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Abstract

There are an estimated 5.6% people in Bangladesh who have a disability of one kind or another
and about 28% of disabled people have physical disabilities. Movement accessibility is an
important enabler of strategies to fight poverty through enhancing access to education,
employment, and social services. However there is no special facilities for the disabled people
in Bangladesh in the transportation sector. People using wheelchair find hard to embark and
disembark into a public transport. This paper represents the design parameter and fabrication
of wheelchair ramp for persons with physical disabilities for public bus transportation. The
design of the ramp is based upon the guidelines of ADA. Design Study was conducted for
different material on SolidWorks Simulation However regarding the present situation in Dhaka
city there is some limitation regarding the dimensions of the ramp in the practical application.

Some solution was suggested to eliminate the limitation.
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CHAPTER 1

11 Introduction

Many people with mobility impairments are dependent on public transportation for
completing instrumental activities of daily living, participating in social activities, or engaging
in recreational opportunities. In reducing poverty improved access and mobility are considered
as most important factors. People with disabilities are 2.5 times more likely to experience
transportation difficulties than able-bodied people (National Council on Disability 2005).
Many countries have legislation requiring that these challenges be addressed but in Bangladesh,
effective responses are generally very limited. Action to improve the situation is constrained
by the serious shortage of data on the access and mobility needs of disabled and elderly people

as well as by resource constraints.

Types of Disability Disabilty Stats

M Physical  ® Speech m Multiple ® Person with disability

M Intellectual m Hearing ™ Visual = Person without disability

Figure 1 Percentage distribution of population by disability stats and types

People using wheelchair find hard to embark and disembark into a public transport. Use of
wheelchair ramp is an essential feature for the easy movement of the disabled people. In Dhaka
city local buses don’t have any wheelchair ramps. This paper is about the design of wheelchair

ramp for local buses in Dhaka city.
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1.2 Background

Historically, step entrances in transit buses presented a barrier to boarding and disembarking
for wheeled mobility users. Electromechanical lifts initially were used to address this
accessibility barrier; however, lifts are considered unsatisfactory because they are prone to
breakdown, require bus driver assistance, create long loading and unloading delay, and are not
helpful for ambulation aid users. The emergence of low-floor bus designs in the late 1980s
lowered the entry and exit height by 3—4 inches (Blennemann 1991), thus reducing physical
demands and tripping risks (Schneider and Brechbuhl 1991; Rutenberg 1995). Many low-floor
buses also “kneel” at stops, further.

Compared to wheelchair lifts, access ramps have a simpler design that is less prone to
breakdown and requires less maintenance (Blennemann 1991; Schneider and Brechbuhl 1991;
Rutenberg 1995). Ramps enable wheeled mobility users to board vehicles more discreetly and
in less time (Blennemann 1991; Rutenberg 1995). For drivers, ramps are simpler to deploy and
do not require them to leave their seat (Rutenberg 1995; Schneider and Brechbuhl 1991).
Ramps can also be used by ambulation aid users, parents pushing strollers, and riders with
rolling suitcases or shopping carts, allowing greater percentage of passengers to enter and exit
the bus with reduced effort and assistance (Schneider and Brechbuhl 1991).

1.3 Previous Ramp Research

The accessibility of ramps for buildings was first evaluated in the late 1970s (Steinfeld,
Schroeder, and Bishop 1979), which led to the 1:12 slope standard now required for accessible
buildings. For transit vehicles, an early study was contracted by the Urban Mass Transportation
Administration (UMTA, now the Federal Transit Administration, FTA) (RRC International
1977), which reported findings based on an unspecified number of mobility aid users who
evaluated ramp slopes ranging from 1:9 to 1:2. For wheelchair users, slopes of 1:3 could not
be negotiated without assistance; unassisted entry was possible for some with slopes between
1:4 and 1:6; and ramp slopes shallower than 1:6 were substantially easier to traverse
independentlyAmbulation aid users found it very difficult to maintain standing balance at the
1:3 slope and thus necessitated assistance, slopes of 1:4 and 1:6 could be independently
traversed with difficulty and often required assistance to exit the bus, and slopes of 1:6 and

shallower could be traversed unassisted and without difficulty.
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This was a groundbreaking study that, nonetheless, had three key limitations: the participant
sample was vaguely described in terms of device used and functional ability, the measurement
tools were not described, and the research design and procedure were not described in a manner
that would support replicability. Since 1977, there have also been some significant advances in
wheelchair seating and mobility technology, notably the introduction of midwheel-drive power
chairs, seating and positioning systems that allow more severely-impaired individuals to travel
independently, and wheelchair frames that accommodate larger and heavier people (Steinfeld
et al. 2010).

Sweeney et al. (1989) evaluated 13 portable ramps ranging from 1:12 to 1:3 with 45 participants
representing a diverse age range, wheeled mobility devices, and functional levels. The authors reported
that ramp slopes of 1:12 to 1:7 could be negotiated with “relative ease” by 88% of the self-propelling
manual wheelchair users (n=18), compared to 52% of the same group for the 1:6 slope. All seven power
wheelchair users traversed the 1:12 to 1:7 slopes with relative ease, compared to 66% of the same group
for the 1:6 slope. Nuanced interpretation of these findings is difficult because the measurement scales
were not described for assessing ease of use, and the data were aggregated for slopes ranging from 1:12
to 1:7.

Blennemann (1991) evaluated ramp gradients from 1:16 to 1:5. The findings were based on
“workshops” involving an unreported number of wheelchair users, their caregivers, and older adults.
Manual wheelchair users navigated the 1:10 slope without difficulty, reported some difficulty with
slopes between 1:10 and 1:6, and were unable to negotiate ramps of 1:5 without assistance. Power
wheelchair users negotiated slopes as steep as 1:6 without difficulty; however they reported a fear of
overturning at a slope of 1:5. Definitive interpretations of these data are not possible because the user
groups were not well articulated, the data collection procedures were not described, and the
measurement scales were not described.

Sanford, Story, and Jones (1996) evaluated the usability of 6 slopes ranging from 1:8 to 1:20 for 171
participants who used a range of mobility aids. The authors concluded that ramps steeper than 1:12 and
longer than 30 feet are difficult to use by manual wheelchair users. Although these findings provide an
excellent starting point, the data reflect an experimental ramp length (30°) that is not directly
comparable to the typical length (~6”) of access ramps in transit vehicles.

It is difficult to derive conclusive slope guidelines from the above literature because key factors (e.g.,
ramp length, ramp slope, population studied, and measurement tools) are quite disparate and often

vaguely described. In this paper the design of the wheelchair ramp is focused on these guidelines.
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14 Scope of Project

The design of the wheelchair ramp is focused on
e ADA guidelines for accessible design
e Simple construction
e Easy installation
The fabrication of the wheelchair ramp is focused on
e Availability and cost of the material
e Installation Cost on public bus transportation in Dhaka city.
e Durability and Sustainability
e Maintenance
The design of the ramp is carried out after careful evaluation of different local buses around
Dhaka city.

This design applies not only to people who use wheelchairs but also to those who have
difficulty climbing stairs, such as people who have arthritis or hemiplegic and those who use

walkers, crutches or canes.

15 Parameters Considered

O Ramp Slope
Slope is the term used to describe how steep a ramp is. The slope is extremely important
because it affects how difficult it is to travel up and down the ramp. If the slope is too steep,
the ramp may be too difficult for someone to use or may even be unsafe.
To determine the slope: divide rise by the run of ramp. Run is not the length of
the ramp. The distance horizontally (not along the slope) from the top of the ramp to
the bottom

O Ramp width
Ramp width depends on the width of the wheelchair and availability of the space

U Ramp elevation
The height a ramp can lift from the ramp landing

O Ramp length
The length of the ramp depends on the slope and the elevation of the ramp.

U Ramp landing/platform :
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The landing of the ramp has to be on a platform having a minimum height of 30 inch.
U Modification for Bus
After evaluation of different local buses around Dhaka city the following height of the bus floor
and width of the door are found
e Average Height of the bus floor : 30- 36 inch
e Average Door Width: 24-30 inch.
So the modification for the installation of the ramp are
e Door width: minimum 39 inch of free space

e Introduction of folding seats ( in front row) to facilitate the wheelchair

1.6 Project Goals

e Accessible design for safe and comfortable movement for person with physical
disability.

e Economic fabrication of ramp

e Easy and cost efficient installation on public bus that has no accessibility.

e Durability and Sustainability
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CHAPTER 2

2.1 Methodology

The 3D design of the wheelchair ramp was prepared using solid works simulation 2013.
Accessible design was followed for the ramp design. Static Study was done for the Factor of
safety (FoS), Stress and Displacement analysis. Four different materials (Balsa wood,
Galvanized steel, Aluminum, Stainless steel) were used for the wheelchair ramp. The fabricated

prototype of the ramp was done by using Plywood.

2.1.1 Factor of Safety

Factor of Safety refers to the actual load-bearing capacity of a structure or component and also
the required margin of safety for a structure or component according to code, law, or design
requirements. A FoS of 1 means that a structure or component will fail exactly when it reaches
the design load, and cannot support any additional load. Structures or components with FoS <
1 are not viable; basically, 1 is the minimum. With the equation above, a FoS of 2 means that

a component will fail at twice the design load, and so on.

2.1.2 Stress Analysis

Linear stress analysis is used to calculate the stresses and deformations of geometry having
three basic assumptions: The part or assembly under load deforms with small rotations and
displacements; the product loading is static (ignores inertia) and constant over time; the
material has a constant stress strain relationship (Hooke’s law).

For ductile material we have considered VVon Mises stress analysis. Design will fail, if the
maximum value of Von Mises stress induced in the material is more than strength of the

material.
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2.1.3 Displacement Analysis

Displacement analysis shows how much displacement will occur when it is
subjected to the specified load. High value of displacement will create discomfort

for the person on the wheelchair.

2.2 Design Concept and Approach

2.2.1 Accessible Design

Accessible design is a design process in which the needs of people with disabilities are
specifically considered. Accessibility sometimes refers to the characteristic that products,
services, and facilities can be independently used by people with a variety of disabilities.

Accessibility as a design concern has a long history, but public awareness about accessibility

increased with the passage of legislation such as the Americans with Disabilities Act (ADA)

The ADA is a civil rights law that prohibits discrimination against individuals
with disabilities in all areas of public life, including jobs, schools, transportation, and all public

and private places that are open to the general public.

2.2.2 ADA guideline

e ADA Standards REQUIRE a 1:12 slope ratio which equals 4.8 degrees or one foot of

e Wheel chair ramp for each inch of rise. For instance, a 30 inch rise requires a 30 foot
handicap wheelchair ramp.

e ADA Guidelines REQUIRE a Minimum 5' x 5' Flat, unobstructed area at the top and
bottom of the ramp.

e ADA Standards REQUIRE wheelchair ramps to have a Minimum 36 inches of clear
space across the wheelchair ramp.

e ADA Code REQUIRE a Minimum Turn Platform size of 5' x 5".

e ADA Guidelines for Wheelchair Ramps allow a MAXIMUM run of 30 feet of
wheelchair ramp before a rest or turn platform.

e ADA Ramp Guidelines REQUIRE handrails that are between 34" and 38" in height on

both sides of the wheelchair ramps
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2.2.3 Initial Design Consideration

Initial designing of the ramp was done after considering the following points

* Who's the primary user?

* What type of assistive device does the person use (cane, crutches, walker, manual

or electric wheelchair, motorized 3-wheel cart)?
*  Will the person use the ramp independently or will help be needed?

» Who will provide help and what are that person's abilities?

*  Which entryway is best for the ramp?

» Placement of existing door handles and swing direction of doors.

* Where is the best place to access transportation?

» How will the ramp affect available space?

* How will the ramp appear?

* What will the installation cost be?

2.3 Dimension of the Ramp

O Ramp slope

Slope The accessibility of access ramps is affected by their slope, which is often described by

a ratio, a:b, indicating a rise of a inches for every b inches in run. The Americans with

Disabilities Act Accessibility Guidelines (ADAAG) for Transportation Vehicles stipulate that

ramp slope may vary from 1:4 to 1:12, depending on the overall rise (U.S. Access Board and

Department of Transportation 1998).

Table 1 Ramp slope

Slope (rise: run) | Gradient (%)

1:2

50.0%

Angle ()

26.6

1:4

25.0%

14.0

1:6

16.7%

95

1:8

12.5%

71

1:10

10.0%

5.7

112

8.3%

4.8

114

71%

41

116

6.3%

36

118

5.6%

32

1:20

5.0%

29
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1:12(ADA recommended)
Maximum 1:6 (Use with assisted)
Available local Bus Height in Bangladesh is around 30-36 inch, then -
» According to slope 1/12, ramp length will be 30-36ft
» According to slope 1/6) ramp length will be 15- 18 ft.
However it is not practical and feasible because a lot of space is required also weight and cost
will be significantly increased. We can overcome the height problem by introducing platform
with a height of 24-30 inch.
For a platform of 24 inch and bus height of 30-36 inch:
Slope of 6 inch rise: 1/12 (Recommended by ADA)

Slope of 12 inch rise: 1/6 (Maximum condition)

U Ramp Elevation: Recommended 6 inch, Maximum 12 inch
O Ramp Length: 72 inch
O Ramp Width: The width should be 32 inch for ramp & 39 inch for bus door.

2.4 Safety Features

Installation of safety features including handrails, guardrails or crutch stops.

O Handrails should account for variables including a person's height, arm and hand
strength, how the rails are used. The preferred material is wood. Metal piping is
sometimes used, but may present a problem for exposed skin in the wintertime. It

should be installed on bus stops ramp landing pedestrian.

U Guardrails and edging called "crutch stops” or "bump boards" are also good safety
factors that keep users from slipping off the side of a ramp or landing. Guardrails are
mounted along the structure's perimeter, Crutch stops are curbing mounted on, or a few

inches above, the surface of the structure's perimeter.
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CHAPTER3

31 Initial Design Using SolidWorks

The initial design of the ramp and its parts were designed using solid works 2013.All the
dimensions are in INCH. After studying a number of models the following design was chosen

for the project. The design is suitable for simple construction and installation on local buses.

3.11 3D view of the parts and assembly:

A

0.75

075

450
3.00

Figure 2 Channel 3D

1.10

Figure 3 Slider hinge with wheel 3D
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Figure 4 Ramp Body 3D

Figure 5 Ramp Body Back view

Figure 6 Ramp Body Side view

Figure 7 Ramp Body Bottom view 3D
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Figure 8 Ramp with Slider Wheel 3D

32.00

1.00

36.10

Figure 9 Ramp with Slider Wheel Back view 3D

Figure 10 Ramp with Slider Wheel Bottom view 3D
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Figure 11 Front and Back Support for the assembly 3D

Figure 12 Channel Assembly 3D
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Figure 13 Ramp-Channel Assembly Installed on Stairs and Pedestrian 3D

Figure 14 Ramp-Channel Assembly Installed on Bus 3D

PAGE 26 OF 56



3.1.2

Drawing of the parts
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Figure 15 Channel Drawing
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Figure 16 Slider hinge with wheel Drawing
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1.50

Figure 17 Ramp Board Drawing
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CHAPTER 4

41 Design Study based on SolidWorks Simulation

The design study was done in solid works simulation 2013. Static Study was done for finding

the Maximum Stress, Maximum Displacement and Factor of Safety of the ramp body.

4.1.1 Design Study for the following materials

Four Different materials are selected for the analysis. These materials are selected because of
their availability and they are widely used as ramp material.

» Aluminum (1060 alloy)

» Galvanized Steel

» Stainless Steel (SS)

> Balsa (wood)

4.1.2 Loads

For the analysis purpose five fixed points are selected. This points are estimated based on the
position of the wheels of the wheelchair and the person assisting in driving the wheelchair.

Normal loads are applied on this five fixed points.
» Total force : 1373.14N (140 kg for 2 persons and 1 wheelchair)

> Average Human weight : 65 kg per person
» Standard wheelchair weight: 10 kg
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4.1.3 Loads and Fixtures

Fixture name Fixture Image Fixture Details

Entities: 5 face(s)
Type: Fixed Geometry

Fixed-1

Resultant Forces

&

Components Y Z Resultant
Reaction force(N) -2.49172 1373.14 -0.806019 1373.14
Reaction Moment(N-m) 0 0 0 0
Load name Load Image Load Details
Entities: 2 face(s)
Type: | Apply normal force
Value: 147N
Force-1
Entities: 2 face(s)
Type:  Apply normal force
Value: 245N
Force-2
Entities: 1 face(s)
Type: Apply normal force
Value: 588N
Force-3
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414 Fixed Geometry

For analysis, both slider hinges and the face which will be at contact with the landing surface
are considered to be simply supported. The movement in any direction of the ramp due to the
normal forces is restricted.

4.1.5 Meshing

Meshing is the process to fill the model with nodes and elements i.e. to create a FEA model .
Unit cell size of a mesh is very important. The element size of the mesh helps to determine the
accuracy of the result. For our analysis purpose fine mesh density is used. The number of nodes
increases, this provides an acceptable accuracy of result consuming a moderate amount of
computational time.
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Results
5.1 Design Study 01

CHAPTER 5

Material: Aluminum (1060 alloy)

51.1 Model Information

Table 2 DS 1 Model Information

Figure

Treated As Volumetric Properties

Solid Body Density: 2700 kg/m"3

Mass:97.359 kg
Volume:0.0360589 m"3

Weight:954.118 N

51.2 Material Properties

Table 3 DS 1 Material Properties

Model Reference

Properties Components
Name: | Cast Alloy Steel Slider hinge
Model type: | Linear Elastic Isotropic

Yield strength:

2.41275e+008 N/m"2

Tensile strength:

4.48082e+008 N/m™"2

Elastic modulus:

1.9e+011 N/m"2

Poisson's ratio:

0.26

Mass density:

7300 kg/m™3

Shear modulus:

7.8e+010 N/m"2

Thermal expansion

1.5e-005 /Kelvin

coefficient:
Name: | ABS Slider Wheel
Model type: | Linear Elastic Isotropic
Tensile strength: | 3e+007 N/m”2
Elastic modulus: | 2e+009 N/m"2
Poisson's ratio: | 0.394

Mass density:

1020 Kg/m™3

Shear modulus:

3.189e+008 N/m™2

Name:

1060 Alloy Ramp

Model type:

Linear Elastic Isotropic

Yield strength:

2.75742e+007 N/m"2

Tensile strength:

6.89356e+007 N/m"2

Elastic modulus:

6.9e+010 N/m™2

Poisson's ratio:

0.33

Mass density:

2700 kg/m™3

Shear modulus:

2.7e+010 N/m"2

Thermal expansion
coefficient:

2.4e-005 /Kelvin
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5.1.3

Study Results (Stress)

Model name: ramp with slider wheel
Study name: Aluminium
Plat type: Static nodal stress Stressi

Global walue: 1.1726832-009 to 4 53161 MNimm™2 (MPa)

M | 4.5
von Mises (Mmm*2 (MPa))
Mode: 14855 Mode: 14715 45
®, %, Z Location: |-26.4,2.966.93 in ¥, %, £ Locstion: [-0.0557 2 08 605 in )
Walue: 1.7 Mamm ™2 (hPE) Walue: 2.0 RAmm®2 (MPa) 42
Poche: 4767 - 38
Rlocle: 4914 X, Z Location: [-1.1,2.96,13.5 in
X0, £ Location: [-25.1,2.96,1510n Walue: 0.4 Pmm2 (WPa) - 34
“alue: 0.3 Bimm*2 (hPa)
. 30
2
23
1.4
Mode: 17823 Focle: 11109 15
H, %, Z Location: [-26.9,2.96,33.90n0 ®, W, T Location: [-1.1,2 98,337 in i 1
walue: 1.2 Rmm™2 (MPa) alue: 1.2 Rmm*2 (MPa) :
0.
0.4
0.0
Mode: 11253
®, ¥, Z Location: [-14.42.96.51.90n
alue: 1.3 Mmm™2 (Pa]
Mode: 11986
- - Mode: 4EE1
\}i- T 2 LEBEE: :?20? z'gsﬁisﬁz'” — %, %, 7 Location: | -0.0557 2 06 66 in
Gl : mo2 (MPa) “alue: 21 himme2 (hPa
¥ ¥ ¥ ¥ [ ] ¥
Figure 18 DS 1 Stress analysis
Table 4 DS 1 Stress analysis
Name | Yield Strength | Type Min Max
Stress 27.57 (MPa) VON: von Mises Stress | 1.17265e-009 (MPa) 4.53161 (MPa)
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514 Study Results (FOS)

hodel name: ramp with slider wheel

Study name: Aluminium

Plat type: Factor of Safety Factor of Safetyl
Criterion : Automatic

Factor of safety distribution: Min FOS = 4.5

Fos
205,752 041 472.00
Flocie: 1587 Mode: 14424
¥, %, F Location: [-30.4,2 61,3.47 in #, £ Location: |-0.0557 2 98 3.22 in 183,506 ,035,016.00
alue: 169 53 sl 2978
171 460,034 560,00
e T - pEI | 154,314,031,104.00
o, Z Location: | -25.1,2.96,14.4 in v v 7 Location: [-1.1,2.96,14.80n
L =54 i N | 137,168,027 548.00
120,022 024,192.00
| | 102,576,020,736.00
. 85,730,017 280.00
Mode: 11075 ;
Mode: 19142
o i ES 584 013 524 .00
o o & Lecstion: 281,296,921 n S, , I Locstion: [-0.351,2.96,327 n e
alLie; . .
i1 2318 . 51,438,010,362.00
. 34,292,006 912.00
17 146,003 456.00
452
Mlode: 4732
¥, Y, E Location: [-15.1 2 96 52.7 in
ElE: 21 .60
Mode: 45350
%, £ Location: | -16.1,2 .96 BE in
“Yalue: 2981
Maide: 18642 Poide: 18525
®, %, T Location: | -28.52.86.71.30n| |¥,*, Z Lacation: [-2.14,2.96.71.3 in
Walue: 1,421.59 Walue: 54319

Figure 19 DS1 FoS analysis

Table 5 DS 1 FoS analysis

Name Min Max
Factor of Safety 4.82247 2.05752e+011
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5.1.5

Study Results (Displacement)

Figure 20 DS 1 Displacement analysis

Table 6 DS 1 Displacement analysis

URES (mm)
1.758e-001
1.611e-001

- 1.465e-001

. 1.318e-001

_ 1.172e-001
1.025e-001
8.789e-002
7.324e-002
5.860e-002

’ _ 4.395e-002
2.930e-002
1.465e-002

1.000e-030

Name

Type

Min

Max

Displacement

URES: Resultant Displacement

O0mm

0.175785 mm
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5.2 Design Study 02

Material: Galvanized Steel

5.2.1 Model Information
Table 7 DS 2 Model Information
Figure Treated As Volumetric Properties
Mass: 283.784 kg
Volume:0.0360589 m"3
Solid Body Density: 7870 kg/m"3
Weight:2781.08 N
522 Material Properties

Table 8 DS 2 Material Properties

Model Reference

Properties

Components

Name:

Cast Alloy Steel

Model type:

Linear Elastic Isotropic

Yield strength:

2.41275e+008 N/m"2

Tensile strength:

Elastic modulus:

1.9e+011 N/m”2

Slider hinge

Poisson's ratio: | 0.26
Mass density: | 7300 ke/m”3
Shear modulus: | 7.8e+010 N/m"2
Thermal expansion | 1.5e-005 /Kelvin
coefficient:
Name: | ABS Slider Wheel
Model type: | Linear Elastic Isotropic
Tensile strength: | 3e+007 N/m”*2
Elastic modulus: | Ze+009 N/m*2
Poisson's ratio: | 0.394
Mass density: | 1020 kg/m™3
Shear modulus: | 3.189e+008 N/m”2
Name: | Galvanized Steel Ramp
Model type: | Linear Elastic Isotropic

Yield strength:

2.03943e+008 N/m”2

Tensile strength:

3.56901e+008 N/m”2

Elastic modulus:

2e+011 N/m"2

Poisson's ratio:

0.29

Mass density:

7870 ke/m”™3

PAGE 37 OF 56




5.2.3

Study Results (Stress)

<

Figure 21 DS 2 Stress analysis

Table 9 DS 2 Stress analysis

von Mises (N/mm”2 (MPa))

4.3
l 4.0
- 386
.33

. 29

R 25
22

1.8

1.4

E 11

07

0.4

00

Name

Yield Strength

Type

Min

Max

Stress

203.94 (MPa)

VON: von Mises Stress

1.25844¢-009 (MPa)

4.34888 (MPa)
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5.24

[ aTe %

Study Results (FoS)

Model name: ramp with slider wheel
Study name: Galvanized steel

Plot type: Factor of Safety Factor of Safety
Criterion : Automatic
Factor of safety distribution: bin FOS = 351

42435

¥, %, F Location: [-291 .2 96,593 in

[laTe [k
H, ¥, I Location

14417

[-OFesZoES07 n

FOs

181,725 565 ,000.00

175,745 445 256 00

e 147.29 alue: 145.25
159,771,312 ,128 00
_ 143,794,176,000.00
Pode: 11033 N
i - ocle: 17936 127,517 048,064 00
i- :" £ Location: :12;683%895'1 E1iNQw v 7 Location: [-1.69,2.95,16.7 in i ik
alue: i . i
" aluE: 75914 114 ,839,920,128 .00
. 95,862,754 ,000.00
_ 79,885,656,064 .00
, _ 63,908,524,032.00
Modle: 11063 R I ke i
¥, ¥, I Location: |27 .5,2 05,54 .00 gl -+ 7 £ Lecstion: | -1 13,286,342 in _ 47 831 392,000.00
“allie: 17369 Ele: 18817
_ 31,954,262,016.00
15,977,131 ,008.00
30 60
Mlode: 11257
®, ', Z Location: [-14.5,2 86,53 2 in
alue: 16794
Mo 4559
®, %, T Location: [ 146,296,667 in
alue: 159.64
Figure 22 DS 2 FoS analysis
Table 10 DS 2 FoS analysis
| Name | Min |

| Factor of Safety

| 31
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5.25

Study Results (Displacement)

Figure 23 DS 2 Displacement analysis

Table 11 DS 2 Displacement analysis

URES (in)
2.460e-003
2.255e-003

. 2.050e-003
. 1.845e-003
- 1.640e-003
_ 1.435e-003
1.230e-003
1.025e-003
5.200e-004
- 6.150e-004
4.100e-004
2.050e-004

3.937e-032

Name

Type

Min

Max

Displacement

URES: Resultant Displacement

0mm

0.062484mm
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5.3 Design Study 03

Material Stainless Steel (SS)

531

Model Information

Table 12 DS 3 Model Information

A

Figure Treated As Volumetric Properties
Mass:288.471 kg
Volume:0.0360589 m"3
Solid Body Density:8000 kg/m™"3

Weight:2827.02 N

5.3.2

Material Properties

Table 13 DS 3 Material Properties

Model Reference

Properties

Components

Name:

Cast Alloy Steel

Model type:

Linear Elastic Isotropic

Yield strength:

2.41275e+008 N/m"2

Tensile strength:

4.48082e+008 N/m"2

Elastic modulus:

1.9e+011 N/m"2

Poisson's ratio:

0.26

Mass density:

7300 ke/m"3

Shear modulus:

7.8e+010 N/m"2

Thermal expansion

1.5e-005 /Kelvin

Slider hinge

coefficient:
Name: | ABS Slider Wheel
Model type: | Linear Elastic Isotropic
Tensile strength: | 3e+007 N/m"2
Elastic modulus: | 2e+009 N/m™2
Poisson's ratio: | 0.394
Mass density: | 1020 kg/m™3
Shear modulus: | 3.189e+008 N/m"2
Name: | AlISI 316 Stainless Steel Ramp
Sheet (55)
Model type: | Linear Elastic Isotropic

Yield strength:

1.72369e+008 N/m"2

Tensile strength:

5.8e+008 N/m"2

Elastic modulus:

1.93e+011 N/m”2

Poisson's ratio:

0.27

Mass density:

8000 ke/m™3

Thermal expansion
coefficient:

1.6e-005 /Kelvin

PAGE 41 OF 56




5.3.3 Study Results (Stress)

Model name: ramp with slider wheel
Study name: Stainless Steel sheet (S5)
Plot type: Static nodal stress Stress1

Global value: 1.26421e-009 to 4 40132 Mimm*2 (kPa)

won Mises (MAmm*2 (MPa)

4.4
4.0
L 37
Miode: 14712
%, £ Location: [-0.753 296 653 in .33
W alue: 1.7 Pamm ™2 (MPa)
Mode:
®, %, Z Location: |27 8.2 06467 10 - 23
“alle: 02  Mmm™2 (MPal Mode: 10546
¥, %, £ Location: [1 15,2 96,161 in - 26
W alue: .2 Pamm™2 (MPa)
22
1.8
15
Miocle: 11100
Modde: 4757 ¥, %, I Location: [-1 13,2 096,54.90n0 - 14
%, Z Location: [-27 .5 296 34 2in walue: 1.2 Flimm ™2 (hPa]
e alue: 1.2 Pamm ™2 (MPa1 o7
0.4
0o
Mode: 4744
®¥, %, Z Location: 152,296,517 in
“walue: 1.2 Fmm2 (P
Mode: 11955
®, %, E Location: [-28.4,2 96,65 3 in
e alue: 2.0 Pamm*2 (MPa)
Miocle: 46355
®, %, £ Location: [-1.51 2 96 64 6 in
alue: 1.8 Famm™2 (MPa)
Figure 24 DS 3 Stress analysis
Table 14 DS 3 Stress analysis
Name | Yield Strength | Type Min Max
Stress 172.37 (MPa) VON: von Mises Stress | 1.26421e-009 (MPa) 4.40132 (MPa)
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534 Study Results (FOS)

mlodel name: ramp with slider wheel

Study name: Stainless Steel sheet (S5

Plot typee: Factor of Safety Factor of Satetyd
Criterion : Automatic

Factor of safety distribution: Min FOS = 26

190,850 400,256 .00
1 = 174,946,189,312.00

159,041 994,752 00

Plocie: 14547 Mocde: 14417
H,%, £ Location: | -25.4,2.96,5.93 in W, %, £ Location: [-0.753,2.96,3.97 in - 143137 ,500,192.00
*alue: 12771 walue: 124 67

127 233,097 440.00

111 328,594 655.00

Blode: Flode: 4911
oW, Z Location: | -27 .5 296 16.7 in X %, Z Location: | -1 .13 296 16.7 in l 95 425 200,125.00
Walle: nalle: 7E1.14

V9,520,997 37E.00

. B3 616,795,720.00

47 712,600,054 .00

Floce: 17536

®, ', T Location: [-26.7 2 .06,55.9 in
o alle: 141.42 | 31,808,399 560,00

Mode: 4752
H,%, F Location: |[-1.13,2.9654.2 in 15,804,199,650.00
alue: 141.91 25 51

Mode: 11257
¥, %, I Location: [-14.5 296 53.2 in
143.71

113561
HoW, £ Location: | -15 259706 in
*alue: 43066
Figure 25 DS 3 FoS analysis
Table 15 DS 3 FoS analysis

Factor of Safety 26
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5.35

Study Results (Displacement)

Figure 26 DS 3 Displacement analysis

Table 16 DS 3 Displacement analysis

URES (mm)
6.513e-002
l 5.970e-002
. 5.428e-002
. 4.885e-002
. 4.342e-002
3.798e-002
3.257e-002
2.714e-002
2171e-002
. 1.628e-002
1.086e-002

5.428e-003

1.000e-030

Name

Type

Min

Max

Displacement

URES: Resultant Displacement

0Omm

6.513e-002 mm
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5.4 Design Study 04

Material: Balsa wood

54.1 Model Information

Table 17 DS 4 Model Information

Figure

Treated As Volumetric Properties

Solid Body Density:159.99 kg/m"3

Mass:5.76906 kg
Volume:0.0360589 m"3

Weight:56.5368 N

542 Material Properties

Table 18 DS 4 Material Properties

Model Reference Properties Components
Name: | Cast Alloy Steel Slider hinge
Model type: | Linear Elastic Isotropic

Yield strength:

2.41275e+008 N/m"2

Tensile strength:

Elastic modulus:

1.9e+011 N/m"2

Poisson’'s ratio: | 0.26
Mass density: | 7300 keg/m™"3
Shear modulus: | 7.8e+010 N/m"2
Thermal expansion | 1.5e-005 /Kelvin
coefficient:
Name: | ABS Slider Wheel
Model type: | Linear Elastic Isotropic

Tensile strength:

3e+007 N/m”2

Elastic modulus:

2e+009 N/m”2

Poisson's ratio:

0.394

Mass density:

1020 kg/m"3

Shear modulus:

3.189e+008 N/m"2

Name:

Balsa Ramp

Model type:

Linear Elastic Isotropic

Yield strength:

2e+007 N/m”™2

Elastic modulus:

3e+009 N/m”2

Poisson's ratio:

0.29

Mass density:

159.99 kg/m"3

Shear modulus:

3e+008 N/m™2
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543

wheel (De..,

Study Results (Stress)

Madle:
M, ¥, F Location:
malue:

15896

—298,296,5630n

Model name: ramp with slider wheel

Study name: balsa study

Plot type: Stetic nodal stress Stress2
Glokal value: 9.71367e-010 to 8.86631 Minm*2 (MPa)

Mode:

Salue:

ATES

¥, %, T Location: (27 5,2 96,16 7 in
0.2

Flimm 2 (P

Madie:

14703

¥, ¥, Z Location: [0 0557 ,2 96,605 in
2.

von Miges (MNAmm"2 (MPa))

.9

l81

26 Mamm*2 ChPa) Salue: Mimm*2 ChPa) A
_ BE
Mode: 4911 59
X, ¥, 7 Lacation:
il 0.2 MAMmS2 (hPa) . 52
Rode: 19175 4.4
¥, Z Location; :
“alle: 1 Pimm~= (hiFa] 37
Mode: 11260
¥, T Location: ;o0
wealue: 1.2 Mimm*2 (Pa) 23
Rode: 11850
¥, T Location: 15
“alle: =2 MimmtZ (hFa)
or
Mode: 11543
¥, W, 7 Location: oo
S alue: 1.7 MAmm*2 ChPE)
Figure 27 DS 4 Stress analysis
Table 19 DS 4 Stress analysis
Name Yield Strength | Min Max

Stress

20 (MPa)

9.71367e-010 (MPa)

8.86631 (MPa)
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5.4.4

klode: 4242
HoN, Z Location: [-29.1 298 3.93 in
“alue: 1277
Mode: 10352
.Y, Z Location: | -258.1 295154 in
walue: 109.67
Mode: 17906
N, I Location: [-27.4,2 968,31 .6 in
' ElLE: 1574
Pode:
HoW, L Location:
alle:
klode: 11554

Study Results (FoS)

Model name: ramp with slider wheel
Study name: Study 1
Plot type: Factor of Safety Factor of Satety
Criterion : Max Mormal Stress
Factor of safety distribution: Min FOS = 2.4

Mode:
.2, £ Location:
alue:

14535

076429641900

11.77

Poce:
H, %, £ Location:
alue:

4759

A1 29614800

5947

Mocde:
H,o, L Location:
oalle:

4759

A1 206,520n

1517

4735

43,2 06 456 in

¥, %,  Location: |27 7,2 05 696 in

SWalue:

154.71

135358

klode:

11474

How Z Location:

51,2 06,696 in

SWalue:

150.05

Figure 28 DS 4 FoS analysis

Table 20 DS 4 FoS analysis

FOs

218,150,644 ,992 .00
199,953,104 ,596 .00
181,775,548, 416.00
163,597,991 936 .00
145,420 435 456 .00
127,242 575,976 .00
109,065,322 496 .00
90,667 ,774,208.00
72,710,217 ,728.00
54,532 661,248.00
36,355,108,364.00
18,177,554,452.00

237

Name

Min

Factor of Safety

2.4
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5.4.5

Study Results (Displacement)

Figure 29 DS 4 Displacement analysis

Table 21 DS 4 Displacement analysis

URES (in)
1.634e-001
I 1.498e-001
- 1.362e-001
- 1.225e-001
- 1.08%e-001
_ 9.531e-002
8.169e-002
5.808e-002
5.446e-002
7 - 4.085e-002
2.723e-002

1.362e-002

3.937e-032

Name

Type

Min

Max

Displacement

URES: Resultant Displacement

0Omm

4.15036mm
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5.5

Graphical presentation of the results

Table 22 Material Comaprison

Material Weight(Kg) Max. Stress Min. Factor of Max.
(MPa) Safety(FOS) Displacement
(mm)
Galvanized Steel | 289.784 4.34888 31 0.062484
Stainless Steel 288.471 4.40132 26 6.51E-02
Aluminum 97.359 4.53161 4.82247 0.175785
Balsa Wood 5.76906 8.86631 2.4 4.15036

B Weight (Kg)

350

300

250

200

150

100

289.784

Weight of the ramp

Stainless Steel
288.471

0 —

Galvanized Steel

Aluminum

97.359

Figure 30 Graphical Presentation of weight of the ramp for Studied Materials

Balsa Wood
5.76906
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Min.Factor of Safety (FOS)

35
30

25
20
15
10
B =

5
0 Galvanized Stainl
alvanize tainiess Aluminum | Balsa Wood
Steel Steel
Min.Factor of Safety (FOS) 31 26 4.82247 2.4

Figure 31 Graphical Presentation of Minimum FoS of the ramp for Studied Materials

Max.Stress (Mpa)

10
9
8
7
6
5
4
3
2
1
0 )
Galg/taerzlzed Stainless Steel ' Aluminum Balsa Wood
W Max.Stress (Mpa) 4.34888 4.40132 4.53161 8.86631

Figure 32 Graphical Presentation of maximum stress of the ramp for Studied Materials

Max.Displacement (mm)

4.5
4
3.5
3
2.5
2
1.5
1

0.5
P R —
Galvanized Stainless
Steel Steel

Max.Displacement (mm)  0.062484 6.51E-02 0.175785 4.15036

Aluminum Balsa Wood

Figure 33 Graphical Presentation of maximum displacement of the ramp for Studied Materials
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CHAPTER 6

Fabrication

The prototype is built for experimental purpose. The total cost of fabrication is relatively very

low and took 3 hours to construct the full assembly.

6.1 Materials Used in Different Parts
Channel : Plywood, Aluminum channel
Hinge : Mild Steel (MS)

Wheels : White Nylon-6 Plastic-Wheel

YV V V V

Ramp : Plywood

6.2 Why Plywood

Availability : Highly available in local Market

Cost : Low cost compared to other materials

Weight capacity: Better, can withstand significant amount of weight
Light weight and Durable

YV V. V V V

Easy to fabricate

6.2.1 Plywood vs Balsa wood

Due to unavailability of material properties of Plywood, design study for plywood could not
conducted in Solid Works 2013 Simulation. However Plywood has higher density than Balsa
wood, so we can assume that it will have higher load capacity, higher FoS and lower
displacement than Balsa wood.

Balsa wood in Solid Works 2013 has a density of 160 kg/m?®. On the other hand, the plywood
available in local market in Dhaka city has a density of 490-510 kg/m®. The following table

represents the properties of plywood that is available in local markets is Dhaka city.

Table 23 Physical properties of pitali and market Plywood

Species Thickness  Density Moisture Thickness Linear Water
(mm) (kg/m>) content swelling expansion  absorption
(%%) (%%) (%%) (%)
Trewia nudiflora 18 509.82 10.67 6.90 0.1%9 50.89
Bombax ceiba 18 490.96 17.61 7.29 0.15 64.79
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6.3 Fabricated Parts

Figure 34 Ramp body Figure 35 Slider hinge and ramp assembly

Figure 36 Slider Hinge
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Figure 38 Full Assembly
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CHAPTER 7

Conclusion

The design works properly in Solid Works 2013. Design study was conducted for the ramp
body only, not the full assembly. The fabricated prototype has functioned properly. Though
Plywood was used for fabrication for experimental purpose, it has some flaws regarding
weather conditions in Dhaka city. The design study shows that if we use high yield strength
material like Galvanized Steel, Stainless Steel (SS); it will have high load capacity but the
weight of the ramp itself will be very high for portable use. In this regard, Aluminum is more
suitable than any other materials which were studied. However further study should be done to
find lighter, more durable and weather resistant materials for practical implementation on
public buses in Dhaka city. Ramp weight reduction can be done by replacing the solid body

with pattern holes.

The ramp that was fabricated operates manually. Automatic mechanism can be introduced by
using electrical motors and hydraulic system. Further modification can be done to the interior
of the bus.
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