke Compressive Strength (Fcu) Mpa
The Area Of Footing Under Single Column (Vertical Rection)lt's O.K You Can Use G20 G255 T G30 (G35 (G40  G45

Isolated Footing
oght Of Concrete ( Kn/m*3) 25 v

ess Of Reinforcement Steel (fy) Mpa

T TT T { T - ~ 460 500
‘ sk s | ‘ AutoCAD Draw l ‘ Type of Pressure due to Column Recations (Pad Footing)
Middle (F1)
Raft(Mat) | Axial Plus Biaxial Moment -
Edge (F2)
PDF Report | Bar Diameter (mm) | | Axial Plus Biaxial Moment  ~|
Corrner (F3)

AutoCAD D
u‘ | Axial Plus Biaxial Moment ~|

Figure B. 6 : Suitability of use isolated footing and Materials Input Entered

Isolated Design

Middle |Edge | Corner |
 Input Data

Max Reactions:  Fx (kN) | 1343 Fy(N)| 3817 F2(N) | 275466 Mx(KNm) 0.00 My (kNm) 0.00

Concrete Compressive Strength (Fcu) MPa 25

Unit Wieght Of Concrete (kN/m*3) 25
Concrete Clear Cover 50 mm Sh :
ape Of Footing
Yield Stress Of Reinforcement Steel (fy) MPa 460 - :
5 . Assume Overall Depth (H) | -5 m & Square Footing
Safe Bearing Capcity ( kPa) 200
Column Length (h) 0.5 m ¢ Rectangular Footing
Unit Weight Of SoiL ( kN/m"3) 18
SoiL. Pressure Load Column Length (b) 025 Assume Width (B) =
| Axial Plus Biaxial Moment |

— Design Calculations

Calculate Area (m~2) | | 11.00 Moment Of Inertia (m”4) - Soil Pressure At Corners(kPa) —————————————
Moment Of Inertia (Ixx) | 10.083 = lm lm
Footing Width B (m) 33 i :

Moment Of Inertia (Iyy) | 10.083
Footing Length L (m) 33
P2 || 26241 265.64  p]

Flexure And Shear Design

Figure B. 7Geotechnical Design Results Calculations for Middle Footing
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Isolated Design

Middle Edge lCorner |
~ Input Data-

Max Reactions:  Fx (kN) | 4346 Fy(N)| 3741 Fz(&N) | 147867 Mx (KNm) 0.00 My (kNm) 0.00
Concrete Compressive Strength (Fcu) MPa 25
Unit Wieght Of Concrete ( kN/m”3) 25

Concrete Clear Cover 50 mm

Shape Of Footing
Yield Stress Of Reinforcement Steel (fy) MPa

460
Assume Overall Depth (H) | 045 m & Square Footing
Safe Bearing Capcity ( kPa) 200
Columa Length Ch)H| 0.5 |[m € Rectangular Footing
Unit Weight Of Soil ( kN/m”3) 18
) Column Length (b) 025
SoiL. Pressure (Load)
Assume Width (B) m
I Axial Plus Biaxial Moment LI

— Design Calculations

2 Soil P At C
Calculate Area (m”2) 6.00 Moment Of Inertia (m”4) b i orners(kPa)

Moment Of Imertia (Ixx) I 3.000 = | e | Ze 54
Footing Width B 24 ’ ’
g—(nﬂ] Moment Of Inertia 3.000
(Iyy)
Footing Length L (m)| | 2.4

Flexure And Shear Design

P2 I 242.84 I 256.58 P1

Figure B. 8 : Geotechnical Design Results Calculations for Edge Footing

Isolated Design

Middle|Edge Corner |
r Input Data

Max Reactions: Fx (kN) | 2682 Fy(kN) [ 2900 Fz(kN)| 83474 Mx(kN.m) 0.00 My (kN.m) | 0.00
Concrete Compressive Strength (Fcu) MPa 25

Unit Wieght Of Concrete ( kN/m”3) 25

Concrete Clear Cover 50 mm Taane Ul Seoting
Yield Stress Of Reinforcement Steel (fy) MPa 460 & Square Footing
Assume Overall Depth (H) | 0-25 m QEEe SOt

Safe Bearing Capcity ( kPa) 200 ; :

Column Length (h) | 05 € Rectangular Footing
Unit Weight Of Soil ( kN/m”3) 18

Column Length (b) | 025 m ) i

SoiL. Pressure (Load) Assume Width (B)
| Axial Plus Biaxial Moment |
— Design Calculations -
. — Soil P AtC
Calculate Area (m*2) | 3.50 Moment Of Inertia (m"4) o Preseans M Commenitx)

Moment Of Inertia (Ixx) | 1.021 s 106
Footing Width B (m) | | 1.9 - P3
Footing Length L (m) | 19

Flexure And Shear Design

L, 281.06 261.47 i,

Figure B. 9Geotechnical Results Calculations for Corner Footing
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B.4 FSD Programme Isolated Footing Flexure and Shear Design

For Flexure design show results of Middle footing only. Fig B.10 this screen
displayed calculated design pressure, design moment, area of steel and minimum
area of steel. Fig B.11 this screen displayed Analysis result and maximum soil
Pressure and show message for check soil bearing capacity and stability of footing
against sliding, Design shear stress displayed in Fig B.12. The design concrete
shear strength and check one-way shear stress show in Fig B.13, the punching
shear for concrete shear strength first check (failed) and massage to change Overall
depth of footing show in Fig B.14. Fig B.15displayed change overall depth

recalculation. Fig B.16 show massage for error flexure calculation.

Middle Footing X

Reinforcement Design | Check Design

X-direction Y

i
Pressure At Critical Section For Bending Moment :
Pressure (Pu) 26425 gpa i 3
[ 5w
H “ o
! s E
Design Moment (Mu) 88638  KNm . 8 T—— .[_‘_-—-—i—-—-— N g_g_ Ml e X
[ EEE
K || % Bottom Bar Diameter(mm) | 16 -] ! 82
1 ottom Bar Diameter(mm) | 16 ~ i E9
i e
z 404.63 !
“ iL >
AS(mm Square) | | 576802 ASmin(mm Square) | | 215581 B
Y-direction |
Pressure At Critical Section For Bending Moment ¥
T 4
Pressure (Pu) 26424 gpa |
i
!
Design Moment (Mu) 103127 KNm I
X B X

K 0.0568  Bottom Bar Diameter(mm) | 16 f i
I

Critical Section For!Bending Momet
7 37936 '
AS(mm Square) ‘ 7153.88 <

L
Y

Figure B. 10: Flexure Design Results Calculations for Middle Footing
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Reinforcement Design Check Design I

Stability

X-direction Y-direction
1.Soil Bearing Capcity 1.Soil Bearing Capcity
Max Pressure (SLS) 10509 kPa |B.C Check Max Pressure (SLS) 195.09  1pa B.C Check

2.Sliding )
= Microsoft Excel X

Sliding force (Fx) 922 kN 1555 i Analysis Result

‘ » Sliding Check
Max Resisting force (SLS) 1057.56 KN Max Pressure Safe For Allowable Bearing Capcity SLS) 1057.56 kN

3.Overtruning =
) m
Over Truning Moment (Mx) [ 1016 g tMy) | 692 Overtruning Check

t (SLS) | 3507.53 KNm

Max Resisting Moment (SLS) 3507.53 LNm Iviux =

— Shear Check
Shear IPnncI:ing Shear]

Stress1 | 5 MPa X-direction Y-direction
Stress2 MPa o Shear f =
S I_ AfPs Shear force (Vu) | 64952 gy ear force (Vu) | 76140 gy
5 7 -
StressS MPa Max Soil Shear Stress | [— > Max Soil Shear Stress ‘ MPa
Stress4 MPa A

Check 1 Check 1
Concrete shear strength (1) \ MPa
Check 2 Check 2

Figure B. 11: Analysis Results Calculations and Check for Soil Bearing

Concrete shear strength (2) \ MPa

Capacity

Reinforcement Design Check Design I

Stability

|X-direction Y-direction
1.Soil Bearing Capcity 1.Soil Bearing Capcity
Max Pressure (SLS) 19509 kPa  B.C Check Max Pressure (SLS) 19509 1p, B.C Check
sl
2 shdiag ~ 2.Sliding
Sliding force (Fx) 922 Sliding force (Fy) 1355 kN Analysis Result
5t Sliding Check Sliding Check
’ KN 2 I
Max Resisting force (SLS) 1057.56 e ~LS) Im kN

Microsoft Excel X

3.Overtruning KN
2 m
Over Truning Moment (Mx ) 1016 pNm (My) 6.92 Overtruning Check

The Stability Of Footing Agenest Sliding Satisfactory
Max Resisting Moment (SLS) 3507.53 LNm t (SLS) | 3507.53 kNm

Shear Check ]

Shear I Punching Shear [

Y-direction

Stress 1 5 MPa ! ,W s X-direction
_" - 649.52 Shear force (Vu) | 76140 g

Stress3 100 MPa Shear force (Vu) KN
K ﬁ‘ el Max Soil Shear Stress | 0286 yp Max Soil Shear Stress | [ 9236 MPa
Stress4 0.67 MPa a

Check 1 Check 1
Concrete shear strength (1) | 4.00 MPa
Concrete shear strength (2) | 033 MPa Check 2 Check 2

Figure B. 12: Stability of Footing against Sliding and Design shear stress
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Reinforcement Design Check Design |

— Shear Check
Shear IPunching Shearl

Stress 1 MPa

Stress3 1.00 MPa
StressS
Stress4 0.92 MPa .

Concrete shear strength (1) | 400 MPa

Concrete shear strength (2) | 049 MPa

X-direction

Shear force (Vu) | 85427 gy

Max Soil Shear Stress | [ 0503 yp,
Check 1

Check 2

Stress2 MPa

MPa

0.50 Max

1255 kN Analysis Result

- Stability
|X-direction Y-direction
1.Soil Bearing Capcity 1.Soil Bearing Capcity
Max Pressure (SLS) 18782 kPa  B.C Check Max Pressure (SLS) 18782  1p, B.C Check
2 Skidi
Sliding 2.Sliding
Sliding force (Fx ) 9_2‘v Sliding force (Fy)
Sliding Check Sliding Check
kN
i Bessiagiorce (S5 102319 Max Resnstmg force (SLS) [ 102319 kN
3.Overtruning e
~ r Microsoft Excel X m
Over Truning Moment (Mx ) .28 KNm q Overtruning Check
\ Resistine M ¢ = |
Tz it (IS) 339352 LkNm One Way Shear Stress In Y-Direction Is O.K For Concrete Shear Strength(1) "

Y-direction
Shear force (Vu) | 96384 gy
Soil Shear Stress 70 MPa

Check 1
Check 2

Strength

Figure B. 13: One Way Shear Stress Check for Maximum Concrete Shear

B.C Check
Analysis Result
Sliding Check

Overtruning Check

om Column Face)

Y-direction

s

Shear force (Vu )

Critical Perimeter (U) l 61 m

[

Max Soil Shear Stress

Reinforcement Design Check Design ‘
~ Stability
X-direction Y-direction
1.Soil Bearing Capcity 1.Soil Bearing Capcity
Max Pressure (SLS) 18782 kPa  B.C Check Max Pressure (SLS) 18782  ip,
7 QhAs
& S.hdmg - 2.Sliding
Sliding force (Fx ) 922 Sliding force (Fy) ,—-
Max Resisting force (SLS) 21y | 200 [ SO R
= e 1023.19 Max Resisting force (SLS) 1023.19
3.Overtruning Microsoft Excel X
Over Truning Moment (Mx) | 628
Max Resisting Moment (SLS) | 330352 INm Punching Shear At 1.5d From Column It's Not O.k(Change The Overall Depth of
L Footing)
- Shear Check =
Shear Punching Shear I
1. Concrete Shear Strength (1) 4.00
2. Concrete Shear Strength (2) 0.49 MPa R
. Shear fe Vi
1.Punching Shear (Column Zone) ot farce ) =927 B
Ultimate force (Fz) 275466 kN Critical Perimeter (U ) l 6.71 I
Colame | criieter;(Un) l 40 Check 1 l Max Soil Shear Stress ‘ 0692 MPa
Ultimate Shear Stress (v ) ‘ 1231 MPa

Check 2

Strength
91

Figure B. 14 : Failed Punching Shear Check for Design Concrete Shear




Reinforcement Design Check Design I

[~ Stability
X-direction Y-direction
1.Soil Bearing Capcity 1.Soil Bearing Capcity
Max Pressure (SLS) 18782 kPa  B.C Check Max Pressure (SLS) 18782 p, B-.C Check
2.Slidi s
% ..S.hdmg 2.Sliding
Sliding force (Fx ) 9.22 kN Sliding force (Fy) [W' KN Analysis Result
Max Resisting force (SLS) TOYRTIE Sliding Check . Sliding Check
023.19 kN
3.Overtruning Microsoft Excel X
Mg p— kNm
Over Truning Moment (Mx ) 6.28 KNm ol New Overall Depth(m) 61 Overtruning Check
Max Resisting Moment (SLS) | 339352 1np Cancel | 19352 KNm
— Shear Check — | —
| Shear Punching Shear I Ib.75 |

400w,

1. Concrete Shear Strength (1)

2.Punching Shear (At 1.5d From Column Face)

X-direction
Shear force (Vu) 73925 kN

Critical Perimeter (U) l 6.71 o

Max Soil Shear Stress I 0692  MP2

|2. Concrete Shear Strength (2) 0.49 MPa
1.Punching Shear (Column Zone)
Ultimate force (Fz) 2754.66 kN
Column Perimeter (Uo) | 1.50 m Check 1 |
Ultimate Shear Stress (v) | 4231 MPa

Check 2

Y-direction

73921 kN

Shear force (Vu)

Critical Perimeter (U) ‘ N |im
Max Soil Shear Stress l W MPa

Check 2

Figure B. 15 :Change Overall Depth

Reinforcement Design Check Design

—Shear Check
Shear Punching Shear |

1. Concrete Shear Strength (1)

4.00 MPa

2. Concrete Shear Strength (2) 049 MPa
1.Punching Shear (Column Zone)

Ultimate force (Fz) 275466 kN
Column Perimeter (Uo) ‘ 150 m Check 1 l

X-direction

Shear force (Vu)

Critical Perimeter (U) | 671 m

73925 KN

Max Soil Shear Stress | 092 | MPa

4231 MPa

Ultimate Shear Stress (v)

Stability
X-direction Y-direction
1.Soil Bearing Capcity 1.Soil Bearing Capcity
Max Pressure (SLS) 18782 KkPa  B.C Check Max Pressure (SLS) 18782 1p, B.C Check
e 2.Sliding
Sliding force (Fx) IF kN — Sliding fo;ce ) 1255 KN N Analysis Result
Max Resisting force (SLS) | 102319 KN M i Resstigloree 619 B35 k8 M
3.Overtruning S
Over Truning Moment OMx) [ 628 oxm Microsoft Excel X kNm PR e
Overtrunin,
Max Reststug Momext (LS 1] 199352 KNm Press O.K To Autmatically Redesign Calculations K |

(At 1.5d From Column Face)
Y-direction

73921 kN

Shear force (Vu)

Critical Perimeter (U) l 671  m

Max Soil Shear Stress l 0.69 MPa

Check 2

Figure B.16: Massage of Redesign Calculations
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B.5 FSD Programme Combined Footing Analysis Output

Entered unique name of columns and design input data, get ETABS reaction for

that Unique name show in The Fig B.17.

The Geotechnical and footing dimensions, Shear force and bending moment in

footing First design results for isolated footing show in Fig B.18 this screen

displayed area of footing and location of summation of columns load, design

pressure and maximum soil pressure in serviceability limit state (SLS)also this

screen displayed shear force diagram and bending diagram in Fig B.19.

Combined Footing

Input Data
Column Type

C1 C2

" Middle Column

Unique Name of Column
Cl EC8

B (e
Thickness (H) 06 m

Soil & Materials

" Sandy SoiL

" Edge Column

" Corner Column

Unit Wieght Of SoiL ( kKN/m*3) 18

€ Clayey SoiL Safe Bearing Capcity ( kPa) 200
C Silty SoiL

Concrete Compressive Strength (Fcu) MPa

CGI5 (G20 “G25 T G30 (G35 (G40 © G45

Unit Wieght Of Concrete ( kKN/m”3) 25

Yield Stress Of Reinforcement Steel (fy) MPa

420 460 500

Type of Pressure due to Column Recations (Pad Footing)
Combined (CF)

| Axial Plus Biaxial Moment ~

Analysis lResultl Design | Critical Shear Stress | Punching Shear

* Middle Column
" Edge Column

" Corner Column

Fzikn Fz21n

I3

Ultimate Vertical Load From Column

[ EX: | X I, SX . EX

- .
Fa [ 126886 kN Span [ 35 m  GetETABSData
F2 ‘—lﬁ kN

Diamensions Of Isotated Footing For Columns
(@

Width (B) 2
Length(L) 2

C2
Width (B) m
Length(L) m

Get Dimensions Data

Check Distance

Assume Ex1 m

Figure B.17: Entered Unique Name of Columns and design input data and get
ETABS Reactions
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Combined Footing

Analysis Result ]Design I Critical Shear Stress l Punching Shear

= ] Display Shear And B
| Calculations | Location R From €1 | 1.30 m

ending Moment Diagram | Shear Force Diagram

Combined Footing Dimensions

Area (4) 1058 SquareMeter Ex2 | 090 m

1268

WidthB) | > ™  EffectiveDepth(@) | 34 mm

Length(@) | 4 m Pressure (SLS) | 18831 kPa

Combined Footing Section

.86 kN 1373.53 kN

Design Pressure (PII) 249.73 kPa Check B.C 0.80m 122m 128m 050m
Shear Force & Bending Moment
Shear Force (kN) Moment (kN.m) Shear Force Diagram (SFD) kN
L R
i ] 000 l 000 l 000 1268.86 kN 137353 kN
1 | s47 | 76539 | 20039
Mid Span l i I i ’ i 080m 122m 28m som
2 | oss ‘ -565.58 | 25459 s 0785
—1 Zero Shear
Ex2 |00 [ 000 00 - e
2o -565.58

Figure B.18: Display Shear Force Diagram (S.F.D)

Combined Footing

Analysis Result |Desigu I Critical Shear Stress | Punching Shear |

Display Shear And Bending Moment Diagram T I ———
Location R From C1 | 1.30 m g -

E

Combined Footing Dimensions

Area (A) 1058 SquareMeter Ex2 0.90 m

Width(B) | 22 m Effective Depth (d) | 534  mm

Length (L) 420 m  Pressure (SLS) | 18831 kPa

Combined Footing Section

1268.86 kN 1373.53 kN

-201.39

Design Pressure (Pu) 249.73  ypa Check B.C 0.80m 122m 128m 0.30m
— Shear Force & Bending Moment - . ; - ;
Shear Force (kN) Moment (kN.m) Bending Moment Daigram (B.M.D)
L R - "
1268.836 kN 1373.52 kN
Exl | 0.00 | 0.00 ] 0.00
cl | 503.47 | 765,39 ] 20139
Mid Span I 0.00 | 0.00 264.04 0.80m 122m 128m 0.90m
@ | 807.95 | 565.58 25459
Ex2 | 0.00 | 0.00 ] 0.00

Figure B.19: Display Bending Moment Diagram (B.M.D)
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B.6 FSD Programme Combined Footing Flexure Design and Shear
Check Output

The bottom area of reinforcement steel for long direction, top area of reinforcement
steel for long direction and the bottom area of reinforcement steel for short
direction show in the Figure B.20. Check the shear stress (one-way shear)

displayed in the Figure B.21 and checks the punching shear show in Figure B.22.

Combined Footing X

Analysis | Result Design ’('ritical Shear .Slre‘\sl Punching Shear I

Flexural Reinforcement Design

longitudinal direction As mi 1638.03 g, Bar Daimeter (mm)
g As min Sq.mm Pl 1364.57

Top Reinforcement 16 ~
26404  LkNm Bar Daimeter (um) Transvers Direction

16 s Bottom Reinforcement

0.022
: . i Design Moment (Mu) | | 3828 kNm
As (Prov)
As 168530  Sqmm
Number (No) K 0.034 Z 0.95

201062 5
Spacing | | 260 mm 10 A ,W
= il Number (No)

Bottom Reinforcement
Spacing | | 180 mm 12

Design Moment (Mu) 13241 kNm Fur Do b
16 ~

0.017 Z 0.95
. As (Prov) 241274 Sqmm
As (Prov)
As 1773 Sqmm
Number (No) 2010.62 §qmm
Spacing | | 260 S ,T

Figure B.20: Reinforcement Design in Long and Short Direction

Design Moment (Mu)
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Analysis I Resulrl Design Critical Shear Stress ]Punching Shear I
1.Shear Stress (At d From Column Face)

longitudinal direction 0.8 SQRT(Fcu) | | 4.00 MPa

Shear Stress At d From Column 1~ EffectiveDepth(d) | 434 mm

5

Concrete Shear Strength (v)

Ultimate Shear (Vu) ‘ 749 KN wWigth®) [ 23200 mm
Concrete Shear Strength ‘ 4.00 MPa

Shear Stress | 0431 MPa | Check |
|

Shear Stress At d From Column 2 | Microsoft Excel X ¢ Shear Strength (vc)

rete Shear Stress 0.336 MPa
514.05

Shear Stress Is O.K For Concrete Shear Strength

Shear Stress 0470 MPa I Stress (At Column Face)

m Zone

Ultimate Shear (Vu)

- Transverse direction — T

Shear Stress At d From Column Width@®) | 41987  mm

' Maxiumum Reactions In Column

137353 kN

2110 \pa  [EffectiveDepth (d) | 434 mm

Max Vertical Load(Nu)

Ultimate Shear (Vu) ‘ 596.08 kN

Shear Stress
Shear Stress 0.202 MPa
Effective Depth (d) | 434 mm Perimeter (U) 1500.00 mm Check

Figure B.21: Check Sheér Stress (One-Way Shear)

Anal_\‘sisl Result] Design I Critical Shear Stress Punching Shear '

Shear Stress At 1.5d Column Face
— longitudinal direction | Transverse direction

Shear Stress At 1.5d From Column 1  Effective Depth (d) | 434 mm Shear Stress At 1.5d From

Ultimate Shear (Vu) | 57043 kN Ultimate Shear (Vu) | 36816 kN
- 6708.00 i 2520.0 |
Perimeter (U) mm Width (B) mm | | Shear Stress l l 0232 MPa  xg, ctive Depth (d) IT _—
Microsoft Excel X
Shear Stress 0196  mpy
1 Punching Shear Stress In longitudinal directionls Column Two Is O.K For Concrete Check
Shear Strength(Vc)

Shear Stress At 1.5d From Column 2

Ultimate Shear (Vu) | 596.08
Concrere gy 4.00  MPa
Perimeter (U) | |6708.00 mm Width ®) [ 41987 mm

Concrete Shear Strength (vc) | 0.336 MPa
Shear Stress 0232 MPa
=
Effective Depth (d) | 434 mm

‘Figure B.22: Check Punching Shear in long Direction
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B.7 FSD Programme Raft Footing Analysis and Design Output

Get ETABS unique name of columns and draw columns layout to select strips data,
displayed calculation dimensions of Raft Footing. Raft Dimension Calculation,
maximum soil pressure in serviceability limit state (SLS), check soil bearing
capacity Column Grid Layout, and Columns Dimension Middle, Edge and Corner
show in The Fig B.23.

The x-strip Section and span above and below Strip selected show in Fig B.24, y-
strip Section and span left and right Strip selected show in Fig B.25. Fig B.26
Show materials entered and design input data.

Fig B.27 this screen displayed result analysis of X-Strip, Shear Force (Fu) and
Bending Moment (Mu).in Fig B.28 this screen displayed result analysis of Y-Strip,
Shear Force (Fu) and Bending Moment (Mu). Fig B.29 Show Results of design
strip and critical shear stress calculations in X-Direction, Fig B.30 Show results for
design strip and critical shear stress calculations in Y-Direction, Fig B.31 check
punching shear stress in X-Direction, Fig B.32 displayed check punching shear
stress in Y-Direction, Fig B.33 displayed shear force diagram in X-Strip, Fig B.34
display shear force diagram in Y-Strip. Fig B.35displayed bending moment
diagram in X-Strip, Fig B.36 displayed bending moment diagram in Y-Strip.
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RAFT FOUNDATION

Strips Data ]X—Direction l Y-Direction l Design of X-Direction | Design of Y-Direction

Columns Layout |

r— Raft Diamensions Caleulations ————

Lenghth (L) | 206 m  width (B)
Total Area | 30111 Ay
7.49
X-Bar I m
Y-Bar el
Eccentricity (ex) 0.0672 =
Eccentricity (ey) S0 .
x | 14803.427
o | 23058.317
Max Soil Pressure (SLS)
98.41
Bearing Capcity Check

| 156 m

m”*4

m”*4

kPa

Strip Selection

X-Strip Data | Y-Strip Data |

X
Columns Crid Layout
Column Layout
Ccca EC7 a3
) T 08m
e e - 1
| | | 45m
CCs EC8 mca EC6
1 FI——— [ (Y AS—— |-
EC9 MC6 i
n n | 55m
EC10 MC5 MC3 EC5
. ) SO—— 1 .. m-
I | I
EC11 (al MC2 ECa Sa
S T -
ol EC1 CéZ 4375m
i M R B-  Tosm
0.8m 45m 5m asm 0.8m
— Columns Diamension
Middle Edge Corner
h | 500 mm | 500 mm 500 mm Input Data
bl 250 [l 250 [Ner 250 [N

Figure B.23: Get ETABS unique name of columns and draw columns

98




RAFT FOUNDATION X

Strips Data IX—Direction ] Y-Direction I Design of X-Direction | Design of Y-Direction

Columns Layout | Columns Crid Layout
— Raft Diamensions Calculations ———————————————— Column Layout
Lenghth (L) 20.6 m width (B) 15.6 m cca EC7 cc3
' 1 08
== o || e - .o w-  fosm
30111 ! 4 i ! 45m
Total Area I m”2 ocs EC8 mc4 EC6
—_ N e B " =
x4 5 EC9 MC6 | i
Add X-Strip X n n i i 55m
£C10 (le] mMC3 ECS
Y-4 M ey e [~ | SN ", — [ -
Above Span |4'625 | | l |
Eccentri| EC11 mc1 mMc2 EC4 Eo2S
Below Span |4'375 i -l —————— -' ——————— -| —————— -' =
Eccentri ccl EC1 EéS céz 4375 m
Coh Ui Name In Stri]
. v B e W smisstiang’s - s B-  fosm
b ECA bt + ; —t
Enter Data O:8in 45m s a45m 0.8m
Iy i
— Columns Diamension
Max Soil Pressure (SLS)
9841 kPa Middle Edge Corner
Bearing Capcity Check
L h I 500 mm I 500 mm 500 mm Input Data |
Strip Selection
X-Strip Data | Y-Strip Data | b ] 250 mm I 250 [ | 250 ||
Figure B.24: Section unique Name of Columns in X-Strip
RAFT FOUNDATION X

Strips Data ]X-Direction ] Y-Direction ] Design of X-Direction | Design of Y-Direction

Columns Lavonut | Columns Crid Layout
— Raft Diamensions Calcalations - Column Layout
Lenghth (L) 206 m width (B) 156 m cca EC7 cc3
f T 0.8m
== =] — g #o oo e et L
1 30111 A : L ! | 45m
Total Area m”"2 ccs EC8 MCa EC6
S— sl s e -B -4 ———-—-m-
= i EC9 MC6 i i
Add Y-Strip X n n i i 55m
EC10 MCS mMc3 ECS
Y-i s — - - ———— - ————— - -1 ———— M- +
— Left Span I | [ l o
Eccentrif EC11 mc1 mc2 ECa SRS
TAM e e : 4 s Wl v s s e BEE R [ | 1
Right Span = = = =
Eccentri o - . i cc1 EC1 Eé3 C“:z 4.375m
.olumns mqgue Name in >{rip
| A - M-8 foem
Dl —t t n —t
Enter Data I EC 08m a5m 5m a5m 08m
Iy
‘ Columns Diamension

Max Soil Pressure (SLS)
9841 KkPa Middle Edge Corner

Bearing Capcity Check
| h |5oo R |soo e 500 mm Input Data

Strip Selection
250 | I:so i 250 | mima

Figure B.25: Get ETABS unigque name of columns in Y- Strip and draw columns

X-Strip Data | Y-Strip Data | b
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Input Data X

Uint Weight of Soil 185  1a/m~3
Uint Weight of Conrete | 25 KN/mA3
Raft Overall Depth (H) 900 - |IS5s

Concrete Cover 50 g

Bottom Rebar Diameter | 20 mm

Top Rebar Diameter 20 mm
Safe Bearing Capcity of Soil (qa) 160 | 1p.
Concrete Compressive Strength (Fcu) 25 MPa

Yield Stress of Reinforcement Steel (fy) | 460 .

Figure B.26: materials entered and design input data

RAFT FOUNDATION

Strips Data X-Direction | Y-Direction | Design of X-Direction | Design of Y-Direction |

Shear Force (Fu) Strip Section And Columns Load (Nu) |! Run Analysis x‘s"il’il
L (m) Shear-L (kN) Shear-R (kN)
600 0.00 .00 138945 KN 262410 kN 264434KN 130202 kN
0.80 408.20 .981.25 l l l l l
530 1314.88 -1309.22 |
1030 1242.03 -1402.31 I - - e -
450 m 500 m 450 m 0.00 m
14.80 893.82 -408.20
15.60 0.00 0.00 X-Direction Strip
Bending Moment (Mu) Results For Design Strips
L - Mu(kN L +Mu(kN :
r i) b Sz Max Bending Moment (M-ve) | | 111430 INm
0.00 0.00 | 2.68 I 664.59
50 R 7T | 755 ‘ s Max Bending Moment (M+ve) | | 69490  iovm
530 -1052.07 | 12.99 | 694.90 Max Shear Force (V) I [T132063 ¥
1030 -1114.30 | |
14.80 .139.08 Save Results Display Diagram |
A5 > Clear Analysis Result I

Figure B.27: Shear Force and Bending Moment Result of X-Strip
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RAFT FOUNDATION X
Strips Data | X-Direction Y-Direction | Design of X-Direction | Design of Y-Direction |
Shear Force (Fu) Strip Section And Columus Load (Nu) Run Analysis Y'S"'il’l
L(m)  ShearL(kN) ShearR (kN)

050 406.87 82942 123630KN 247693 KN 2651L53KN  267586KN  143638KN

518 1395.67 -1081.26 l l l l l

9.80 127098 | 138085 | [} =

1530 1416.70 -1259.16 - -4 ~ -

438 m 463 m Ef0m 450 m
19.80 1029.50 406,87
Y-Direction Strip

20.60 0.00 0.00

Bending Moment (Mu) Results For Design Strips
L - Mu(kN L + Mu(kN

(m) () (=) e Max Bending Moment (M-ve) l [W -

0.00 0.00 243 645.85

0.80 J117.60 1251 18437 Max Bending Moment (M+ve) I I 76362 KNm

518 -1099.43 730 763.62 [ ‘Max Shear Force (V) ] (132963 W~

9.80 -1263.71 17.78 711.68

1530 966.93 Save Results Display Diagram |

19.80 -209.58 Clear Analysis Result l

20.60 0.00

Figure B.28: Shear Force and Bending Moment Result of Y-Strip

RAFT FOUNDATION x

Strips Data I X-Direction | Y-Direction Design of X-Direction ]Design of Y-Direction I

Bottom Reinforcement Steel

Effective Depth (d
Max Bending Moment(M-ve) 111430 247.62  ;nNpm peh (D) 30 R

K | | 0.007 s 3718.92 Samm | 250.00 g mmim No of Bars |
z | | 788.5 A 1170.00  Sqmm e

Top Reinforcement Steel

Max Bending Moment(M+ve) 694.90  Nm 15442 LNm/m

K | | 0.061 AS 231919  Sgmm | 51538  Sqmmim -
z | | 788.5 A= min 1170.00  Sqmm

Shear Stress

Concrete Shear Strength |

[
Ultimate Force ( Nu) | I 2644.34 kN  Max Shear Force(Veff) | 2331.45 kN

. Concrete Shear Strength (v) 4.0 MPa
Critcal Perimeter (U) At1.5d

| perimeter (U)
w (Um) I 1500.0 mm I 215 MPa (Um) ] 11460.0 mm I 021 N\Pa| Corncrete Shear Strength (vc) 0371 M\Pa
We || 15000 mm | 215 apa e [ 105700 mm [ 027 pa
Ckeck Atl.5d From Column Face |

o ] 1500.0 mm | 215 Mpa (U9 ] 9680.0 mm | 029 AfPa
Shear Stress (v ) |

Figure B.29: Results of Design Strips and Shear Stress Calculations in X-Direction

Check At Column Face |
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RAFT FOUNDATION X

Strips Data I X-Direction I Y-Direction I Design of X-Direction Design of Y-Direction I
Bottom Reinforcement Steel
Max Bending Moment(M-ve) 1263.70 Nm 266.04 1Nm/m

K 0.110 421753  Sqmm I 887.90 Sgmm/m No of Bars |
7 1170.00  Sqmm 14

Top Reinforcement Steel

Max Bending Moment(M+ve) 763.62  1Nm 160.76 KNm/m
No of Bars I
o 067 226459  Sqmm 47676 Sqmmi
m |—8
z A anin 1170.00  Sqmm

Shear Stress

Ultimate Force ( Nu) | 2675.86 kN  Max Shear Force(Veff) | 2280.44 kN

Effective Depth (d) 830 mm

éConcrete Shear Strength I

! Concrete Shear Strength (v) 4.00 MPa
perimeter (U) Critcal Perimeter (U) ‘

(Um) 1500.0 mm 215 MPa (Um) | 11460.0 mm 20 MPa|Concrete Shear Strength (vc)| 9371 MPa
1500.0 2.15 y\p. | 10570.0 026 \fPa

(Ue) I e I =5 b [ Ckeck Atl.5d From Column Face I

9 1500.0 mm 215 Mpa (U9 || 9680.0 mm I 28 APa

Check At Column Face I

Figure B.30: Results of Design Strips and Shear Stress Calculations in Y-Direction

Strips Data ] X-Direction ] Y-Direction Design of X-Direction ]Design of Y-Direction I
Bottom Reinforcement Steel
Effective Depth (d) |
Max Bending Moment(M-ve) 111430 o, 24762 1 Npim i 830" |jle==

x | [ a | [371892 samm [ 25000 gqmum NoofBars |
z 788.5 Asminl | 1170.00  Sqmm 12

Top Reinforcement Steel

Max Bending Moment(M+ve) 69490  Nm 15442 LNm/m

No of Bars I

Microsoft Excel X
K 0.061 As
8
A 788.5 As mit Punching Shear Stress Is O.K For Concrete Shear Strength(Vc)

Shear Stress -

| OK |
Ultimate Force ( Nu) | I 2644.34

Concrete Shear Strength (v) 4.00 MPa
. Critcal Perimeter (U) At1.5d
‘ perimeter (U)

(Um) 1500.0 mm 215 MPa (Um) I 11460.0 mm 021 MzPa| Concrete Shear Strength (\'C}I 0371  MPa

| 15000 mm | 215 ypa @e || 105700 mm | 027 MPa
| Ckeck Atl.5d From Column Face |

o) 1500.0 mm 215 Mpa  @Uo) “ 9680.0 mm I 029 Apa
Shear Stress (v ) |

pncrete Shear Strength |

Check At Column Face I

Figure B.31: Check Punching Shear Stress in X-Direction
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Strips Data I X-Direction ] Y-Direction I Design of X-Direction Design of Y-Direction |
Bottom Reinforcement Steel
Max Bending Moment(M-ve) | 1263.70  kNm 266.04 1 Nm/m

K 0.110 As I 421753 Sqmm 887.90 Sqmmim No of Bars l
7885 A< min I 1170.00  Sgmm I 14

Top Reinforcement

Effective Depth (d) 830 mm

Microsoft Excel X
Max Bending Mome I

N
,— Punching Shear Stress Is O.K For Concrete Shear St h
K 0.067 unching Shear Stress Is or Concrete Shear Strength(Vc) L
_‘ 8
Shear Stress

i i Concrete Shear Strength I
Ultimate Force ( Nu) | 2675.86 kN  Max Shear Force(Veff) | 2280.44 kN

L

Concrete Shear Strength (v) 00 MPa
‘ perimeter (U) Critcal Perimeter (U)
| (Um) I 1500.0 mm 215 MPa (Um) | 11460.0 mm 020 MPa|Concrete Shear Strength (vc )

1500.0 2.15 10570.0 0.26
€ mm MPa € mm MPa
| M I I &' | Ckeck Atl.5d From Column Face |

| (U0 l [ 15000 mm [ 215 apa o | | 96800 mm | 028 mpa
‘ Check At Column Face I
Shear Stress (v) |

Figure B.32: Check Punching Shear Stress in Y-Direction

0371 o

X-Direction ANALYSIS RESULT X
Dispaly Shear Force and Bending Moment I Shear Force Diagram LI

‘Shear force Diﬁgram (SFD) KN

1414.01 1335.67
961.20
438.98
l
L~
-438.98
-1055.23
-1407.93 -1508.03

Figure B.33: Display X-Strip Shear Force Diagram
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Y-Direction Analysis Diagram X

Dispaly Shear Force and Bending Moment | Shear Force Diagram ~
Shear Force Diagram (SFD) kKN

1358.27 1236.92 1378.74

2l 2 Xl A
7 =

-807.20 (
-1052.29 e

Figure B.34: Display Y-Strip Shear Force Diagram

X-Direction ANALYSIS RESULT X
Dispaly Shear Force and Bending Moment | Bending Moment Diagram ~|

X-Strip Bending Moment Diagram (B.M.D) kN.m

664.59 694.90
/\ 504.63 /\
— =
-197.63 -139.08
-1052.07 -1114.30

Figure B.35: Display X-Strip Bending Moment Diagram
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Y-Direction Analysis Diagram

Dispaly Shear Force and Bending Moment | Bending Moment Diagram ~|
Y-Strip Bending Moment Diagram (B.M.D) KNm

645.95 763.62 711.68

-V NV Y -

-966.93

-1099.43 -1263.71

Figure B.36: Display Y-Strip Bending Moment Diagram
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Appendix C:
SAFE Output and Results

C.1 SAFE Software Cases Study Output

The Appendix C are used for show result of SAFE Program. This appendix

contains printed output of Design of the cases Study as represent in chapter 3.

C.2 SAFE Software Middle Footing Analysis and Flexure and Shear
Design

For analysis and flexure design show results of Middle footing. Figure.C.1
displayed dimension of middle footing. Maximum soil Pressure at corners in
serviceability limit state (SLS) show in Figure.C.2 and Figure. C.3 displayed
design moment (M) in X Direction, and design moment (M,) in Y Direction show
that in Figure.C.4. in Figure.C.5 display area of steel in X Direction and area of
steel in Y Direction show in Figure.C.6. the punching shear for concrete shear
strength first check (failed) show in Figure.C.7. and change Overall depth of
footing, The O.K punching shear check for the design concrete shear strength show

in Figure.C.8
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Safe Middle Footing Plan View
Figure C. 1: Middle Footing Plane View
-192.11 kN/m2

Middle Footing Maximum Soil Pressure At Corrners (SLS)

Figure C. 2: Middle Footing Maximum Soil Pressure at Corners (SLS)
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BS 8110-1997 Concrete Strip Design

Material Properties

Concrete Comp. Strength = 25 N/mm?2
Concrete Modulus = 23000 N/mm2
Longitudinal Rebar Yield = 460 N/mm2

Moment Diagram (kN-m)

-9.30

949
Momert (-) O u] u}
Moment (+) 360.2267 903.4003 362.6654

Middle Footing Design Moment (Mu) X-Direction

Figure C. 3: Middle Footing Design Moment (Mu) X-Direction

BS 8110-1997 Concrete Strip Design

Material Properties

Concrete Comp. Strength = 25 N/mm?2
Concrete Modulus = 23000 N/mm?2
Longitudinal Rebar Yield = 460 N/mm2

Moment Diagram (kN-m)

-8.186

1107
Moment (-) O u} u]
Moment (+) 324.2076 1053.8446 320.8568

Middle Footing Design Moment (Mu) Y-Direction

Figure C. 4: Middle Footing Design Moment Y-Direction
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Middle Footing Bottom Reinforcement (X-Direction)
o e e e e e

=]

H :

33m

+.
S S S
3.3 m

Max Top =0mm2at [Om, Om]; Max Bot = 3438377 mm2at [0.25m, Om]

Figure C. 5: Middle Footing Bottom Reinforcement (X-Direction)

Nliddle Footing Bottom Reinforcement (Y-Direction)

-
=

ArQuick Draw Be‘;ms,/'Lin.es h == —+= _i—
= i
= i
+
b
2l £ Ui
= 8
= 0
.
(1]
’s il —H
2 S S |

Max Top =0mm2at [ODm. Om]: Max Bot = 4102478 mm2 at [Om. 0.125 m]

Figure C. 6: Middle Footing Bottom Reinforcement (Y-Direction)
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BS 8110-1997 Punching Shear Check & Design

Load Punching Check

Avg. Eff. Slab Thickness = 434 mm

Eff. Punching Perimeter = 1500 mm

Cover =66 mm

Conc. Comp. Strength = 25 N/mm2
Reinforcement Ratio = 0.0037

Section Width %-22 = 500 mm

Section Width %-33 = 250 mm

Gamma_v2 = 0.320377

Gamma_v3 = 0.4852381

Moment Mu2 = -45.8889 kN-m

Moment Mu3= 23.0838 kN-m

Shear Force = -2705.806 kN

Unbalanced Moment Mu2 = -14.7018 kN-m
Unbalanced Moment Mu3= 11.2021 kN-m
Mayx Design Shear Stress = 4.25963 N/mm2
Conc. Shear Stress Capacity = 0.464629 N/mm?2

Punching Shear Ratio = 1.06 Column Punching Perimeter

Middle Footing Punching Shear Check (Failed)

Figure C. 7: Middle Footing Punching Shear for concrete shear strength check (failed)

BS 8110-1997 Punching Shear Check & Design

Load Punching Check

Avg. Eff. Slab Thickness = 684 mm

Eff. Punching Perimeter = 9708 mm

Cover =66 mm

Conc. Comp. Strength = 25 N/mm?2
Reinforcement Ratio = 0.0015

Section Width x-22 = 2552 mm

Section Width x-33 = 2302 mm

Gamma_v2 = 0.3587694

Gamma_vd = U.412433

Moment Mu2 = -21.3992 kN-m

Moment Mu3= 11.8671 kN-m

Shear Force = -1112.953 kN

Unbalanced Moment Mu2 = -8.2963 kN-m
Unbalanced Moment Mu3= 4.8944 kN-m
Max Design Shear Stress = 0.168341 N/mm2
Conc. Shear Stress Capacity = 0.304338 N/mm?2

Punching Shear Ratio = 0.55 Column Punching Perimeter

Middle Footing Punching Shear Check (0.K)

Figure C. 8: Middle Footing Punching Shear for concrete shear strength check (0.K)
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C.3 SAFE Software Combined Footing Analysis and Flexure and
Shear Design

For analysis and flexure design show results of combined footing. Figure.C.9
displayed dimension of combined footing. Maximum soil Pressure at corners in
serviceability limit state (SLS) show in Figure.C.10, and Figure.C.11 displayed
design moment (M) in X Direction, and design moment (M) in Y Direction show
that in Figure. C.12. in Figure. C.13 display area of steel in X Direction and area
of steel in Y Direction show in Figure.C.14. The punching shear for concrete shear
strength first check (failed) show in Figure.C.15. and change Overall depth of
footing, The O.K punching shear check for The design concrete shear strength

show in Figure. C.16.

& 4.2 m

4

Safe Combined Footing Plan View

Figure C. 9: Combined Footing Plan View
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Combined Footing Max Soil Pressure At Corner (SLS)

Figure C. 10 : Combined Footing Maximum Soil Pressure at Corner (SLS)

BS 8110-1997 Concrete Strip Design

Material Properties

Concrete Comp. Strength = 25 N/mm2
Concrete Modulus = 22540 N/mm?2
Longitudinal Rebar Yield = 460 MN/mm?2

Moment Diagram (kN-m)

-269.5
o Bz W
168
Moment (-) -95.2233 -256.663 -65.9083
Moment (+) 81.8515 ] 112.9646

Combined Footing Design Moment (Mu) X-Direction

Figure C. 11 : Combined Footing Design Moment (Mu) X-Direction
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BS 8110-1997 Concrete Strip Design
Moment Diagram {(kN-m)
58 = -
343
Momert (-) 0 0 0
Moment (+) 80.5012 3259778 80.5012
Combined Footing design Footing ( Mu) Short Direction

Figure C.12 : Combined Footing Design Moment (Mu) Y Direction

Combined Footing Top and Bottom Reinforcement (X- Direction)

42m

all = S T —

252m

i | IS

el gty 11

Max Top = 1570.069 mm2 at [1.25m, Om]; Max Bot = 987.142mm2 at [2.75m, O m]

Figure C.13: Combined Footing Top and Bottom Reinforcement (X- Direction)
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Combined Footing Bottom Reinforcement (Y- Direction)

42m
l‘z‘l
,:,'__L i__ ,-Tf e }f"
_:I\-i
all £
| o
ps [ o
o N L o b |

Max Top =0mm2 at [0 m, O m]; Max Bot =2222.81 mm2at [25m, 0.125 m]

Figure C.14: Combined Footing Bottom Reinforcement (Y- Direction)

BS 8110-1997 Punching Shear Check & Design

Load Punching Check

Avg. Eff. Slab Thickness = 284 mm

Eff. Punching Perimeter = 4308 mm

Cover =66 mm

Conc. Comp. Strength = 25 N/mm2
Reinforcement Ratio = 0.0038

Section Width x-22 = 1352 mm

Section Width x-33 = 1102 mm

Gamma_v2 = 0.375734

Gamma_y3 = 0.424767

Moment Mu2 = 1.159E-008 kN-m

Moment Mu3= 36.7557 kN-m

Shear Force = -936.255 kN

Unbalanced Moment Mu2 = 4. 354E-009 kN-m
Unbalanced Moment Mu3= 15.6126 kN-m

Max Design Shear Stress = 0.68694 N/mm?2
Conc. Shear Stress Capacity = 0.536277 N/mm2
Punching Shear Ratio=1.28 Column Punchi_ng Perimeter

Combined Footing Punching Shear Check ( Failed )
Figure C 15: Combined Footing Punching Shear for concrete shear strength check

(failed)
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BS 8110-1997 Punching Shear Check & Design

Load Punching Check

Avg. Eff. Slab Thickness =534 mm

Eff. Punching Perimeter = 7908 mm

Cover =66 mm

Conc. Comp. Strength = 25 N/mm2
Reinforcement Ratio = 0.0011

Section Width x-22 = 2102 mm

Section Width %-33 = 1852 mm

Gamma_v2 = 0.384906

Gamma_v3 = 0.415286

Moment Mu2 = 1.6E-008 kN-m

Moment Mu3= 295.8914 kN-m

Shear Force = -359.986 kN

Unbalanced Moment Mu2 = 6.158E-009 kN-m
Unbalanced Moment Mu3= 122.8797 kN-m

Max Design Shear Stress = 0.108815 N/mm?2
Conc. Shear Stress Capacity = 0.312402 N/mm2
Punching Shear Ratio = 0.35 Column Punching Perimeter

Combined Footing Punching Shear Check (0.k)

Figure C. 16:Combined Footing Punching Shear for concrete shear strength Check (O.K)

C.4 SAFE Software Raft Footing Analysis and Flexure and Shear
Design

For analysis and flexure design show results of Raft footing. Figure.C.17 displayed
dimension of Raft footing. Maximum soil Pressure at corners in serviceability limit
state (SLS) show in Figure.C.18, and Figure. C.19 displayed design moment (M)
in X Strip, and design moment (M) in Y Strip show that in Figure.C.20. in
Figure.C.21 display area of steel and flexural design in X Strip, and area of steel
and flexural design in Y Strip show in Figure.C.22. The punching shear for
concrete shear strength first check show in Figure.C.23. and change Overall depth
of footing, The O.K punching shear check for The design concrete shear strength
show in Figure.C.24.
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Safe Raft Footing (Mat) Plan View

Figure C. 17 : Raft Footing Plan View
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i <98 63 kN/m?2
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Raft Maximum Soil Pressure At Corner (SLS)

Figure C. 18: Maximum Soil Pressure at Corners in Serviceability Limit State (SLS)
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Bending Moment Diagram in X-Strip kN.m

2 2 2 2

A B c D

595:9:';‘373
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—_ AT w \ T A1 lllé,l“

F

Figure C. 19: Bending Moment Diagram in X-Strip

Bending Moment Diagram in Y-Strip kN.m

1 2 3 4 5 6

c c c c c

_A[ mmh | mh 0 fI “l} | 1[” H \

Figure C. 20: Bending Moment Diagram in Y-Strip
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Flexural Design for X-Strip

2 2 2 2
i A B v D
all | /i—ﬂ'-m.\ ST Py |
B U LA RN p ™ ATV I
880l853 5234 649" N B627 1¢ é 8671469
Max Top = 1997.364 mm2 at [1.65238 m, 4.375 m]; Max Bot = 3622.198 mm2 at [9.5m, 4.375 m]
Figure C. 21: Area of Steel and Flexural Design for X-Strip
Flexural Desgin for Y-Strip
M (1 2 3 ) 4 5 6
e (¢ C ¢ ) C C C
I i 5 e T ""T'ITT\ T e :
I ’ {f’ll)/g I]}\ mm A 5 9IL 6 A l ﬁ :D»,y '
GOc+68 % J& g BOC-HE6
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Max Top = 2311.688 mm2 at [9.5m, 17.3121 m]; Max Bot = 3729.292 mm2 at [3.5m, 9.10202 m]

Figure C. 22 :Area of Steel and Flexural Design for Y-Strip
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Figure C. 23: Raft Footing Punching Shear for concrete shear strength check
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BS 8110-1997 Punching Shear Check & Design

Load Punching Check

Avg. Eff. Slab Thickness = 830 mm

Eff. Punching Perimeter = 7330.2 mm

Cover=70 mm

Conc. Comp. Strength = 25 N/mm?2

Reinforcement Ratio = 0.0000

Section Width x-22 = 2990 mm .
Section Width -33 = 2170.1 mm

Gamma_v2 = 0.362226

Gamma_v3 = 0.439002

Moment Mu2 = -2115.2817 kN-m

Moment Mu3= -9.8539 kN-m

Shear Force = -931.284 kN

Unbalanced Moment Mu2 = -766.2103 kN-m
Unbalanced Moment Mu3= -4.3259 kN-m

Mayx Design Shear Stress = 0.254516 Nfmm?2
Conc. Shear Stress Capacity = 0.279788 N/mm2
Punching Shear Ratio = 0.91 Column Punching Perimeter

Raft Maximum Column Punching Shear Check (0.K)

Figure C. 24: Raft Footing Maximum Punching Shear for concrete shear strength Check
(0.K)
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