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ABSTRACT

The purpose of this study is to develop a computer program that can be used for analysis and
design of a reinforced concrete beam sections based on the new Ethiopian building code, and
also that can optimize double reinforced rectangular beam section. The computer program is
developed in MATLAB programming language and graphical user interface is incorporated in
the program by following procedures reuired for design problem by satisfying design criteria
set by the code (ES EN 1992-1-1:2015). The program incorporate simple interface for section
analysis and design of reinforced concrete rectangular, T or inverted L and trapezoidal beams
for flexure and rectangular beam with vertical and inclined stirrup for shear, torsion and
combined effect of shear with torsion that will help the designers to save time, minmize effort
and avoid calculation error that commonly occur. A graphical user interface developed for
flexure is programed for a particular beam cross-section dimensions and material properties
satisfiying stress-strain compatibility and equilibrium on the basis of rectangular-parapolic
stress distibuiton for rectangular beam and on the basis of equivalent rectangular stress
distribution for T or inverted L and trapezoidal beam section. Finally, the moment resistance
(Mrg) and area of reinforcement required to resist a design moment are determined. The two
graphical user interface; for shear programmed based on truss model and for torsion
programmed by considering beam as equivalent thin-walled sections. Using this interface
design shear resistance of concrete (Vrdc), design shear resistance (Vrg), design torsion
resistance of concrete (Trac) and design torsion resistance (Trd) for rectangular reinforced
concrete beam section with vertical or inclined stirrup is determined. Using graphical user
interface combined effect of shear with torsion is also checked for rectangular beam with
vertical and inclined stirrup. Dimensions of beam cross section, area of reinforcement, size of
stirrup and spacing of stirrup are selected by satisfying design criteria for shear, torsion and
combined effect respectively. Finally, application of the user interface is demonstrated with
example for analysis and design of reinforced concrete beam section for flexure, shear, torsion

and combined effect of shear with torsion .

Key Words: analysis, design, moment resistance, shear resistance, torsion

reistance,optimization, MATLAB
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1. INTRODUCTION

1.1 Background of the Study

Concrete and reinforced concrete are used as building construction materials in every country
including our country Ethiopia. Reinforced concrete is a dominant structural material in
engineering construction but it needs to be analyzed and designed properly before construction
to act as structural member. The overall goal of analysis and design of reinforced concrete
structures is to construct most safe and efficient structure for the intended purpose. This can be
attained for a part of structural member like beam to follow the principle provided in the design
code standard. The new Ethiopian building code define beam as it is a member for which the
span is not less than 3 times the overall section depth. Otherwise it should be considered
as a deep beam. Reinforced concrete beams are not homogeneous in that they are made of two
entirely different materials thus the methods used in the analysis and design of reinforced
concrete beams are therefore different from those used in the design or investigation of beams
composed entirely of steel, wood, or any other structural material but fundamental principles
involved are, however, essentially the same (Darwin, et al., 2004). Applied loads and self-
weight of beam resisted basically by internal bending or flexure and shear (Macgregor & Wight,
2012). According to Macgregor and Wight (2012) there are two different types of problems
arise in the study of reinforced concrete:

1. Analysis: Given a cross section, concrete strength, reinforcement size and location, and yield
strength, compute the resistance or strength. In analysis there should be one unique answer.
2. Design: Given a factored design moment, select a suitable cross section, including
dimensions, concrete strength, reinforcement, and so on. In design there are many possible

solutions.

In reinforced concrete construction beam is casted monolithically with floor or roof slab, the
resulting beam in cross-section is either T for interior beam and inverted L for exterior or edge
beam. Also classified on the basis of reinforcement provision as single and double reinforced
section (Samuel, 2003).



As beam is the main structural part of building the failure has enormous impact on the safety
and stability of building, so careful attention needs to be given during analysis and design.
MATLAB programming languages is used as tool for analysis and design of reinforced concrete
beam sections. Since the syntax and procedures to write script for the program is simple as
compared to other programming language due to this it is selected to develop simple and easy
graphical user interface for analysis and design of reinforced concrete beam sections.
MATLAB allows matrix manipulations, plotting of functions and data implementation of
algorithms and creation of user interfaces. The MATLAB application is built around the
MATLAB scripting language. Common usage of the MATLAB application involves using the
Command window as an interactive mathematical shell or executing text files containing
MATLAB code (Houcque, 2005).

1.2 Statement of the Problem

Reinforced concrete structures consist of a series of members that interact to support the loads
placed on the structure.Therefore, safety and strength of every buildings or structures depends
on stability and strength of individual structural components like beam, column, slab and their
interaction. Beam is one of basic structural member which carries transverse load and transfers
it to supporting column. Design of structural members using hand calculation is tedious. In
addition to this design of beam using structural software is possible, but it requires training and

clear understanding of the software interface to use it to accomplish the task needed.

To minimize the effort a computer program is necessary. Thus the program has integrated a

simple graphical user interface developed in MATLAB programming languages.

1.3 Objective of the Study

1.3.1 General Objective
e Todevelop a computer program using MATLAB that can analyse and design reinforced

concrete beam sections.

1.3.2 Specific Objective
e To develop a computer program using MATLAB that can be used to design different

reinforced concrete beam sections, such as rectangular, T, inverted L and trapezoidal


https://en.wikipedia.org/wiki/Command_line_interface

sections for flexure and for rectangular beam section with vertical and inclined stirrup
for shear, torsion and combined effect of shear with torsion.

To estimate flexural resistance of reinforced concrete beam section, such as rectangular,
T or inverted L and trapezoidal beam.

To estimate shear resistance of rectangular reinforced concrete beam section with
vertical and inclined stirrup.

To estimate torsional resistance of rectangular reinforced concrete beam section with
vertical and inclined stirrup.

To develop program for cost optimization of double reinforced rectangular beam section.

1.4 Scope of the Study

The developed graphical user interface is used to analysis and design only prismatic
reinforced concrete beam sections such as rectangular, T or invrted L, tarezoidal beam
subjected to flexure and rectangular section with vertical and inclined stirrup subjected
to shear,torsion and combined shear with torsion.

The developed Optimization program is used only for simply supported beam and
rectangular double reinforced concrete beam section.

Normal strength concrete is considered according to table 1.1.

The grade of reinforcement is considered from S260 to S600 according to table 1.2.

The size of reinforcement that used is stated in table 1.3.

Table 1.1: Grade of concrete

Grade 12/15 | 16/20 | 20/25 | 25/30 | 30/37 | 35/45 | 40/50 | 45/55 | 50/60

fck(MPa) |12 |16 |20 |25 |30 |35 |40 |45 |50

fek,cube (MPa) | 15 20 25 30 37 45 50 55 60

fetm (MPa) | 1.6 1.9 2.2 2.6 2.9 3.2 3.5 3.8 4.1

82 (0/00) 20

SCUZ (0/00 ) 35




Table 1.2: Grade of reinforcement

Grade | S260 | S300 | S360 | S400 | S460 | S500 | S560 | S600
Fyk | 260 | 300 | 360 | 400 | 460 | 500 | 560 | 600
Table 1.3: Size of Reinforcement
s E
35 6 |8 |10 |12 |14 |16 |18 |20 |22 |24 |26 |30 |32 |34 |40
n I
O
~ | @lv oy (g (x| 2 (I35 2|5
< ¥ |83 |9 8|88 8|8 |83 |R |8 8
= £
< =




2. LITERATURE REVIEW

2.1 Over view

Programming the computer is the art of producing code in a standard computer language to
control the computer for calculations, data processing, or controlling a process using
programming languags such as FORTRAN, BASIC, Java and MATLAB (Urroz, 2002).

MALTAB (matrix laboratory) is a multi-paradigm numerical computing environment and
fourth-generation programming language. A proprietary programming language developed by
Math Works ®, MATLAB allows matrix manipulations, plotting of functions and data
implementation of algorithms, creation of user interfaces and interfacing with programs written
in other languages, including C, C++, C#, Java, FORTRAN and Python. Although MATLAB
is intended primarily for numerical computing, an optional toolbox uses the MuPAD symbolic
engine, allowing access to symbolic computing abilities. An additional package, Simulink, adds
graphical multi-domain simulation and model-based design for dynamic and embedded
systems. In 2004, MATLAB had around one million users across industry and academia.
MATLAB is used in mathematics and computer science. Cleve Moler, the chairman of the
computer science department at the University of New Mexico, started developing MATLAB
in the late 1970s. He designed it to give his students’ access to LINPACK and EISPACK without
them having to learn FORTRAN. It soon spread to other universities and found a strong
audience within the applied mathematics community. Jack little, an engineer, was exposed to it
during a visit Moler presentation made to Stanford University in 1983. Recognizing its
commercial potential, he joined with Moler and Steve Bangert. They rewrote MATLAB in C
and founded Math Works in 1984 to continue its development. These rewritten libraries were
known as JACKPAC. In 2000, MATLAB was rewritten to use a newer set of libraries for matrix
manipulation, LAPACK (wikipedia, 2017).

2.2 Benefit of Using MATLAB

The selection of MATLAB programming for this thesis is for the fact that the MATLAB
enviroment is user-friendly because of this the objective of program is to spend time in learning

the physical and mathematical principles of a problem but not to spend too many times learning



about the programming language. The term friendly is used in the following sense that
MATLAB software executes one instruction at a time. By analyzing the partial results and based
on these results, new instructions can be executed that interact with the existing information
already stored in the computer memory, without the formal compiling required by other
competing high-level computer languages (Kalechman, 2009).

The effective and easy to use computing environment of MATLAB along with availability of a
large number of helpful MATLAB built-in functions has rendered it the popular tool of choice
for many educators in various engineering fields. Using the MATLAB interactive environment,
programs placed in script files can easily be created and edited to perform the desired

computations and to generate the needed output (Das & Navaee, 2002).

MATLAB is an interactive system whose basic data element is an array that does not require
dimensioning. This allows solving many technical computing problems, especially those with
matrix and vector formulations, in a fraction of time it would take to write a program in a scalar
non interactive programming language, such as C or FORTRAN (Moler, 1996).
MATLAB has several applications including:

e Math and computation

e Algorithm development

e Modeling, simulation and prototyping

e Data analysis, exploration and visualization

e Scientific and engineering graphics

e Application development, including graphical user interface building

2.3 Available Computer Oriented Program on Analysis and Design of Structural
Members

Different researcher’s worldwide showed their effort for analysis and design of structural
members on MATLAB. Some of these works are:

MATLAB design modules that are incorporated for reinforced concrete design based on the
ACI code were developed and implemented. The main objective of the modules is to improve
students’ computational skills for solving routine design calculations without compromising the

theoretical understanding of the subject matter (Urgessa, 2011).



Finite element formulation for eight noded brick element performance on beam element was
checked for non-flexure and flexure loading conditions. MATLAB code were developed to find
the deflection at the nodal points using eight noded brick element. It was found that in case of
flexural model on beam member, the standard linear eight noded brick element has given poor
results due to the missing of higher order shape function. Therefore, the above eight noded brick
element was modified further in this work using the incompatible element. The results obtained
from MATLAB using incompatible element then compared with STAAD Pro and ANSYS
software (Dewangan & Mandal, 2017).

The analysis of simple supported beam subjected to only point load or only uniformly
distributed load or mix load (both point load and uniformly distributed load ) were done using
MATLAB programming language. The shear force and bending moment were obtained by
interactining with the developed graphical user interface (Venkatesh & Vivek, 2015).

Seismic analysis done using equivalent lateral force method based on IS 1893:2002 after
analysis of a structure in STAAD-PRO software was completed, the maximum shear force and
bending moment in the column, beam and slab were noted. Using the output from analysis
MATLAB were programmed to give the required area of reinforcement, size for footing,
column, beam and slab were properly designed (Harle, 2017).

A computer program were developed for analysis of continuous beam considering various types
of member loads with MATLAB software based on the matrix stiffness method of structural
analysis. Joint displacements, member end forces and support reactions are some of the output
from the analysis of the program. Analysis of beam structure also checked with SAP 2000
software. Then, the results of analysis with MATLAB software were compared with the results
obtained from SAP2000 software (Htwe & Khaing, 2014).

Beam stresses and deflections should be within the material allowable limits and therefore
analysis of beam design is essential. For simply supported and cantilever beam subjected to
point load and uniformly distributed load a quick and efficient way of analyzing beam design
were developed with MATLAB code which can be used to solve beam design problems faster
and errorless (Gajendra, et al., 2014).

A program were developed for design of reinforced concrete elements using MATLAB
Programming language. The program is based on IS 456:2000 which helps to design beam, slab

and column by taking analysis output from structural software (Bama & Priya, 2014).



A computer program were developed in MATLAB for analysis of beam based on finite element
method. This program used to determine beam displacements or response of structural systems
to both static and dynamic loading conditions (Saglar, 2009).

The analysis and design of flat slab were done using MATLAB Programming language for easy
application of design of flat slab by reviewing design methods based on IS: 456-2000, NZ-3101-
2006, Eurocode2-2004 and ACI-318-2008 design codes, After getting all the results of various
codes with MATLAB such as bending moment, thickness of slab and quantity of reinforcement.
The result obtained from each code compared eachother to select best way of practicing analysis
and design of flat slab (Dahake, et al., 2016).

The nonlinear behavior of building structure subjected to seismic loading, considering torsional
effect 1S:1893 (Part 1)-2002 used dynamic analysis. Time history analysis carried out and
response quantities viz. natural time period, base shear, torsional moment, displacement were

obtained using MATLAB programming language (Awari, et al., 2016).
2.4 Computer Programs for Optimisation of Reinforced Concrete Beam

The optimisation of reinforced cement concrete doubly reinforced beam subjected to imposed
load had been done. In this work the principle design objective is to minimise the total cost of
beam after full filling all the requirements according to IS 456:2000 ( Singh & Rai, 2014).
Genetic algorithms (GA) for the optimum cost design of reinforced concrete continuous beams
based on the standard specifications of the American Concrete Institute was used . The produced
optimum design satisfies the strength, serviceability, ductility, durability, and other constraints
related to good design and detailing practice (Najem & Yousif , 2013)

To demonstrates application of the genetic algorithm to the design of reinforced concrete
continuous beam. Genetic algorithm was used to find out the depth and width of the beam, the
number and diameter of bars and the diameter and spacing of stirrups. A program is created
based on genetic algorithm to carry out the design in MATLAB ( Alex & Kaottalil , 2015)
Optimum design of simply supported doubly reinforced beams with uniformly distributed and
concentrated load had been done by incorporating actual self weight of beam, parabolic stress
block, moment-equilibrium and serviceability constraints besides other constraints. The

optimization techniques in general enable designers to find the best design for the structure



under consideration. In this particular case, the principal design objective is to minimize the
total cost of a structure ( Bhalchandra & Adsul , 2012).

The application of Genetic Algorithms for the design of continuous reinforced concrete T and
L beams was based on the recommendations of the current Australian design standards. This
optimisation problem was implemented by writing a computer program using MATLAB. This
computer program is composed of two modules, one for structural analysis and design of the
beams and the second for calculating their optimum solution using the genetic algorithm code
(Hadi, 2001).

Even though the above programs are used for analysis and design of structural members or
elements including beam, they are not applicable for design purpose in our country because they
are not based on the current Ethiopian building codes of standard. Therefore the aim of this
research is to develop MATLAB program that integrate simple and friendly graphical user
interface which minimize the effort that needed for design of reinforced concrete beam sections,

and also that optimize simply supported rectangular double reinforced concrete beam section.



3. MATERIALS AND METHODS

3.1 Materials

3.1.1 MATLAB

MATLAB is an interactive system for matrix-based computation and a high performance
language for technical computing designed for scientific and engineering uses. It integrates
computation, visualization and programming for an easy way use environment where problems

and solutions are expressed in familiar mathematical notations (Houcque, 2005)

In recent years with significant improvements in computer science especially in the area of
software application programming for human-computer interaction new display and interface
design techniques were developed resulting in graphical user interface programs. MATLAB is
one of the computer program which used to develop graphical user interface that enable the user
to interact with the computer through graphical icons, toolbars, buttons and other user-friendly
tools. Enhancing the structural analysis software with a graphical user interface allows engineers
to conveniently set up finite element models in a graphical workspace and facilitates the process

of selecting the analysis options thus reducing the possibility of errors and saving time.

3.1.2 MATLAB Graphical User Interface

MATLAB is well known for its numerical problem solving power. One way of solving
numerical problem is using MATLAB graphical user interface. A graphical user interface (GUI)
is a graphical display in one or more windows containing controls, called components, that
enable a user to perform interactive tasks. The user of the GUI does not have to create a script
or type commands at the command line to accomplish the tasks. Unlike coding programs to
accomplish tasks, the user of a graphical user inteface need not understand the details of how
the tasks are performed.

Traditionally programs written by engineers have very simple interfaces, and often only the
author is the one who uses the program once it is completed. There are occasions where a more
sophisticated user interface, specifically a graphical user interface (GUI) is desired. Some of

these are:
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e Wishing to have a nontechnical, person use your programs to perform some ongoing
data analysis task, etc.

e Desire to share your tool program with other members of your work group, but want the
interface to be friendly

e Hope of writing a utility function for your own use and simplify tasks.

e Third-party developer of tools for the MATLAB user community.

3.1.2.1 Buttons Used for Devlopment of Graphical User Interface (GUI)
In MATLAB graphical user interface (GUI) is developed using MATLAB GUIDE. GUIDE is

an abbreviation for MATLAB Graphical User Interface Development Environment which
provides a set of tools for creating graphical user interfaces (GUIs). These tools greatly simplify
the process of laying out and programming GUIs. Basic GUI components used in these research
are:

e Push button

e Radio button

e Ul editable text
e Ul static text

e Pop-up menu

e AXes

3.1.3 Design Code Selection

The analysis and design of beam, like other civil engineering structures or structural members,
is dependent on certain design codes. Design of beam require a set of rigorous design
specifications to ensure the safety and overall quality of the overall structures.

Design and construction of concrete structures in Ethiopia was first referenced to Ethiopian
building codes of standard (EBCS-2, 1995) since it is national concrete design code throughout
the country. But in recent time in Ethiopia, the code is renewed structural engineers are strongly
recommended to have a good reference of the most recent version of these code ES EN 1992-

1-1:2015 while designing and constructing bulding structure in the country.
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3.2 Methods

3.2.1 Optimization Technique

The genetic algorithm (GA) is a heuristic search technique based on the mechanics of
natural selection developed by John Holland. Koza provides a good definition of a GA: The
genetic algorithm is a highly parallel mathematical algorithm that transforms a set
(population) of individual mathematical objects (typically fixed-length character strings
patterned after chromosome strings), each with an associated fitness value, into a new
population (i.e. the next generation) using operations patterned after the Darwinian principle
of reproduction and survival of the fittest and after naturally occurring genetic operations
( Singh & Rai, 2014).

e Genetic algorithms use a population of points at a time in contrast to the single-point
approach by the traditional optimization methods. That means, at a given time, Genetic
algorithms process a number of designs.

e Genetic algorithms do not require problem-specific knowledge to carry out a search. For
instance, calculus-based search algorithms use derivative information to carry out a
search. In contrast to this, Genetic algorithm are in different to problem-specific
information.

e Genetic algorithms work on coded design variables, which are finite length strings.
These strings represent artificial chromosomes. Every character in the string is an
artificial gene. Genetic algorithms process successive populations of these artificial
chromosomes in successive generations.

e Genetic algorithms use randomized operators in place of the usual deterministic ones.

3.2.2 Steps for Development of Program using MATLAB for Reinforced Concrete Beam
Sections

First the graphical user interface window created which needed for analysis and designing of
reinforced beam sections. Next, as soon as the figure file is saved automatically an editor is

displayed where the scripts program is typed.
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In the second step a program script that accept input arguments and return output arguments in
the graphical user interface window is created using editor. Once the code or function is typed

the file is saved as M-file function or M-file scripts.

Third step for input and output variables in the M-file scripts of the graphical user interface
value is assigned. The variables that are used in the calculations within the M-file must have
assigned values for example, for reinforced concrete beam sections values that need to be

assigned includes:

e Material properties

e Geometric features and different parameters of reinforced concrete beam section

When the developed graphical user interface window is run MATLAB automatically generates
a graphical user interface window. Then the required commands are executed in the user
interface to obtain all the necessary parameters of reinforced concrete beam section analysis and

design output such as:

e Size of cross-section of beam
e Area of reinforcement

e Moment resistance

e Shear resistance

e Torsional resistance

Finally to advance the practice of this program, a graphical user interface application is created
using MATLAB application compiler. The created application has one main user interface
window which consisted of six other user interface. The main interface window for analysis and
design of reinforced beam sections opened when double clicking on the created short cut of the
application. The other six user interface opened when selecting the radio button for the respective
analysis and design problem as shown in Figure 3.1 below. The user interface window shown
in Figure 3.2 below is a sample graphical user interface window for rectangular reinforced
concrete beam section. In this interface to assist in understanding of what are the variables of
the static boxes, edit boxes and pushbutton are referring to, a side view of a typical beam cross-

section with description of the variables is integrated in the user interface window. The
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determination of section flexural resistance and design can be done in the same window where
the cross-sectional parameters and material properties are defined. This is done by following
the steps stated in the graphical user interface window. From Figure 3.3 - 3.7 shown below is
graphical user interface window for the remaining analysis and design problem of reinforced

concrete beam sections shown on main interface window of Figure 3.1.

14



- Main_interface window - o[ Ed

File

S48 \S09% 08

Program for Analysis and Design of Reinforced Concrete Beam Sections

Select type of analysis and design
O Rectangalar beam for flexure
() Torlaverted L beam for flexure whes flange In tension

" Torlaverted L beam for flexere whea flange In compression
) Trapezsidal beam for flexare

*) Beam for shear

" Beam far torsion

(") Beam for combined shear and torsion

Figure 3.1: Main interface window
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Figure 3.2: Graphical user interface window for rectangular beam
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Figure 3.3: Graphical user interface window for T or inverted L beam
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Figure 3.4: Graphical user interface window for trapezoidal beam
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Figure 3.5: Graphical user interface window for shear
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Figure 3.6: Graphical user interface window for torsion
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Figure 3.7: Graphical user interface window for combined effect of shear with torsion
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3.2.3 Flow Chart for Analysis and Design of Reinforced Concrete Beam Sections

For a particular concrete grade, steel grade and cross-sectional dimensions the neutral axis
located at x distance from the most compressed fiber of a cross-section (Figure 4.1), the
corresponding strain distribution category can be known. The limiting neutral axis depth for a
particular region can be described in terms of the ultimate strains in steel and concrete. For
different values of beam cross-sections, steel grade, concrete grade and neutral axis depth
parameters the moment resistance and area of steel required to resisist bending is evaluated. A
general representation of this process is shown on Figure 3.8 for the case of rectangular, T or
inverted L and trapezoidal reinforced concrete beam for flexure. Similarly graphical user
interface shown on Figure 3.9, Figure 3.10 and Figure 3.11 below is adopted for evaluating
parameters required for shear resistance, torsion resistance, to check combined effect of shear
with torsion respectively. Inaddition, it uses for selecting beam cross-sections and evaluating
area of steel provide for rectangular reinforced concrete beam with vertical or inclined stirrup
respectively. A general representation of this process is shown from Figure 3.9 to Figure 3.11
for the case of rectangular beam with vertical and inclined stirrup for shear, torsion and

combined effect of shear with torsion.
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®

Estimate MRd using

4.2C

®

Equation 4.19 or

Yes

v

Input bar size for compression

reinforcement

v

Estimate As prov
compression & d'

.

Estimate MRd using Equation

4.22

Inpvi Msd from analysis
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1

Estimate As req from
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Figure 3.8: Flow chart for design of beam and estimation of flexural resistance

As,min & As.max
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( start the progrm )

v

Input material properties

v

Irpur bersize fcarstinvp & “crg
tererc estimete Asw & Asl

v

Input beam x-section (bw & D)
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v

Calculate effective deptt

v
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4
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Figure 3.9: Flow chart for design of beam and estimation of shear resistance
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( start the progrir
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Input material properties
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v
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Figure 3.10: Flow chart for design of beam and estimation of torsion
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( start the progrmn )

v

Input material properties

Input bar size for stirrup & long. bar
and estimate Asw & Asl

v

Input beam x-section (bw & D)
& cover to reinforcement

v

Calculate effective
depth,t,Ax & vk

v

Calculate VRd,c using Equation 5.1 with minimum value obtained using
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v
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\ 4
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Figure 3.11: Flow chart for design and analysis of reinforced concrete beam section for
combined effect of shear with torsion
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3.2.4 Flow Chart for Design Optimization of Double Reinforced Concrete Rectangular

Beam Sections

| Call Input Data |

| Iterate through generations

Design the beam for flexure and shear for each
individual population

.

Calculate the objective function (cost) for every
individual in the population

eck for constraint violation. Is there an¥
violation?

Y es

|

Apply penalty function

Nc

|

- Produce the set of individuals of the new generation

re stopping criteria met

Y es
Nc l
(End, display the resuh)
— Iterate through generations

Figure 3.12: Flowchart for the developed optimization program

28



4. ANALYSIS AND DESIGN OF REINFORCED CONCRETE BEAM SECTIONS
FOR FLEXURE

4.1 Assumptions and Criterias in Analysis and Design

The analysis and design of reinforced concrete beam sections are carried out on the bases of
new Ethiopian Building Code Standard.

Unless specified exclusively the material properties and factor of safety for concrete and
reinforcement are taken according to (EN, 1992-1-1:2015).

e The modulus of elasticity of the reinforcement to be taken equal to the value of 200Gpa
for this study.

e The partial safety factors of materials used are: ac=0.85 is factor to account for long
term effects on the compressive strength and of unfavorable effects resulting from the
way the load is applied.

e yc=1.50 is the partial safety factor for the concrete.

e ys=1.15 is the partial safety factor for the reinforcement.

Therefore, the design values of material strength can be determined by dividing their
Characteristics strength by the corresponding safety factors.

4.1.1 Linear Elastic Analysis
Analysis of elements based on theory of elasticity may be used for both the serviceability and
ultimate limit states. For the determination of the action effects linear analysis may be carried

out assuming

e Uncracked cross sections
e Linear stress-strain relationships

e Mean value of the modulus of elasticity

This section applies to undisturbed regions of beams, slabs and similar types of members
for which sections remain approximately plane before and after loading. The basic
assumption made when deriving the expression for flexural strength of reinforced concrete

sections are
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e Sections perpendicular to the axis of bending that are plane before bending remains
plane after bending.

e The strain in the reinforcement is equal to the strain in the concrete at the same
level.

e The stress in the concrete and reinforcement can be computed from the strains by using
stress-strain curves for concrete and steel

e The tensile strength of the concrete is ignored.

The two main requirements that are satisfied during the analysis and design of reinforced

concrete beams are:

1. Stress and strain compatibility, which ensures that the stress at any point in a member must
correspond to the strain at that point.

2. Equilibrium, which ensures the internal forces must balance the external load effects.

4.1.2 Distribution of Strains and Stresses across a Section in Bending

thos Fea Fat Fed
T ] - ~ Y X -
P R e R, e ¢ : 0.8x ~—F_ =
? N.A
A
& ® (7 ®|l!
@ @ @ @ d' > Fs * Fs —* Fs * Fs . N
K =
by Strain  Trianoubar Stresses  Parabolic-Rectangulr Equivaknt  Force Resukant
‘ SUeses Rectangulbar
Stresses
W (b) ) ) (e)

Figure 4.1: Stress strain distribution of singly reinforced beam section

The theory of bending for reinforced concrete assumes that the concrete will crack in the regions
of tensile strains and that, after cracking, all the tension is carried by the reinforcement. It is also
assumed that plane sections of a structural member remain plane after straining, so that across

the section there must be a linear distribution of strains.

Figure 4.1 shows the cross-section of a member subjected to bending, and the resultant strain
diagram, together with three different type of strain distribution in the concrete:
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1. The triangular stress distribution applies when the stress is very nearly proportional to the

3.

strains, which generally occurs at the loading levels encountered under working conditions
and is ,therefore, used at the serviceability limit state.

The parabolic-rectangular stress block represents the distribution at failure when the
compressive strains are within the plastic range, and it is used in the ultimate limit state.
The equivalent rectangular stress block is a simplified alternative to the parabolic
rectangular distribution. And the above equivalent rectangular stress block applies for
rectangular, T and trapezoidal sections as shown on Figure 4.2.

Neuwral axs
i
A, A N
(0] 8 (2] 2 ® © @ o @ @ @ o 8
[0} (c] o] 9 ® o ® o ® © e o me
b e ~ : . Stra Foavakent Stresses
Remforced Concrete Beam Sections T80 b Stresses
(a) (b) (c) (d) (e)

Figure 4.2: Applicability of equivalent rectangular stress block to Rectangular (a),

Trapezoidal (b) and T- section (c).

4.2 Types of Flexure Failure

There are three types of flexural failures of reinforced concrete section: tension, compression

and balanced failures. Knowing the types of failures may help us to choose the desirable type

of failure from the three, in case failure is imminent.

1.

Tension failure: If the steel content, As, of the section is small, the steel will yield and
reach fyq before the concert reaches its maximum strain, ey, and the depth of neutral axis
decreases.

Compression failure: If the steel content, As,is large, the concrete may reach its capacity
before steel yields and in this case the neutral axis depth increases.

Balanced failure: At balanced failure the steel reaches fysand the concrete reaches a

strain of &cu, Simultaneously.
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4.3 Design Consideration for Flexure

4.3.1 Deflection Control

1. The appearance and general utility of the structure could be impaired when the
calculated sag of a beam subjected to quasi-permanent loads exceeds span/250. The sag is
assessed relative to the supports. Pre-camber may be used to compensate for some or all of
the deflection but any upward deflection incorporated in the formwork should not generally
exceed span/250.

2. Deflections that could damage adjacent parts of the structure should be limited. For the
deflection after construction, span/500 is normally an appropriate limit for quasi-permanent

loads. Other limits may be considered, depending on the sensitivity of adjacent parts.

Provided that reinforced concrete beams in buildings are dimensioned so that they comply with
the limits of span to depth ratio given in the code, their deflections may be considered as not
exceeding the limits set out in 4.3.1(1) and 4.3.1(2) above. The limiting span/depth ratio
may be estimated using expressions (4.1) or (4.2) stated below and multiplying this by
correction factors to allow for the type of reinforcement used and other variables. No allowance

has been made for any pre-camber in the derivation of these expressions.

L P P E

a:k 11+15,/f, =>+3.2{f, (—"— j if p< 0, (4.2)
P P

L 1teasyt, —Lo L2 lieps p, (4.2)

d p—p 127 7 p,

Where:

(;_ is the limit span/depth

k is the factor to take into account the different structural systems and it is 1 for simply supported
beam,1.3 for end span of continuous beam, 1.5 for interior span of beam and 0.4 for cantliver

beam.
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P, is the reference reinforcement ratio = 1073( fo ) (4.3)

L is the required tension reinforcement ratio at mid-span to resist the moment due to the design

loads (at support for cantilevers)

,0' is the required compression reinforcement ratio at mid-span to resist the moment due to

design loads (at support for cantilevers)

fck is the characterstic compressive strength in MPa.

The expressions for (;_ have been derived on the assumption that the steel stress, under the

appropriate design load at serviceable limit state at a cracked section at the mid-span of a beam
or slab or at the support of a cantilever is 310MPa,(corresponding roughly to fyx= 500MPa).

Where other stress levels are used, the values obtained using the expression (4.1) or (4.2) should
be multiplied by 310/cs. It will normally be conservative to assume that:

310/ _— 500 4.4
/O-S (fyk As,req A j ( )
s, prov

Where:

os is the tensile steel stress at mid-span (at support for cantilevers) under the design load at

servicablity limit state (SLS)
Asprov 1S the area of steel provided at this section
Asreq IS the area of steel required at this section for ultimate limit state

For flanged sections where the ratio of the flange breadth to the rib breadth exceeds 3, the values

of (;_given by above expression (4.1) or (4.2) should be multiplied by 0.8.
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For beams and slabs other than flat slab, with span exceeding 7m,which support partitions liable

to be damaged by excessive deflections, the value of (;_given by above expressions (4.1) or

(4.2), should be multiplied by 7/less . The effective span, lesr, of a member should be calculated

using expresson (4.5) based on different support condition shown on Figure 4.3 below.
let=Ih+a1+a (4.5)
where:

In is the clear distance between the faces of the supports;

values for a; and a; , at each end of the span, may be determined from the appropriate

ai values in Figure 4.3 where t is the width of the supporting element as shown.

A | *
1 > R
| 4" TL - | s
ay= min {172h: 112¢] @ = min {172h; 172t} I
/ /’ | B e L . _
i;f‘ f
(a) Mon-continuous members (b) Continuous members
T | 'E/
_ LT, ;
; ——fmey -
a, = min{12h; 12t} |2
] In i
a, 1,

Py
v M
| - 'r'"' —_— - ¥

(c) Supports considered fully restrained (d) Bearing provided

a = min{12h; 12t}

| In

lem

BT

(e) Cantilever

Figure 4.3: Effective span (ler ) for different support conditions (EN, 1992-1-1:2015)

34



4.3.2 Analysis and Design of Flanged Reinforced Concrete Beam Section

4.3.2.1 Effective Flange Width Determination

Reinforced concrete floors or roofs are monolithic and hence, a part of the slab will act with the
upper part of the beam to resist longitudinal compression. The resulting beam cross-section
is, then, T-shaped (inverted L), rather than rectangular with the slab forming the beam

flange where as part of the beam projecting below the slab forms the web or stem.

o
Spandrel or /“'lab

/ Direclion of slab span
edge beam ™| B =

7 B 5 P |

rd

GDnstrucﬁmn/ \\
Girder

joint

Figure 4.4: Slab, beam and girder floor system (Macgregor & Wight, 2012)

In T beams the effective flange width, over which uniform conditions of stress can be assumed,
depends on the web and flange dimensions, the type of loading, the span, the support conditions
and the transverse reinforcement. The effective width of flange should be based on the distance

lo between points of zero moment, which may be obtained from Figure 4.5.
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rl-q

F

'
L

w»

=075, | =015+ | L,=0.750) | l=0.15kt,

h.l.i h.I.i
Ll ) r|-|

L L

- )

F

w»

Figure 4.5: Definition of lo, for calculation of effective flange width
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Note: The length of the cantilever, I3, should be less than half the adjacent span and the ratio of
adjacent spans should lie between 2/3 and 1.5 as per ES EN 1992-1-1:2015 Section 5.3.2.1.

The effective flange width bet for a T beam or L may be derived as:

by =D by; +b, <b (4.6)

Where

by ; =0.20, +0.11; <0.21, (4.7)

beﬁyi <h, (4.8)
beft

™ sl

| ‘bef,l | |beﬂ;z 'l |

b1 ) b1 R b2 X b2
[ by = [ |

b

Figure 4.6: Effective flange width parameters

For a flanged beam with a negative moment, the compression zone will be the bottom
rectangular part of the web, thus the procedures for design of rectangular sections will be
appropriate.

If a flanged beam is subjected to positive moment, the neutral axis might remain within the
flange of the beam or it might be in the web of the beam.

For the case where the neutral axis remains in the flange, the section may be treated as a
rectangular section with width b as the width of the flange, and the procedures of analysis of
rectangular sections can be adopted. However, if the neutral axis is in the web of the beam, a
different approach for design is necessary and in doing so, adopting the rectangular stress block

relationship for the concrete in compression will simplify the procedure.

36



Simplified equations for moment and force equilibrium obtained from stress-strain relationship
of Figure 4.2 is obtained for flanged section by dividing the section into two parts: Beam flange
part and beam web part to simplify the design process.

1. For beam flange part

fq b, —b, )h 4.9
Asf:cd(e W)/fyd ( )

h h
Megr = Ay fiy (d - %)Or Megr = foq (be _bw)hf(d - %j (4.10 or

4.11)
2. For beam web part

M

A = fyd(T(v)vélx) (4.12)

Total tension reinforcement become

A=A+ A (4.13)

4.3.3 Analysis and Design of Rectangular Reinforced Concrete Beam Section

Simplified equations for moment and force equilibrium obtained from stress-strain relationship

of Figure 4.1 is based on the following assumptions:

1. The section is rectangular with width b and effective depth d

2. Stresses are in expressed in %o ( x 107)

3. kx limited to 0.448 for zero moment redistribution and calculated using expression (4.14)

kx = x/d (4.14)

4. &mis the compression strain at the ultimate fiber in the compressed region of the section.

5. dis effective depth of the cross section defined as the distance from the center of the tensile
reinforcement bars to the top most compressed fiber.

6. Assume the type of failure

Tension failure
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e Rupture of steel occur at &= 25%0 and ¢_ = f%

e The strain in the steel exceeded the yield strain and the most compressed concrete has
reached the crushing strain &m= 3.5%o , & > &a.then f; =
Compression failure
o Assume &m=3.5%0 and ey < & then f; < f, =& .E;

Where:
Es is modulus of elacticity of steel
From force equilibrium relations

The resultant force in the concrete determine using exprsession (4.15).

F, =a,f,bd w15

The resultant force in the the compression and tension reinforcement determine using
exprsession (4.16) and (4.17).

Fsc = Asc fyd (4.16)
Fo=Afy, (4.17)
Then the total resultant force in the concrete can be determine from expression

Fc,total = Fc + Fsc (4-18)
Where:

aCZ(AS—ASCde
fobd )

fd z(acc fck)
: Ve

From moment equilibrium
The resistance moment for rectangular single and double reinforced concrete beam section

obtained using expression (4.19 or 4.20) and (4.22) respectvily.
Mpg =, fgbd?* (1= B, )orMg, = A f4d(1-8,) (4.19 or 4.20)
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A, area of steel required at the tension zone for single reinforced beam section

— Msd
A-"%0-5) (421
Mpg = @, fbd?(1= 5, )+ A fod —d) (4.22)

A, or A, area of steel required at the compression zone for double reinforced beam section
M sd M single "
A, = (( ¢ 9')/fs2 (d-d )] (4.23)

AS,total total area of steel required at the tension zone for double reinforced concrete section

&,total = As + Asc (4-24)

Following the same design procedure as rectangule beam a trapezoidal reinforced concrete beam
section can be analyized and designed using the equivalent rectangular stress-strain distribution
as shown on Figure 4.2. Based on stress-strain compatiablity and equilibrium criteria the
moment resistance (Mrq) and area of steel required (Asreq) Can be determined for trapezoidal

beam section.
Value of @, and B, obtain from expression below based on the assumed stress-strain

distribution.

1. For parapolic-rectangular stress-strain relation

a)when0 <&€.<¢,

@, = £ Lo (4.25)
12
8-¢
—k om 4.26
ok gt (426)
a) when 2%, < & < Euz
o, - kx(?w‘cm —ZJ (4.27)
38,
Eon (36, —4)+2
=k | ——= 4.28
ﬂc X|: chm (Sgcm _2) :| ( )
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2. For simplified rectangular stress block

a. =0.8k, (4.29)
B. =0.8k, (4.30)

4.3.4 Reinforcement Provision for Flexure

1. The area of longitudinal tension reinforcement should not be taken as less than As min.

A, in = 0.26];ﬂbtd >0.0030,d (4.31)

yk
Where:

bt denotes the mean width of the tension zone; for a T-beam with the flange in tension, only the
width of the web is taken into account in calculating the value of b:.

fem should be determined with respect to the relevant strength class according to Table 3.1 of
ES EN 1992-1-1:2015.

2. The cross-sectional area of tension or compression reinforcement should not exceed

0.04A. outside lap locations.

4.4 Optimization of Double Reinforced Rectangular Beam Section

4.4.1 Problem Formulation

The optimization techniques in general enable designers to find the best design for the structure
under consideration. In this particular case, the principal design objective is to minimize the
total cost of structure, after full filling all the requirements according to ES EN 1992-1-1:2015.
The resulting structure, should not only be marked with a low price but also comply with all
strength and serviceability requirements for a given level of applied load. The reinforced
concrete doubly reinforced beam subjected to imposed load is taken in this present research

work, the cost optimisation is made for the structural elements.
The general form of an optimization problem is as follows

1. Given constant parameters
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2. Find design variables
3. Minimize objective function

4. Satisfy design constraint

4.4.1.1 Constant Parameters
e Cost of concrete birr per m*
e Cost of steel birr per kg
e Span of beam or L
e Dead load
e Liveload
e Concrete cover
e Effective cover or dc
e Characteristics strength of steel fyx
e Characteristics strength of concrete fcx

e Secant modulus of elasticity of concrete Ecm

One can change the fixed paramers using the following dialogue box as can be seen in the

Figure 4.7 and Figure 4.8 below.

N beam input parameters = =

DL in kMJm.
20

LL in kM/m

1=

Ecm in MPa
31eb

fckin MPa
25

fyk in MPa
400

beam span in mim
5000

OK Cancel

Figure 4.7: Beam input parameters dialogue box



4 reinforcement bar market unit cost & unit cost of concrete - O

unit cost of Concrete in Birrfm3
1700

unit cost of diameter Bmm bar in Birrkg
45.41

unit cost of diameter 10mm kar in Birrkg
4592

unit cost of diameter 12mm bar in Birrkg
43.16

unit cost of diameter 14mm bar in Birdkg
4522

unit cost of diameter 16mm bar in Birrkg
443

unit cost of diameter 20mm bar in Birrkg
4523

unit cost of diameter 24mm bar in Birdkg
3rs

unit cost of diameter 30mm bar in Birrkg
382

unit cost of diameter 32mm bar in Birrkg
385

oK Cancel

Figure 4.8: Reinforcement unit cost input dialogue box

4.4.1.2 Design Variables
Design variables In this problem are taken as discrete variables. Design variables for doubly

reinforced beam are:

e Width of beam =b =x1

o Depth of beam =d = x2

e Number of bars for steel in tension zone = bars no (1) = x3
e Diameter of bars for steel in tension zone = dial= x4

e Number of bars for steel in compression zone= bars no (2) = x5
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e Diameter of bars for steel in compression zone =dia2= x6
e Diameter of bars for shear reinforcement = dia3=x7

e Spacing for shear reinforcement = sv= x8
Set of discrete values for design variables:
b in mm = (200-500) step size- 50

Diameter tension bar in mm = (10,12,14,16,20,24,30,32) bars no (1 )= (2, 3, 4, 5,
6,7,8,9,10,11,12)

Diameter compression bar in mm = (10,12,14,16,20,24,30,32) bars no (2) = (2, 3, 4, 5,
6,7,8,9,10,11,12)

Diameter of stirrups = (8, 10,12)

Spacing of stirrups in mm = (180,200,220,240,260,280,300)

4.4.1.3 Objective Function

The objective function to be minimized:

F=C.xV, XC XV +V. (4.32)

eamconcrete + 7/ stirrup)

Where:
Cc is unit cost of concrete birr/m?
Cqis unit cost of reinforcement bar diameter birr/kg

4.4.1.4 Design Constraints
1. Ductility constraint: x < xa = 0.45xd (4.33)

2. Constraint for minimum area of tension reinforcement: A, ., = O.ZGfﬂbtd >0.003,d
yk

3. Constraint for maximum area of tension reinforcement: Ast < 0.04 bxD (4.34)

4. Constraint for maximum area of compression reinforcement: Asc < 0.04 bxD (4.35)
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5. Depth to width ratio constraint: r =d/b; 1.5 <r<2.5

6. Moment-equilibrium constraint: M, <M .y .. = 0.167f, bd’ (4.36)
7.Shear constraint Vg, <Vgg s = 0.180df, (1— fC%SO) (4.37)

8. Deflection constraint (serviceability constraint):tt < dan =L/250
4.5 Optimization Example for Simply supported Reinforced Concrete Beam

One application of the optimization program is demonstrated with structural analysis for simply
supported beam having span length of 6m and subjected to live load 5kN/m and dead load of 20
kN/m inaddition to the self weigth of the rectangular double reinforced concrete beam section

Use concrete class C30/25 and steel grade S-500 for desgin optimization.

Openning MATLAB and selecting optimize fig file from MATLAB path directory and running

the optimize fig file display the interface shown in figure 4.9 below.

4 optimize - =

Optimization for double reinforced rectangular beam section

Eun Optimization for Double reinforced Concrete Beam

Figure 4.9: Optimzation running interface

And pressing the run optimization pushbutton of Figure 4.9 above first display beam input
parameter dialogue box as can be seen in Figure 4.7 above with default value or changing the
default value is possible and pressing ok button enable the second dialogue box to displayed for
reinforcement unit cost input with default value or changing the default value is possible as can
be seen in Figure 4.8 above. After this optimization iteration start by displaying Figure 4.10

below.
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Figure 4.10: Genetic algorithm iteration display

Optimization terminated: average change in the penalty fitness value less than

options.FunctionTolerance and constraint violation is less than options.ConstraintTolerance.
The resulting design variable after some iteration by genetic algorizim is gven below
b =200mm

d =400mm
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Number of tension bar = 12

Diameter of tension bar = 12mm

Number of compression bar =5

Diameter of compression bar = 10mm
Diameter of stirrup = 8mm

Spacing of stirrups = 300mm

Cost function returned by ga = 4919.94 in birr.

4.6 Analysis and Design Example for Flexure

One application of the graphical user interface is demonstrated with analysis and design

example of rectangular, T and Trapezoidal beam section subjected to a design bending moment.

4.6.1 Steps Followed in the Graphical User Interface Window

1. Select concrete grade and steel grade from the pop-up menu.

2. Select the size of bar from pop-up menu, input the number of bar in the input box for the
respective rows of bar and evaluate area of reinforcement provide using respective push
button.

3. All the cross-sectional parameters are inserted in the input box and the effective depth cover
and effective depth evaluated by pressing the push button.

4. Pressing the push button in step four enable to estimate the following parameter o, €yd, &s1,
Kx, X (es2if it is a double reinforced beam section), ¢, z, enable to identifies failure type and
enable to evaluate the section moment resistance (Mrgd) Whether it is single or double

reinforced beam section.
Finally for the design part iterate the above steps until the following condition satisfied.

e |/d actual < I/d basic according to the code provision.
o Ky < Kyx,im= 0.448 for ductility purpose.

e  Msg<= MRd,lim
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e Area of steel provided is between Asminand Asmax.

To illustrate the use of the program example for rectangular, T or L and trapezoidal sections are
shown in Figure 4.11 - 4.18.

47



o Rectanguiar_beam for fleure - oIS
File
cde X509 «¢ 08
-STEP ONE : Material properties Faiure type -For design Part
= foc 2 =00 BT 1T] ; Msd:  18ef  in(N-mm) Exlim: 0448 kx 04500742
e * o TS s e == I oW ) :
Es: 200 in(CPs) f com: 23008 imaPa) IsX<Xk  Teasion Failure occur p— — .
: fre W0 n-,ivnmmdbml ] v E 1
S ¥ fri: STE% in OB Press Here o Evaluate
~FINAL STEP : Analysis = e
Z = 3 - s % - ] As.reg tensiom: 145566 in (mm?)
STEPNO.Arelofsteeln(llrn.)&rbardmletern(m) , " T FesFse| 54365 (Y . 0 miemd fofl 0
.10 v 70: B Ulitnur(vlr)ofbsr: T = = am I ks am r;?mk b 7(:1; ,hm Fof €I- 18385
NooftarimrowlShomes | 3 Pressherstsenaluatedslpror | 15708 | S1: 10 e i OX actual < - 0%
_ = His == = || MRdsingle: 1920947 | in (N-mm) s Kx < Kxim: T T T
Nooftarinrow 1@ bomeer 0 Press bers to evaluate As2.prov L] $2: 0 J 0 in (N-mm) Is MR = Msd: 0K
—— ] — MRd doule: =>Msd: Ok
NoofbwimmmiGloma || | Premberemsemaluatedsdpror ) @30 BAsbaAsmin&dsme: OK |
Nooftarmrow1Ztep: U | PressberetoevalmateAslgroy | 0 @1 0
Noofbarizrow2Etop: 0 | Press bers to evaluate 's2proy ] 200
Noofbarizrow3 @ top: U Press bere ts evaluate A's3prov LR < 0
-STEP THREE : Beam cross-sections in {mm) Rectangular beam cross section
e W mend': 0| PressHereobuhue ot T Parabolic-Rectangular stress-strain distribution
asertd 3, W el g i d"l ® om0 O 1 = E 3
=l o . 3 2
metds g iy - ¢ 90 © o o0 of P g
Insertd 3. 0 7 . . ..-\'53‘ ‘ : wf  urd ke 3
~-STEP FOUR : Determination of neutral axis depth ac, x, fcandz D
" PressHeresoEvaluste com ifem>35 | 135897 o ;
= wimn | Kx _woens
oi: 1793 B BEs ® 0«9 o r
. >3 - al
al: 603265 s o —10 920 @ T |a ® 0u0 @ —F =
harge ok bat<at |0 «/|lo osxeo o}, - e
ol ifesl <eyd: 0 e fesd <oyl 0 : b
xcifal <c [N el <nyi 0 ls Clear Screen
ol fal>2: B P 002879

Figure 4.11: Sample design and estimation of flexural resistance of rectangular single reinforced concrete beam section
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Figure 4.12: Sample design and estimation of flexural resistance of rectangular double reinforced concrete beam section
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Figure 4.13: Sample design and estimation of flexural resistance of T reinforced concrete beam section treated as rectangular beam

50



k|

T_or Inverted_L_beam for_flexure flange in_comp - DR
File
848 \5099[0E
-STEP ONE : Material properties : Equivalent Rectangular stress-strain dist.
- - fee 20 QP Gt
[£5 9 i -
od: 113333 @ {MPa) Bd
I 20 in(GPa) T om: 221042 in OMP3) \ . il
= - ==
45 v ! 3 [sis
fre w0 mpm)
. i D
~-STEP TWO : Area of steel in (mm2) & diameter of bar in (mm) ——— J
®24 v| #2 Usitarea(s ;Jofbar 452389 i
: i .
Noof bar in row ] @hottem: 4 | Press Here toEraluste Aslgror | 190956 | &1: 24 : :A_;- : : f
Noofbsrinrowl Ehottom: §  Press Here to Evaluate As2 prov ] B2 0 d.i‘ 8 ®w @ 9 Tda_li:*(‘d' & — s = =
Noofbarinrow3 @hottom: §  Press Here to Eraluate As3grov 0 &3: 0 . b * * Slrzin Lete
-STEP THREE : Beam cross-sections in (am) : B e = ——
Insert D: 0 Insertd ). g3 Dress Hore to Eralaste T P 1.1.(1\? s: 123824 fm ()
Imsertb w29 Insertd 5.~ Fiar o MRé: 0 in (N-mm)
seth g 15 | Mmemdy g & 65 Beam effective span Asfreq=Asfpror: 855410 _in (mm2)
Aswgrov: 924146 /in (mm?)

- STEP FOUR : Determination of effective flange width in (mm) | MRAL: 2188434408 i (Num)

A A A MRis: 218517648 i (Nmm)
L T S P —— Inserth 37 0 e
Betly o — it 4 MRE: 4283688 in (Neum)

&0 Lo- 200 Z ] fo=0.751; .'¢=(U_\tﬂl+fy Ta=0751> le=0.151+1;
Inweal 3. @ == beft1: [ ! ! 'FOI'dESlgI Part ~ 2
beff2: @ I1 ! I; NS Msd 76 mn(Smm) L smo’ in mm) Kxlim: 048
PressHerewEvaluate  hef: 580 Effective flange width simply supported eam vk 1 k0241086

~STEP FIVE :Determination of x .ac , fcand z 1 As web purt.reg: 918352 | in (mm?)
innll ottt <, e . b e Astotalreg: 508 in(mm?) £of €1 3587
: PressHerewEwalmate | IsX<Bhf: T beam analysis IZZEZEEV/ o ot o
e | 0195014 o 10558 / Is Kz <Kxlim: [0
o Y M berak 0K b ! - b b: IsMR4 >Msd: OK
Kx| Q0%7 o o] I e Is As Ma Asmin & ds.max: oK
= 19667 z BB - Check if web part reguirs compression reinforcement
Fai Msd.web: 2 in(Nem) 0
= i‘_l’c = = % 2 —
EPE Asweb ] £of & comp: [
Xk 116818 in (mm) web comp: mimnl) #of €l omy

IsX<Xb:  Teasion Failure occur

Figure 4.14: Sample design and estimation of flexural resistance of T reinforced concrete beam section treated as T beam
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Figure 4.15: Sample design and estimation of flexural resistance of inverted L reinforced concrete beam section treated as
rectangular beam
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Figure 4.16: Sample design and estimation of flexural resistance of inverted L reinforced concrete beam section treated as inverted

L beam
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Figure 4.17: Sample design and estimation of flexural resistance of Trapezoidal single reinforced concrete beam section
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Figure 4.18: Sample design and estimation of flexural resistance of Trapezoidal double reinforced concrete beam section
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5. ANALYSIS AND DESIGN OF REINFORCED CONCRETE BEAM SECTIONS
FOR SHEAR
5.1 Design of Beams for Shear According to EN 1992-1-1:2015

For the verification of the shear resistance the following symbols are defined:
VR, IS the design shear resistance of the member without shear reinforcement.

Vrd,s is the design value of the shear force which can be sustained by the yielding of shear
reinforcement.

VRrd,max IS the design value of the maximum shear force which can be sustained by the member,
limited by crushing of the compression struts.

In regions of the member where , Veq < VR4, N0 calculated shear reinforcement is necessary.

V4 is the design shear force in the section considered resulting from the external loading.

In regions where Veq > Vra,c Sufficient shear reinforcement should be provided in order that Veq

< VR,

The design shear force should not exceed the permitted maximum value Vrgmax, anywhere in

the member.

For members subject to predominantly uniformly distributed loading, the design shear force
need not be checked at a distance less than d from the face of the support. Any shear
reinforcement required should continue to the support. In addition it should be verified that the

shear at the support does not exceed VRrd,max.

5.2 Members with Minimum Shear Reinforcement

The design value for the shear resistance VR, is given by:
VRd,c = |de,ck(100pl fck )% + klo-cp }:)Wd (51)
with a minimum of

Vv Rd,c— (Vmin + klacp )jwd (5-2)
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where:

fck is the characterstice compressive strength in MPa

k =1+1120% <2.0 withdin mm (5.3)

P = bAs—('j <0.02 (5.4)

w

A is the area of the tensile reinforcement, which extends 2 (I, + d) beyond the section
considered (see Figure 5.1)

bw is the smallest width of the cross-section in the tensile area [mm]

Ac is the area of concrete cross section [mm?]

VRdcis [N]

The recommended value for Crac is 0.18/ye, that for vmin is 0.035k%2-f42¢ and that for ki is
0.15.

/
_'hd
bd ‘ \I/Ed _‘ | VEd
d 459 4521

]E - section considered
Figure 5.1: Definition of Ag in Expression (5.1) (EN, 1992-1-1:2015)

5.3 Members requiring Design Shear Reinforcement
1. The design of members with shear reinforcement is based on a truss model (Figure 5.2).
In Figure 5.2 the following notations are shown:

a is the angle between shear reinforcement and the beam axis perpendicular to the shear force

(measured positive as shown in Figure 5.2)
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6 is the angle between the concrete compression strut and the beam axis perpendicular to the
shear force

Fta is the design value of the tensile force in the longitudinal reinforcement

Fcd is the design value of the concrete compression force in the direction of the longitudinal
member axis.

bw is the minimum width between tension and compression chords

zis the inner lever arm, for a member with constant depth, corresponding to the bending moment
in the element under consideration. In the shear analysis of reinforced concrete without axial
force, the approximate value z = 0.9d may normally be used.

2. The angle 0 should be limited. The recommended limits for cot 6 is 1< cotd < 2.5.

z B
S— ",/ (‘.'"’ - Fea :/(c/?t 8- cota)
//( A ¢ T 4 7 l_ 1h z. /// N M
d ~ -——= z=09d ‘-H
:/_,, \ f 7 -~ ¥ 1/2 z v V
: / ) hi
o e o

- compression chord, [B]- struts, [C] - tensile chord, [D]- shear reinforcement

|V

LII‘ !" /
,_tl‘”._ b w

—-

Figure 5.2: Truss model and notation for shear reinforced (EN, 1992-1-1:2015)
5.3.1 Members with Vertical Shear Reinforcement
For members with vertical shear reinforcement, the shear resistance, Vg4 is the smaller value of

VRrd,sand VRd,max :
Vegs = % 2f 4 COtO (5.5)

Vv _ayb,zuf

Rd,max —

coté+tand (5.6)
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where:

Asw 1s the cross-sectional area of the shear reinforcement

s is the spacing of the stirrups

fywd 1S the design yield strength of the shear reinforcement

v is a strength reduction factor for concrete cracked in shear

acw 1S a coefficient taking account of the state of the stress in the compression chord

For reinforced and prestressed members, if the design stress of the shear reinforcement is below
80% of the characteristic yield stress fyx, v may be taken as:

v=0.6 for fek<60 MPa (5.7)
v=10.9 — fo/200 > 0.5 for fek 260 MPa (5.8)

The recommended value of tan & is 1 for non-prestressed structures.
The maximum effective cross-sectional area of the shear reinforcement Asw,max IS given by:

Asw,max fywd 1

<—au 5.9
bWS Za cd ( )

c

5.3.2 Members with Inclined Shear Reinforcement

For members with inclined shear reinforcement, the shear resistance is the smaller value of Vrqs

and VRd max :
Virgs = % zf 4 [cOtO + cotear]sin o < Vrdmax (5.10)
Vi = ayb,zo, fy (cot¢9+coto%+ cot6?) (5.11)
The maximum effective shear reinforcement Asw,max follows from:

105 U, sina
Pumls (2 7 (5.12)

b,s  1l-cosa
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5.4 Additional Tensile Force in Longitudinal Reinforcement

The longitudinal tension reinforcement should be able to resist the additional tensile force

caused by shear.

The additional tensile force, AR, in the longitudinal reinforcement due to shear Ves may be

calculated from:

AF,, = 0.5V, (cotd - cota) (5.13)

(M E% ) + AF,, should be taken not greater than Med,max/z

5.5 Minimum Area and Maximum Spacing of Shear Reinforcement

The ratio of shear reinforcement is given by :

Pw = As%sbwsina) (5.14)

where:

pw 1S the shear reinforcement ratio

pw should not be less than pw,min

Asw is the area of shear reinforcement within length s

s is the spacing of the shear reinforcement measured along the longitudinal axis of the member
bw is the breadth of the web of the member

a is the angle between shear reinforcement and the longitudinal axis

When, on the basis of the design shear calculation, no shear reinforcement is required, minimum
shear reinforcement should nevertheless be provided. The minimum shear reinforcement may
be omitted in members such as slabs (solid, ribbed or hollow core slabs) where transverse
redistribution of loads is possible. Minimum reinforcement may also be omitted in members of
minor importance which do not contribute significantly to the overall resistance and stability of

the structure.
The recommended value of pw,min IS
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Pumin = (0'08‘/?°k%k (5.15)

The maximum longitudinal spacing between shear assemblies should not exceed Sj max.

The recommended value S| max IS

=0.75d(L+cot ) (5.16)

SI,max

5.6 Analysis and Design Example for Shear

One application of this study is demonstrated with analysis and design example of rectangular

beam section with vertical and inclined stirrup subjected to design shear force.

5.6.1 Steps followed in the Graphical User Interface Window

1. Select concrete grade and steel grade from the pop-up menu.

2. Select the size of bar from pop-up menu and input number of bar in the input box to evaluate
Asiand Asw by pressing the push button.

3. All the cross-sectional parameters are inserted in the input box and then effective depth
evaluated by pressing the push button.

4. Evaluate the following parameter ~ and p: which used for the determination of concrete

shear capacity (Vrad,) by pressing the push button.

Final step input s,o and the limit of cot6 in the input box and the design shear resistance(Vrq)
evaluated by pressing the push button.

For the design part input Veq in the input box and compare it with Vrac.If Vrd,c >VEd the selected
cross section and area of reinforcement is ok. If not iterate the procedure from step one to the
final step until it satisfied the design criteria to obtain acceptable cross-section dimensions and
area of steel. To illustrate the use of the program the graphical user interface example is shown

in Figure 5.3 and Figure 5.4 below for beam with vertical and inclined stirrup respectively.
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6. ANALYSIS AND DESIGN OF REINFORCED CONCRETE BEAM SECTIONS
FOR TORSION AND COMBINED EFFECT OF SHEAR WITH TORSION

6.1 Design of Beams for Torsion According to EN 1992-1-1:2015

6.1.1 Requirements of Torsion
6.1.1.1 General

1.

Where the static equilibrium of a structure depends on the torsional resistance of elements
of the structure, a full torsional design covering both ultimate and serviceability limit states
shall be made.

In statically indeterminate structures, torsion arise from consideration of compatibility only,
and the structure is not dependent on the torsional resistance for its stability, then it will
normally be unnecessary to consider torsion at the ultimate limit state. In such cases a
minimum reinforcement in the form of stirrups and longitudinal bars should be provide to
prevent excessive cracking.

The torsional resistance of a section may be calculated on the basis of a thin-walled closed
section, in which equilibrium is satisfied by a closed shear flow. Solid sections may be
modeled by equivalent thin-walled sections. Complex shapes, such as T-sections, may be
divided into a series of sub-sections, each of which is modeled as an equivalent thin walled
section, and the total torsional resistance taken as the sum of the capacities of the individual
elements.

The distribution of the acting torsional moments over the sub-sections should be in
proportion to their uncracked torsional stiffness. For non-solid sections the equivalent wall
thickness should not exceed the actual wall thickness.

Each sub-section may be designed separately.

6.1.1.2 Design Consideration for Torsion

1.

The shear stress in a wall of a section subject to a pure torsional moment may be calculated

from:

Tty = ;:zj (6.1)
K
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The shear force Veq,iin a wall i due to torsion is given by

Vepi = ity iZi (6.2)

Where

Teq IS the applied design torsion (see Figure 6.1 below)

[A]- centre-line

@ - outer edge of effective cross-
section, circumference v,

[cl-

Figure 6.1: Notations and definitions used in section for torsion (EN, 1992-1-1:2015)
Ay is the area enclosed by the center-lines of the connecting walls, including inner hollow areas
i 1S the torsional shear stress in wall i

ter,i Is the effective wall thickness. It may be taken as A/u, but should not be taken as less than
twice the distance between edge and center of the longitudinal reinforcement. For hollow

sections the real thickness is an upper limit

A is the total area of the cross-section within the outer circumference, including inner hollow

areas
U is outer circumference of the cross-section

zi is the side length of wall i defined by the distance between the intersection points with the

adjacent walls
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2. The effects of torsion and shear for both hollow and solid members may be superimposed,
assuming the same value for the strut inclination 6. The limits for 6 given in section 6.2.3(2)
of EBCS EN 1992-1-1:2015 fully applicable for the case of combined shear and torsion.
The maximum bearing capacity of a member loaded in shear and torsion follows from
section 6.3.2(4) of EBCS EN 1992-1-1:2015.

3. The required cross-sectional area of the longitudinal reinforcement for torsion ZASI

maybe calculated from expression (6.3) below.

f
ZASI yd :Ticote (6.3)
u, 2

Where:
Uk is the perimeter of the area Ax
fya is the design yield stress of the longitudinal reinforcement As

@is the angle of compression struts

In compressive chords, the longitudinal reinforcement may be reduced in proportion to the
available compressive force. In tensile chords the longitudinal reinforcement for torsion should
be added to the other reinforcement. The longitudinal reinforcement should generally be
distributed over the length of side, z;, but for smaller sections it may be concentrated at the ends
of this length.

4. The maximum resistance of a member subjected to torsion and shear is limited by the
capacity of the concrete struts. In order not to exceed this resistance the expression (6.4)
should be satisfied:

TEd + VEd < 1
TRd,max VRd,max (64)
Where:
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Teq is the design torsional moment
VEq is the design transverse force

Tra,max IS the design torsional resistance moment according to expression (6.5) or (6.6) below

Teama = 2V fog Aty SINGCOSH (6.5)
Trgmae = 2@y Tea Aty s (cOtd + cosa)sin® 0 (6.6)
Where

v follows from v = 0.6{1— %} (6.7)

Recommended value of acw is as follows:

« 1 for non-prestressed structures

cp —

. (1+0°P f jforo <o, <0.25f,
cd

¢ 1.25 for 0.25 feq < ocp < 0.5fcq

. 2.5(1— 0% j for 0.5 feg < ocp < 1.0fcq
cd

ocp 1S the mean compressive stress, measured positive, in the concrete due to the design axial

where:

force. This should be obtained by averaging it over the concrete section taking account of the
reinforcement. The value of 6cp need not be calculated at a distance less than 0.5d cot0 from the
edge of the support.

VRramax IS the maximum design shear resistance determined according to expressions (6.8) or
(6.9) below.

fc
VRd,max = acwbwzvl %0t0+ tan 0) (68)
VRd,max = acwbwzvl fcd (COt9+COtO%+COt2 9) (69)
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In solid cross sections the full width of the web may be used to determine VRrd,max.

5. For approximately rectangular solid sections only minimum reinforcement is required

provided that the following condition is satisfied in expression (6.10):

T, Ve o4 (6.10)

TRd .C VRd C

Where

Tra,c IS the torsional cracking moment, which may be determined by setting tti = fcd
TRd,c = 2tfctd A (6.11)

Vra,c follows from expression (6.12) below.

VRd,c = lCRd,ck(loopl fck )% + klo-cp })Wd (612)
With minimum value of Vg o= Vi + K0 o, (6.13)
1
_ *3/ % * =
Where v, =0.035k * 3/ * f, > (6.14)

6.1.1.3 Reinforcement and Spacing Provision for Torsion

1. The provisions of ES EN-1992-1-1:2015 section 9.2.2 (5) and (6) are generally sufficient to
provide the minimum torsion links required.

2. The longitudinal spacing of the torsion links should not exceed u / 8 (see section 6.3.2 of ES
EN-1992-1-1:2015, Figure 6.1, for the notation), or the requirement in section 9.2.2 (6) of
of ES EN-1992-1-1:2015 or the lesser dimension of the beam cross-section.

3. The longitudinal bars should be so arranged that there is at least one bar at each corner, the
others being distributed uniformly around the inner periphery of the links, with a spacing
not greater than 350mm.

6.2 Analysis and Design Example for Torsion

One application of this study is demonstrated with analysis and design example of rectangular
beam section with vertical and inclined stirrup subjected to design torsional moment.
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6.2.1 Steps followed in the Graphical User Interface Window

1.
2.

Select concrete grade and steel grade from the pop-up menu.

Select the size of bar from pop-up menu and input number of bar in the input box to evaluate
Asiand Asw by pressing the push button.

All the cross-sectional parameters are inserted in the input box and then effective depth (d),
t, ux and Ak evaluated by pressing the push button.

Evaluate the concrete torsion capacity (Tra,c) by pressing the push button.

Input s and a in the input box and evaluate parameter sina., cota, cotd and sinf by pressing

the push button.

Final step evaluate the design torsion resistance (Trq) by pressing push button.

For the design part input Tsq in the input box and compare it with Tra,c. If Trac>Tsd the selected

cross section and area of reinforcement is ok. If not iterate the procedure from step one to the

final step until it satisfied the design criteria to obtain acceptable cross-section dimensions and

area of steel . To illustrate the use of the program the graphical user interface example is shown

in Figure 6.3 and Figure 6.4 below for beam with vertical and inclined stirrup respectively.
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Figure 6.2: Sample design and estimation of torsion resistance of rectangular reinforced concrete beam section with vertical stirrup
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Figure 6.3: Sample design and estimation of torsion resistnace of rectangular reinforced beam section with inclined stirrup
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6.3 Design Example for Combined Shear and Torsion

One application of this study is demonstrated with analysis and design example of rectangular

beam section with vertical and inclined stirrup subjected to a combined design shear force and

design torsional moment.

6.3.1 Steps followed in the Graphical User Interface Window

1.
2.

Select concrete grade and steel grade from the pop-up menu.

Select the size of bar from pop-up menu and input number of bar in the input box to evaluate
Asiand Asw by pressing the push button.

All the cross-sectional parameters are inserted in the input box and then effective depth (d),
t, ux and Ak evaluated by pressing the respective push button.

Evaluate the following parameter ~ and p; which used for the determination of concrete
shear capacity by pressing the push button and press the second pushbutton evaluate the
concrete torsion capacity.

Insert s, a, cotd in the input box and evaluate parameter sina,cota,sinf and z by pressing
the push button.

Evaluate Vrdmax and Tra,max USing push button and insert value of Veq and Teq in the input
box.

Final step check for the combined effect is satisfied or not. If the deign criteria is not satisfied

iterate the procedure from step one to the final step to obtain acceptable cross-section

dimensions and area of steel. To illustrate the use of the program the graphical user interface

example is shown in Figure 6.4 and Figure 6.5 below for beam with vertical and inclined stirrup

respectively.
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7. NUMERICAL ANALYSIS AND DESIGN OF REINFORCED CONCRETE
BEAM SECTION FOR TESTING OF THE ANALYSIS AND DESIGN
INTERFACE PROGRAM
1: Determine the design flexural strength of the beam cross-section shown below. Use concrete

class C20/25 and steel grade S-400 and assuming cover =25mm, stirrup ¢ and 2 @, for

longitudinal bar.

400mm

3 mm

Step 1: Design Values (Changing the characteristic value to design value)

d=400-25-8-5=362mm

fd z(acc fck)
; Ve

For persistent and transient design situation:

e vc=1.50
e ys=1.15

Ay =0.85

f,, =400/ . =347.83MPa

0.85x20 =
g, = )/ =11.33MPa



Step 2: Assume the type of failure

Assume tension failure with rupture of steel and &, <¢_, = 2%0

Step 3: Draw the strain profile corresponding to the type of failure and use the similarity

of triangles to develop a relationship between the unknown strain and the neutral axis.

Ecm

N
X
d
W
25
From Similarity of Triangle
g°m+25:gﬂ—>£:kxz Eam 1)
d X d Eq +25

Step 4: Use the equation of alpha corresponding to the assumption in step 2 and the

relationship developed in step 3 to calculate the unknown strain.

From equilibrium of forces,
Cc :Ts bUth = ac fcd bd and Ts = As 1:yd

f

ac cd

bd =Af

AT (2xm6 k34783
" fubd  11.33x300x362

(2)

=0.0444

6-¢
For ecm < &c2, @, = &y| —— |K,
cm c2 { 12 }
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Substituting kx from equation (1),

6— Eem Eem
aC = gcm
12 Eeqm +25
6‘90m2 _gcms
ac = ———
126 +300

126 +300c, =6s,,° ¢,

cm

—&

~—Em

Solving the cubic equation results three possible answers

€em1 = 5.4546 > 3.5 not ok
€em2 = -1.3136 <.0 not ok
eem3 = 1.859 < 3.5 ok

Thus, &ecm = 1.859%o0

® 1+ 6s,,° —12x0.0444x¢,, —300x0.0444=0

®4+6g,," —05328,, -13.32=0

Step 5: Check if the assumption in step 2 is correct and if it is, proceed to step 8. If the

assumption is not correct, repeat step 2 to 5 with another assumption.
ecm = 1.859 < g¢» both of the assumptions are correct

Step 6:  Calculate the value of beta

K oG _ 1.859
* g, +25 1.859+25

and x=25.0504 mm
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Substituting the values of k, and ¢, yields, Bc = 0.025

Step 7: Calculate the moment resistance
M=Af,0-4)
M = 2x5%x347.83x(1-0.0257)

M =19.27 kNm

2: Design the beam Using concrete class C20/25 and steel grade S-400 and assuming cover

=25mm, and Msg = -19 KNm.

4oomm1 ’ |

300mm

| $125mm

!

Step 1: Design Values (Changing the characteristic value to design value)
d=400-25-8-5=362mm

_ 400 =
f,, =400/ . =347.83MPa

f,, = (085x20)/ =11 33MPa
Step 2: for negative moment, slab is in tension side and by is the width
Step 3: Calculate psq and k;

M 19000000
Uy =— 2 = = 0.0426
" f,bd?  11.33x300x362°

ty =0.0426< u " =0.295 it has sufficient ductility and single reinforced is enough

From chart
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K;=0.98
Kz = Z/d
Z = dxk; = 0.98x362 = 354.76mm

Step 4: Calculate Ast

Mg 19000000
f .z 347.83x354.76mm

yd

Ay =

Step 5: Check As,max and Asﬁmin

f

0.26-5  d
As,min = max fyk
0.003,d
0.26x 2.21x 300x362 =156.004mm?
max 400

0.0013x300x362 = 141.18mm?
As min = 156mm?
Asmax = 0.04Ac
=0.04x300x400
Asmax = 4800mm?

Thefore Asreqis 157.975mm?

=157.975mm’

3: Determine the moment resistance of the doubly reinforced section shown in the figure

below. d = 500 mm, d2 =50 mm As: = 2581mm? and As, = 645mm?2, C20/25 and S300.
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280mm
Step 1: Design Values (Changing the characteristic value to design value)

f,, =300/ . =260.87MPa

0.85x20 =
g, )/ =11.33MPa

Step 2: Assume the type of failure

Assume tension failure with crushing of concrete and all of the provided steel has yielded.

Step 3: Draw the strain profile corresponding to the type of failure and use the similarity

of triangles to develop a relationship between the unknown strain and the neutral axis.

3.5
E2xg0d/ T ($dj
X
d
W
ES]. = E}-‘d
From Similarity of Triangle
3'5+€sl _ E - i —k = 35 (1)
d X d " 35+¢,
35_ &, e, = 3.5(x —50) )
X —50 X

Step 4: Use the equation of alpha corresponding to the assumption in step 2 and the

relationship developed in step 3 to calculate the unknown strain.
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From equilibrium of forces,

Co=T, butC; = fbd + A, fyy and T, = Ay,

a fubd + A, f, =A, T,

_ Aslfyd - AsZ fyd
o, =
f_bd

[ 2851-645
a, =

x260.87 = 0.318 3)
11.33x280x500

-2
Forég > & a, = kx[e’ng
3

Substituting kx from equation (1),

3.5 3em —2
o, =
35+¢y 38
o = 3.5 (3X3.5—2j
© |35+¢y 3x3.5

8.5
a, =| ——
10.5+36‘le

10.5xa, +3¢40, =8.5

Ea

_(85-105xa, | _(8.5-105x0318) _ .
3a 3x0.318 '

Thus, &g =9.41%,

__ 35 _ 35
* 35+&, 35+541

=0.3928and x = 196.41mm
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e, :3.5x[x_50j — 3.5x (19641 50) 2.6090 7,
X 196.41

Step 5: Check if the assumption in step 2 is correct and if it is, proceed to step 8. If the

assumption is not correct, repeat step 2 to 5 with another assumption.

£, = 2609 /o>

Both of the assumptions are correct

Step 6:  Calculate the value of beta

£, (38, —4)+2
chm (3gcm - 2)

For eem>gc2, B, = kx[
Substituting the values of k, and e., yields, Bc =0.1634

Step 7: Calculate the moment resistance

M =, f,00%(0-2,)+ A, f,,(d —d,)

M = 0.318x11.33x280x500% (1 - 0.1634)+ 645x260.87(500 - 50)

M =286.712 KNm

4: Design the beam Using concrete class C20/25 and steel grade S-300 and assuming cover

=25mm, d = 500mm,d2 = 50mm and Mgy = -286 kNm.
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Step 1: Design Values (Changing the characteristic value to design value)

d= 500mm

~300/ _ =
f,o =309/ - =260.87MPa

0.85x20 =
g, = )/ =11.33MPa

Step 2: for negative moment, slab is in tension side and by is the width

Step 3: Calculate psq and k;

M 286000000
Uy = —2— — 0.3606
“ " f,bd? ~ 11.33x280x5007

fy =0.3606> p, = 0.295 it require compresson reinforcement for sufficient ductility

From chart
K;=0.744
K;=2z/d

z = dxk; = 0.744x500 = 372mm
Mgy = O.295xfcd bd? = 0.295x11.33x280x500° = 233.9645Nm

Step 4: Calculate Astot

My —Mg,  286000000- 233964500

= = 443.268mm*
fqa(d—d,) 260.87x(500-50)

A =
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a M | 233964500 0000000
f,z 26087x372mm

Astot = 443.268mm? + 2410.92mm? = 2854.18mm?
Step 5: Check Asmaxand As,min

0.26-1n p

As,min = max fyk
0.0030,d

O.ZGXﬁ 280x500 = 268.146mm?
max 300

0.0013x280x500 = 182mm?

Asmin = 268.146mm?

Asmax = 0.04A¢
=0.04x280x550

Asmax = 6160mm?

Thefore Asreq is 2854.18mm?

5: Compute the design resistance of the T — beam shown in the figure below. The concrete and
steel grades are C20/25 and S460 respectively. (Cover to stirrup = 25 mm, stirrup of diameter
8 c/c 200 and 4 4,, for longitudinal bar was provided)

500mm

= -

?UDmmI' L_LJ | $125mm

<>
250mm

Step 1: Design Values (Changing the characteristic value to design value)
d= 700 (25 + 8 + 12) = 655mm
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f,, =460/ . =400MPa

0.85x20 =
g )/ =11.33MPa

Step 2:  Assume the neutral axis to be in the flange
Step 3:  Assume the strain the tension reinforcement to be greater than the yield strain

Step 4: Use the procedure of analysis of singly reinforced concrete sections to estimate neutral

axis depth

ATy 4xmxd22x400 _o

a, = = =0.195
f,bd 11.33x500x655

Using @, = 0.8K, , kx = 0.2437 and using kx = x/d, x = 159.656 mm

Step 5:  Check if the assumption in step 3 is correct
X =159.656 > 125, the assumption is not correct

Step 6: Take the neutral axis to be below the flange and divide the section into two parts:

Beam W and Beam F to simplify the analysis process
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be ——
1 1
zzz77722 Y
/i
L A fbe-bw/2( 1be-bw/2¢ Ecu
LA

Step 7: Take the rectangular stress strain relationship for the concrete under compression and
calculate the moment resistance using force equilibrium.
Beam F

A, = fea (b, —b,, ), _ 11.33x(500 - 250)x125
f f 400

h h
MRd,f = Ay fyd(d - %jor MRd,f = fy (be _bw)hf(d - %j

Mg ¢ =11.33x(500— 250)x125x(655—12%)= 209.78kNm

=885.16mm?

The force in the remaining steel area Asw is balanced by compression in the rectangular
portion of the beam. (i.e. Asw = A - A)

Beam W

Asw = As — Asf = 4xzx12° - 885.16 = 924.4mm°
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Asw fyd = O'8Xfcd bw
X = Aswfyd
0.8f b,

= 924.4x400
0.8x11.33x250

Megw = Ay fio (d =0.4X) or Mgy, = f b, (0.8x)d —0.4x)

=163.18mm

M., =11.33x250x0.8x163.18x(655— 0.4x163.18) = 218.06kNm

The total moment capacity of the section now becomes,
Mrd =209.78 +218.06 = 427.84 kNm
6: Design the T — beam shown in the figure below given Msd =427kNm. use concrete and steel

grades are C20/25 and S460 respectively.

_ 500mm

125mm
?UDmmI | 0

. B X .|
=
250mm

W

Step 1: Design Values (Changing the characteristic value to design value)
d=700— (25 + 8 + 12) = 655mm

_ 460/ __ =400MPa

fya 115

0.85x20 =
g, = )/ =11.33MPa

Step 2:  Assume the neutral axis to be in the flange
Step 3:  Assume the strain the tension reinforcement to be greater than the yield strain

Step 4: Use the procedure of analysis of singly reinforced concrete sections to estimate neutral
axis depth
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L AT Axmd2*x400
© f,bd 11.33x500x655

195

Using &, = 0.8K, , kx = 0.2437 and using kx = x/d, x = 159.656 mm

Step 5:  Check if the assumption in step 3 is correct

X =159.656 > 125, the assumption is not correct

Step 6: Take the neutral axis to be below the flange and divide the section into two parts:
Beam W and Beam F to simplify the analysis process

=1
s NN
N
oo
g’

................. - - d‘O"X
t be v % .:ksg é '_JTS\V
]’ by by
g = +
L As fbe-bw2f  fbebwf  Ecu S
o 227/ A s

d T S ERREEE = d-0.5hf
L :_0%%_,' '_‘)lTsf

Step 7: Calculate the area of steel for each beam part.
Beam F

A, =t (b, -b, ), _ 11.33x(500- 250)x125
f f 400

=885.16mm?

My ¢ =11.33x(500— 250)x125x(655—12%)= 209.78kNm
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Beam W

Megw — 427-209.78
fq(d—0.4x) 400(655-0.4x159.656)

A, = =918.652mm*

The total area of steel therfore,
Astor= 885.16mm? +918.652mm? = 1803.812mm?

Step 8: Check As,max and Asﬁmin

f
0.26—" b d
As,min = max fyk
0.003b,d
0.26X@250X655: 235.226mm?
max 400

0.0013x250x500 = 212.875mm?

Asmin= 235.226 mm?
Asmax = 0.04A¢ +Ast
=0.04x250x700 + 885.16
Asmax = 7885.16mm?

Thefore Aseqis 1803.812mm?

8: Design the beam shown below for shear. Use C20/25 concrete and S400 steel. Assuming Ast

= 1200mm?
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d=370mm

-
by =250mm

Step 1: Design Values (Changing the characteristic value to design value)

Ve

=400 =347.83MPa

fya 115

0.85x20 =
g, = )/ =11.33MPa

Step 2: Calculate design value of shear

Crushing of compression struts should be checked at the face of the support and diagonal

tension should be checked at a distance, d, from the face of the column
VEdmax = 175.14kN and Veq = 153.54kN from analysis and similarity of triangle

Step 3: Check compression failure of diagonal struts

o Determine Vp, . with cotd = 2.5
Vv _agb,zufy
Rd max cotd +tan
oc=1
bw = 250mm
z=0.9d
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v=0.6

Veg o :[(1x250x0.9x370x0.6x11.?% . )J ~195.15kN >V,
2T 25

Step 4:  Check diagonal tension failure

e Calculate the shear resistance contribution of the concrete

Vg e = Max [CRd Ck(loop' fo )y + klgcp })wd
| ( min +k O-Cp}:’ d

Crd,c = 0.18/y.=0.18/1.5=0.12

ki=0.15

k=1+ /20% <2.0=1+,/2007_=1375<2.0

Vmin = 0.035k32-f2, = 0.035x 1.375%2x20Y2 = 0.358

A, 1200
=N <0022 1200 _ 013
P d 250x370
op =0

Vo - max [0.12x1.735(100xo.013x20)% + 0.15x0]250x370 =57.05
e (0.358+0.15%0)250x370 = 33.09

VRrd,c = 57.05kN < Veq web reinforcement should be provided

Step 5: Calculate the necessary amount of shear reinforcement

VRd s T ASW ywd cotd —> s = A fywd cotd
S VRd s

Take a single rectangular loop of diameter 8 stirrup,



oo 2x7mx4% x0.9x370x347.83x2.5
153.54x1000

=189.6mm

Use @ c/c 180mm

9: Calculate the area of steel required in the web of the edge beam. Use C40/50 and S-500 bars
for stirrup and longitudinal reinforcement.Assume cover to longitudinal bars to be 35mm and
cotf=2.5.

Solution:

Stepl: Summarize the given parameters

Material C40/50

fek=40MPa; fca=22.66MPa; fctk,0.05=2.5MPa; fci=1.4MPa Ecm=35,000MPa
S-500 fyk=500MPa; fy;=434.78MPa; Es=200,000MPa; &y=2.17%o

Action Teg=31 KNm

Step2: Compute the thickness of the equivalent thin-walled section for the web.
Thickness= area/perimeter

t=Alu

Therefore,

t=600x225/1650= 81mm

Minimum is twice the cover to the longitudinal bars 2x35= 70mm
Therefore, t=81mm

Step3: Compute the maximum torsional moment that can be resisted by the compressive struts.

Troma = 2V0ey feg Aty ;(cOtO +cosar)sin® 0

Rd,max
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v=0.6 1—l
250

(XCW:l

v=0.6 1—ﬂ =05
250

t=81mm

Ax = (600-81)x(225-81) = 74736mm?

fea = 0.85x40/1.15 = 22.67MPa

TRrd,max =2X74736Xx81x0.5x22.67x0.3714x0.9285 = 47.7KNm
This exceeds Teqa (31kNm), therefore section is ok

Step4: Compute the area of longitudinal reinforcement for torsion required to satisfy the design

torsional moment, Tgq
A, = Tg.U, cotd
=k
2Ak fyd
Ag=31x 106 X 1326 x 3/ (2 x 74736 x 500/1.15) = 1583mm?

Step5: Compute the minimum amount of link reinforcement required to resist the design

torsional moment.
Minimum area of torsional link reinforcement is:

A Teq

SW

s 2A f

k ' ydw

cotd

Agus =31 x10° /(2 x 74736x500/1.15 x 2.5)

=0.19 mm%m
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Since the program developed based on numerical analysis and design problem the result

obtained is exact for section analysis and approximately exact for design problem.

From the above numerical analysis and design problem shown on chapter seven (from
example:1 upto example:9) one can conclude that the program give the exact output for section
analysis and design of single and double reinforced concrete rectangular beam, T beam subjected

to design action suchas:

e Design moment
e Design shear force

¢ Design torsional moment
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8. CONCLUSIONS AND RECOMMENDATIONS

8.1 Conclusions

e The developed graphical user interface gives satisfactory section analysis and design
outputs for rectangular, T or Inverted L and Trapezoidal beam. The analysis and design
outputs are solely based on ES EN 1992-1-1:2015.

e The developed graphical user interface application can be used without installing
MATLAB program.

e The program is developed independently for rectangular, T or inverted L and trapezoidal
reinforced concrete beam sections by considering design bending moment.

e The program is also developed independently for rectangular beam with vertical and
inclined stirrup by considering effects of shear, torsion and combined effect of shear
with torsion.

e The section analysis and design commences from a particular strain distribution in the
ULS. The possible strain distributions in the ULS were adopted from ES EN 1992-1-
1:2015. Having a particular strain distribution in the ULS, the stress in the materials was
found using the stress-strain relationships. For the rectangular reinforced concrete beam
,a parabolic rectangular stress-strain relation was taken. For T or inverted L and
trapezoidal beam equivalent rectangular stress-strain relation was taken according ES
EN 1992-1-1:2015.

e It can be observed that, the time required for manual design is much greater than time
required for using the application which gives the results within short time.

e The steps stated on the graphical user interface window need to be followed accordingly
to arrive at the output needed.

e The dimensions to be used for every parameter should be consistent thus, it is necessary
to strictly follow the dimensions specified on the user interface window.

e Additionally, the graphical user interface is particularly useful in the analysis and design

of beam as instruction tool for instructors to save their time.
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e |t can be said that researches carried out for finding optimum design of concrete
structures are of great value to practicing engineers. The optimum solution need to
satisfies the provisions of the code and minimizes the cost of the structure.

e Genetic algorithm based design of simple span beam gave reasonable results, satisfying
the design constraints. This method has the advantage that the cost of concrete and steel
can be incorporated into the design. This will help in obtaining reasonable sections and
steel based on the cost.

e The optimization program also help the user to update the cost of reinforcement and cost
of concrete as the market price varies through time.

8.2 Recommendations

A computer program for the analysis and design of non-prismatic reinforced concrete beam
sections subjected to flexure, shear and torsion can be developed further, other beam cross-
sections shape can be considered other than cross-sections that considered in this thesis.
Furthermore, the structural analysis for simple and multiple span beam which is prismatic and
non prismatic subjectd to different load condition can also be integrated in the graphical user
interface program.

Furthermore, the cost optimization for multiple span beam which is subjectd to different load

condition can also be integrated in the computer program.
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APPENDIX

1. Source Code for Main Interface

function varargout =

Main interface window (varargin)

gui_Singleton = 1;

gui State = struct('gui Name',

mfilename,

'gui Singleton', gui Singleton,
'gui OpeningFcn',

@Main interface window OpeningFcn,

'gui OutputFen',

@Main interface window OutputFcn,
'gui LayoutFcn', []

;e 'gui Callback',

(1)

if nargin && ischar (varargin{l})

gui State.gui Callback =
str2func (varargin{l});
end

if nargout

[varargout{l:nargout}]
gui mainfcn(gui State,
varargin{:});
else
gui mainfcn(gui State,
varargin{:});
end
function
Main interface window OpeningFcn (h
Object, eventdata, handles,
varargin)
imshow ('hawassa.PNG'") ;
axes (handles.axes?2)
imshow ('hawassa.PNG'") ;

axes (handles.axesb)

imshow ('beam detail.PNG'");
axes (handles.axes?9)

imshow ('beam view.PNG'");
guidata (hObject, handles);
function varargout =

Main interface window OutputFcn (hO
bject, eventdata, handles)
varargout{l} = handles.output;
function

radiobutton8 Callback (hObject,
eventdata, handles)

run

('Beam for combined shear and tors
ion.m");

function

radiobutton?7 Callback (hObject,
eventdata, handles)

run ('Beam for torsion.m');
function

radiobutton6 Callback (hObject,
eventdata, handles)

run ('Beam for shear.m')
radiobutton9 Callback (hObject,
eventdata, handles)

run ('main.m')
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2. Source Code for Rectangular Beam Interface for Flexure

handles.output = hObject;

axes (handles.axes?)

imshow ( 'beam
sectionl.PNG');title('Rectangular
beam cross section')

axes (handles.axesl)

imshow ('strain
distl.PNG');title('Parabolic
Rectangular stress strain
distribution')

guidata (hObject, handles);
function varargout =
Rectangular beam for flexure Outpu
tFcn (hObject, eventdata, handles)
varargout{l} = handles.output;
end

format short;

%$Step one Material Property
function

popupmenuZ Callback (hObject,
eventdata, handles)

%for persistent and transient
design situation:partial seafty
factor for

%concrete=1.5 and partial seafty
factor for steel=1.15

switch

get (handles.popupmenu2, 'Value')
case 1

concreteclass= 'select concrete
grade';

fck in MPa=0;

fctm in MPa=0;

fcd in MPa=0;

case 2

concreteclass= 'l5'";

fck _in MPa=0.8%*15

fectm _in MPa=0.3* (12)"(2/3)
fcd in MPa=0.8*0.85*15/1.5
case 3

concreteclass= '20";

fck _in MPa=0.8%*20

fctm _in MPa=0.3* (16)"(2/3)
fcd in MPa=0.8*0.85*20/1.5
case 4

concreteclass= '25'";

fck _in MPa=0.8%*25

fctm in MPa=0.3*(20)"(2/3)
fcd in MPa=0.8*0.85*25/1.5
case 5

concreteclass= '30"';

fck _in MPa=0.8%*30

fctm in MPa=0.3*(24)"(2/3)
fcd in MPa=0.8*0.85*30/1.5
case 6

concreteclass= '37'";

fck _in MPa=0.8%*37

fctm in MPa=0.3*(29.6)"(2/3)
fcd in MPa=0.8*0.85*37/1.5
case 7

concreteclass= '45";

fck in MPa=0.8%45

fctm in MPa=0.3*(36) " (2/3)
fcd in MPa=0.8*0.85%45/1.5
case 8

concreteclass= '50";

fck in MPa=0.8%*50

fctm in MPa=0.3* (40) " (2/3)
fcd in MPa=0.8*0.85*50/1.5

otherwise
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end

set (handles.editl132, 'string', fck 1
n_MPa) ;

set (handles.editl31, 'string', fctm
in MPa);

set (handles.edit38, "'string', fcd in
_MPa) ;

function

popupmenuZ CreateFcn (hObject,
eventdata, handles)

if ispc &&

isequal (get (hObject, 'BackgroundCol
or'),

get (0, '"defaultUicontrolBackgroundC
olor'))

set (hObject, 'BackgroundColor', 'whi
te");

end

function

popupmenul Callback (hObject,
eventdata, handles)

$fyk &fyd are characterstices &
design yield strength of
reinforcement

Srespectvely

switch

get (handles.popupmenul, 'Value')
case 1

steelclass= 'select steel grade';
fyk in MPa=0;

fyd in MPa=0;

case 2

steelclass= '260';

fyk in MPa=260

fyd in MPa=260/1.15

case 3

steelclass= '300"';

fyk in MPa=300

fyd in MPa=300/1.15
case 4

steelclass= '360'";
fyk in MPa=360

fyd in MPa=360/1.15
case 5

steelclass= '400'";
fyk in MPa=400

fyd in MPa=400/1.15
case 6

steelclass= '460"'
fyk in MPa=460

fyd in MPa=460/1.15
case 7

steelclass= '500";
fyk in MPa=500

fyd in MPa=500/1.15
case 8

steelclass= '560";
fyk in MPa=560

fyd in MPa=560/1.15
case 9

steelclass= '600";
fyk in MPa=600

fyd in MPa=600/1.15
otherwise

end

set (handles.editl130, 'string', fyk i
n_MPa)

set (handles.edit39, 'string', fyd in
_MPa)

function

popupmenul CreateFcn (hObject,
eventdata, handles)
if ispc &&

isequal (get (hObject, 'BackgroundCol
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or'),

get (0, 'defaultUicontrolBackgroundC
olor'"))

set (hObject, 'BackgroundColor', 'whi
te");

end

% Step Two Area of steel in mm2
function

popupmenu3 Callback (hObject,
eventdata, handles)

switch

get (handles.popupmenu3, 'Value')
case 1

Diameter= 'select bar size';

bar diametr in mm=0;

unit area of reinforcement in mm2=
0;

case 2

Diameter= '6';

bar diametr in mm=6;

unit area of reinforcement in mm2=
(pi*672)/(4);

case 3

Diameter= '8';

bar diametr in mm=8;

unit area of reinforcement in mm2=
(pi*872)/(4);

case 4

Diameter= '10';

bar diametr in mm=10;

unit area of reinforcement in mm2=
(pi*1072)/(4);

case 5

Diameter= '12';

bar diametr in mm=12;

unit area of reinforcement in mm2=

(pi*1272)/(4);

case 6

Diameter= '14"'";

bar diametr in mm=14;

unit area of reinforcement in mm2=
(pi*1472)/ (4);

case 7

Diameter= '16';

bar diametr in mm=16;

unit area of reinforcement in mm2=
(pi*1672)/(4);

case 8

Diameter= '18";

bar diametr in mm=18;

unit area of reinforcement in mm2=
(pi*1872)/ (4);

case 9

Diameter= '20';

bar diametr in mm=20;

unit area of reinforcement in mm2=
(pi*2072)/ (4);

case 10

Diameter= '22';

bar diametr in mm=22;

unit area of reinforcement in mm2=
(pi*2272)/ (4);

case 11

Diameter= '24"';

bar diametr in mm=24;

unit area of reinforcement in mm2=
(pi*2472)/ (4);

case 12

Diameter= '26';

bar diametr in mm=26;

unit area of reinforcement in mm2=
(pi*2672)/(4);

case 13

Diameter= '30';
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bar diametr in mm=30;

unit area of reinforcement in mm2=
(p1i*3072)/(4);

case 14

Diameter= '32'";

bar diametr in mm=32;

unit area of reinforcement in mm2=
(pi*3272)/(4);

case 15

Diameter= '34"';

bar diametr in mm=34;

unit area of reinforcement in mm2=
(p1i*3472)/(4);

case 16

Diameter= '40';

bar diametr in mm=40;

unit area of reinforcement in mm2=
(p1i*4072)/ (4);

otherwise

end

set (handles.edit2l, "string',unit _a
rea of reinforcement in mm2);

set (handles.edit200, 'string',bar_d
iametr in mm);

function

popupmenu3 CreateFcn (hObject,
eventdata, handles)

if ispc &&

isequal (get (hObject, 'BackgroundCol
or'),

get (0, '"defaultUicontrolBackgroundC
olor'))

set (hObject, 'BackgroundColor', 'whi
te");

end

function

pushbutton59 Callback (hObject,
eventdata, handles)

%$Asl ,As2 & As3 are area of steel
for rectangular beam at the
tension side

Asl prov_at bottom rowl in mm2=str
2num (get (handles.edit2l, "string'))
*str2num(get (handles.edit79, "strin
g'))

set (handles.edit80, 'string',Asl pr
ov_at bottom rowl in mm2)

number of bar at rowl=str2num(get (
handles.edit79, "string'))

diameter of bottom bar in mm=str2n
um (get (handles.edit200, "'string'))
diameter=0;

if number of bar at rowl>0
disp(diameter of bottom bar in mm)
set (handles.edit201, 'string',diame
ter of bottom bar in mm)

elseif number of bar at rowl==
disp (0)

set (handles.edit201, 'string',diame
ter);

end

function

pushbutton73 Callback (hObject,
eventdata, handles)

As2 prov_at bottom row2 in mm2=str
2num (get (handles.edit2l, "string'))
*str2num(get (handles.editbl, "strin
g'))

set (handles.edit55, 'string',As2 pr
ov_at bottom row2 in mm2)

number of bottom bar at row2=str2n

um (get (handles.editbl, "string'))
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diameter of bottom bar in mm=str2n
um (get (handles.edit200, "string'))
diameter=0;

if number of bottom bar at row2>0
disp(diameter of bottom bar in mm)
set (handles.edit202, 'string',diame
ter of bottom bar in mm)

elseif

number of bottom bar at row2==
disp (0)

set (handles.edit202, 'string',diame
ter);

end

function

pushbutton74 Callback (hObject,
eventdata, handles)

As3 prov_at bottom row3 in mm2=str
2num (get (handles.edit2l, "string'))
*str2num (get (handles.editb52, "strin
g'))

set (handles.edit56, 'string',As3 pr
ov_at bottom row3 in mm2)

number of bottom bar at row3=str2n
um (get (handles.editb2, "string'));
diameter of bottom bar in mm=str2n
um (get (handles.edit200, "string'));
diameter=0;

if number of bottom bar at row3>0
disp(diameter of bottom bar in mm)
set (handles.edit203, 'string',diame
ter of bottom bar in mm);

elseif

number of bottom bar at row3==
disp (0)

set (handles.edit203, 'string',diame
ter);

end

function

pushbutton75 Callback (hObject,
eventdata, handles)

Aslc prov_at top rowl in mm2=str2n
um (get (handles.edit21, "string')) *s
tr2num(get (handles.edit53, 'string'
))

set (handles.edit40, 'string',Aslc p
rov_at top rowl in mm2)

number of top bar at rowl=str2num/(
get (handles.edit53, 'string'))
diameter of top bar in mm=str2num/(
get (handles.edit200, 'string'))
diameter=0;

if number of top bar at rowl>0
disp(diameter of top bar in mm)
set (handles.edit204, 'string',diame
ter of top bar in mm)

elseif

number of top bar at rowl==

disp (0)

set (handles.edit204, 'string',diame
ter);

end

function

pushbutton76 Callback (hObject,
eventdata, handles)
As2c_prov_at top row2 in mm2=str2n
um (get (handles.editb4, 'string')) *s
tr2num (get (handles.edit2l, 'string’
))

set (handles.edit57, 'string',As2c_p
rov_at top row2 in mm2)

number of top bar at row2=str2num/(
get (handles.editb4, 'string'))
diameter of top bar in mm=strZnum

get (handles.edit200, 'string'))

104



diameter=0;

if number of top bar at row2>0
disp(diameter of top bar in mm)
set (handles.edit205, 'string',diame
ter of top bar in mm);

elseif

number of top bar at row2==

disp (0)

set (handles.edit205, "'string',diame
ter);

end

function

pushbutton55 Callback (hObject,
eventdata, handles)

As3c _prov_at top row3 in mm2=str2n
um (get (handles.editl102, "string') ) *
str2num (get (handles.edit21, 'string
"))

set (handles.editl01, 'string',As3c_

prov_at top row3 in mm2)

number of top bar at row3=strZnum/(
get (handles.editl102, 'string'))
diameter of top bar in mm=str2num(
get (handles.edit200, 'string'))
diameter=0;

if number of top bar at row3>0
disp(diameter of top bar in mm)
set (handles.edit206, 'string',diame
ter of top bar in mm);

elseif

number of top bar at row3==

disp (0)

set (handles.edit206, 'string',diame
ter);

end

% Step Three beam cross-section

property in mm

function

pushbutton36 Callback (hObject,
eventdata, handles)

%dt,dc is efective depth cover at
tension & compression zone and d
is

$effective depth

effecive depth cover at bottom= (st
r2num (get (handles.edit58, "string')
) *str2num (get (handles.edit80, 'stri
ng'))+str2num(get (handles.edit59, '
string')) *str2num(get (handles.edit
55, 'string'))+str2num(get (handles.
edit60, 'string')) *str2num(get (hand
les.editb6, 'string')))/ (str2num(ge
t (handles.editb55, "string'))+str2nu
m(get (handles.edit80, 'string')) +st
r2num (get (handles.edit56, "'string')
))

set (handles.edit50, 'string',effeci
ve depth cover at bottom);

A31=0;

As compression total=str2num(get (h
andles.edit40, 'string'))+str2num (g
et (handles.edit57, 'string'));
effecive depth cover at top=(str2n
um (get (handles.edit6l, "string')) *s
tr2num(get (handles.edit40, 'string’
)) tstr2num (get (handles.edit62, 'str
ing')) *str2num(get (handles.edit57,
'string'))+str2num(get (handles.edi
t103, "string')) *str2num(get (handle
s.editl01l, 'string')))/ (str2num(get
(handles.edit40, "string')) +str2num
(get (handles.editb57, 'string'))+str
2num (get (handles.editl101l, 'string')
))
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if As compression total==

disp (A31);

set (handles.edit44, 'string',A31)
elseif As compression total>0
disp(effecive depth cover at top)
set (handles.edit44, 'string',effeci
ve depth cover at top)

end

D in mm=str2Znum(get (handles.edit84
, 'string'))

effecive depth cover at bottom in
mm=str2num (get (handles.edit50, 'str
ing'))

d in mm=D in mm-

effecive depth cover at bottom in
mm

set (handles.edit5, 'string',d _in mm
) i

%Step Four Determination of
Neutral Axis Depth alphac , X , ac
and 2

function

pushbutton20 Callback (hObject,
eventdata, handles)

%Acl=alphac for single
reinforcement and Ac2=alphac for
double reinforcement

As _compression in mm2=str2num(get (
handles.edit40, 'string') ) +str2num(
get (handles.editb57, 'string')) +str2
num (get (handles.editl101l, 'string'))
Alpha cl=(str2num(get (handles.edit
80, 'string') ) +str2num(get (handles.
editb5, 'string') ) tstr2num(get (hand
les.editb56, 'string'))) *str2num(get
(handles.edit39, 'string'))/ (str2nu

m(get (handles.edit38, "string')) *st
r2num (get (handles.edit5, 'string'))
*str2num(get (handles.edit4, 'string
"))

Aclpha c2=(((str2num(get (handles.e
dit80, 'string'))+str2num(get (handl
es.edith5, 'string')) +str2num(get (h
andles.editb56, 'string'))) -
(str2num(get (handles.edit40, "strin
g'))+str2num(get (handles.edit57,'s
tring'))+str2num(get (handles.editl
01, "string')))) *str2num(get (handle
s.edit39, 'string')) )/ (str2num(get (
handles.edit38, "string')) *str2num(
get (handles.edit5, "'string')) *str2n
um (get (handles.edit4, 'string')))
if As compression in mm2==

disp (Alpha cl);

set (handles.edit23, 'string',Alpha
cl);

elseif As compression in mm2>0
disp (Aclpha c2);

set (handles.edit23, 'string',Aclpha
_c2);

end

E in GPa=str2Znum(get (handles.editl
49, 'string'))

Eyd=str2num(get (handles.edit39, 'st
ring'))/E_in GPa

set (handles.edit77, 'string',Eyd) ;
As compresssion=strZnum(get (handle
s.editd0, 'string') ) +str2num(get (ha
ndles.edit57, 'string'))+str2num(ge
t (handles.editl101, "string'))
ecmll=(-2-

75*str2num(get (handles.edit23, "str
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ing')))/(3*str2num(get (handles.edi
t23, 'string'))-3)

esll=(8.5-

10.5*str2num(get (handles.edit23, 's
tring')))/(3*str2num(get (handles.e
dit23, 'string')))

if ecmll >3.5

disp(esll);

set (handles.edit76, 'string',esll);
end

if

esll>str2num(get (handles.edit77, 's
tring'))

disp(esll);

set (handles.edit76, 'string',esll);
end

esll=(8.5-

10.5*Aclpha c2)/(3*Aclpha c2)

if As compresssion>0

disp(esll);

set (handles.edit76, 'string',esll);
end

$esll,esl2 & esl3 are strain of
steel on the tension side

design criterial='OK';

design criteria2='NOT OK';
esll=str2num(get (handles.edit76, 's
tring'));

if esll>Eyd

disp(design criterial);

set (handles.edit78, 'string',design
_Ccriterial);

elseif esll<Eyd

disp(design criteria2);

set (handles.edit78, 'string',design
_CriteriaZ2);

end

if

esll>str2num(get (handles.edit77,'s
tring'))

disp(esll);

set (handles.edit91, 'string',esll);
end

pl=

[ (3* (str2num (get (handles.edit80, 's
tring'))+str2num(get (handles.editb
5,'string') ) +str2num(get (handles.e
dit56, 'string')) -

(str2num(get (handles.edit40, 'strin
g'))+str2num(get (handles.edit57,'s
tring'))))*E_in GPa)/ (str2num(get (
handles.edit38, 'string')) *str2num(
get (handles.edit4, 'string')) *str2n
um (get (handles.edit5, 'string')))
(10.5* (str2num (get (handles.edit80,
'string'))+str2num(get (handles.edi
t55, 'string') ) +str2num(get (handles
.editbo6, 'string')) -

(str2num(get (handles.edit40, 'strin
g'))+str2num(get (handles.edit57,'s
tring'))))*E_in GPa)/ (str2num(get (
handles.edit38, 'string')) *str2num (
get (handles.edit4, 'string')) *str2n
um (get (handles.edit5, 'string'))) -
8.5]1;

pes2 = roots(pl);

esl2=pes2(1,1);

esl3=pes2(2,1);

A44=0;

Ecu2=3.5;

if esl2>0

disp(esl2);

set (handles.edit91, 'string',esl2);

end
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if esll<Eyd
disp(esl2);
set (handles.edit91, 'string',esl2);
set (handles.edit75, 'string', Ecu2);
elseif esll>Eyd
disp (A44)
set (handles.edit91, 'string', Ad4);
end
if esl3>0
disp(esl3);
set (handles.edit91, 'string',esl3);
end
if esll<Eyd
disp(esl3);
set (handles.edit91, 'string',esl3);
set (handles.edit75, 'string', Ecu2) ;
elseif esll>Evyd
disp (A44)

set (handles.edit91, 'string',A44);
end

%$Acl=alphac for single
reinforcement and Ac2=alphac for
double reinforcement and ecml is
maximum compressive strain of
steel
esll=str2num(get (handles.edit76, 's
tring'));
Alpha c=str2num(get (handles.edit23
, 'string'));
Alpha cll=(str2num(get (handles.edi
t80, "string') ) +str2num(get (handles
.editbb, "string') ) +str2num(get (han
dles.edit56, "string')))*200*str2nu
m(get (handles.edit91, "string'))/ (s
tr2num(get (handles.edit38, 'string'
)) *str2num(get (handles.editb, "stri

ng')) *str2num(get (handles.edit4, 's
tring')));

if esll<Eyd

disp (Alpha cl11);

set (handles.edit89, 'string',Alpha
cll);

elseif esll>Eyd

disp (Alpha c);

set (handles.edit89, 'string',Alpha
c)i

end

esll=str2num(get (handles.edit76, 's
tring'));

eslll=str2num(get (handles.edit9l, "’
string'));

esl=25

if esll>25

disp(esl);

set (handles.edit68, 'string',esl);
elseif esll<eslll

disp(eslll);

set (handles.edit68, 'string',esl111)
elseif eslll<25

set (handles.edit68, 'string',esl111)

’

end
ecu2=3.5
p= [-1 6 -

12*str2num(get (handles.edit23, 'str
ing')) -

300*str2num(get (handles.edit23, 'st
ring'))1;

pecm = roots(p);

ecml2=pecm(1l,1)

ecml3=pecm(2,1)

ecmld=pecm(3,1)
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if pecm(1l,1)<=2

disp(ecml2) ;

set (handles.edit75, "string',ecml?2)
elseif pecm(2,1)<=2

disp(ecml3) ;

set (handles.edit75, "string', ecml3)
elseif pecm(3,1)<=2

disp(ecmld) ;

set (handles.edit75, "string',ecmld)
end

if ecmll >=2

disp (ecmll) ;

set (handles.edit75, "string',ecmll)
elseif ecmll<=3.5

disp(ecmll) ;

set (handles.edit75, "string',ecmll)
end

if As compresssion>0

disp (ecu?)

set (handles.edit75, 'string', ecu2);
end

ecm=str2num(get (handles.edit75, 'st
ring'))

ecuz2=3.5

if ecm<ecu2

disp (ecm) ;

set (handles.edit69, 'string', ecm);
elseif ecm>=ecu?

disp (ecu2);

set (handles.edit69, 'string',ecu2);

end

ecml=str2num(get (handles.edit75, 's
tring'));

Kxl=(str2num(get (handles.edit75,'s
tring'))/ (str2num(get (handles.edit
75, 'string'))+25));

if ecml<=3.5

disp (Kx1) ;

set (handles.edit72, 'string',Kx1);
X in mm=Kxl*strZ2num(get (handles.ed
it5, 'string'))

set (handles.edit24, 'string',x _in m
m) ;

elseif ecml>=3.5&&es>Eyd
Kx2=(3.5/(3.5+es))

disp (Kx2) ;

set (handles.edit72, 'string', Kx2);
x_in mm=Kx2*str2num(get (handles.ed
ith, 'string'))

set (handles.edit24, 'string',x in m
m) ;

elseif es<Eyd

esl=str2num(get (handles.edit9l, 'st
ring'));

Kx3=(3.5)/ (esl+3.5)

disp (Kx3) ;

set (handles.edit72, 'string', Kx3);
X in mm=Kx3*str2num(get (handles.ed
ith, 'string'))

set (handles.edit24, 'string',x in m
m) ;

end

if As compression_in mm2>0

Aalpha c2=((str2Znum(get (handles.ed
it80, "string'))+str2num(get (handle
s.editbb, "'string') ) +str2num(get (ha
ndles.editb6, 'string'))) *str2num(g
et (handles.edit39, 'string')) -
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(str2num(get (handles.edit40, "strin
g'))+str2num(get (handles.edit57, 's
tring'))+str2num(get (handles.editl
01, 'string'))) *str2num(get (handles
.edit39, 'string')) )/ (str2num(get (h
andles.edit38, 'string')) *str2num (g
et (handles.edith, 'string')) *str2nu
m(get (handles.edit4, 'string')));
esl=(8.5-

10.5*RAalpha c2)/(3*Ralpha c2);
Kx=(3.5)/(3.5+esl)

disp (Kx)

set (handles.edit72, 'string',Kx);

X in mm=Kx*str2Znum(get (handles.edi
t5, 'string'))

set (handles.edit24, 'string',x _in m
m) ;

end

es21=(3.5* (str2num(get (handles.edi
t24,'string')) -

str2num (get (handles.edit44, 'string
"Y)))/ (str2num(get (handles.edit24,
'string')))

es22=0;

if As compression in mm2==
disp(es22);

set (handles.edit43, 'string',es22);
set (handles.edit47, 'string',es22);
set (handles.edit70, 'string',es22);
elseif

As compression in mm2>0&&es21>Eyd
disp(es2l);

set (handles.edit43, 'string',es2l);
set (handles.edit47, 'string',es22);
set (handles.edit70, 'string',es22);
elseif

As compression in mm2>0&&es21<Eyd

disp (es21);

set (handles.edit43, 'string',es21);
p=[10.5*E in GPa* (str2num(get (hand
les.edit40, 'string') ) +str2num(get (
handles.edit57, 'string') ) +str2num(
get (handles.editl101, 'string'))) (-
36.75*E_in GPa* (str2Znum(get (handle
s.editb57, 'string') ) +str2num(get (ha
ndles.edit40, 'string'))+str2num(ge
t (handles.edit101, "string'))) -
10.5* (str2num(get (handles.edit80, "'
string'))+str2num(get (handles.edit
55, 'string') ) +str2num(get (handles.
edit56, 'string'))) *str2num(get (han
dles.edit39,'string'))) (-
29.75*str2num (get (handles.edit44,"’
string')) * (str2num(get (handles.edi
t38, 'string')) *str2num(get (handles
.edit4, 'string')))+36.75* (str2num (
get (handles.edit55, "string') ) +str2
num (get (handles.edit56, "string') )+
str2num (get (handles.edit80, 'string
"))) *str2num(get (handles.edit39, 's
tring')))1;

pes3=roots (p);

es23=pes3(1,1);

es24=pes3(2,1);

set (handles.edit47, 'string',es23);
set (handles.edit47, 'string',es24);
Alpha c2=((str2num(get (handles.edi
t80, "string') ) +str2num(get (handles
.editbb, 'string') ) +str2num(get (han
dles.edit56, 'string'))) *str2num(ge
t (handles.editl149, 'string')) *str2n
um (get (handles.edit47, 'string')) -
(str2num(get (handles.edit40, "strin
g'))+str2num(get (handles.edit57, 's
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tring'))+str2num(get (handles.editl
01, 'string'))) *str2num(get (handles
.editl49, 'string')) *str2num(get (ha
ndles.editd7, 'string')) )/ (str2num (
get (handles.edit38, 'string')) *str2
num (get (handles.editb, 'string')) *s
tr2num (get (handles.edit4, 'string')
))

set (handles.edit70, 'string',Alpha
c2);

end

%$es2 strain at the compression
reinforcement side

design criterial="steel yiled'
design criteriall='steel not
yield'

A43=0;

es2=str2num(get (handles.edit43, 'st
ring'));

if es2==

disp (A43);

set (handles.edit83, 'string',A43);
elseif es2>Eyd

disp(design criterial);

set (handles.edit83, 'string',design
_criterial);

elseif es2<Eyd

disp(design criteriall);

set (handles.edit83, 'string',design
_criteriall);

end

$Bc=betac, ecm=maximum concrete
compressive strain,Z lever arm and
Asc 1is

Sreinforcement at compression zone
Kx=str2num(get (handles.edit72, "str

ing"));

ecm=str2num (get (handles.edit75, 'st

ring'));
Beta cl=Kx* (((8-ecm)/ (4% (6-ecm))))
Beta c2=Kx* ((((ecm* (3*ecm-

4))+2)/ (2*ecm* (3*ecm-2))))

if ecm<2

disp(Beta cl);

set (handles.edit86, 'string',Beta c
1);

end

if ecm>=2

disp(Beta c2);

set (handles.edit86, 'string',Beta c
2);

end

if ecm<=3.5

disp(Beta c2);

set (handles.edit86, 'string',Beta c
2);

end

if ecm>=3.5

disp(Beta c2);

set (handles.edit86, 'string',Beta c
2);

end
ecm=3.5;
Beta c2=Kx* ((((ecm* (3*ecm-

4)+2)) / (2*ecm* (3*ecm-2))))

if As compression in mm2>=0
disp(Beta c2);

set (handles.edit86, 'string',Beta c
2);

end

es2=0;

A45=0;

if As compression in mm2==

disp (es2)
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set (handles.editd47, 'string',es2);
disp (A45)

set (handles.edit70, 'string',A45);
end

Z_in mm=str2num(get (handles.edit}h,
'string'))*(1-

str2num(get (handles.edit86, 'string
"))

set (handles.editll, 'string',Z2 in m
m) ;

% check for failure type

$x 1is nuetral axis depth

Xb in mm=(3.5/(3.5+str2num(get (han
dles.edit77, 'string')))) *str2num (g
et (handles.edith, 'string'))

set (handles.edit71, 'string',Xb in
mm) ;

Xb in mm=str2num(get (handles.edit?
1,'string"));

X=str2num(get (handles.edit24, 'stri
ng'));

design criteria 5='Compression
Failure occur'

design criteria 6='Tension Failure
occur'

design criteria 7='Balanced
Failure ocuur'

if X>Xb in mm

disp(design criteria 5);

set (handles.edit73, 'string',design
_Ccriteria 5);

elseif X==Xb in mm

disp(design criteria 7);

set (handles.edit73, 'string',design
_Ccriteria 7);

else

disp (design criteria 6);

set (handles.edit73, 'string',design
_criteria 6);

end

% Final step analysis for concrte
& steel resultant force & moment
capacty

% Fc is compression
force,compression force of
reinforcement & Fs tension

% reinforcement force

Fc_in N=str2num(get (handles.edit23
, 'string')) *str2num (get (handles.ed
it38, 'string')) *str2num(get (handle
s.edit4, 'string')) *str2num(get (han
dles.edith, 'string'))

Fcl in N=str2num(get (handles.edit8
9, 'string')) *str2num(get (handles.e
dit38, 'string')) *str2num(get (handl
es.edit4d, 'string')) *str2num(get (ha
ndles.edith, 'string'))
esl=str2num(get (handles.edit76, 'st
ring'));
Eyd=str2num (get (handles.edit77, 'st
ring'));

if esl<Eyd

disp(Fcl in N);

set (handles.edit65, 'string',Fcl in
_N)

end

if esl>Eyd

disp(Fc_in N);

set (handles.edit65, 'string',Fc_in_
N)

end

Fsc in N=strZ2num(get (handles.edit3
9, 'string')) *str2num(get (handles.e

dit40, 'string'))+str2num(get (handl
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es.edit39, 'string')) *str2num(get (h
andles.edit57, 'string'))+str2num (g
et (handles.edit39, "string')) *str2n
um (get (handles.editl101l, "string'))
Fscl in N=str2num(get (handles.edit
47, 'string')) *str2num(get (handles.
editl49, 'string')) *str2num(get (han
dles.edit40, 'string')) +str2num(get
(handles.edit47, 'string')) *str2num
(get (handles.editl149, "string')) *st
r2num (get (handles.edit57, 'string')
) +str2num(get (handles.edit47, 'stri
ng')) *str2num(get (handles.edit149,
'string')) *str2num(get (handles.edi
£101, 'string'))

es2=str2num(get (handles.edit43, 'st
ring'));

if es2>Eyd

disp(Fsc_in N);

set (handles.edit64, 'string',Fsc_in
_N);

end

if es2<Eyd

disp(Fscl in N);

set (handles.edit64, 'string',Fscl i
n N);

end

C_in N=str2num(get (handles.edit65,
'string'))+str2num(get (handles.edi
t64, 'string'))

set (handles.edit67, 'string',C in N
)

Fs in N=str2num(get (handles.edit39
, 'string')) *str2num(get (handles.ed
it80, "string'))+str2num(get (handle
s.edit39, 'string')) *str2num(get (ha
ndles.editb55, "'string') ) +str2num(ge

t (handles.edit39, 'string')) *str2nu
m(get (handles.edit56, "string'))
Fsl in N=str2num(get (handles.edit9
1,'string')) *str2num(get (handles.e
ditl49, 'string')) *str2num(get (hand
les.edit80, 'string'))+str2num(get (
handles.edit91, 'string')) *str2num (
get (handles.editl149, 'string')) *str
2num (get (handles.editb5, "string'))
+str2num (get (handles.edit91, "strin
g'))*str2num(get (handles.edit149, '
string')) *str2num(get (handles.edit
56, 'string'))

if esl>Eyd

disp(Fs_in N);

set (handles.edit63, 'string',Fs_in
N) ;

elseif esl<Eyd

disp(Fsl in N);

set (handles.edit63, 'string',Fsl in
_N);

end

$MRdr=MRd=total moment capacity of
rectangular beam
$As2=reinforcement at the
compression side

As compression=str2num(get (handles
.edit40, 'string'))+str2num(get (han
dles.editb57, 'string'))+str2num(get
(handles.editl101l, 'string'));

Af=0;

esl=str2num(get (handles.edit76, 'st
ring'));
Eyd=str2num (get (handles.edit77, 'st
ring'));

MRdArll in Nmm=(str2num(get (handles

.edit80, 'string') ) +str2num(get (han
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dles.editb5, 'string')) +str2num(get
(handles.edit56, "string'))) *str2nu
m(get (handles.edit39, 'string')) *st
r2num (get (handles.editb, 'string'))
*(1-

str2num(get (handles.edit86, "'string
"))

MRdrl2 in Nmm=(strZnum(get (handles
.edit80, "string') ) +str2num(get (han
dles.editb5, 'string')) +str2num(get
(handles.edit56, 'string'))) *str2nu
m(get (handles.editl149, 'string')) *s
tr2num(get (handles.edit91, 'string'
)) *str2num (get (handles.edith, "stri
ng'))*(1-

str2num (get (handles.edit86, 'string
"))

if esl>Eyd

disp (MRdrll in Nmm) ;

set (handles.edit25, 'string',MRdrll
_in Nmm) ;

end

if esl<Eyd

disp (MRdArl2 in Nmm) ;

set (handles.edit25, "'string',MRdrl12
_in Nmm) ;

end

Af1=0;

es2=str2num(get (handles.edit43, 'st
ring'));

MRdrl3 in Nmm=str2num(get (handles.
edit23, 'string')) *str2num(get (hand
les.edit38, 'string')) *str2num(get (
handles.edit4, "'string')) *str2num(g
et (handles.editb, 'string')) *str2nu
m(get (handles.editb, 'string')) * (1-
str2num(get (handles.edit86, 'string

")))+t(str2num(get (handles.edit40, '
string'))+str2num(get (handles.edit
57, 'string'))+str2num(get (handles.
editl01l, "string'))) *str2num(get (ha
ndles.edit39, 'string')) * (str2num(g
et (handles.edit5, 'string')) -
str2num (get (handles.edit44, 'string
"))

MRdArl4 in Nmm

=str2num (get (handles.edit70, 'strin
g')) *str2num(get (handles.edit38, 's
tring')) *str2num(get (handles.edit4
, 'string')) *str2num(get (handles.ed
it5, 'string')) *str2num(get (handles
.edith, 'string')) * (1-

str2num (get (handles.edit86, 'string
")) )+ (str2num(get (handles.edit40, '
string'))+str2num(get (handles.edit
57, 'string'))+str2num(get (handles.
editl01l, 'string'))) *str2num (get (ha
ndles.edit47, 'string')) *str2num(ge
t (handles.editl149, 'string')) * (str2
num (get (handles.editb5, 'string')) -
str2num (get (handles.edit44, 'string
"))

if As compression==

disp (Afl);

set (handles.edit90, 'string',Afl);
elseif As compression>0

disp (Af) ;

set (handles.edit25, 'string',Af);
end

if es2<Eyd

disp (MRdrl4 in Nmm) ;

set (handles.edit90, "'string',MRdrl4
_in Nmm) ;

elseif es2>Eyd
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disp (MRdrl3 in Nmm) ;

set (handles.edit90, "'string',MRdr13
_in Nmm) ;

end

%step checked for design part
function

pushbuttonl50 Callback (hObject,
eventdata, handles)

% Ast area of reinforcement at
tension zone

dc=str2num(get (handles.edit44, 'str
ing'));

bw=str2num(get (handles.edit4, 'stri
ng'));

fyk=str2num(get (handles.editl130, 's
tring'));

fcd=str2num(get (handles.edit38, 'st
ring'));

l=str2num(get (handles.editl1l70, 'str
ing'));

d=str2num(get (handles.edit5, 'strin
g'));

k=str2num(get (handles.editl72, 'str
ing"));

M in Nmm=str2num(get (handles.editl
36, 'string'));
m=((fyk/1.15)/(0.8*fcd));
pr=(1.25/m) * (1-sqrt (1-

((2*M_in Nmm) / (fcd*bw* (d) ~2))));
Kxlim=str2num(get (handles.edit209,
'string'));

Ms_ in Nmm=Kxlim* (8.5/10.5) *fcd*bw*
d"2* (1-Kxlim* (24.75/59.5));

As_req single in mm2=Ms_in Nmm/ (0.
814* (fyk/1.15) *d)

As req compression in mm2=(M in Nm

m-Ms in Nmm) / ( (fyk/1.15)* (d-dc))

As reqg double in mm2=As req single
_in mm2+As req compression_in mm2
As req in mm2=pr*bw*d

Ad=0;

As _compression=str2num(get (handles
.edit40, 'string'))+str2num(get (han
dles.editb57, 'string'));

if M in Nmm<Ms in Nmm
disp(As req in mm2)

set (handles.edit207, 'string',As_re
g_in mm2);

elseif M in Nmm>Ms in Nmm
disp(As_req single in mm2);

set (handles.edit207, 'string',As re
g_single in mm2);

set (handles.edit211l, 'string',As_re
g_compression in mm2) ;

set (handles.edit210, 'string',As _re
g_double in mm2);

end

dialt=str2num(get (handles.edit201,
'string'));

dialc=str2num(get (handles.edit204,
'string'));

Asreqgll=str2num(get (handles.edit20
7,'string"));

Asreg2l=str2num(get (handles.edit21
0,'string'));

Asunit=0.25*pi* (dialt)"2;
Asunitc=0.25*pi* (dialc)"2;
Noofbars=Asregll/Asunit
Noofbard=Asreg2l/Asunit
Noofbarc=As req compression in mm2
/Asunitc

if M in Nmm<Ms_ in Nmm

set (handles.edit208, 'string',Noofb

ars);
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else

set (handles.edit208, 'string',Noofb
ard) ;

set (handles.edit256, 'string',Noofb
arc)

end

if As compression==

set (handles.edit21l, 'string',Ad);
set (handles.edit210, 'string',Ad) ;
set (handles.edit256, 'string',Ad)
end

As tension=str2num(get (handles.edi
t80, "string') ) +str2num(get (handles
.editbb, "string')) +str2num(get (han
dles.editb6, 'string'));

fl=min (As tension/As req in mm2,1.
5);

if 1>=7000

£2=7000/1;

elseif 1<=7000

f2=1;

else

end
p:(As_req_in_mmZ)/(str2num(get(han
dles.edit4, 'string')) *str2num(get (
handles.edith, 'string')));

pl=0;

po=0.001*sqgrt (str2num(get (handles.
editl32, 'string')));

a=1/d;

if p<=po

b=k* (11+1.5*sqgrt (str2num(get (handl
es.editl32, 'string'))) *po/p+3.2*%sqg
rt (str2num(get (handles.editl132, 'st
ring')))* (po/p-
1)71.5)*(500/fyk) *f1*£2

elseif p>po

b=k* (11+1.5*sgrt (str2num(get (handl
es.editl32, 'string')))* (po/ (p-
pl))+1/12*sqgrt (str2num(get (handles
.editl32, 'string'))) *sqgrt (pl/po)) *
(500/fyk) *f1*£2

end

design criterial="'OK'

design criteriall="NOT OK'

if a<b

disp(design criterial);

set (handles.editl71, 'string',desig
n criterial);

else

disp(design criteriall);

set (handles.editl71, 'string',desig
n criteriall);

end

kx= [0.4159 -1
(l.235*M_in_Nmm)/(str2num(get(hand
les.edit38, 'string') ) *str2num(get (
handles.edit4, 'string')) * (str2num(
get (handles.edith, "'string'))"2))]
pkx = roots (kx);

kx11=pkx(1,1);

kx12=pkx(2,1);

kx13=1]

if kx11>06&6&kx11< Kxlim

disp (kx11);

set (handles.edit500, 'string', kx11;
elseif kx12>0&&kx12< Kxlim

disp (kx12);

set (handles.edit500, 'string', kx12;
elseif kx11l> Kxlim

disp (kx13);

set (handles.edit500, 'string', kx13;

elseif kx12> Kxlim
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disp (kx13);

set (handles.edit500, 'string', kx13;
end

Kxlim=str2num(get (handles.edit209,
'string'));

Kx=str2num(get (handles.edit500, 'st
ring'));

design criteria2="'No compression
steel require'

design criteria22=Compression
steel require'

if Kx<Kxlim

disp(design criteriaZ2)

set (handles.editl34, 'string',desig
n _criteria2);

else

disp(design criteria22)

set (handles.editl34, 'string',desig
n _criteria22);

end
Asmin=max ( (0.26*str2num(get (handle
s.editl3l, 'string')) *str2num(get (h
andles.edit4, 'string'))) /str2num(g
et (handles.edit130, "'string')),0.00
13*str2num(get (handles.edit4, 'stri
ng')) *str2num(get (handles.edit5, 's
tring')));

Asmax=0.04*str2num(get (handles.edi
td4, 'string')) *str2num(get (handles.
edit84, 'string'));

As tension=strZnum(get (handles.edi
t80, "string') ) +str2num(get (handles
.editbh5, 'string') ) +str2num(get (han
dles.editb6, "string'));

design criteria3='OK'

design criteria33="'NOT OK'

if As tension>Asmin

disp(design criteria3);

set (handles.editl133, 'string',desig
n criteria3);

else

disp(design _criteria33);

set (handles.editl133, 'string',desig
n _criteria33);

end

if As tension<Asmax

disp(design criteria3);

set (handles.edit133, 'string',desig
n _criteria3);

else

disp(design criteria33);

end

if As compression<Asmax
disp(design criteria3)

set (handles.editl133, 'string',desig
n _criteria3);

else

disp(design criteria33);

end
MEd=str2num (get (handles.editl136, 's
tring'));
MRds=str2num (get (handles.edit25,'s
tring'));
MRdd=str2num (get (handles.edit90, 's
tring'));

design criteria4="OK'

design criteria44="NOT OK'

if MRds>MEd

disp(design criteriad)

set (handles.edit135, 'string',desig
n _criteria4);

elseif MRdAdA>MEd
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disp(design criteriad)

set (handles.edit135, 'string',desig
n _criteriad);

else

disp(design criteriad4)

set (handles.edit135, 'string',desig
n _criteriadi);

end

function

popupmenu8 Callback (hObject,
eventdata, handles)

switch

get (handles.popupmenu8, 'Value')
case 1

d = 'beam support cond';

k=0;

case 2

a = 'simply supported beam';
k=1;

case 3

b = 'interior span beam';

k=1.5;

case 4

c = 'end span beam';

k=1.3;

case 5

d = 'cantliver beam';

k=0.4;

otherwise

end

set (handles.editl72, 'string', k) ;
function

popupmenu8_ CreateFcn (hObject,
eventdata, handles)

if ispc &&

isequal (get (hObject, 'BackgroundCol

or'"),

get (0, 'defaultUicontrolBackgroundC
olor'))

set (hObject, 'BackgroundColor', 'whi
te');

end

function

pushbutton80 Callback (hObject,

eventdata, handles)

set (handles.edit65, 'string',c);
set (handles.edit64, 'string',c);
set (handles.edit67, "string',c);
set (handles.edit63, "string',c);
set (handles.edit25, 'string',c);
set (handles.edit90, 'string',c);
set (handles.editl136, 'string',c);
set (handles.editl170, 'string',c);
set (handles.editl71, 'string',c);
set (handles.edit207, 'string',c);
set (handles.edit208, 'string',c);
set (handles.editl72, 'string',c);
set (handles.edit256, 'string',c);
set (handles.edit211, 'string',c);
set (handles.edit210, 'string',c);
set (handles.editl134, 'string',c);
set (handles.editl135, 'string',c);
set (handles.editl133, 'string',c);
set (handles.edit500, 'string',c);
set (handles.editl130, 'string',c);
set (handles.editl131, 'string',c);
set (handles.editl132, 'string',c);
set (handles.edit38, "string',c);
set (handles.edit39, 'string',c);
set (handles.edit200, 'string',c);
set (handles.edit2l, 'string',c);
set (handles.edit44, 'string',c);
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set (handles
set (handles
set (handles
set (handles
set (handles
set (handles
set (handles
set (handles
set (handles
set (handles
set (handles
set (handles
set (handles
set (handles
set (handles
set (handles
set (handles
set (handles
set (handles
set (handles
set (handles
set (handles
set (handles
set (handles
set (handles
set (handles
set (handles
set (handles

.editb50, 'string',c);
.edith, 'string',c);

.edit84, 'string',c);
.edit4, 'string',c);

.edit70, 'string',c);
.editd7, 'string',c);
.edit69, 'string',c);
.edit75, 'string',c);
.edit68, 'string',c);
.edit76, 'string',c);
.edit77, 'string',c);
.editll, 'string',c);
.edit9l, 'string',c);
.edit89, 'string',c);
.edit86, 'string',c);
.edit83, 'string',c);
.edit43, 'string',c);
.edit23, 'string',c);
.edit78, 'string',c);
.edit72, 'string',c);
.edit24, 'string',c);
.edit71, 'string',c);
.edit80, 'string',d);
.editb5, 'string',d);
.editb6, 'string',d);
.edit40, 'string',d);
.editb57, 'string',d);
.editl01l, 'string',d);

set (handles.
set (handles.
set (handles.
set (handles.
set (handles.
set (handles.
set (handles.
set (handles.
set (handles.
set (handles.
set (handles.
set (handles.
set (handles.
set (handles.
set (handles.
set (handles.
set (handles.
set (handles.

edit79, 'string',d);

editb51, 'string',d);

edit52, 'string',d);

editb53, 'string',d);

editb54, 'string',d);

editl02,
edit201,
edit202,
edit203,
edit204,
edit205,
edit206,

'string',d);
'string',d);
'string',d);
'string',d);
'string',d);
'string',d);
'string',d);

editb58, 'string',d);

editb9, 'string',d);

edite60, 'string',d);

editel, 'string',d);

edit62, 'string',d);

editl03,

'string',d);
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3. Source Code for T or Inverted L Beam Interface for Flexure

handles.output = hObject;

axes (handles.axes4)

imshow ( 'beam
spanl.PNG');title('Beam effective
span')

axes (handles.axes))

imshow ('section for
tbeaml.PNG') ;title ('Equivalent
Rectangular stress-strain dist.')
axes (handles.axes®6)

imshow ('T beam
widthl.PNG');title('Effective
flange width')

guidata (hObject, handles);
function varargout =

T or Inverted L beam for flexure f
end

function

pushbutton44 Callback (hObject,
eventdata, handles)

Asl prov_at bottom rowl in mm2=str
2num (get (handles.edit79, "string'))
*str2num (get (handles.edit21, 'strin
g"))

set (handles.edit80, "string',Asl pr
ov_at bottom rowl in mm2);

number of bar at rowl=str2num(get (
handles.edit79, "string'))

diameter of bottom bar in mm=str2Zn
um (get (handles.edit200, "string'))
diameter=0;

if number of bar at rowl>0
disp(diameter of bottom bar in mm)
set (handles.edit201, 'string',diame

ter of bottom bar in mm);

lange in comp OutputFcn (hObject,
eventdata, handles)

varargout{l} = handles.output;
function editl Callback (hObject,
eventdata, handles)

function editl CreateFcn (hObject,
eventdata, handles)

if ispc &&

isequal (get (hObject, 'BackgroundCol
or'),

get (0, 'defaultUicontrolBackgroundC
olor'"))

set (hObject, 'BackgroundColor', 'whi
te');

elseif number of bar at rowl==
disp (0)

set (handles.edit201, 'string',diame
ter);

end

function

pushbutton57 Callback (hObject,
eventdata, handles)

As2 prov_at bottom row2 in mm2=str
2num (get (handles.edit93, "'string'))
*str2num(get (handles.edit21l, "strin
g'))

set (handles.edit94, 'string',As2 pr
ov_at bottom row2 in mm2);

number of bottom bar at row2=str2n
um (get (handles.edit93, 'string'))
diameter of bottom bar in mm=str2n
um (get (handles.edit200, "'string'))

diameter=0;

120



if number of bottom bar at row2>0
disp(diameter of bottom bar in mm)
set (handles.edit202, 'string',diame
ter of bottom bar in mm);

elseif

number of bottom bar at row2==
disp (0)

set (handles.edit202, "'string',diame
ter);

end

function

pushbutton58 Callback (hObject,
eventdata, handles)

As3 prov_at bottom row3 in mm2=str
2num (get (handles.edit95, 'string'))
*str2num (get (handles.edit21, 'strin
g'))

set (handles.edit96, "string',As3 pr
ov_at bottom row3 in mm2);

number of bottom bar at row3=str2n
um (get (handles.edit95, 'string'))
diameter of bottom bar in mm=str2n
um (get (handles.edit200, "string'))
diameter=0;

if number of bottom bar at row3>0
disp(diameter of bottom bar in mm)
set (handles.edit203, 'string',diame
ter of bottom bar in mm);

elseif

number of bottom bar at row3==
disp (0)

set (handles.edit203, 'string',diame
ter);

end

function

pushbutton56 Callback (hObject,

eventdata, handles)

effecive depth cover at bottom=(st
r2num (get (handles.edit80, "string')
) *str2num (get (handles.edit97, 'stri
ng'))+str2num(get (handles.edit94, "’
string')) *str2num(get (handles.edit
98, 'string') ) +str2num (get (handles.
edit96, 'string')) *str2num(get (hand
les.edit99, 'string')))/ (str2num(ge
t (handles.edit80, "string'))+str2nu
m(get (handles.edit94, 'string') ) +st
r2num (get (handles.edit96, 'string"')
))
set (handles.edit92, 'string',effeci
ve depth cover at bottom)
D in mm=str2num(get (handles.edit84
,'"string'))
d in mm=D in mm-
str2num(get (handles.edit92, 'string
"))
set (handles.edit5, 'string',d in mm
)
function
popupmenul4 Callback (hObject,
eventdata, handles)
switch
get (handles.popupmenuléd, 'Value')
case 1

effective length lo in mm= 0 ;
case 2

effectivespan = 'postive
moment interior suppourt' ;
effective length lo in mm=0.7*str2
num (get (handles.edit49, 'string'))
case 3

effectivespan = 'postive

moment edge suppourt' ;
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effective length lo in mm=0.7*str2
num (get (handles.edit48, "string'))
case 4

effectivespan = 'negative
moment interior suppourt' ;
effective length lo in mm=0.15* (st
r2num (get (handles.edit48, 'string')
) tstr2num (get (handles.edit49, "'stri
ng')))
case 5

effectivespan = 'negative
moment cantliver suppourt' ;
effective length lo in mm=0.15*str
2num (get (handles.edit48, "string'))
+str2num(get (handles.edit50, 'strin
g'))
otherwise
end
set (handles.edit65, 'string',effect
ive length lo in mm);
function
pushbutton37 Callback (hObject,
eventdata, handles)
beff 1 in mm=min (0.2*str2num(get (h
andles.edit55, "string'))+0.1*str2n
um (get (handles.edit65, "'string')), s
tr2num(get (handles.edit55, 'string’
)))
set (handles.edit68, 'string',beff 1
_in mm);
beff 2 in mm=min (0.2*strZnum(get (h
andles.edit56, 'string'))+0.1*str2n
um (get (handles.edit65, 'string')),s
tr2num(get (handles.edit56, 'string'
)))
set (handles.edit69, 'string',beff 2

_in mm);

beff in mm=str2num(get (handles.edi
t68, 'string'))+str2num(get (handles
.edit69, 'string') ) +str2num(get (han
dles.edit4, 'string'))

set (handles.edit70, 'string',beff i
n_mm) ;

function

pushbutton23 Callback (hObject,
eventdata, handles)

Alpha cl=(str2num(get (handles.edit
80, "string'))+str2num(get (handles.
edit94, 'string'))+str2num(get (hand
les.edit96, 'string'))) *str2num(get
(handles.edit39, 'string'))/ (str2nu
m(get (handles.edit38, 'string')) *st
r2num (get (handles.edit5, "string'))
*str2num(get (handles.edit70, 'strin
g')))

set (handles.edit23, 'string',Alpha
cl);

Es in GPa=str2num(get (handles.edit
149, 'string'))

Eyd=str2num(get (handles.edit39, 'st
ring'))/Es_in GPa

set (handles.edit77, 'string',Eyd) ;
Kx=str2num(get (handles.edit23, "str
ing'))/0.8

set (handles.edit72, 'string', Kx) ;
X=str2num(get (handles.edit72, "stri
ng')) *str2num(get (handles.edit5, 's
tring'))

set (handles.edit24, 'string',X);
analysis typel='rectangular beam
analysis'

analysis type2='T beam analysis'
analysis type3='Inverted L beam

analysis'
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X=str2num (get (handles.edit24, 'stri
ng'));

hf=str2num(get (handles.edit6, 'stri
ng'))

ll=str2num(get (handles.editd49, 'str
ing'))

12=str2num(get (handles.editd49, 'str
ing'))

13=str2num(get (handles.edit50, 'str
ing'))

if X<hf

disp(analysis_ typel);

set (handles.edit83, 'string',analys
is_typel);

elseif X>hf&&ll>0

disp(analysis type3);

set (handles.edit83, 'string',analys
is _type3);

elseif X>hf&&12>0
disp(analysis_type2);

set (handles.edit83, 'string',analys
is_type2);

elseif X>hf&&13>0

disp(analysis typeZ2);

set (handles.edit83, 'string',analys
is_type2);

end

esl=25;

es=(3.5*str2num(get (handles.edith,

'string')) /str2num(get (handles.edi
t24,'string')))-3.5;

if es>25

disp (25);

set (handles.edit91, 'string',esl);
elseif es<25

disp(es);

set (handles.edit91, 'string',es);

end
AA="'NOT OK'
BB="OK'

es=str2num(get (handles.edit91, 'str
ing'));
Eyd=str2num (get (handles.edit77, 'st
ring'));

if es<Eyd

disp (ARA) ;

set (handles.edit255, "'string',AA);
elseif es>Eyd

disp (BB) ;

set (handles.edit255, "'string', BB) ;
end

betac=0.4*str2num(get (handles.edit
72, 'string'));

set (handles.edit86, 'string', betac)
Z=str2num(get (handles.edith, "strin
g'))*(1-

str2num(get (handles.edit86, 'string
"))

set (handles.editl107, 'string',2) ;
Xb=(3.5/(3.5+str2num(get (handles.e
dit77,'string')))) *str2num (get (han
dles.edith, 'string'));

set (handles.editl105, 'string',XDb) ;
Xb=str2num(get (handles.edit105, 'st
ring'));

X=str2num(get (handles.edit24, 'stri
ng'));

design criterial='Compression
Failure occur';

design criteria2="'Tension Failure
occur';

design criteria3='Balanced Failure

ocuur';
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if X>Xb

disp(design criterial);

set (handles.editl106, 'string',desig
n criterial);

elseif X==XDb

disp(design criteria3);

set (handles.editl106, 'string',desig
n _criteria3);

else

disp(design criteria2);

set (handles.editl106, 'string',desig
n _criteria2);

end

Fc_in N=str2Znum(get (handles.edit23
, 'string')) *str2num(get (handles.ed
it38, "string') ) *str2num(get (handle
s.edith, 'string')) *str2num(get (han
dles.edit70, "string'))

set (handles.edit7, 'string',Fc_in N
)i

Fs in N=str2num(get (handles.edit39
, 'string')) *str2num(get (handles.ed
it80, "string'))+str2num(get (handle
s.edit39, 'string')) *str2num(get (ha
ndles.edit94, 'string'))+str2num(ge
t (handles.edit39, 'string')) *str2nu
m(get (handles.edit96, 'string'))
Fsl=str2num(get (handles.edit91, 'st
ring')) *str2num(get (handles.editl4
9, 'string'")) *str2num(get (handles.e
dit80, 'string') ) +str2num(get (handl
es.edit9l, 'string')) *str2num(get (h
andles.editl149, 'string')) *str2num (
get (handles.edit94, 'string') ) +str2
num (get (handles.edit91, "string'))*
str2num(get (handles.editl149, "'strin

g'))*str2num(get (handles.edit96, 's
tring'))

es=str2num(get (handles.edit91, 'str
ing'));
Eyd=str2num (get (handles.edit77, 'st
ring'));

if es>Eyd

disp(Fs_in N);

set (handles.editl8, 'string',Fs in_
N) ;

elseif es<Eyd

disp(Fsl);

set (handles.editl8, 'string',Fsl);
end

asft=0;

asw=0;

mrdf=0;

mrdw=0;

mrdt=0;

x=str2num(get (handles.edit24, "stri
ng'));

hf=str2num(get (handles.edit6, "stri
ng'));

MRAr in Nmm

=(str2num(get (handles.edit80, "stri
ng'))+str2num(get (handles.edit94, '
string'))+str2num(get (handles.edit
96, 'string'))) *str2num(get (handles
.edit39, 'string')) *str2num(get (han
dles.edith, 'string')) * (1-
str2num(get (handles.edit86, 'string
"))

Mrdrr=0;

if x>hf

disp (Mrdrr) ;

set (handles.edit25, "'string',Mrdrr)

’

124



elseif x<hf

disp (MRdAr_in Nmm) ;

set (handles.edit25, 'string',MRdr i
n_Nmm) ;

disp(asf);

set (handles.editl, 'string',asf);
disp (asw) ;

set (handles.edit2, 'string', asw);
disp (mrdf) ;

set (handles.edit8, 'string', mrdf) ;
disp (mrdw) ;

set (handles.edit9, 'string', mrdw) ;
disp (mrdt) ;

set (handles.editll13, "string',mrdt)
end

asf=0;

asw=0;

mrdf=0;

mrdw=0;

mrdt=0;

x=str2num(get (handles.edit24, 'stri
ng'));

hf=str2num(get (handles.edit6, "stri
ng'));

MRdAr in Nmm

=(str2num(get (handles.edit80, "stri
ng'))+str2num(get (handles.edit94, "’
string'))+str2num(get (handles.edit
96, 'string')) ) *str2num(get (handles
.edit39, 'string')) *str2num(get (han
dles.edith, "string')) * (1-

str2num (get (handles.edit86, "'string
"))

Mrdrr=0;

if x>hf

Asf in mm2
=str2num (get (handles.edit38, 'strin
g'))* (str2num(get (handles.edit70, '
string')) -
str2num (get (handles.edit4, 'string’
))) *str2num(get (handles.edit6, 'str
ing'))/ (str2num(get (handles.edit39
, 'string')))
set (handles.editl, 'string',Asf in
mm2) ;
C='increase As';
Asw_in mm2=(str2Znum(get (handles.ed
it80, "string'))+str2num(get (handle
s.edit94, 'string') ) +str2num(get (ha
ndles.edit96, 'string'))) -
str2num (get (handles.editl, 'string’
))
set (handles.edit2, 'string',Asw_in_
mm2) ;
if Asw_in mm2 > O

disp (Asw_in mm2);
set (handles.edit2, 'string',Asw_in_
mm2) ;
elseif Asw_in mm2<0

disp(C) ;
set (handles.edit2, 'string',C);
end
MRAf in Nmm
=str2num(get (handles.editl, "string
")) *str2num (get (handles.edit39, 'st
ring')) * (str2num(get (handles.editb
, 'string')) -
0.5*str2num (get (handles.edit6, "str
ing')))
set (handles.edit8, 'string',MRdAf in

_Nmm) ;
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MRdw_in Nmm=str2num(get (handles.ed
it2, 'string')) *str2num(get (handles
.edit39, 'string')) *str2num(get (han
dles.edith, "string')) *(1-
str2num(get (handles.edit86, 'string
"))

set (handles.edit9, 'string',MRdw_in
_Nmm) ;

MRAt in Nmm=strZnum(get (handles.ed
it8, 'string'))+str2num(get (handles
.edit9, 'string'))

set (handles.editl13, 'string',MRdAt
in_ Nmm) ;

disp (Mrdrr) ;

set (handles.edit25, 'string',Mrdrr)
elseif x<hf

disp (MRdAr_ in Nmm) ;

set (handles.edit25, 'string',MRdr i
n_Nmm) ;

disp (asf);

set (handles.editl, 'string',asf);
disp (asw) ;

set (handles.edit2, 'string',asw);
disp (mrdf) ;

set (handles.edit8, 'string', mrdf) ;
disp (mrdw) ;

set (handles.edit9, "string', mrdw) ;
disp (mrdt) ;

set (handles.editl113, 'string',mrdt)
end

popupmenul4 CreateFcn (hObject,
eventdata, handles)

if ispc &&

isequal (get (hObject, 'BackgroundCol

or'"),

get (0, 'defaultUicontrolBackgroundC
olor'))

set (hObject, 'BackgroundColor', 'whi
te');

end

function

pushbutton73 Callback (hObject,
eventdata, handles)
Kxlim=str2num(get (handles.edit209,
'string'));
bw=str2num (get (handles.edit4, 'stri
ng'));

be=str2num(get (handles.edit70, "str
ing"));

fyk=str2num(get (handles.edit130,'s
tring'));

fcd=str2num(get (handles.edit38, 'st
ring'));
x=str2num (get (handles.edit24, 'stri
ng'));

hf=str2num(get (handles.edit6, "stri
ng'));
M=str2num (get (handles.editl136, 'str
ing'));

l=str2num(get (handles.editl170, 'str
ing'));

d=str2num(get (handles.edit5, 'strin
g'));

k=str2num(get (handles.editl72, 'str
ing'));

m=((fyk/1.15)/(0.8*fcd));
prl=(1.25/m)* (1-sqgrt (1-

(2*M) / (fcd*be*d”2))) ;
Mdf=fcd* (be-bw) *hf* (d-0.5*hf) ;
Ast=str2num(get (handles.edit80, 'st

ring'))+str2num(get (handles.edit94
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, 'string'))+str2num(get (handles.ed
it96, 'string'));

Asf req in mm2=(fcd* (be-

bw) *hf)/ ((fyk/1.15))
Asw_req in mm2= (M-

Mdf) / ((fyk/1.15) * (d-0.4*x))
Aswl=0;

Mweb=M-Mdf

Mweb1l=0;

if x>hf

disp(Asw_req in mm2);

set (handles.edit215, 'string',Asw_r
eq in mm2) ;

set (handles.edit250, "string', Mweb)
elseif x<hf

disp (Aswl) ;

disp (Mwebl)

set (handles.edit215, "string',Aswl)
set (handles.edit250, 'string',Mwebl
)i

set (handles.edit251, 'string',Mwebl
)

set (handles.edit252, 'string',Mwebl
)i

set (handles.edit254, 'string',Mwebl
) i

end

Ms in Nmm=Kxlim* (8.5/10.5) *fcd*bw*
dr"2* (1-Kxlim* (24.75/59.5));
Mweb2=Mweb-Ms in Nmm
pw=(1.25/m) * (1-sqrt (1-
((2*Mweb2) / (fcd*bw*d"2)))) ;
Aswebcompression=pw*bw*d
Nobar=Aswebcompression/str2num(get

(handles.edit2l, 'string'));

AA= 'compression reinforcement
require'
AAA=0;
if Mweb>Ms in Nmm

disp (AA)
set (handles.edit250, "string', Mweb)
set (handles.edit251, "string',AA);

disp (Aswebcompression)
set (handles.edit252, 'string', Asweb
compression) ;
set (handles.edit254, 'string', Nobar
)
else
set (handles.edit251, 'string',AAA);
set (handles.edit252, 'string',AAA);
set (handles.edit250, 'string', AAA);
set (handles.edit254, 'string',AAA);
end
As reqg total in mm2=Asf req in mm2
+Asw_req in mm2;
As regl in mm2=prl*be*d;
if x<hf
disp(As _reql in mm2);
set (handles.edit207, 'string',As_re
gl in mm2);
elseif x>hf
disp(As_req total in mm2);
set (handles.edit207, 'string',As re
g_total in mm2);
end
dia=str2num(get (handles.edit201, 's
tring'));
Asregll=str2num(get (handles.edit20
7,'string'));
Asunit=0.25*pi* (dia)"2;

Noofbar=Asreqll/Asunit;
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set (handles.edit208, 'string',Noofb
ar)

if (be/bw)>3

£3=0.8;

elseif (be/bw)<3

£3=1;

else

end

if x>hf

fl=min (Ast/As req total in mm2,1.5
)i

elseif x<hf

fl=min (Ast/As reql in mm2,1.5);
else

end

if x> hf
p=((As_req total in mm2)/ (str2num/(
get (handles.edit4, "string')) *str2n
um (get (handles.edit5, 'string'))));
elseif x<hf

p=((As_reql_in_mmZ)/(str2num(get(h

andles.edit70, "string')) *str2num (g
et (handles.edith, "string'))));

end

if 1>=7000

£2=7000/1;

elseif 1<=7000

£f2=1;

else

end

po=0.001*sgrt (str2num(get (handles.
editl32, 'string')));

a=1/d;

if p<=po

b=k* (11+1.5*sqgrt (str2num(get (handl
es.editl32, 'string'))) *po/p+3.2*sqg
rt (str2num(get (handles.editl132, 'st

ring')))* (po/p-

1)71.5)*(500/fyk) *£1*£2*£3;

elseif p>po

b=k* (11+1.5*sgrt (str2num(get (handl
es.editl32, 'string'))) *po/p) * (500/
fyk) *£1*£2*£3;

end

design criteria4d="'OK'

design criteriab='NOT OK'

if a<b

disp(design criteriad);

set (handles.editl71, 'string',desig
n criteriad);

else

disp(design criteriab);

set (handles.editl71, 'string',desig
n _criteriab);

end

kx= [0.4159 -1
(l.235*M_in_Nmm)/(str2num(get(hand
les.edit38, 'string') ) *str2num(get (
handles.edit70, 'string')) * (str2num
(get (handles.editb, 'string'))"2))1]
pkx = roots (kx);

kx11=pkx(1,1);

kx12=pkx(2,1);

kx13=1]

if kx11>06&6&kx11< Kxlim

disp (kx11);

set (handles.edit500, "string', kx11)
elseif kx12>0&&kx12< Kxlim

disp (kx12);

set (handles.edit500, "string', kx12)
elseif kx11> Kxlim

disp (kx13);
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set (handles.edit500, 'string', kx13)
elseif kx12> Kxlim

disp (kx13);

set (handles.edit500, 'string', kx13)
end

Kx=str2num(get (handles.edit500, 'st
ring'));

design criteria6='OK '

design criteria7="NOT OK'

if Kx<Kxlim

disp(design criteria6);

set (handles.editl34, 'string',desig
n _criteria6);

else

disp(design criteria7)

set (handles.editl34, 'string',desig
n_criteria7);

end
Asmin=max ( (0.26*str2num(get (handle
s.editl3l, 'string')) *str2num(get (h
andles.edit4, 'string'))) /str2num(g
et (handles.edit130, "'string')),0.00
13*str2num(get (handles.edit4, 'stri
ng')) *str2num(get (handles.edit5, 's
tring')));

mx=0.04*str2num(get (handles.edit4,
'string')) *str2num(get (handles.edi
t84, 'string'))+Asf reg in mm2;
mx1=0.04*str2num(get (handles.edit8
4,'string')) *str2num(get (handles.e
dit70, "'string'));

if x>hf

Asmax=mx;

elseif x<hf

Asmax=mx1;

end

Ast=str2num(get (handles.edit80, 'st
ring'))+str2num(get (handles.edit94
, 'string'))+str2num(get (handles.ed
it96, 'string'));

design criteria8='OK'

design criteria9='NOT OK'

if Ast>Asmin

disp(design criteria8);

set (handles.editl133, 'string',desiqg
n _criteria8);

else

disp(design criteria9);

set (handles.editl133, 'string',desig
n _criteria9);

end

if Ast<Asmax

disp(design criteria8);

set (handles.editl133, 'string',desig
n _criteria8);

elseif Ast>Asmax

disp(design criteria9);

set (handles.editl133, 'string',desig
n _criteria9);

end
MEd=str2num (get (handles.edit136, 's
tring'));
MRdr=str2num (get (handles.edit25, 's
tring'));
MRdt=str2num (get (handles.edit113,"'
string'));

design criterialQO='OK'

design criteriall="NOT OK'

if MRdr>MEd

disp(design criterialO);

set (handles.editl135, 'string',desig

n criterial0);
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elseif MRAt>MEd or'),

disp(design criterial0); get (0, 'defaultUicontrolBackgroundC
set (handles.editl135, 'string',desig olor'))
n criterial0); set (hObject, 'BackgroundColor', 'whi
else te');
disp(design criteriall); end
set (handles.edit135, 'string',desig function
n criteriall); pushbutton75 Callback (hObject,
end eventdata, handles)
function c=[1;
popupmenul8 Callback (hObject, set (handles.edit65, 'string',c);
eventdata, handles) set (handles.edit25, 'string',c);
switch set (handles.editl136, 'string',c);
get (handles.popupmenul8, 'Value') set (handles.editl170, 'string',c);
case 1 set (handles.editl171, 'string',c);
d = 'beam support cond'; set (handles.edit207, 'string',c);
k=0; set (handles.edit208, 'string',c);
case 2 set (handles.editl72, 'string',c);
a = 'simply supported beam'; set (handles.editl134, 'string',c);
k=1; set (handles.editl135, 'string',c);
case 3 set (handles.editl133, 'string',c);
b = 'interior span beam'; set (handles.edit500, 'string',c);
k=1.5; set (handles.editl130, 'string',c);
case 4 set (handles.editl131, 'string',c);
c = 'end span beam'; set (handles.editl132, 'string',c);
k=1.3; set (handles.edit38, 'string',c);
case 5 set (handles.edit39, 'string',c);
d = 'cantliver beam'; set (handles.edit200, 'string',c);
k=0.4; set (handles.edit2l1, "string',c);
otherwise set (handles.edit5, 'string',c);
end set (handles.edit84, 'string',c);
set (handles.editl72, "string', k) ; set (handles.edit4, 'string',c);
function set (handles.edit70, "string',c);
popupmenul8 CreateFcn (hObject, set (handles.edit69, 'string',c);
eventdata, handles) set (handles.edit68, 'string',c);
if ispc && set (handles.edit77, 'string',c);
isequal (get (hObject, 'BackgroundCol set (handles.edit91, 'string',c);
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set (handles
set (handles
set (handles
set (handles
set (handles
set (handles
set (handles
set (handles
set (handles
set (handles
set (handles
set (handles
set (handles
set (handles
set (handles
set (handles
set (handles
set (handles
set (handles
set (handles
set (handles
set (handles
set (handles
set (handles
set (handles
set (handles
set (handles
set (handles
set (handles
set (handles
set (handles

.edit86, '
.edit83, "'
.edit23, "'
.edit?8, "'
.edit72,"'
.edit24,’
.edit255,
.editl07,
.editl05,
.editl0e,

.edit250,
.edit252,
.edit251,
.edit254,
.edit80,’
.edit94,’
.edit96, '
.edit201,
.edit202,
.edit203,

string',c);
string',c);
string',c);
string',c);
string',c);
string',c);
'string',c);
'string',c);
'string',c);

'string',c);

.edit7, 'string',c);

.editlsg,’

string',c);

.editl, 'string',c);
.edit2, 'string',c);
.edit8, 'string',c);
.edit9, 'string',c);
.editll3,
.edit215,

'string',c);
'string',c);
'string',c);
'string',c);
'string',c);
'string',c);
string',d);

string',d);

string',d);

'string',d);
'string',d);
'string',d);

.edit6, 'string',d);
.edit97,’
.edito9s, '

string',d);
string',d);

set (handles.
set (handles.
set (handles.
set (handles.
set (handles.
set (handles.
set (handles.

edit99,
edit4s,
edit49,
edit50,
edito65,
edit55,
edit56,

'string',d);
'string',d);
'string',d);
'string',d);
'string',d);
'string',d);
'string',d);

131



4. Source Code for Beam Interface for Shear

handles.output = hObject;

axes (handles.axesl)

imshow ('beam section for
shear.PNG') ;title('Truss model and
notation for shear reinforced')
guidata (hObject, handles);
function

popupmenul Callback (hObject,
eventdata, handles)

switch

get (handles.popupmenul, 'Value')
case 1
steelclass= 'select steel grade';
fyk in MPa=0;

fywd in MPa=0;

case 2
steelclass= '260";
fyk in MPa=260;

fywd in MPa=260/1.15;
case 3
steelclass= '300"';
fyk in MPa=300;

fywd in MPa=300/1.15;
case 4
steelclass= '360';
fyk in MPa=360;

fywd in MPa=360/1.15;
case 5
steelclass= '400";
fyk in MPa=400;

fywd in MPa=400/1.15;
case 6
steelclass= '460"';
fyk in MPa=460;

fywd in MPa=460/1.15;

case 7

steelclass= '500";
fyk in MPa=500;

fywd in MPa=500/1.15;
case 8
steelclass= '560";
fyk in MPa=560;

fywd in MPa=560/1.15;
case 9
steelclass= '600";
fyk in MPa=600;

fywd in MPa=600/1.15;
otherwise

end

set (handles.editl130, 'string', fyk i

n_MPa) ;

set (handles.edit39, 'string', fywd i

n_MPa) ;

function

popupmenul CreateFcn (hObject,
eventdata, handles)

if ispc &&

isequal (get (hObject, 'BackgroundCol

or'),

get (0, 'defaultUicontrolBackgroundC

olor'"))

set (hObject, 'BackgroundColor', 'whi

te');

function

popupmenu2 Callback (hObject,
eventdata, handles)

switch

get (handles.popupmenu2, 'Value')
case 1
concreteclass= 'select concrete

grade';
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fck in MPa=0;

fcd in MPa=0;

case 2

concreteclass= "'l15'";

fck in MPa=0.8%*15

fcd in MPa=0.8*0.85*15/1.5
case 3

concreteclass= '20';

fck in MPa=0.8%*20

fecd in MPa=0.8*0.85*20/1.5
case 4

concreteclass= '25';

fck in MPa=0.8%*25

fcd in MPa=0.8*0.85*25/1.5
case 5

concreteclass= '30"';

fck _in MPa=0.8*30

fcd in MPa=0.8*0.85*30/1.5
case 6

concreteclass= '37"';

fck _in MPa=0.8%*37

fcd in MPa=0.8%0.85*37/1.5
case 7

concreteclass= "'45";

fck _in MPa=0.8%45

fcd in MPa=0.8%0.85%45/1.5
case 8

concreteclass= '50';

fck in MPa=0.8%*50

fcd in MPa=0.8%0.85*50/1.5
otherwise

end

set (handles.edit24, 'string', fck in
_MPa) ;

set (handles.edit38, 'string', fcd in
_MPa) ;

function

popupmenu2_ CreateFcn (hObject,
eventdata, handles)

if ispc &&

isequal (get (hObject, 'BackgroundCol
or'),

get (0, 'defaultUicontrolBackgroundC
olor'"))

set (hObject, 'BackgroundColor', 'whi
te');

function edit24 Callback (hObject,
eventdata, handles)

function edit24 CreateFcn (hObject,
eventdata, handles)

if ispc &&

isequal (get (hObject, 'BackgroundCol
or'),

get (0, 'defaultUicontrolBackgroundC
olor'))

set (hObject, 'BackgroundColor', 'whi
te');

function

popupmenu3_ Callback (hObject,
eventdata, handles)

switch

get (handles.popupmenu3, 'Value')
case 1

Diameter= 'select bar size';
bar diametr in mm=0;

unit area of reinforcement in mm2=
0;

case 2

Diameter= '6';

bar diametr in mm=6;
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unit area of reinforcement in mm2=
(pi*672)/(4);

case 3

Diameter= '8';

bar diametr in mm=8;

unit area of reinforcement in mm2=
(pi*872)/(4);

case 4

Diameter= "'10'";

bar diametr in mm=10;

unit area of reinforcement in mm2=
(pi*1072)/(4);

case 5

Diameter= '12';

bar diametr in mm=12;

unit area of reinforcement in mm2=
(pi*1272)/(4);

case 6

Diameter= '14"';

bar diametr in mm=14;

unit area of reinforcement in mm2=
(pi*1472)/(4);

case 7

Diameter= '16';

bar diametr in mm=16;

unit area of reinforcement in mm2=
(pi*1672)/(4);

case 8

Diameter= '18';

bar diametr in mm=18;

unit area of reinforcement in mm2=
(pi*1872)/(4);

case 9

Diameter= '20';

bar diametr in mm=20;

unit area of reinforcement in mm2=

(pi*2072)/(4);

case 10

Diameter= '22'";

bar diametr in mm=22;

unit area of reinforcement in mm2=
(pi*2272)/(4);

case 11

Diameter= '24"'";

bar diametr in mm=24;

unit area of reinforcement in mm2=
(pi*2472)/(4);

case 12

Diameter= '26"';

bar diametr in mm=26;

unit area of reinforcement in mm2=
(pi*2672)/ (4);

case 13

Diameter= '30';

bar diametr in mm=30;

unit area of reinforcement in mm2=
(pi*3072)/ (4);

case 14

Diameter= '32';

bar diametr in mm=32;

unit area of reinforcement in mm2=
(pi*3272)/ (4);

case 15

Diameter= '34"';

bar diametr in mm=34;

unit area of reinforcement in mm2=
(pi*3472)/ (4);

case 16

Diameter= '40';

bar diametr in mm=40;

unit area of reinforcement in mm2=
(pi*4072)/(4);

otherwise

end
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set (handles.edit2l, 'string',unit_a
rea of reinforcement in mm2);

set (handles.edit200, 'string',bar d
iametr in mm);

function

popupmenu3_ CreateFcn (hObject,
eventdata, handles)

if ispc &&

isequal (get (hObject, 'BackgroundCol
or'),

get (0, 'defaultUicontrolBackgroundC
olor'))

set (hObject, 'BackgroundColor', 'whi
te');

end

function

pushbuttonl Callback (hObject,
eventdata, handles)

As provide at tension zone=str2num
(get (handles.edit2l, 'string')) *str
2num (get (handles.edit79, 'string'))
set (handles.edit80, 'string',As pro
vide at tension zone);

number of bar provided at tension
zone=str2num(get (handles.edit79, 's
tring'))

diameter of tension bar in mm=str2
num (get (handles.edit200, "string'))
diameter=0;

if

number of bar provided at tension
zone>0
disp(diameter of tension bar in mm
)

set (handles.edit201l, 'string',diame

ter of tension bar in mm);

elseif
number of bar provided at tension
zone==

disp (0)
set (handles.edit201, 'string',diame
ter);
end
function
pushbutton2 Callback (hObject,
eventdata, handles)
Asw_provided fof shear=str2num(get
(handles.edit21, 'string')) *str2num
(get (handles.editb52, 'string'))
diameter of stirrup in mm=str2num/
get (handles.edit200, "'string'))
diameter=0;
Asw_provided fof shearl=0;
if diameter of stirrup in mm==
disp(diameter of stirrup in mm)
set (handles.edit202, 'string',diame
ter of stirrup in mm);
set (handles.edit53, 'string',Asw pr
ovided fof shear);
elseif
diameter of stirrup in mm==
disp(diameter of stirrup in mm)
set (handles.edit53, 'string',Asw pr
ovided fof shear);
set (handles.edit202, 'string',diame
ter of stirrup in mm);

elseif
diameter of stirrup in mm==10
disp(diameter of stirrup in mm)
set (handles.edit53, 'string',Asw_pr
ovided fof shear);
set (handles.edit202, 'string',diame

ter of stirrup in mm);
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elseif
diameter of stirrup in mm==12
disp(diameter of stirrup in mm)
set (handles.edit53, "string',Asw pr
ovided fof shear);
set (handles.edit202, 'string',diame
ter of stirrup in mm);
else

disp(diameter) ;
set (handles.edit53, "string',Asw pr
ovided fof shearl);
set (handles.edit202, 'string',diame
ter);
end
function
pushbutton3 Callback (hObject,
eventdata, handles)
D in mm=str2Znum(get (handles.edit84
, 'string'))
d in mm=D in mm-
(str2num(get (handles.editb58, 'strin
g'))+0.5*str2num(get (handles.edit?2
01, 'string') ) +str2num(get (handles.
edit202, 'string')))
set (handles.edit5, 'string',d in mm
)i
d=str2num(get (handles.edit5, 'strin
g'));
k=1+sqgrt (200/d)
kmax=2
if k<=2

disp (k)
set (handles.edit31, '"string', k)
elseif k>2

disp (kmax)
set (handles.edit31, 'string', kmax)

end

pl=str2num(get (handles.edit80, 'str
ing'))/ (str2num(get (handles.edit4,
'string')) *str2num(get (handles.edi
t5, 'string')))
plmax=0.02
if pl<plmax

disp(pl)
set (handles.edit37, 'string',pl)
elseif pl>plmax

disp (plmax)
set (handles.edit37, 'string',plmax)
end
crdc=0.18/1.5
vmin=0.035*str2num (get (handles.edi
t31, 'string'))"1l.5*str2num(get (han
dles.edit24, 'string'))”~0.5
Vmin=vmin*str2num(get (handles.edit
4,'string')) *str2num(get (handles.e
dit5, 'string'))
VRdc= (crdc*str2num(get (handles.edi
t31, 'string') ) *(100*str2num(get (ha
ndles.edit37, 'string')) *str2num(ge
t (handles.edit24, 'string'))) "~ (1/3)
) *str2num (get (handles.edit4, 'strin
g')) *str2num(get (handles.edit5, 'st
ring'))
if VRdc>Vmin

disp (VRdc)
set (handles.edit49, 'string', VRdc)
elseif VRdc<Vmin

disp (Vmin)
set (handles.edit49, 'string',Vmin)
end
function
pushbuttonl5 Callback (hObject,

eventdata, handles)
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sinalpha in rad=sind(str2num(get (h
andles.edit32, 'string')))
set (handles.edit68, 'string',sinalp
ha in rad);
cotalpha in rad=cotd(str2Znum(get (h
andles.edit32, 'string')))
set (handles.edit2, 'string', cotalph
a in rad);
z=0.9*str2num(get (handles.edit5, 's
tring'))
set (handles.edit40, 'string', z);
alpha in deg=str2num(get (handles.e
dit32, 'string'))
VRds= (str2num(get (handles.edit53, '
string')) *str2num(get (handles.edit
40, 'string')) *str2num(get (handles.
edit39, 'string')) *str2num(get (hand
les.editd7, 'string'))) /str2num(get
(handles.edit48, "'string'));
VRdsl=(str2num(get (handles.edit53,
'string')) *str2num(get (handles.edi
t40, 'string')) *str2num(get (handles
.edit39, 'string')) * (str2num(get (ha
ndles.edit4d7, 'string'))+str2num(ge
t (handles.edit2, 'string'))) *str2nu
m(get (handles.edit68, "'string'))) /s
tr2num(get (handles.edit48, 'string'
))
if alpha in deg==90

disp (VRds)
set (handles.edit50, 'string', VRds) ;
elseif alpha in deg<90

disp (VRdsl)
set (handles.edit50, "string',VRdsl)
end

acw=1%for non prestressed member

v=0.6%for fck<60MPa
alphal=str2num(get (handles.edit32,
'string'));
VRdmax in N=(acw*strZ2num(get (handl
es.edit4d, 'string')) *str2num(get (ha
ndles.editd40, 'string')) *v*str2num (
get (handles.edit38, 'string')))/ (st
r2num (get (handles.edit47, "'string')
)+ (1/str2num(get (handles.edit4d7, 's
tring'))))
VRdmaxl in N=(acw*str2num(get (hand
les.edit4, 'string')) *str2num(get (h
andles.edit40, 'string')) *v*str2num
(get (handles.edit38, 'string'))* (1/
str2num (get (handles.edit2, 'string’
))))/ (str2num(get (handles.edit47,’
string'))+(1/str2num(get (handles.e
dit4d7, 'string'))))
if alphal==90
disp (VRdmax_ in N)
set (handles.edit46, 'string', VRdmax
_in N)
elseif alphal<90
disp (VRdmaxl in N)
set (handles.edit46, 'string', VRdmax
1 in N)
end
VRdsll=str2num(get (handles.edit50,
'string'));
VRdmax in N=str2num(get (handles.ed
itd6, 'string'));
if VRdmax in N<VRdsll
disp (VRdmax_ in N)
set (handles.edit45, "string', VRdmax
_in N)
elseif VRdsll<VRdmax in N
disp (VRdsll)
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set (handles.edit45, 'string',VRdsll
)
end
function
pushbutton22 Callback (hObject,
eventdata, handles)
VEd in N=str2num(get (handles.editl
31, 'string'))
Vrd in N=strZ2num(get (handles.edit4
5,'string"))
design criterial=('OK");
design criteria2=('EVALUATE teta
again');
if Vrd in N>VEd in N

disp(design criterial)
set (handles.editl134, 'string',desig
n _criterial);
else

disp(design criteria2)
set (handles.editl134, 'string',desig
n _criteria2);
end
acw=1%for non prestressed member
v=0.6 $for fck<60MPa
teta=0.5* (asin ((2*str2num(get (hand
les.editl31, 'string')))/ (acw*str2n
um (get (handles.edit4, 'string')) *st
r2num (get (handles.edit40, "string")
) *v*str2num (get (handles.edit38, 'st
ring')))));
if
str2num(get (handles.edit46, 'string
")) >str2num(get (handles.edit131, 's
tring'))
b=2.5;
set (handles.editl132, 'string',b);

elseif
str2num (get (handles.edit46, 'string
")) <str2num(get (handles.editl31, 's
tring'))

b=cot (teta);
set (handles.editl132, 'string',b);
end
aa=str2num(get (handles.editl132, 'st
ring'));
a=1;
bl=2.5;
design criteria3=('0OK'");
design criteriad=('NOT OK'");
if aa>= a && aa<= bl

disp(design criteria3)
set (handles.editl133, 'string',desig
n _criteria3);
elseif aa<=a && aa>=bl

disp(design criteria4)
set (handles.editl133, 'string',desig
n criteriad);
end
acw=1l;%for non prestressed member
v=0.6; %$for fck<60MPa
alpha=str2num (get (handles.edit32,"'
string'));
pwmin=(0.08*sqgrt (str2num(get (handl
es.edit24, 'string'))))/ (str2num(ge
t (handles.editl130, "string')));
Aswmin=pwmin*str2num(get (handles.e
dith, 'string')) *str2num(get (handle
s.edit4, 'string'));
Asmax=0.5%acw*v*str2num (get (handle
s.edit38, 'string')) *sind(alpha) *st
r2num (get (handles.edit4, "'string'))
*str2num(get (handles.edit24, "strin
g'))*str2num(get (handles.edit48, 's
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tring'))/ ((1-
cosd (alpha)) *str2num(get (handles.e
dit39, 'string')));
design criteriab5=('OK");
design criteria6=('NOT OK'");
Asw=str2num(get (handles.edit53, 'st
ring'));
if Asw>Aswmin && Asw < Asmax
disp(design criteriab)
set (handles.editl137, 'string',desig
n _criteriab);
else
disp(design criteria6)
set (handles.editl137, 'string',desig
n _criteria6);
end
Smax=0.75*str2num(get (handles.edit
5,'string')) * (l+str2num(get (handle
s.edit2, 'string')));
S=str2num(get (handles.edit48, 'stri
ng'));
Sd=min ([Smax, S]) ;
set (handles.editl136, 'string', Sd);
deltaFtd=0.5*str2num(get (handles.e
ditl31, 'string')) * (str2num(get (han
dles.edit47, 'string')) -
str2num (get (handles.edit2, "'string'
)))
set (handles.edit180, 'string',delta
Ftd) ;
function
pushbutton28 Callback (hObject,
eventdata, handles)
c=[1;
d=[01];
set (handles.editb8, 'string',c);

set (handles.
set (handles.
set (handles.
set (handles.
set (handles.
set (handles.
set (handles.
set (handles.
set (handles.
set (handles.
set (handles.
set (handles.
set (handles.
set (handles.
set (handles.
set (handles.
set (handles.
set (handles.
set (handles.
set (handles.
set (handles.
set (handles.
set (handles.
set (handles.
set (handles.
set (handles.
set (handles.

set (handles

set (handles.
set (handles.
set (handles.

edit4, 'string',c);

edit84, 'string',c);
edith, 'string',c);

edit3l, 'string',c);
edit50, 'string',c);
edit4d6, 'string',c);
edit45, 'string',c);
editl130, 'string',c);
editl37, 'string',c);
editl131, 'string',c);
editl32, 'string',c);
editl133, 'string',c);
edit24, 'string',c);
edit38, 'string',c);
edit39, 'string',c);
edit48, 'string',c);
edit68, 'string',c);
edit2, 'string',c);

edit40, 'string',c);
edit49, 'string',c);
edit200, 'string',c);
edit21, 'string',c);
editl34, 'string',c);
editl36, 'string’',c);
edit37, 'string',c);
editl180, 'string',c);
edit79, 'string',d);

.edit80, "string',d);

editb53, 'string',d);
edit201, 'string',d);
edit202, 'string’',d);



5. Source Code for Beam Interface for Torsion

function edit39 Callback (hObject,
eventdata, handles)

function edit39 CreateFcn (hObject,
eventdata, handles)

if ispc &&

isequal (get (hObject, 'BackgroundCol
or'),

get (0, 'defaultUicontrolBackgroundC
olor'"))

set (hObject, 'BackgroundColor', 'whi
te");

end

function

pushbuttonl3 Callback (hObject,
eventdata, handles)

As provide at tension zone=str2num
(get (handles.edit2l, 'string')) *str
2num (get (handles.edit79, 'string'))
set (handles.edit80, "string',As _pro
vide at tension zone);

number of bar provided at tension
zone=str2num(get (handles.edit79, 's
tring'))

diameter of tension bar in mm=str2
num (get (handles.edit200, "string'))
diameter=0;

if

number of bar provided at tension
zone>0
disp(diameter of tension bar in mm
)

set (handles.edit201, 'string',diame
ter of tension bar in mm);

elseif

number of bar provided at tension

zone==

disp (0)
set (handles.edit201, 'string',diame
ter);
end
Asw _provided fof shear=str2num(get
(handles.edit21, "string')) *str2num
(get (handles.edit52, 'string'))
diameter of stirrup in mm=str2num/(
get (handles.edit200, 'string'))
diameter=0;
Asw_provided fof shearl=0;
if diameter of stirrup in mm==
disp(diameter of stirrup in mm)
set (handles.edit53, 'string',Asw_pr
ovided fof shear);
set (handles.edit202, 'string',diame
ter of stirrup in mm);
elseif
diameter of stirrup in mm==
disp(diameter of stirrup in mm)
set (handles.edit53, 'string',Asw pr
ovided fof shear);
set (handles.edit202, 'string',diame
ter of stirrup in mm);

elseif
diameter of stirrup in mm==10
disp(diameter of stirrup in mm)
set (handles.edit53, 'string',Asw pr
ovided fof shear);
set (handles.edit202, 'string',diame
ter of stirrup in mm);

elseif
diameter of stirrup in mm==12
disp(diameter of stirrup in mm)
set (handles.edit53, 'string',Asw_pr

ovided fof shear);
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set (handles.edit202, 'string',diame
ter of stirrup in mm);
else

disp (diameter) ;
set (handles.edit53, "string',Asw pr
ovided fof shearl);
set (handles.edit202, 'string',diame
ter);
end
function
pushbutton25 Callback (hObject,
eventdata, handles)
D in mm=str2Znum(get (handles.editl4
, 'string'))
d in mm=D in mm-
(str2num(get (handles.editb58, 'strin
g'))+0.5*str2num (get (handles.edit?2
01, 'string'))+str2num(get (handles.
edit202, 'string')))
set (handles.edit84, 'string',d in m
m) ;
t in mm=(str2num(get (handles.edit4
, 'string')) *str2num(get (handles.ed
itl4, 'string')))/ (2* (str2num(get (h
andles.edit4, "'string'))+str2num(ge
t (handles.editl14, 'string'))))
tl=2*str2num(get (handles.edit58, 's
tring'));
if t in mm>tl

disp(t_in mm)
set (handles.edit5, 'string',t in mm
)
elseif t in mm<tl

disp(tl)
set (handles.editb, 'string', tl);

end

Ak in mm2=(str2num(get (handles.edi
td4,'string')) -

str2num (get (handles.editb, 'string’
))) *(str2num(get (handles.editl4, 's
tring')) -

str2num (get (handles.edith, 'string'
)) )

set (handles.editll, 'string',Ak in
mm2) ;

Uk in mm=2* ((str2num(get (handles.e
ditd, 'string'))-

str2num (get (handles.edith, 'string’
)))+t (str2num(get (handles.editl4, 's
tring')) -

str2num (get (handles.edith, 'string’
))))

set (handles.edit31, 'string',Uk _in
mm) ;

TRdc_in Nmm=2*str2Znum(get (handles.
edit56, 'string')) *str2num (get (hand
les.edith, 'string')) *str2num(get (h
andles.editll, 'string'))

set (handles.edit49, 'string', TRdc i
n_Nmm) ;

function

pushbutton20 Callback (hObject,
eventdata, handles)

sinalpha in rad=sind(str2num(get (h
andles.edit32, 'string')))

set (handles.edit68, 'string',sinalp
ha in rad);

cotalpha in rad=cotd(str2num(get (h
andles.edit32, 'string')))

set (handles.edit2, 'string',cotalph
a in rad);

p=

[ (str2num(get (handles.edit53, "'stri

141



ng')) *str2num(get (handles.edit39, '
string')) *str2num(get (handles.edit
68, 'string')) *str2num(get (handles.
editll, '"string')))/ (str2num(get (ha
ndles.edit48, 'string')))
(str2num(get (handles.editb53, "strin
g'))*str2num(get (handles.edit39, 's
tring')) *str2num(get (handles.edit?2
, 'string')) *str2num(get (handles.ed
it68, 'string')) *str2num(get (handle
s.editll, 'string')))/ (str2num(get (
handles.edit48, 'string'))) (-
2*str2num (get (handles.edit80, 'stri
ng')) *str2num(get (handles.edit55, "'
string')) *str2num(get (handles.edit
11, 'string')) )/ (str2num(get (handle
s.edit31, 'string')))1;
pteta = roots(p):;
design criteria='Change s';
tetall in rad=pteta(l,1);
tetal2 in rad=pteta(2,1);
if
tetall in rad>=lé&&tetall in rad<=2
.5
disp(tetall in rad);
set (handles.edit40, 'string', tetall
_in rad);
elseif
tetal2 in rad>=lé&&tetal2 in rad<=2
.5

disp(tetal2 in rad);
set (handles.edit40, 'string', tetal?
_in rad);
else
set (handles.edit40, 'string',design
_Ccriteria);

end

teta in deg=acotd(str2num(get (hand
les.edit40, 'string')));

set (handles.edit89, 'string', teta i
n_deg);

sinteta in rad=sind(str2Znum(get (ha
ndles.edit89, 'string')));

set (handles.edit90, 'string', sintet
a in rad);

function edit68 Callback (hObject,
eventdata, handles)

function edit68 CreateFcn (hObject,
eventdata, handles)

if ispc &&

isequal (get (hObject, 'BackgroundCol
or'),

get (0, 'defaultUicontrolBackgroundC
olor'))

set (hObject, 'BackgroundColor', 'whi
te');

end

function

pushbuttonlé Callback (hObject,
eventdata, handles)
TRds=(str2num (get (handles.edit53,"'
string')) *str2num(get (handles.edit
39, 'string')) *str2num(get (handles.
edit40, 'string')) *str2num(get (hand
les.editll, 'string')))/ (str2num(ge
t (handles.edit48, "string')));
TRdsl=(str2num(get (handles.edit53,
'string')) *str2num(get (handles.edi
t39, 'string')) * (str2num(get (handle
s.edit2, 'string')) +str2num(get (han
dles.editd40, 'string'))) *str2num(ge
t (handles.edit68, "'string')) *str2nu
m(get (handles.editll, 'string'))) /(
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str2num(get (handles.edit48, 'string
"))
alpha in rad=strZnum(get (handles.e
dit32, 'string'));
if alpha in rad==90

disp (TRds)
set (handles.edit50, 'string', TRds) ;
elseif alpha in rad<90

disp (TRdsl)
set (handles.edit50, "string', TRds1l)
end
a=1;
TRdmax=2* (str2num (get (handles.edit
5,'string')) *a*str2num(get (handles
.editll, 'string')) *str2num(get (han
dles.edit38, 'string')) *0.6* (1-
str2num (get (handles.edit24, "string
")) /250) * (str2num(get (handles.edit
40, 'string'))) * (str2num(get (handle
s.edit90, 'string')))"2)
TRdmax1=2* (str2num(get (handles.edi
t5, 'string')) *a*str2num (get (handle
s.editll, 'string')) *str2num(get (ha
ndles.edit38, 'string'))*0.6* (1-
str2num (get (handles.edit24, 'string
")) /250) * (str2num (get (handles.edit
40, 'string'))+str2num(get (handles.
edit2, 'string'))) * (str2num(get (han
dles.edit90, 'string'))) "2)
alpha in rad=str2num(get (handles.e
dit32, 'string'))
if alpha in rad==90

disp (TRdmax)
set (handles.edit46, 'string', TRdmax
)

elseif alpha in rad<90

disp (TRdmax1)
set (handles.edit46, "'string', TRdmax
1);
end
TRds=str2num (get (handles.edit50, 's
tring'));
TRdmax=str2num (get (handles.edit4o6,
'string'));
if TRdmax<TRds

disp (TRdmax)
set (handles.edit45, 'string', TRdmax
)
elseif TRds<TRdmax

disp (TRds)
set (handles.edit45, "string', TRds)
end
function edit89 Callback (hObject,
eventdata, handles)
function
pushbutton4l Callback (hObject,
eventdata, handles)
pwmin=(0.08*sqgrt (str2num(get (handl
es.edit24, 'string'))))/ (str2num(ge
t (handles.edit66, "string')));
Aswmin=pwmin*str2num(get (handles.e
dit4, 'string')) *str2num(get (handle
s.edit84, 'string'));
set (handles.editl65, 'string', Aswmi
n)
TEd in Nmm=str2num(get (handles.edi
t130, "string'))
Trd=str2num(get (handles.edit45, 'st
ring'));
design criterial=('0OK");
design criteria2=('NOT OK'");
if Trd>TEd in Nmm

disp(design criterial)
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set (handles.editl131, 'string',desig
n _criterial);
else

disp(design criteria2)
set (handles.editl131, 'string',desig
n _criteria2);
end
D=str2num(get (handles.editl4, 'stri
ng'))
b=str2num(get (handles.edit4, 'strin
g'))
s=str2num (get (handles.edit48, 'stri
ng'))
sl=min ([b,D])
s2=0.75*str2num(get (handles.edit84
, 'string')) * (l+str2num(get (handles
.edit2, 'string')));
s3_in mm=strZ2num(get (handles.edit3
1,'string'))/8
sv_in mm=min([s,sl,s2,s3 in mm])
set (handles.editl132, 'string',sv_in
_mm) ;
sl in mm=str2num(get (handles.editl
37, 'string'));
slm in mm=350
sl in mm=min([sl in mm,slm in mm])
set (handles.editl133, 'string',sl in
_mm) ;
function
pushbutton42 Callback (hObject,
eventdata, handles)
c=[1;
a=[01];
set (handles.editb58, 'string',c);
set (handles.edit4, 'string',c);

set (handles.
set (handles.
set (handles.
set (handles.
set (handles.
set (handles.
set (handles.
set (handles.
set (handles.
set (handles.
set (handles.
set (handles.
set (handles.
set (handles.
set (handles.
set (handles.
set (handles.
set (handles.
set (handles.
set (handles.
set (handles.
set (handles.
set (handles.
set (handles.
set (handles.
set (handles.
set (handles.

set (handles

set (handles.
set (handles.
set (handles.
set (handles.

editl4, 'string',c);
edit84, 'string',c);
edith, 'string',c);

editll, 'string',c);
edit31l, 'string',c);
edit50, 'string',c);
edit46, 'string',c);
editdb, 'string',c);
editl1l30, 'string',c);
editl137, 'string',c);
editl131, 'string',c);
editl32, 'string',c);
editl33, 'string',c);
edit24, 'string',c);
edit56, 'string',c);
edit38, 'string',c);
edit39, 'string',c);
editb5, 'string',c);
edit48, 'string',c);
edit68, 'string',c);
edit2, 'string',c);

edit40, 'string',c);
edit89, 'string',c);
edit90, 'string',c);
editd9, 'string',c);
edit200, 'string',c);

edit2l, 'string',c);

.edit79, 'string',d);

edit80, 'string',d);
editb53, 'string',d);
edit201, "string',d);
edit202, "string',d);
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6. Source Code for Optimization of Simply Supported Double Reinforced Rectangular

Beam Section

Optimization running file

function varargout =

optimize (varargin)
gui_Singleton = 1;

gui State = struct('gui Name',
mfilename,

'gui Singleton', gui Singleton,

'gui OpeningFcn',
@optimize OpeningFcn,
'gui OutputFecn',
@optimize OutputFcn,
'gui LayoutFen', [] ,
'gui Callback',
(1)
if nargin && ischar (varargin{l})
gui State.gui Callback =
str2func (varargin{l});
end

if nargout

[varargout{l:nargout}]
gui mainfcn(gui State,
varargin{:});
else

gui mainfcn(gui_ State,
varargin{:});
end
function
optimize OpeningFcn (hObject,
eventdata, handles, varargin)
handles.output = hObject;
guidata (hObject, handles);

function varargout =

optimize OutputFcn (hObject,
eventdata, handles)
varargout{l} = handles.output;
function

pushbuttonl Callback (hObject,
eventdata, handles)
run('main.m")

Input parameter

propmt={'DL in kN/m','LL in
kN/m', 'Ecm in MPa', 'fck in
MPa', 'fyk in MPa', 'beam span in
mm'};

name='beam input parameters';
lines=1;
def={'20"','5",'31le6"','25",'400"',"'6
000"}

options.Resize='on';
options.WindowStyle='normal';
options.interpreter="'tex';
answer=inputdlg (propmt, name, lines,
def, options);

DL=str2double (answer{l});
LL=str2double (answer{2});
E=str2double (answer{3});
fck=str2double (answer{4});
fyk=str2double (answer{5});
L=str2double (answer{6});
assignin('base', 'DL', DL);
assignin('base', 'LL', LL);
assignin('base', 'E', E);
assignin('base', 'fck', fck);

assignin('base', 'fyk', fyk);

145



assignin('base', 'L', L);
save ('DL.mat"', 'DL") ;
save('LL.mat', "LL") ;

save ('E.mat', 'E");

save ('fck.mat', "fck'");
save ('fyk.mat', "fyk');
save ('L.mat', 'L");

Cost of Steel and unit cost

of concrete

prompt={'unit cost of Concrete in
Birr/m3', 'unit cost of diameter
8mm bar in Birr/kg', 'unit cost of
diameter 10mm bar in Birr/kg
','unit cost of diameter 12mm bar
in Birr/kg','unit cost of diameter
l4mm bar in Birr/kg', 'unit cost of
diameter lémm bar in

Birr/kg', 'unit cost of diameter
20mm bar in Birr/kg','unit cost of
diameter 24mm bar in Birr/kg',
'unit cost of diameter 30mm bar in
Birr/kg', 'unit cost of diameter
32mm bar in Birr/kg'};
name='reinforcement bar market
unit cost & unit cost of
concrete';

lines=1;
def={"'1700"',"'"46.41"','45.92"','43.16
','45.22','44 . 3",'45.23"','37.5"','3
8.2','38.5"};

options.Resize='on';
options.WindowStyle="normal';
options.interpreter='tex';
answer=inputdlg (prompt, name, lines,
def, options) ;

Cc=str2double (answer{l}) ;

Cd8=str2double (answer{2});

Cdl0=str2double (answer{3}) ;
Cdl2=str2double (answer{4});

Cdl4= str2double (answer{5});

Cdlé=str2double (answer{6}) ;
Cd20=str2double (answer{7});
Cd24=str2double (answer{8});
Cd30=str2double (answer{9});

Cd32=str2double (answer{10}) ;

assignin('base', 'Cc', Cc);

assignin('base',
assignin('base',
assignin('base',
assignin('base',
assignin('base',
assignin('base',
assignin('base',
assignin('base', 'Cd30', Cd30);

assignin('base', 'Cd32',Cd32);

save('Cc.mat', 'Cc'");

save ('Cd8.mat', 'Cd8");

save ('Cdl2.
save ('Cdl4.
save ('Cdle.
save ('Cd20.
save ('Cd24.
save ('Cd30.
save ('Cd32.

mat', 'Cdl2");
mat', 'Cdl4d");
mat','Cdle');
mat','Cd20"');
mat', 'Cd24");
mat', 'Cd30");
mat', 'Cd32");

Discretization script

function x=disc (x)

allx1=200:50:500;

allx2=2:12;
allx3=[10,12,14,16,20,24,30,32];

ds=[8,10,12];
sv=[180,200,220,240,260,280,300];

x([1,2])
x([3,5])
x([4,6])

allxl(x([1,21));
allx2(x([3,51));
allx3(x([4,6]1));

'Cd8',Cd8) ;

'Cd10',Cd10) ;
'Cdl2',cdl2);
'Cdl4',cdl4) ;
'Cdle',Cdle) ;
'Cd20',Cd20) ;
'Cdz24',Ccd24) ;
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x(7)=ds (x(7));
x(8)=sv(x(8));
analysis script for simple

span beam

function

[Msd, Vsd,delta max,swt]=analysis(x
)

load('DL.mat', 'DL") ;
load('LL.mat', "LL");
load('L.mat', 'L");
load('E.mat', 'E");

swt=x (1) * (x(2)+50) *25*10"-6;
Pd=1.35* (DL+swt)+1.5*LL;

Msd= (Pd*L"2) /(8*10"6) ;
Vsd=(Pd*L) / (2*1000) ;
I=(x(1)*(x(2)+50)"3)/12;

delta max=(5* (DL+swt+LL) *L"4*10"3)
/ (384*E*TI) ;% maximum deflect

Constraint script

function [c,ceqg]=constraint (x)
load('fck.mat', "fck');
load('fyk.mat', "fyk");
load('L.mat', 'L");
fctm=0.3*fck"(2/3);

dg=20;Cc=30;

Ast=(pi/4)*x(3) *x(4)"2;
Asc=(pi/4)*x(5)*x(6)"2;

h=x(2)+50;

[Msd, Vsd,delta max,~]=analysis(x);
As min=(2.6*fctm*x (1) *x(2)) /fyk;
As max=0.04*x (1) *h;

MRd 1im=0.167*fck*x (1) *x(2)"2*10"-
6;

% Minimum Spacing

s min=max([x(4),dg+5,20]);
x(8)=(x(1l)-2*(Cc+x (7)) -
x(3)*x(4))/(x(3)-1);

if Msd <= MRd lim
a=(0.87*fyk*Ast)/ (0.567*fck*x (1)) ;
x a=1.25%*a;
MRA=0.87*fyk*Ast* (x(2) -
a/2)*10%-6;
else
a=(0.87*fyk* (Ast-
Asc))/ (0.567*fck*x (1)) ;
x a=1.25%*a;
MRdA=(0.567*fck*x (1) *a* (x(2) -
a/2)+0.87*fyk*Asc*x (2))*107-6;
end
VRd max=0.18*x(1)*x(2)*fck* (1-
fck/250) *10°-3;
c(l,1)=Msd/MRd-1;
c(2,1)=Ast/As max-1;
c(3,1)=Asc/As max-1;
c(4,1)=As min/Ast-1;
c(5,1)=Vsd/VRd max-1;
c(6,1)=x_a/(0.45*x(2))-1;
c(7,1)=1.5/(h/x(1))-1;
c(8,1)=(h/x(1))/2.5-1;
c(9,1)=delta max/(L/250)-1;
c(10,1)=s min/x(8)-1;
ceqg=[];
function
[c,cegl=constraintwithdisc (x)
x=disc (x) ;
[c,ceqg]l=constraint (x) ;

Objective script

function F= objective (x)
load('L.mat', 'L");
load('Cc.mat', 'Cc");
load('Cd8.mat', "'Cd8");
load('Cdl0.mat', 'Cdl0");
load('Cdl2.mat"', 'Cdl2");
load('Cdl4.mat', 'Cdld");
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load('Cdl6.mat', 'Cdle") ;

load('Cd20.mat', 'Cd20") ;

load('Cd24 .mat', 'Cd24");

load('Cd30.mat"', 'Cd30");

load('Cd32.mat', 'Cd32");

gamma_s=7850;

Ast=(pi/4)* ((x(3)*x(4)"2)+x(5)*x (6

)"2)

Vbg=x (1) * (x(2)+50) *L;

Av=(pi/4)*x(7)"2;

ns=L/x(8)+1;

Ls=2* (x(1)+(x(2)+50));

Vstr=Av*ns*Ls;

Vs=Ast*L;

Vbc=Vbg-Vs-Vstr;

if (x(4)==10)

F=Cc*Vbc*10"-

9+gamma_ s*Cd1l0* (Vs+Vstr) *10"7-9;
elseif (x(4)==12)
F=Cc*Vbc*10"-

9+gamma_s*Cdl2* (Vs+Vstr)*107-9;
elseif (x(4)==14)
F=Cc*Vbc*10"-

9+gamma_s*Cdl4* (Vs+Vstr) *10"7-9;
elseif (x(4)==16)
F=Cc*Vbc*10"-

9+gamma_s*Cdlé6* (Vs+Vstr)*107-9;
elseif (x(4)==20)
F=Cc*Vbc*10"-

9+gamma_s*Cd20* (Vs+Vstr)*107-9;
elseif (x(4)==24)
F=Cc*Vbc*10"-

9+gamma_s*Cd24* (Vs+Vstr) *107-9;
elseif (x(4)==30)

F=Cc*Vbc*10"-

9+gamma_s*Cd30* (Vs+Vstr)*107-9;

elseif (x(4)==32)

F=Cc*Vbc*10"-

9+gamma_s*Cd32* (Vs+Vstr)*107-9;

elseif (x(6)==10)
F=Cc*Vbc*10"-

9+gamma_s*Cdl0* (Vs+Vstr)*107-9;

elseif (x(6)==12)
F=Cc*Vbc*10"-

9+gamma_s*Cdl2* (Vs+Vstr)*107-9;

elseif (x(6)==14)
F=Cc*Vbc*10"-

9+gamma s*Cdl4* (Vs+Vstr)*107-9;

elseif (x(6)==16)

F=Cc*Vbc*10"-

9+gamma_s*Cdle* (Vs+Vstr)*107-9;
elseif (x(6)==20)

F=Cc*Vbc*10"-

9+gamma s*Cd20* (Vs+Vstr)*107-9;
elseif (x(6)==24)

F=Cc*Vbc*10"-

9+gamma_ s*Cd24* (Vs+Vstr)*107-9;
elseif (x(6)==30)

F=Cc*Vbc*10"-

9+gamma_s*Cd30* (Vs+Vstr)*107-9;
elseif (x(6)==32)

F=Cc*Vbc*10"-

9+gamma s*Cd32* (Vs+Vstr)*107-9;
elseif (x(7)==8)

F=Cc*Vbc*10"-

9+gamma_s*Cd8* (Vs+Vstr)*10"-9;
elseif (x(7)==10)

F=Cc*Vbc*10"-

9+gamma s*Cd10* (Vs+Vstr)*107-9;
elseif (x(7)==12)

F=Cc*Vbc*10"-

9+gamma s*Cdl2* (Vs+Vstr)*107-9;
End

F=min (F) ;
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function F = objectivewithdisc (x)
x = disc(x);
F = objective(x);

Main script

clear

close all

clc

run ('input parameter.m');
run('cost of steel and unit cost o
f concrete.m');
B=[1,1,1,1,1,1,1,11;
uB=[7,7,11,8,11,8,3,71;
obj=@objectivewithdisc;
cons=@constraintwithdisc;
intcon=1:8;

rng (0, "twister") ;

options =

gaoptimset ('PlotFcns', {@gaplotbest
f,@gaplotbestindiv, @gaplotexpectat
ion, @gaplotstopping}, 'PopulationSi
ze',200, "generations', 800, '"TolFun'
,1le-15, '"TolCon', le-

15, 'StallGenlLimit', 50, 'Display’', 'i
ter'");

[x,fval]=ga(obj,8, ], [],[],[],LB,U
B, cons,intcon,options) ;

x=disc(x);

disp(x'")

disp (fval)

fprintf ('\nCost function returned

by ga = %g\n', fval);
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