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ABSTRACT

Open channel flumes which will be built on the ground level need a support structure
to minimize the displacement at the sidewall due to the hydrostatic and dynamic
pressure of water. The objectives of the study are to evaluate the pressure at the
sidewall of the flume, and to design a supports structure for the sidewall of the flume
under certain flow conditions. Three basic designs were selected and drawn using
Solidwork software and solved with the Autodesk Simulation Multiphysics solver.
From the data obtain it shows that Design 1 with 0.5 m breadth, 0.44 m length and 21
of support structure by using Ready Mix Concrete Normal Mix Grade 30 gave the
smallest value of wall displacement, and 81.73% effectiveness of the support
structure. Simulation result shown that the flume did need a support structure to
reduce the displacement of the sidewall. As a conclusion, Design 1 as it gave the

desirable result with the acceptable cost involved, effectiveness and economically.
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ABSTRAK

Saluran air terbuka yang akan dibina di atas paras tanah memerlukan struktur
sokongan untuk mengurangkan anjakan di sisi akibat tekanan hidrostatik dan
dinamik air. Objektif kajian ini adalah untuk menilai tekanan pada dinding sisi
saluran air, dan mereka bentuk struktur sokongan untuk sisi saluran air di bawah
keadaan aliran tertentu. Tiga reka bentuk asas telah dipilih dan direka menggunakan
perisian Solidwork dan diselesaikan dengan penyelesai Simulasi Multiphysics
Autodesk. Dari data yang diperolehi menunjukkan bahawa Reka Bentuk 1 dengan
0.5 m lebar, 0.44 m panjang dan 21 struktur sokongan dengan menggunakan Konkrit
Sedia Bancuh Bancuhan Biasa Gred 30 memberi nilai terkecil anjakan pada dinding,
dan keberkesanan 81.73% kepada struktur sokongan. Hasil simulasi menunjukkan
bahawa saluran air memerlukan struktur sokongan untuk mengurangkan anjakan sisi.
Kesimpulannya, Reka Bentuk 1 kerana ia memberikan hasil yang diingini dengan

melibatkan kos yang boleh diterima, keberkesanan dan dari segi ekonomi.
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CHAPTER 1

INTRODUCTION

11 INTRODUCTION

Renewable energy refers to the energy which comes from natural resources such
as sunlight, wind, rain, tides, and geothermal heat which is naturally replenished.
Renewable energy can be particularly suitable for developing countries. In the rural
areas, the transmission and distribution of energy generated from fossil fuels can be
difficult and expensive. Therefore by producing the renewable energy resources locally,

it can offer a viable alternative.

Renewable energy projects in many developing countries have shown that the
renewable energy can contribute directly to poverty alleviation by providing the energy
needed for creating businesses and employment. Through renewable energy also, it can

contribute to education by supplying electricity to schools.

1.2 BACKGROUND OF STUDY

In this modern era, vast amount of energy required to generate electricity. The
energy is used to power up machines, supplying electricity to the residential area, and to
move vehicle. Since the finding of fossil fuel, it’s being started to use it until now as
main source of energy. In Malaysia, in the early eighties, oil-fired generators were used
to produce electricity. As years passing by Tenaga Nasional Berhad (TNB) had found
alternative resources, and the oil requirement has reduced over the years. Most of the



time, fossil fuels were depends too much; therefore renewable energy resources must be
obtained. In this chapter, the problem statement, objective, hypothesis and scope of

study will be explain in detail.

1.3 PROBLEM STATEMENT

In rural and remote areas, it is always hard to supply the continuously stable
electricity to the population. A steady supply of fuel would be required to generate
electricity as generator was using fuel. This will be a problem in term of cost as
nowadays the price of fuel is increasing. Therefore, as an alternative, a micro-hydro

turbine will be installed to supply electricity in these areas.

Before an actual size of the mini-hydro turbine could be fabricated, a model scale
of micro-hydro turbine would be required to be built and tested. Therefore, a flume
needs to be developed in order to simulate the river flow, and test the turbine to find the

potential amount electricity to be generated, and the efficiency of the system.

The flume will be built on the ground; therefore, it has no support structure to
sustain the pressure of water at the wall. Hence, building the side support structure to
sustain the hydrostatic and dynamic pressure of the water and analysis of it will essential

to consider.

1.4  OBJECTIVE

The objectives of the study are:
To evaluate the pressure distribution at the sidewall of the flume.
To design a support structure for the sidewall of the flume.
To analyse the effect of support structure on the displacement of sidewall of the

flume.



1.5 SCOPE OF PROJECT

The scope of the study are:

1)  To evaluate the pressure distribution at the sidewall of the flume.

i)  To perform a structural analysis upon the support structure.
iii)  Run asimulation of static and dynamic pressure of water upon the flume wall.
iv)  To analyse the possible three design of the flume support structure.

v)  Concrete will be used as the material of support structure.



CHAPTER 2

LITERATURE REVIEW

2.1 INTRODUCTION

This chapter includes the study of the water flume from various sources. In this

chapter also, the design for a support structure of the flume could be determined

22 OPEN WATER CHANNEL FLOW FLUME

In order to simulate the flow of a river, an open water channel flow flume need to
be build. The open water channel had been used in the Otago University for aquatic
research such as swimming. The swimmer will not move if he/she swim in the
swimming flume, as the water being pumped into the swimming flume. The amount of
water will be constant as the water move in a circulation flow. Therefore, thorough
research being done by Robbin Britton (1998) to keep the water flow stable. Besides
that, according to Robbin Britton (1998), the swimming flume can be used to test kayak
and canoe. In the upcoming research, this water channel could be used to simulate a lab

scale wave or tsunami.
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Figure 2.1: Schematic views of the swimming flume at Otago University

Source: Britton (1998)

Figure 2.1 shows the schematic views of the swimming flume at the Otago
University. The test section of the swimming flume used by Otago University is
rectangular shape channel and material used is fiberglass, stainless steel and mild steel.
Even though, fiberglass has the advantage of lightweight and easy to install but the cost
is high. Therefore we have come to an option to choose concrete as our material in term

of cost.

In the early days, water channel were used to transport log from the cutting area
to the processing area. Now, the water channels are widely used in the drainage system
as shown in Figure 2.2. This will help to flush out the rain water during rain and prevent
flash flood in a larger city. For example in Kuala Lumpur, when it is raining a flash
flood always occur due to the poor drainage system, therefore the building of the open

water channel help the flow of rain water and preventing the flash during raining season.



Figure 2.2: Water channel for Klang River in Kuala Lumpur

Sources: HUME Concrete Marketing

2.3 COUNTERFORT RETAINING WALLS

The water channel will be place at the ground level. As being told before, the
water channel is similar to the drainage system which uses concrete as their main
material to build it. Figure 2.3 shows the drainage system and the outer sidewall of the
drain is being supported by the soil. Meanwhile in our case there will be no soil to
support the sidewall as shown in figure 2.4. As we know the pressure at the bottom of
the water channel will be the highest. Since the thickness of the wall of the water
channel is the same therefore a counterfort retaining wall had been considered in our

design to support the sidewall of the water channel.



7R

e B L  mimum 800 mm - -,

720 Soil parameler used: - - e L
. ..y Anglo of infornal fricten 30° ¢ v, L,
= .. [ Cosafficiant of actve sarh preasura 0,33 E
4" - Bulk density of eompacted backhil 18 kNfme -

*« r Free draining granular backfll atback of wall " - ¢

" Suitabie tHar materialé ©
_at the back of weep.holes

Figure 2.3: Water channel for drainage system
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Figure 2.4: Water channel on a ground level without counterfort wall

Sources: HUME Concrete Marketing

According to M. Ghazavi (2003), in his journal he stated that to design a
counterfort retaining wall there is some standard that must be followed to determine the
stem thickness, base thickness, distance between counterfort, counterfort thickness and
lengths of toe and heel. By following the method and parameter suggest by M. Ghazavi
as shown in table 2.5 we could determine the size and design of our counterfort retaining
wall. Table below shows the lower and upper bound of the design variables for the

counterfort walls
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Figure 2.5: Design variable for typical reinforced concrete counterfort retaining walls

Source: Ghazavi (2003)

Table 2.1: Lower and upper bounds of design variables

Lower bound Upper bound

Ximin=0.3H Ximax=3H

Xomin=H/10 Xomax=H/8.5

Xamin=H/10 Xamax=H/8.5

Xamin=20 cm Xamax=30 cm

Xemin=0.1H Xsmax=2H

XEimin:()-:I-H X6max:H

X7min=20 cm X7max= 50 cm

Xgmin= 0.3H Xgmax= 0.7H

Xomin=minimum of shrinkage and Xomax= Mmaximum of shrinkage and

temperature rebar at heel in x direction

Xigmin=minimum of shrinkage and
temperature rebar at heel in x direction

Ximin= mMinimum of shrinkage and
temperature rebar at heel in y direction
Xiomin= mMinimum of shrinkage and
temperature rebar at heel in y direction

temperature rebar at heel in x direction
Xiomax= Maximum of shrinkage and
temperature rebar at heel in x direction

Xi1max= maximum of shrinkage and
temperature rebar at heel in y direction
X1omax= maximum of shrinkage and
temperature rebar at heel in y direction



Xizmin= Minimum of shrinkage and
temperature rebar at toe in x direction
Xiamin= mMinimum of shrinkage and
temperature rebar at toe in x direction
Xismin=Minimum of shrinkage and
temperature rebar at toe in y direction
Xiemin= Minimum of shrinkage and
temperature rebar at toe in y direction
Xi7min= minimum of shrinkage and
temperature rebar at stem in z direction
Xigmin= Minimum of shrinkage and
temperature rebar at stem in z direction
Xigmin= Minimum of shrinkage and
temperature rebar at stem in y direction
Xoomin= Minimum of shrinkage and
temperature rebar at stem in y direction
Xowmin= minimum of inclined rebar at
counterfort

Xoomin=minimum of shear rebar at
counterfort

X1zmax= Maximum of shrinkage and
temperature rebar at toe in x direction
Xiamax= maximum of shrinkage and
temperature rebar at toe in x direction
Xismax= Mmaximum of shrinkage and
temperature rebar at toe in y direction
Xiemax= Maximum of shrinkage and
temperature rebar at toe in y direction
Xi7max= Mmaximum of shrinkage and
temperature rebar at stem in z direction
Xigmax= Maximum of shrinkage and
temperature rebar at stem in z direction
Xiomax= Maximum of shrinkage and
temperature rebar at stem in y direction
Xoomax= Maximum of shrinkage and
temperature rebar at stem in y direction

Xormax= mMaximum of inclined rebar at counterfort

Xoomax= Mmaximum of shear rebar at
counterfort

Source: Ghazavi (2003)

With the parameter obtained from the research of M. Ghazavi (2003), not all of it
will be used in the study to design the support structure of the sidewall of the water
channel. With the useful information, we could design the counterfort easily and later we
could run a simulation to test the design whether the counterfort wall could sustain he

pressure from the water.

24  SLIDING SAFETY FACTOR

In Figure 2.6 show the front view of the water channel which is similar to
concept of a wall of a dam. Wall of a dam is thicker at the bottom compared at the
surface. This due to the concept of pressure, as we go deeper in the water, the pressure
will increase. Therefore, that’s why the wall is always thick at the bottom to sustain

pressure.

But even though, the bottom of the wall is thick, we should never neglect the

possible damage that might affect the design. One of the potential threats to the design is
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crack. According to Farrokh Javanmardi (2004) whenever there is a crack at the inner of
dam, the pressure which comes from the water will push the water into the crack hence
making a new crack opening and filling the void. As this process continues, the crack

will be increasing and the length of crack is denoted as L,
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Figure 2.6: Static and transient uplift pressure
Source: Javanmardi (2004)

Sliding Safety Factor (SSF) is the factor of safety against sliding on the sand
layer beneath the footing (J. Michael Duncan, 1999). From Farrokh Javanmardi research
he applied the SSF in his study to show the movement of the dam when there is a crack.
Therefore we could use this method to determine whether the wall of the retaining wall
will crack or not. The shape of the flume is U-shape, therefore is does not have a sand
layer footing as stated by Farrokh Javanmardi (2004) in his journal. Even though it does

not have a sand layer footing, but the method could be applied to this study
2.5 FLUID STRUCTURE INTERACTION PROBLEMS
In this paper, Damodar Maity (2003) discuss about the finite element analysis of

the fluid structure system by considering the couple effect of elastic structure of fluid.

The study was held to determine the condition of the dam structure. Due to the complex
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topographical condition of dam structure, finite element method is recognized as one of
the powerful numerical tools in most practical problem (Maity, 2003)

10m
A

/i |
/1
/11
ol
s i

Figure 2.7 Geometry and finite element discretization of dam

Source: Maity (2003)

Damodar Maity (2003), stated that at the top of the dam is made slightly thicker.
This is to prevent greater displacement at the top of the dam. Figure 2.7 shows the
thickness the top of the dam wall. This design could be used as one of the design for the
support structure of the flume. The concept of the dam could be used to adapt at the
flume. This will enhance the support structure of the flume hence, more design could be
proposed. Even though the M. Ghazavi (2003) did not consider the displacement at the
top of the sidewall, new design could be develop to compare with the design

recommended by M. Ghazavi.

26  DESIGN CONSIDERATION FOR COUNTERFORT WALL

There are various designs of the counterfort wall design. Some were suggesting

building the support structure along the flume. This type is known as mass concrete and
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the material used are concrete. Mass concrete could be used as the support structure of
the flume. In term of effectiveness of the support structure, mass concrete would give a
similar result to the counterfort wall design. In 1908, John Monash proved that a

significant financial saving could be achieved overall.

Figure 2.8: Mass concrete

Source: www.vicnet.net.au

Mass concrete also shown that it would require high volume compared to
counterfort wall. Therefore, volume of support structure was taken as consideration as it
will determine the cost building the support structure. Other than the volume of the
support structure, the design from M. Ghazavi will be compared with the new design by
changing the parameters of the breadth of support structure, the amount support structure
and the length the support structure. Different design will give different result on the

displacement of the sidewall of the flume.

All the designs will be referring to the M. Ghazavi counterfort design in Table
2.1. The result of displacement due to changing parameter will be compared to Table 2.1

either the minimum and maximum parameter in M. Ghazavi (2003) is acceptable.
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2.6.1 Breadth of support structure

By referring to Table 2.1 the minimum breadth of the support structure is 0.2 m,
meanwhile the maximum breadth of support structure is 0.5 m. The hydrostatic and
dynamic pressure of the flume used, will be constant. Therefore, from the pressure
obtain, the suitable breadth of the support structure could be determine. The breadth of
support structure of 0.1 m, will be tested, to prove that 0.2 m is the minimum breadth

allowed for the support structure.

2.6.2 Amount of support structure

M. Ghazavi (2003) stated in his journal one of the parameter being studied is the
length between the support structures. Therefore, due to the fixed length of the flume, it
is difficult to make the amount of support structure is equivalent at the front and at the
end of the flume. By using the same concept, parameter of length between the support
structures being change to the amount of support structure. By changing the amount of

support structures, it is easier to design and analyse.

2.6.3 Length of support structure

Besides that, length of the support structure is also one of the parameter in
designing a support structure. By referring to Table 2.1, the minimum length of the
support structure is determined by using 0.1H and for the maximum length it is
determined by using 2H. H is being referred as the height of the flume. From the

parameter, the suitable length of the support structure will be determined.



CHAPTER 3

METHODOLOGY

3.1 INTRODUCTION

The project starts off with project planning by using a Gantt chart as shown in
appendix B & C and a flow chart as shown in Figure 3.10. The flow chart acts as a guide
to successfully carry out this case study step by step while the Gantt chart helps to make
sure that the project is within its timeframe. It is then furthered with the literature review
throughout the whole project. Followed by designing procedure and continued with

simulation setup.

Calculation and formulas are used to measure the pressure that the sidewall
might exert. The design will be drawn using Solidwork and further analysis will be done

using other analysing software.
3.2 COMPUTER AIDED DESIGN (CAD)
3.2.1 Solidwork
Solidwork which is owned by the Dassault Systeme SolidWork Corp. provide a
3D software tools that let the user create simulate, publish and manage their data.

Solidwork products are easy to learn and use which will help you to design product

better, faster, and more cost-effectively. Solidwork software are user friendly that allows
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more engineers, designers and any other technology professionals to take advantage of
3D in bringing their design to life.

Solidworks also could be used to draw 2D drawing. Its mechanical assembly and
tool helps the engineer to design the product more efficiently. Furthermore, the file that
has been saved in solidwork type is compatible with other software for further analysis.
This will save time needed to convert the file to make it compatible with other software.
Besides that, other than 2D and 3D drawing, solidwork also able to run a simulation on

the product and the data obtain could be use further analysis.

3.3 FINITTE ELEMENT ANALYSIS (FEA)

3.3.1 Autodesk Simulation Multiphysics

Autodesk is also one of the top software developers and helps to visualize,
simulate, and analyse the performance and to incorporate green design principle into the
design. Autodesk Simulation Multiphysics is widely used for finite element analysis in
the higher education institution due to its user friendly.

The Autodesk Simulation Multiphysics will be used to analyse the support
structure of the water channel. With the data obtain from the solidwork flow simulation;
the pressure that acts upon the water could be used to apply the pressure exerted by the
sidewall of the inner water channel. By applying the pressure upon the sidewall of the

water channel, we might get the displacement that might be occurring at the sidewall.

This result will be representing the actual value that might be obtained through
experimental. Via this FEA software we will be able to run an analysis without rupturing
the product. Furthermore, through this analysis we will be able to detect the stress and

strain along the water channel and also crack if there is any.
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3.3.2 Solidwork (Flow Simulation)

Solidwork flow simulation could easily simulate fluid flow, heat transfer, and
fluid forces that are critical to the success of the design. It is fully embedded with
SolidWorks 3D CAD, a SolidWorks Flow Simulation intuitive Computational Fluid
Dynamics (CFD) tool enables us to simulate liquid and gas flow in real world

conditions.

In this project, fluid flow simulation must be run inside the drawn water channel
by key in all the boundary condition that we required. From the simulation, the result
that required will be obtain, which is the pressure exerted by the sidewall. The data
extracted from simulation result, will be used in Autodesk Simulation Multiphysics for
further analysis. Fluid flow being simulates using Solidworks Flow Simulation instead
of Autodesk Simulation Multiphysics because the Autodesk software does not have fluid

flow application.

34  CONCEPTUAL DESIGN

In designing the support structure for the water channel the parameters that
change are the breadth of support structure, amount of support structure and length of
support structure. For further analysis, the material of the water channel and support
structure will be the same, but only the grade of concrete will change. Two grade will be
tested for building of the water channel and support structure which are Ready Mix

Concrete-Normal Mix-Grade 20 Granite and Grade 30 Granite

The Price of each material will be refer to Table 2 which provided by
Construction Industry Development Board Malaysia (CIDB). CIDB is a statutory body
under Minister of Works, Malaysia. Established in July 1994 to coordinate all activities

in the construction industry and increase its competitiveness.
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3.4.1 Dimension

Information below shows the dimension of the open channel flume:

Width: 2 meter
Height: 2 meter
Length: 30 meter
Thickness: 0.2 meter

Material: Concrete

3.4.2 Design

Figure 3.1 shows the conceptual design of the open channel flume. The flume is
the part where the river flow is simulated.

Figure 3.1: Conceptual design of the open water channel flow flume
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PROCEDURE

To design the support structure of the wall three designs had been proposed, and

there are few parameters that had been considered. There the breadth of the support

structure, the amount of structure, and the width of the support structure.

X)

Xi)
Xii)

xiii)

Each support structure is drawn using Solidwork with a standard of 0.44m width,
0.22m height, and 0.5m breadth

The designs are name accordingly; Ghazavi design, Design 1 and Design 2.
Later, each design is modified according to the parameter use.

Changing breadth of support structure; 0.1m, 0.3m, and 0.3

Amount of support structure; 6, 11 and 21

Width of support structure; 220mm, 330mm, and 440mm.

Then each design is will undergo simulation to determine the displacement of the
sidewall.

Pressure of the of the side wall is obtain from the Solidwork Fluid Flow
Simulation

Later it will be used in the Autodesk Simulation Multiphysics, to obtain the
displacement of each design.

The materials used to test each design are Ready Mix Concrete-Normal Mix-
Grade 20 Granite and Grade 30 Granite

Later, the data obtain will be tabulated according to the parameters.

The best design from each parameter will be pick and compared

Finally from the data obtain, the best design will be determined.

3.5.1 Breadth of support structure

In this part, the parameter that will be change is the breadth of the support

structure. The value that going to be tested is breadth of 0.1 m, 0.3 m and 0.5 m. The

height, the width and the amount of support structure are kept constant. This will
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determine the suitable breadth of the support structure for the flume Figure 3.2 shows
the changes of breadth of the support structure that will be applied to the three designs.

suppoi structure
suppoit structure suppodt structure
suppoit structure /—%

l0.100 lo.100

0.300 |0.300

(a) (b)

suppott structure
/ suppoit structure

0.50 0.50

(©)

Figure 3.2: Side view-example of changes of breadth of the support structure (a) 0.1 m
(b)0.3m (c)0.5m

3.5.2 Amount of support structure

In this section the parameter that will undergo testing is the amount of support
structure used for the flume. The amount of support structure that going to be used are
six, eleven and twenty-one. The height, the width and the breadth of support structure
are kept constant. This will determine suitable amount of support structure for the flume.
Figure 3.3 show the example of changes of amount of the support structure that will be
applied to the three designs.
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support stucture  support shucture
/ / suppor shuchure - suppod shucure

€) (b)

i
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Figure 3.3: Side view-example of changes of amount of the support structure (a) six

(b) eleven (c) twenty-one

3.5.3 Length of support structure

In this section the parameter that will undergo testing is the width of support
structure used for the flume. The values that will be used in this test are 0.22 m, 0.33 m
and 0.44 m. The height, the amount and the breadth of support structure are kept
constant. This will determine how much the changing width of support structure will

affects the displacement of the side wall of flume

(a) (b)
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(©)
Figure 3.4: Front view-example of changes of length of the support structure (a) 0.22m
(b) 0.33m (c) 0.44m

3.6 ACTUAL DESIGN

3.6.1 Water Channel without support

Figure 3.5: Water channel without support structure
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Load Case: 10f 1
Maximurm Value: 0.00449268 m

Minimum Yalue: 0 m

0.000 2268 m

1< Design stenario 1 > e )

Figure 3.6: Example of displacement of the water channel without support

Preliminary results obtain for the water channel flow channel with, show that the
displacement for Ready Mix Concrete-Normal Mix-Grade 20 Granite is 0.00623483m
and for Ready Mix Concrete-Normal Mix-Grade 30 Granite is 0.00449268m. This value

will be used for further analysis to calculate the percentage of effectiveness.

3.6.2 Ghazavi Design, Design 1 & Design 2

Ghazavi design is the design that followed the guideline of the Ghazavi (2003)
journal to build the support structure. Basically all the designs are following this
guideline. Figure 3.7 shows the initial dimension of Ghazavi Design in meter before
undergoes the simulation and testing.
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Figure 3.7: Ghazavi design
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Design 1 is proposed based on the preliminary result of the flume without the

support structure. It shows that the highest displacement of the flume is at the top of the

sidewall. This design was extracted from Maity (2003) and undergoes modification to

make it suitable for the flume Therefore Design 1 is made slightly thicker at the top

compared to Ghazavi Design. Figure 3.8 shows the initial dimension of Design 1 in

meter before undergoes the simulation and testing.

0.440

[ 0.500]

0.100

2.200

D.440 0.500

Figure 3.8: Design 1
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Design 2 is proposed based on the cost of building the support structure and the
flume. From the preliminary result of the flume, it shows that at the bottom of the flume
there almost no displacement occurs. Therefore, the volume at the bottom of the support
structure can be eliminated; hence reducing the cost of building it.. Figure 3.7 shows the

initial dimension of Design 2 in meter before undergoes the simulation and testing

500

p.

0.440

1.100

2.200

Figure 3.9: Design 2

3.6.3 CIDB Material List

Table below show the price of the material used in the simulation. Later these
values will be used to determine the cost of building the flume and the support structure

of each design and each parameter used.
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Table 3.1: CIDB material list

Description Credit Nov-2012 Dec-2012
) Term (RM) (RM)
Unit Del or
Ready Mix Concrete (Days) Ex Pahang
Granite

Ready Mix Concrete-

Normal Mix-Grade 10 3 ]
Granite m 30 Delivered 175.97 175.97

Ready Mix Concrete-

Normal Mix-Grade 15 2 _
Granite m 30 Delivered 181.47 181.47

Ready Mix Concrete-

Normal Mix-Grade 20 3 )
Granite m 30 Delivered 188.60 188.60

Ready Mix Concrete-

Normal Mix-Grade 25 3 ]
Granite m 30 Delivered 194.20 194.20

Ready Mix Concrete-

Normal Mix-Grade 30 3 ]
Granite m 30 Delivered  206.53 206.53

Ready Mix Concrete-

Normal Mix-Grade 35 3 )
Granite m 30 Delivered ~ 213.80 213.80

Ready Mix Concrete-

Normal Mix-Grade 40 3 )
Granite m 30 Delivered 230.17 230.17

Source: CIDB Malaysia

3.8 FLOW OF THE PROJECT

The terminology of work and planning for this research was shown in the flow chart

Figure 3.1
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Figure 3.10: Project’s flow chart




CHAPTER 4

RESULTS & DISCUSSION

4.1 INTRODUCTION

This chapter presents the results of the simulation according to the parameters.
The data obtain from the result is tabulated and analyse for the design selection of

support structure for an open channel flow flume.

42  FLOW SIMULATION

From the Solidwork Flow Simulation, the value hydrostatic and dynamic
pressure exerted by the sidewall of the flume, were determined. The total pressure
exerted by the sidewall of the flume is 59,680 Pa. Hence this value will be used in the
Autodesk Multiphysics solver to determine the displacement of the sidewall of the

flume.
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4.3 BREADTH OF SUPPORT STRUCTURE
Table 4.1: Effect of breadth of the support structure
Displacement, mm
Breadth, Ghazavi Design Design 1 Design 2

Grade20 Grade30 Grade20 Grade30 Grade20 Grade30
0.1 3.51541 2.34361 3.24689 2.1646 3.939 2.62619
0.3 1.85437 1.23625 1.62339 1.08226 2.037 1.358
0.5 1.33223  0.888152 1.1393 0.75962 1.435 0.95649

The table above shows the effect of breadth of structure upon the displacement of

the side wall of the flume by using concrete with grade 20 and grade 30. The data were

obtained from the Autodesk Simulation Multiphysics solver. From the table it is shown

that grade 30 concrete give the least displacement of the sidewall of the flume therefore

grade 30 concrete has higher strength compared to grade 20 concrete. As the breadth of

support structure increase the displacement of the sidewall of the flume decreases for

each design tested. Further analysis and comparison will be made to select the best

design for the support structure of the flume.

For further analysis, the effectiveness of the support structure will be determined

and the volumes of the structure were obtained from the Solidwork software. Then the

selected design will undergoes pricing calculation, to calculate the cost of the material to

build the flume and the support structure.
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44  AMOUNT OF SUPPORT STRUCTURE

Table 4.2: Effect of amount of the support structure

Amount Displacement,mm

of
support Ghazavi Design Design 1 Design 2

structure,
n Grade20 Grade30 Grade20 Grade30 Grade20 Grade30
6 2.54189 1.69459 5.81495 3.87664 5.762 3.8413
11 2.33912 1.55942 2.27583 1.51722 2.737 1.8244
21 1.33223 0.88815 1.1393 0.75962 1.435 0.9564

The table above shows the effect of amount of structure upon the displacement of
the side wall of the flume by using concrete with grade 20 and grade 30. The data were
obtained from the Autodesk Simulation Multiphysics solver. From the table it is shown
that grade 30 concrete give the least displacement of the sidewall of the flume therefore
grade 30 concrete has higher strength compared to grade 20 concrete. As the amount of
the support structure increases increase the displacement of the sidewall of the flume
decreases for each design tested. Further analysis and comparison will be made to select

the best design for the support structure of the flume.

For further analysis, the effectiveness of the support structure will be determined
and the volumes of the structure were obtained from the Solidwork software. Then the
selected design will undergoes pricing calculation, to calculate the cost of the material to

build the flume and the support structure.
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45 LENGTH OF THE SUPPORT STRUCTURE

Table 4.3: Effect of length of the support structure

Length of Displacement,mm
support
structure, Ghazavi Design Design 1 Design 2

Grade20 Grade30 Grade20 Grade30 Grade20 Grade30

0.22 3.2287 2.15247 2.73801 1.82534 - -

0.33 1.98788  1.32525 1.6801 1.12007 2.278 1.51859
0.44 1.33223  0.888152 1.1393 0.75962 1.435 0.95649

The table above shows the effect of the length of structure upon the displacement
of the side wall of the flume by using concrete with grade 20 and grade 30. The data
were obtained from the Autodesk Simulation Multiphysics solver. From the table it is
shown that grade 30 concrete give the least displacement of the sidewall of the flume
therefore grade 30 concrete has higher strength compared to grade 20 concrete. As the
amount of the support structure increases increase the displacement of the sidewall of
the flume decreases for each design tested. Further analysis and comparison will be

made to select the best design for the support structure of the flume.

For further analysis, the effectiveness of the support structure will be determined
and the volumes of the structure were obtained from the Solidwork software. Then the
selected design will undergoes pricing calculation, to calculate the cost of the material to

build the flume and the support structure
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together with the percentage of effectiveness of support structure and cost of material.

DISCUSSION
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In this part the graph for each parameters tested will be discussed accordingly,

4.6.1 Breadth of support structure

Graph below was plotted by using the tabulated data from Table 4.1

Displacement of sidewall against breadth of
support structure

4.5
4 LY}
£ 35 AN
g 3 N
E 25 \\\
£
[ 2
&
= 1.5
]
o 1
0.5
0
0.1 0.3 0.5
—4— Ghazavi-G20 3.51541 1.85437 1.33223
—l— Ghazavi-G30 2.34361 1.23625 0.888152
== Design 1-G20 3.24689 1.62339 1.1393
=== DDesign 1-G30 2.1646 1.08226 0.75962
== Design 2-G20 3.939 2.037 1.435
—0-—Design 2-G30 2.62619 1.358 0.95649

Figure 4.1: Graph of displacement of sidewall against breadth of support structure

Figure 4.1 shows the graph of the displacement of the sidewall against the

breadth of the support structure. As the breadth was increase to 0.3 m all design shows a

significant pattern and the reading shows that the displacement were reduced by half
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from the reading of breadth 0.1 m.When the breadth increases to 0.5 m, the decrease of
displacement was not high as before. This shows, that the breadth almost reach the
maximum value. The readings validate the recommendation made Ghazavi (2003) that
the maximum value for breadth of the support structure is 0.5m. This shows that if the
breadth is increase more than 0.5 m, the reduction of displacement of the sidewall will
be small. The minimum breadth of the support structure according to Ghazavi (2003) is
0.2m. The breadth of 0.3 m and 0.5 m does not give high differences, in term of
displacement reduction of sidewall but the breadth of 0.1 m give a higher compared to
others. This proves the minimum value of the support structure cannot be less than 0.2m.
The breadth of 0.5 m gives the least displacement compared to breadth of 0.1m and 0.3
m. Furthermore, the graph shows that Design 1 give the least displacement of the wall
with the value of 1.358 mm. Meanwhile the displacement for other design with the

breadth of 0.5m does not differ much with the Design 1

The graph also shows that grade 30 concrete gives the smallest displacement
compared to the design that using concrete grade 20. This shows that grade 30 concrete
has high strength and able to sustain the pressure of water inside the flume. Even though,
the designs that uses grade 30 concrete give the smallest displacement, but the
differences of reading between the two grades of concrete are small. Both grade used
produce the same pattern but has difference in displacement. This shows that the only
thing that differ the grade from one and another is the displacement produce and not the
pattern. Further analysis will be done, to ensure which design and material are the best is
in term of percentage and economically.

Design 1 was considered giving the best result compared to Ghazavi Design, this
due the pressure distribution at the sidewall of the flume. Figure 3.6 shows that the
displacement of the sidewall is highest at the top of the sidewall. Maity (2003) has
considered the thickness at the top of the dam; therefore by applying his design, the top
of the flume could sustain more pressure and gives the smallest displacement compared
to other designs. Percentage of effectiveness of each design were calculated and
tabulated in Table 4.4.
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Table 4.4: Percentage of effectiveness of support structure

Percentage of effectiveness, %

Breadth, Ghazavi Design Design 1 Design 2
m

Grade20 Grade30 Grade20 Grade30 Grade20 Grade30

0.1 21.75 47.83 27.73 51.82 12.32 41.55
0.3 58.72 72.48 63.86 75.91 54.65 69.77
0.5 78.63 80.23 81.73 83.09 76.99 78.71

The table above, showed the percentage of effectiveness of the support structure
for each design. The percentage of effectiveness will be used to determine the design
that will be selected for the support structure of the flume. The designs with the
percentage of effectiveness more than 80% are chosen. Therefore three designs were
being selected. First is Design 1 with grade 30 concrete with 0.5 m breadth of support
structure with value of 83.09%. Next is Design 1 with grade 20 concrete with 0.5 m
breadth of support structure with value of 81.73% and finally is Ghazavi Design with
grade 30 concrete with 0.5 m breadth of support structure with value of 80.23%. Other

design give a percentage lower than 80%, therefore it was not chosen
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Table 4.5: VVolume of structure

Volume of structure,m3

Breadth, Ghazavi Design Design 1 Design 2
m Grade20 Grade30 Grade20 Grade30 Grade20 Grade30
0.1 41.33 41.33 41.72 41.72 40.82 40.82
0.3 45.39 45.39 45.56 45.56 43.87 43.87
0.5 49.46 49.46 51.41 5141 46.92 46.92

Table 4.9 shows the volume of the support structure of each design. This table
also showed the volume of the three designs that being selected. From the selected
design, Ghazavi Design with breadth of 0.5 m using grade 30 concrete shows the
minimum volume of structure compared to the other two. Meanwhile, Design 1 with
breadth of 0.5m using grade 20 & 30 concrete shows the same volume of structure. This
is because the only things that change are the grade of the concrete used.

Table 4.6: Cost of material

Breadth, Cost of material RM
m Ghazavi Design Design 1 Design 2
Grade20 Grade30 Grade20 Grade30 Grade20 Grade30
0.1 7,79483 951292 7,868.39 9,602.69  7,698.65  9,395.53
0.3 8,560.55 10,447.41 8,592.61 10,486.54 8,273.88 10,097.55
0.5 9,328.16 10,214.97 9,695.92 10,617.70 8,849.112  9,690.38

The volumes of structures obtain from Table 4.9 then were used to calculate the
cost of material for each design selected. The cost of material is obtained from the CIDB

material list provided by the CIDB Malaysia. The price of grade 20 concrete is
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RM188.60/m® and for grade 30 concrete, the price is RM206.53/m* In term of cost,
among the three designs selected, Design 1 with 0.5 m breadth of support structure using
grade 20 concrete shows the lowest cost with value of RM9,695.92. Meanwhile for the
other two designs, Ghazavi Design and Design 1 with 0.5 breadth of support structure
using grade 30 concrete each shows value of RM10,214.97 and RM10,617.70 Therefore,
for the parameter of breadth of the support structure, Design 1 with 0.5 m breadth of
support structure using grade 20 concrete is being selected in term of cost of material

and percentage of effectiveness

4.6.2 Amount of support structure

Graph below was plotted by using the tabulated data from Table 4.2

Displacement of sidewall against amount of
support structure
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Displacement, m

O = NMNW RO

6 11 21
—4—Ghazavi Design-G20 2.54189 2.33912 1.33223
—fll—Ghazavi Design-G30 1.69459 1.55942 0.888152
=== Design 1-G20 5.81495 2.27583 1.1393
== Design 1-G30 3.87664 1.51722 0.75962
====Design 2-G20 5.762 2.737 1.435
=@—Design 2-G30 3.8413 1.8244 0.9564

Figure 4.2: Graph of displacement of sidewall against the amount structure
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The graph above shows the displacement of the side wall decreases as the
amount of support structure increase. For Design 1 and 2 it is clearly shows that the
displacement decreases drastically as the amount of support structure increases.
Meanwhile for Ghazavi design it does not show many changes as the amount support
structure increases. But for all design, when the support structure reaches twenty-one,
the displacement of each design is quite similar. According to Ghazavi (2003), the
maximum spacing between the support structures is 1.54 m meanwhile the minimum
value is 0.66 m. It is determined by using the formula provided which is for maximum
value is 0.7H and H is the height of the flume. Meanwhile, for the minimum value is
0.3H. For the amount of twenty-one, the spacing measure between the support structures
is still in the range. On the other hand, for the amount of six and eleven of support
structure the spacing between the supports structures are out of the range, which is
higher than 1.54m. This is the reason why the displacement for the amount of support
structure of six and eleven are higher compared to the amount of twenty-one. Design 2
with the 21 support structure gives the least displacement of the side wall with value of
0.76mm.

Graph above shows the pattern of the displacement of sidewall against the
amount of support structure change. It shows that, most of the design that using grade 30
concrete gives the smallest displacement compared to the design that using concrete
grade 30. . This shows that grade 30 concrete has high strength and able to support the
pressure of water inside the flume. Even though, the designs that uses grade 30 concrete
give the smallest displacement, but the differences of reading between the two grades of
concrete are small. Both grade used produce the same pattern but has difference in
displacement. This shows that the only thing that differ the grade from one and another
is the displacement produce and not the pattern Even though, the designs that uses grade
30 concrete give the smallest displacement, further analysis will be done, to ensure
which design and material is the best in term of percentage and economically. From the
graph, it also shows that as the amount of support structure increases, the displacement

of the side wall decreases. This shows the amount of support structure gives and impact
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to the displacement of the side wall. Percentage of effectiveness of each design were
calculated and tabulated in Table 4.7.

Table 4.7: Percentage of effectiveness of support structure

Amount of Percentage of effectiveness, %

support Ghazavi Design Design 1 Design 2

structure,n

Grade 20 Grade30 Grade20 Grade30 Grade 20 Grade30

6 43.42 62. 28 29.43 13.71 28.25 14.50
10 47.93 65.29 49.34 66.23 39.08 59.39
21 78.63 80.23 81.73 83.09 76.99 78.71

The table above showed the percentage of effectiveness of the support structure
of each design. The percentage of effectiveness will be used to determine the design
selection for the support structure. The designs with the percentage of effectiveness
more than 80% are chosen. Therefore three designs were being selected. First is Design
1 with grade 30 concrete with twenty-one support structure with value of 83.09%. Next
is Design 1 with grade 20 concrete with twenty-one support structure with value of
81.73% and finally is Ghazavi Design with grade 30 concrete also with twenty-one
support structure with value of 80.23%. Other design give a percentage lower than 80%,
therefore it was not chosen
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Table 4.8: Volume of structure

Amount of Volume of structure,m®

support Ghazavi Design Design 1 Design 2

structure,n
Grade20 Grade30 Grade20 Grade30 Grade20 Grade30

6 42.19 42.19 42.75 42.75 41.47 41.47
11 44.61 44.61 45.64 45.64 43.27 43.27
21 49.46 49.46 51.41 51.41 46.92 46.92

Table 4.9 shows the volume of the support structure of each design. This table
also showed the volume of the three designs that being selected. From the selected
design, Ghazavi Design with twenty-one support structure using grade 30 concrete
shows the minimum volume of structure compared to the other two. Meanwhile, Design
1 with twenty-one support structure using grade 20 & 30 concrete shows the same
volume of structure which is the highest value compared to others. This is because the

only things that change are the grade of the concrete used.

Table 4.9: Cost of material

Amount of Cost of material, RM
support Ghazavi Design Design 1 Design 2
structure,n Grade20 Grade30 Grade20 Grade30 Grade20 Grade30
6 7957.03 9710.87 8062.65 0839.76 7821.24 9545.14
11 8413.44  10267.88 8607.70 10504.95 8160.72 9959.45

21 9,328.16 10,214.97  9,695.92 10,617.70 8,849.112 9,690.38
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The volumes of structures obtain from Table 4.13 then were used to calculate the
cost of material for each design selected. The cost of material is obtained from the CIDB
material list provided by the CIDB Malaysia. The price of grade 20 concrete is
RM188.60/m* and for grade 30 concrete, the price is RM206.53/m>. In term of cost,
among the three designs selected, Design 1 with twenty-one support structure using
grade 20 concrete shows the lowest cost with value of RM9,695.92. Meanwhile for the
other two designs, Ghazavi Design and Design 1 with twenty-one support structure
using grade 30 concrete each shows value of RM10,214.97 and RM10,617.70.
Therefore, for the parameter of amount of the support structure, Design 1 with twenty-
one support structure using grade 20 concrete is being selected.
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4.6.3 Length of support structure

Graph below was plotted by using the tabulated data from Table 4.3

Displacement of sidewall against length of
support structure
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Figure 4.3: Graph of displacement of the sidewall against the length of support

structure

The graph above shows the displacement of wall against the length of the support
structure for material of Ready Mix Concrete-Normal Mix-Grade 20 and 30 Granite.
The length of the support structure is measured from the bottom of the flume until the
end of the support structure. From the guideline in designing a counterfort wall, Ghazavi
(2003) stated that the minimum value for the length of the support structure must be
0.1H and H is the height of the flume. Meanwhile for the maximum value is 2.2H.
Therefore for the minimum length of the support structure must be in the range of 0.22m
and 4.4m. In this study, most of the lengths used are in range therefore it is applicable

For Design 2; the length of 0.22 m is not applicable as it will result to zero support
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structure. This is because some of the volume of Design 2 was being reduced during the
designing process. The displacements of the side wall for all design are decreasing as the
length of the support structure increases. Design 1 with length of support structure of
0.44 m gives the smallest displacement of wall compared to other design with value of
0.76 mm.

Graph above shows that, most of the design that using grade 30 concrete gives
the smallest displacement compared to the design that using concrete grade 30. This
shows that grade 30 concrete has high strength and able to support the pressure of water
inside the flume. Even though, the designs that uses grade 30 concrete give the smallest
displacement, but the differences of reading between the two grades of concrete are
small. Both grade used produce the same pattern but has difference in displacement.
This shows that the only thing that differ the grade from one and another is the
displacement produce and not the pattern. Even though, the designs that uses grade 30
concrete give the smallest displacement, further analysis will be done, to ensure which
design and material is the best in term of percentage and economically. For Design 2, the
length of support structure for 0.22 m is not applicable as this will result to zero support
structure. Therefore the reading of displacement for Design 2 is started at length of 0.33
m. From the graph, it also shows that as the amount of support structure increases, the
displacement of the side wall decreases. This shows the amount of support structure
gives and impact to the displacement of the side wall. Percentage of effectiveness of

each design were calculated and tabulated in Table 4.10
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Table 4.10: Percentage of effectiveness of support structure

Length of Percentage of effectiveness, %

support Ghazavi Design Design 1 Design 2

structure,m

Grade20 Grade30 Grade20 Grade30 Grade20 Grade30

0.22 48.22 52.09 56.09 59.37 - -
0.33 68.12 70.50 73.05 75.07 63.47 66.19
0.44 78.63 80.23 81.73 83.09 76.99 78.71

The table above showed the percentage of effectiveness of the support structure
of each design. The percentage of effectiveness will be used to determine the design
selection for the support structure. The designs with the percentage of effectiveness
more than 80% are chosen. Therefore three designs were being selected. First is Design
1 with grade 30 concrete with 0.44 m length of support structure with value of 83.09%.
Next is Design 1 with grade 20 concrete with 0.44 m length support structure with value
of 81.73% and finally is Ghazavi Design with grade 30 concrete also with 0.44 m length
support structure with value of 80.23%. Other design give a percentage lower than 80%,

therefore it was not chosen

Table 4.11: VVolume of structure

Length of Volume of structure,m’
support Ghazavi Design Design 1 Design 2
structure,
Grade20 Grade30 Grade20 Grade30 Grade20 Grade30
m
0.22 44.38 44.38 46.56 46.56 - -
0.33 46.92 46.92 48.99 48.99 44.38 44.38

0.44 49.46 49.46 51.41 51.41 46.92 46.92
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Table 4.11 shows the volume of the support structure of each design. This table
also showed the volume of the three designs that being selected. From the selected
design, Ghazavi Design with 0.44 m length of support structure using grade 30 concrete
shows the minimum volume of structure compared to the other two. Meanwhile, Design
1 with 0.44 m length of support structure using grade 20 & 30 concrete shows the same
volume of structure which is the highest value compared to others. This is because the

only things that change are the grade of the concrete used.

Table 4.12: Cost of material

Length of Cost of material, RM
support Ghazavi Design Design 1 Design 2
structure, Grade20 Grade30 Grade20 Grade30 Grade20 Grade30
m
0.22 8,370.07  9,165.80  8,781.21  9,616.03 - -
0.33 8,849.11  9,690.38  9,239.51  10,117.90 8,370.068  9,165.80
0.44 9,328.16  10,214.97 9,695.92  10,617.70 8,849.112  9,690.38

The volumes of structures obtain from Table 4.17 then were used to calculate the
cost of material for each design selected. The cost of material is obtained from the CIDB
material list provided by the CIDB Malaysia. The price of grade 20 concrete is
RM188.60/m® and for grade 30 concrete, the price is RM206.53/m® In term of cost,
among the three designs selected, Design 1 with 0.44 m length of support structure using
grade 20 concrete shows the lowest cost with value of RM9,695.92. Meanwhile for the
other two designs, Ghazavi Design and Design 1 with 0.44m length of support structure
using grade 30 concrete each shows value of RM10,214.97 and RM10,617.70.
Therefore, for the parameter of length of the support structure, Design 1 with 0.44m

length of support structure using grade 20 concrete is being selected.
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4.6.4 Design Selection

For the design selection for each parameter stated, Design 1 with 0.5m breadth of
support structure, twenty-one support structure and 0.44 m length of support structure
using Ready Mix Concrete-Normal Mix-Grade 20 Granite is the design selected.
Therefore it is selected as the design of a support structure for the open channel flow
flume. This design had met the requirement for percentage of effectiveness of the

support structure and has the minimum value for cost.



CHAPTER 5

CONCLUSION & RECOMMENDATIONS

5.1 INTRODUCTION

Generally, this chapter conclude the study. Besides that, the objective of the
study is also being reviewed in this chapter either it is achieved. The recommendation of

this study, limitation are also been discussed in this chapter.

5.2 CONCLUSION

Based on the study, the following remarks are drawn:

1. The pressure at the sidewall of the flume are:
i) Theoretical value : 55,215 Pa
i)  Simulation value : 59,680 Pa

2. Three design for the support structure of the flume are proposed, there are;
i) Ghazavi Design
i) Designl
iii) Design 2
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3. The highest displacement of the flume occur at the top of the sidewall for
displacement for Ready Mix Concrete-Normal Mix-Grade 20 Granite is
6.23483 mm and for Ready Mix Concrete-Normal Mix-Grade 30 Granite is
4.49268 mm

As a conclusion Design 1 with the breadth of 0.5 m, length of 0.44 m with twenty-one
amount of the support structure by using Ready Mix Concrete-Normal Mix-Grade 20
Granite was selected as it gave desirable result with the acceptable cost involves,

effectiveness of the support structure and economically.

5.3 RECOMMENDATIONS

For the improvement of study, there are several matter can be done:

i) Using variety of material in the simulation such as fiberglass, and
acrylic that are light and easy to handle

i) The scale of the flume should be scale down for a lab scale test, then
using the lab scale flume, the result of experiment and simulation could
be compared.

iii) Other shape of support structure could be proposed to determine better

support structure for the flume.
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FORMULA AND CALCULATION

Volume of water, m® =Ixhxw
= length x height x width

=30m x 1.5m x 2m

=90m*
Static Pressure,Pa =pgh
(at bottom of the =density x gravity x height
channel) = 1000kg/m® x 9.81m/s®x 1.5m
=14.715 KPa

Dynamic Pressure,Pa = /5 pv2
= Y x density x velocity?
= 1 x 1000kg/m?* x (9m/s%)?
= 40,500 Pa
=40.5 kPa
Area (sidewall) m*  =Ixw
= length x width
=30m x 1.5m
= 45m°

Total Pressure = Static Pressure + Dynamic Pressure
= 14.715 kPa + 40.5k Pa
=55.215 kPa

{old valua-new valua)

0
EEp—. X 100%

Percentage of effectiveness =

50

These theoretical value, will be used in the simulation and to compare the result with the

simulation value that will be obtain through the flow simulation
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RESULT FOR SIMULATION AUTODESK SIMULATION MULTIPHYSCS

Breadth,m

Ghazavi Design

Grade 20

Displacement
Magnitede
"

00062383
0008011347
0007684
0004084041
0003740098
0003117415
00026032
0001870440
0001246008
0000622993
0

Load Case: 10f1
Maximum Value. 0.00351641 m
Minimum Value: 0 m

1 <Design Scenario 1 >

0000 2624 L 784 173

Load Case: 10f 1
Maximum Value: 0.00185437 m
Minimum Value: 0 m

Load Case. fof1
Maximum Valug: 0,00133223 m
Minimum Value: 0 m
0000 2614 n s 32

e
Figure A-5: 0.5m

1< Design Seenano 1 >

Grade 30

Displacemant
Magnitude

00052343
0005611347
0004687884
0004364501
0002740698
0003117415
0002993632
0001670490
0001246608
0000623483
(]

Load Case: 10f 1
Maximum Value: 0.00234361 m
Minimum Value: 0 m

0009 2403 m 4808 7208
1< Design Scenario 1 >

0000740098
00017418
000244362

0000023433
]

Load Case: 1ot 1
Maximurn Value: 0.00123625 m
Minimum Value: 0 m

0000 309 m (24 9260

Figure A-4: 0.3m

1 < Design Scenario 1>

Displacement
Magnitide
n

000288
000043412
0003804144
0003144870
000200503
000229034
0001707072
000134704
000069882
0000440268
()

Load Case: 10f1
Madmum Value: 0.000888152 m
Minimum Value: 0 m

0000 2087 n 817 7781

—
Figure A-6: 0.5m

1 1>
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RESULT FOR SIMULATION AUTODESK SIMULATION MULTIPHYSCS

Breadth,m

Design 1
Grade 20 | Grade 30

0006023482

000023483
000811347 0008811347
0007964 0004067364
0004084081 0004364381
0000 0007740856
0003117415 0003117418
0002463932 000240822
000187080 00016704
0001246966 0001245986
0000523462 0000623403
(] 0
Load Case: 10f 1 Load Case: 10f1
Maximum Value: 0.00324689 m Maimum Value: 00021646 m
Minimum Value: 0 m Minimum Value: 0m

0200 3402 L3 8032 10478 0000 342 m L] 20415

1 <orin sk 1> ——=——————— IR R _———
Figure A-7: 0.1m Figure A-8: 0.1m

Displacement Dislacement
Wagnitude Maghitude
" "

0008299 000820463
0008811347 0008011347
0004067804 000207684
000404391 000004381
000370898 0003740608
0003117418 0003117415
0002462032 00032
000167049 0001870440
0001200998 0001246608
0000623483 0000023483
0

(]

Load Case: 10of 1 Load Case: 10of 1

Maximum Value: 000162339 m Maxmum Value: 0.00108226 m

Minimum Value: 0 m ko e il e o Manimum Value: 0 m i i

! » — e i« n T e
Figure A-9: 0.5m Figure A-10: 0.3m

Displacemant

placament
intate

000622083 0000263
0008611347 00094412
000247984 000350414
00064381 0003144878
0003740908 0002808
0003117415 003229834
000290872 ootz
000167044 0001347904
0001245950 0000998538
0000623483 Q000428
0 Q ‘ '

Load Case: 10of 1

Load Case: 10f 1

Maxmum Value: 0.0011393 m Mamum Value; 0.000759531 m

Minimum Value: 0 m 3
! 000 246 n .10 2719 LI ) 0000 21 n azs 0500

t<ompscment> — e 1 o ——— —
Figure A-11: 0.5m Figure A-12: 0.5m
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RESULT FOR SIMULATION AUTODESK SIMULATION MULTIPHYSCS

Breadth,m

Grade 20

Displacemert
Magnitude
n

000823983
0008811347
000466784
000484391
ooo3aas
0033117415

[} o002mn
00018704
003124008
0000623483

0

Load Case: 10t

IMadmum Valug: 000393929 m

Minienum Value: 0 m

1< Design Stenario 1 »

Load Case: 10f1

0000 48 m 096

Figure A-13: 0.1m

Maximum Valug; 0.00203701 m

Mnimum Value: 0 m

1

0000 2811 n EL)
1>

Figure A-15: 0.5m

Load Case: 1of 1
Madmum Vae: 000143474 m
Minimum Vale: 0 m
omo 209 L} a7 o5
1 15 —

Figure A-17: 0.5m

Design 2

10484

—— ]

78

Grade 30

Displacament
Magndude

000023493
0005611347
00067984
0004364381
000374098
0003417415
0002460932
0001670440
0001246968
0000823489
0

Load Case: 1of1

Maximum Value: 0.00262619 m
Minimurm Value: 6 m

1 < Desl 1>

0000 2587 m 574 7701

0001797072
0001347604
0000358630
000045268
0

Load Case: 1af 1
Maximum Vaiue: 0.001358 m
Minimum Vaiue: 0 m

1< 1>

00w 278 L3 547 524

Figure A-16: 0.3m

Load Case: 10f1
Mzdmum Value: 0 000956492 m
Minitoum Valug: 0 m
000 2198 m L 829

[ =

Figure A-18: 0.5m

1 1>
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RESULT FOR SIMULATION AUTODESK SIMULATION MULTIPHYSCS

Amount of support structure, n

Ghazavi Design

Grade 20

Displacement
Magnitate

000623483
0006011347
000487804
000404381
0003740868
0002117416
000293932
000167045
0001240560
000062463
0

Load Case 10f

Maxdmum Valug: 0.00254189 m
Minimum Value: 0 m

0000 3530 - 7001 10501
1 < Design Scenario 1 >

—_——————
Figure A-19: 6

Oisplacement
Magnituda

000623483
0008611347
0004567384
0.00434331
0009740898
0003117415
0002903932

Load Case: 10of 1
Maximum Value' 000233912 m

Minaium Value 0 m
0000 2583 n 5167 7790

Figure A-21: 11

1< Design Scenario 1 >

Displacemant
Magnitade

0006234
0008611347
0DoaEress
00030391
0003740898
0003117415
0002400832
0001970440
0001246986
0000623483
o

Load Case: 101
Maximum Value: 000133223 m

Minirum Value 0 m
0000 2914 L) 5828 8743

Vit

Figure A-23: 21

1 <Design Scenario 1 >

Grade 30

Displacement
Magnitade
m

000444268
0004043412
0000564144
0004478
0002098600
00022464
0001767072
0001347604
0000996538
0.000M0258
0

Load Case: 101
Maximum Value: 0.00169459 m

Minimum Value: 0 m
1 < Design Scenario 1>

0000 3475 n 0951 10.420.

0001797072
0001347604
0.000808530

000940263
o

Loag Case: 10of 1
Maximum Vaiue: 0.00155942 m

Minimum Value: 0 m
0000 2400 m L) 1043

e e —

1< 1>

Figure A-22: 11

Displacement
Magritade

00044268
0002043412
0003834134
000314478
0002695608
00022964
0001797072
0001347604
0000898639
0000449268
0

Load Case: 10f 1
Maximumn Value: 0.000888152 m

Minimum Valug: 0 m
0000 2587 m 8178 7781

————

Figure A-24: 21

1 1>
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RESULT FOR SIMULATION AUTODESK SIMULATION MULTIPHYSCS

Amount of support structure, n

Design 1

Grade 20

Grade 30

Diplacement
Wagniuse
n
000623483
0008011347
000e7504
00036
0003740868
0002117416
0002433932
000167048
000124066
0000623463
0
0
ad Case. 10f 1
i Load Case. 10f 1
s e ClCe e Mainum Vabe: 000163453 m
Minirmurm Value: 0 m
oo 363 - 7001 Wt Mium Yalue, 0 m G4 B A e e
1 <tesnsersto > _— » —_—
isplacament
Magnaude
o.cezade2 0004208
7 0 00MA12
000387064 000204144
ocoxegset 0031478
ooa370808 0002908608
000117415 000224034
" 0002403932 0001787072
0001870440 0001347004
000129960 0000906530
000082343 0
) 0
Loag Casel 10f1 Load Case: 10f 1
Maximumn Value: 0.00227583 m Maximum Value: 0.00151722 m
08 0000 J%8 n 6978 10464 myseon o0 3000 n 8.8 023
1<DesignScenaro 1> EBeBeemm——i———— 1 < Design Scenaro 1> — |

Figure A-27: 11

Figure A-28: 11

oo08z3a83 0 c0aaee
0005011347 000s0%412
oo0aerase 0003594144
000404381 0003144878
0003740898 0002605608
0003117415 000224834
000246332 0003707072
0001870340 0001347804
0001240050 cooeaasn
oo00ez3t83 0000892263
o ]

Load Case: 10f 1 LoadCase 1of |

Maimum Value: 0.00133223 m

Minimum Value: 0 m
000 2018 n 58 87

Maximum Vaiue: 0000759531 m

Minimum Vaiue: 0 m
0000 2100 - 4338 ©500

=
Figure A-29: 21

1 < Deslgn Scenario 1 >

Figure A-30: 21
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RESULT FOR SIMULATION AUTODESK SIMULATION MULTIPHYSCS

Amount of support structure, n

Grade 20

Load Case: 1of 1
Mawmum Value: 0.00576195 m
Minimum Value: 0 m

0000 29% m 6820
1< Design Scenaria 1 >

Design 2
Grade 30

Load Case: 1o0f 1
Maxmum Value: 0.0038413 m

Minimum Value: 0 m

Figure A-31: 6

000023483
0008811347
0004087504
0004364901
000370668
0003117416
0002403632
00018704%
ao01240000
0000023483
0

Load Case: 1of 1
Mawmum Value: 0.00273664 m

Minimum Value: 0 m
aom 392 n 28851 178
1< Design Scenano 1>

| ——

Figure A-33: 11

Load Case: 1of 1
Madmum Vase: 000143474 m
Minimurh Vake: 0 m

0000 2299 m s
1 <Design Scenarlo 1 >

——

Figure A-35: 21

0.000 274 L) L)
1 < Design Scenano 1>

ey

‘ Figure A-32: 6

000430289
0004043412
0003504184

0001767072
000134780
0000856530

0046208
0

Load Case: 1011

Maimum Value: 000182443 m

Minimum Value: 0 m
000 2017
1 <Design Scenario 1 > [

001797072
0001347504
0000898530
0000440268

o

Load Case: 10f1
Madmum Value: 0 000956492 m

Minimum Value: 0 m
0000 7% m w7
1 < Design Scenano 1 >

e

Figure A-36: 21
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RESULT FOR SIMULATION AUTODESK SIMULATION MULTIPHYSCS

Length of support structure, m

Ghazavi Design

Grade 20

00082340
0005811347
0004387804
0004304381
0003740050
0003117415
0002933932
0001870450
0001248988
0000823483
0

Load Case: 10f1
Maamum Value: 0.0032287 m

Minimum Value 0 m
0000 2087 m 8174 ot

s —————
Figure A-37: 0.22m

1 < Design Scenario § >

Load Case: 1of 1
Maximum Value: 0.00198788 m
Minimum Value: 0 m
0000 2294 - 4597 st

[

Figure A-39: 0.33m

YicDewn Sceoso t>

Displacament
Magntote

000823483
0008841347
0004087304
0004304381
0003740898
0003917448
0002443332
0001670449
0001240000
0000622983
0

Loat Case: 10t 1
Maimum Vase: 000133223 m
Mimum Vae 0m

1 < Design Scenario 1>

2000 2614 o 5928 274

e |

Figure A-41: 0.44m

Grade 30

LoagCase, 1of1
Maximum Value: 0.00215247 m

Minimum Value: 0 m
0000 2482 L S164

Load Case: 1of 1
Maximum Vaiue: 000132525 m
Minimum Value: 0 m

0030 270 L3 5455
1< 1>

g

Figure A-40: 0.33m

Load Case: 10t 1
Maximum Value: 0.000868152 m
Minimum Value: 0 m

0.000 2687 m 5474

[

1 <Design Scenario 1>

Figure A-42: 0.44m
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RESULT FOR SIMULATION AUTODESK SIMULATION MULTIPHYSCS

Length of support structure, m

Design 1

Grade 20

Grade 30

Diplacement Daplacemens
Magnitud Magnitude
00062453 0004a20E
000511347 0002412
00087904 0003604164
0006281 00e318%78
0003740898 } 0.0oatesecs
0000117415 0002294
000mRR 0001767072
020187044 0001347604
0001245068 0000608530
000082 0000840208
0 0

Load Case: 10f1 Load Case: 10of 1

Maximum Value: 0.00273801 m
Minimum Value: 0 m
1 < Design Scenario 1>

0000 29 m s8R 874

Figure A-43: 0.22m

Displacement
Magnitude

00062383
0008611347
000%eTE0d
0 00%I64081

Loaa Case 1of 1
Maximum Value: 0.0016801 m
Minimum Value: 0 m

Maximun Value: 0.00182534
Manimum Valug 0 m
0000 3700 L3 7401 11101

ey —
Figure A-44:0.22m

1 < Design Scenario 1>

Load Case: 1of 1
Maxmurn Value: 000112007 m

Minimum Value: 0 m

000 3268 » om0 oz0s 009 340 n 693 104
1 <o 1> ——————————_____ Nt " e
ant Oirplacament
3 Magnitide
2503 00089208
0005011347 0004049412
0005007084 000354144
0004304381  0onrasers
0003740803 000209003
0003117419 000224834
0002332 00017072
0001870408 0001347908
0005200000 0008053
200082347 Q000a2es
0 0
Load Case: 10f 1 Load Case: 10f 1

Masmum Vakie: 00011393 m
Mininum Vaie 0 m
1 < Design Scenario 1>

000 2409 m S8 REE

e |

Figure A-47: 0.44m

Maamum Value: 0000759531 m
Minimum Value: 0 m
1 < Design Scenarig 1>

0000 2900 m aze 0508

—
Figure A-48: 0.44m
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RESULT FOR SIMULATION AUTODESK SIMULATION MULTIPHYSCS

Length of support structure, m

Design 2
Grade 20 Grade 30

000amze8

000902412
000204141
0003148378
0D
00022483
0001797072
000134704
0P85
000049208
0

Load Case 10f1 Load Case: 1of 1
Maximum Value: 0.00227788 m Madmum Value: 0.00151853 m

il 4 0.000 2001 m 0.9 9 e 0 0000 274 m S48 929

1 <oesgncenato 1> — e >
Figure A-49: 0.33m Figure A-50: 0.33m

Load Case: 10f | Load Case: 10f1

Madrnum Vale: 000143474 m Madmum Value: 0 000956492 m

Mo o 0000 2299 n amr 059 R 00% 218 n 57 8205
1 <Design Seenaro 1> _——e 1 < Desgn Scenaro 1> e

Figure A-51: 0.44m Figure A-52: 0.44m
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