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M easurement of Stress Concentration Factor for
Shoulder Fillet on Flat Plate under Axial Tension

using Photoelasticity Method and FEA ™
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Abstract: Many researchers have made attempt to investigate
stress concentration factor (SCF) for different discontinuities
under different loading conditions and applications, but still
failures of components take place which having discontinuities.
Number of applications under which the components or parts
working under tensile loading. Here, efforts are made to
investigate the SCF of flat plate with shoulder fillet under axial
tension loading using the approach of Photoelasticity for different
D/d ratios. The Finite Element Analysis (FEA) approach used to
validate the results of experimentation and found that the results
arereasonably at acceptable level. One can utilize the outcome of
this research for similar application having same discontinuity
and loading condition.

Keywords: Axial tension, Finite element of analysis (FEA),
Photoelasticity, Stress concentration factor (SCF),

Nomenclature:
D = Height of largest end of the plate
d = Height of smallest end of the plate
P = Applied load
r = Fillet radius
h = Fillet height
b = Width of the plate
t = Thickness of the plate
oo = Nominal stress
O max = Maximum stress
k, = Stress concentration factor (SCF)
N = Fringe order
fs=Material fringevalue

I. INTRODUCTION

The geometric discontinuities such as notches, various
grooves (U, V, Square) shoulders fillets, keyway, holes,
threads etc. on flat bars (plates) are unavoidable features due
to their functional requirement. These geometric
discontinuities will cause significant stress concentrations.
Therefore, the estimation of stresses and strains at these
geometries is essential and useful in the designing of a
component or a structures.
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In lots of mechanical design textbooks, the stress
concentration factors (SCFs) for the step

shoulders with different fillets on plates are fully explained
and sets of stress concentration factor (SCF) curves are
presented [1]. Augusto et a. [2] were developed number of
techniques to determine the SCF i.e. analytica methods,
experimental methods and computational methods. Filletsare
widely used in mechanical partsto provide smooth transition
in regions where there is an abrupt change in cross-section
like in shoulders. Fig. 1 shows flat plate with shoulder fillet.
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Fig. 1. Flat plate with shoulder fillet
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Stress concentration factor istheratio of the maximum stress
(0max) to the nomina stress (o).
ke = =2 @)

0o

Where, 6, = Nominal stress and it is egual to %for thick

plate and % for round bar under axia loading.

Photoelasticity technique is an optical method for
measurement and experimental analysis of material stress
[3]. It is a non-destructive, whole-field, graphic
stress-analysis technique used based on an opto-mechanical
property called birefringence, possessed by many transparent
non crystalline materials. Such materials become anisotropic
when it is loaded and behaves like crystals and become
isotropic when free from the applied loading. Such
phenomenon is known as Stress Optic law. When a photo
elastic material is strained under load and viewed under
polarized light, beautifully colored pattern can be observed.
This colored pattern provides information on stress-state of
the strained material. This method of measuring SCF is an
important part of engineering mechanics for experiment
technique in research as well as teaching in institutions of
higher learning. This method works as significant tool for
finding the stresses of any complicated shape of geometries
and in turns, stress concentration factor. A considerable
amount of time can be saved in the Photoel asticity method of
experimental work if prior knowledge of critical areas or
smart guess work is applied [4].
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M easurement of Stress Concentration Factor for Shoulder Fillet on Flat Plate under Axial Tension using
Photoelasticity Method and FEA

A. Polariscope

An optical setup polariscope, under loading alows the
birefringence in the work piece to be analyzed. Polariscope
consists of light source, apolarizer, an optional quarter-wave
plate, a model work piece, another optional quarter-wave
plate, and asecond polarizer called the analyzer. Based onthe
arrangement of quarter wave plates, two types of polariscope
are commonly in used. First one is the plane polariscope and
the second one is circular polariscope. Plane polariscope
consists alight source, alinear polarizer (called as polarizer),
the model work piece and second linear polarizer (called as
analyzer). An analyzer is always perpendicular with respect
to the polarizer. Circular polariscope consists of a light
source, a linear polarizer, a quarter wave plate, the model
work piece, asecond quarter wave plate and second polarizer.
Fig. 2 (@ and (b) shows plane polariscope and circular
polariscope respectively [4].

(b) Circular polariscope [4]
Fig. 2. Different arrangement of polariscope [4]

[I. EXPERIMENTAL SET UPAND MATERIAL
SELECTION

In this paper an attempt is made to determine the SCF of the
shoulder fillet on the flat plate by Photoelasticity method
under axial tension. Fig. 3 shows image of photo elastic
apparatus which is used to perform experimental work. This
setup was made with the help of Aeolus Aerotech Pvt. Ltd,
Bangalore. Thisexperimental unit isdesigned to illustrate the
behavior of materials versus the forces that act on them. The
stress pattern can be observed and stress concentration factor
calculated by applying forces and/or stresses on specimens
with the photo elasticity theory.
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1. Onedirectional valve, 2. Hydraulic pump, 3. Circular
polariscope, 4. M echanical load frame 5. Circular
analyzer, 6. Digital load indicator, 7. Monochromatic
light sour ce, white light sour ce 8. Leveling table
Fig. 3 Experimental setup - Photo elasticity apparatus

This photo elasticity unit consists of:
e  Circular polariscope and analyzer,
e Monochromatic light source,
¢ Rotatable analyzer with angle measurements,
e Monochromatic light source
e Whitelight source
e Mechanical load frame with load capacity of 1 kN

with digital load indicator (Tension and
compression),

e Bending loading and torsion loading provision

A. Materialsfor experimental work

Many polymers exhibit sufficient birefringence to be used as
photo elastic specimen material. Some of the most common
model material for Photoelasticity experiment with their
properties are tabulated in the Table 1. For experimental
work on plate, three different thickness (4 mm, 6 mm and 8
mm) of acrylic material is used as work piece material.
Acrylic materia is easily available in the markets and also it
is cheaper as compared to other photo elastic materias.
Specification of acrylic material islisted in Table 1. Acrylic
is cut in to require shape of shoulder fillet by acrylic laser
cutting machine. Seven samples of 110 mm length are cut
from each thick sheet with different D/d ratios for photo
elastic experiment under axial tension loading.

Fig. 4 shows the 2D diagram of the slice model with D/d = 2,
having larger width D = 40 mm and smaller width d = 20 mm.

T \

! .

Fig. 4. 2D diagram of a dlice model (flat plate) with D/d =2
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Table 1 Properties of photo elastic model materials[5]

Stressfringe value,
fo (greenlight Room temper atur e properties
Material Generl(_: type and A =546 nm)
Generic names Young modulus | Proportional
Fringe (KN/m) E (MPa) limit (M Pa) Poisson’s ratio
Glass -300 to +400 70,000 60 0.25
Plexiglas Polymethyl methacrylate 129 2800 0.38
Celluloid 30-300 2200 35 0.33
Homolite 100 Polyester 24 3900 7 0.35
Epoxy Arddite, Bakelite 11 3300 8 0.37
Polycarbonate Makrolon PSM 1 7 2600 5 0.28
Acrylic 27 3000 - 0.30

Fig. 5. Sample of acrylic after machining

Fig. 5 shows test specimen of acrylic material for
experimental work after laser cutting.

I11. EXPERIMENTAL WORK AND EVALUATION
METHOD OF SCF

In the experimental setup, provision is made to apply
different loads i.e. tensile, bending and torsisonal loading.
For experiment work, workpiece to be held in such away that
the tension loading can apply. Fig. 6 (a) shows photoelastic  For optimum condition of (h = r), seven experiments of
apparatus which was used for the experiment work on acrylic  different D/d ratios are performed [6]. SCF is the ratio of
material under axial tension loading. Fig. 6 (b) showsthetest  maximum stress at the fillet region to the nominal stress
specimen position for axial tension loading. computed by flexure formulas of that particular geometries.
So, the SCF can be written as:

ke = =0 @

0o

(b)
Fig. 6. (a) Photoelastic experimental setup (b) Test
specimen position

Where,
Omax = Maximum stress at the fillet on the plate and is to
be occurring in the test specimen during experimentsand is
to be evaluated by formula derived from stress optic law
theory for Photoelasticity method.
_ _ Nfg ; i
(01— 03) = Oppax = = 02 is zero as uniaxial
directional loading and nominal stress[7].
0y = % for thick plate under axial tension
N = Fringe order
f» = Material fringe value in kN/m and it depends on the
wavelength of the light
t = Thickness of the plate in mm

Fig. 7 to 9 shows the images captured during photoelastic
experimental work on 4 mm, 6 mm and 8 mm thick plates.
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@) (© (d) (e) (f)

D/d=1.01 D/d 102 D/d = 1.05 D/d=1.1 D/d=15 D/d=2
Fig. 7. Images of test sample captured during photodastic experimental work (4 mm thick plate)

(@ (c)

(d) (f)
D/d = 1.01 D/d 102 D/d = 1.05 D/d=11 D/d 15 D/d=2

Fig. 8. Images of test sample captured during photoelastic experimental work (6 mm thick plate)

! ' l '

(@) (b) (© (d) (e ()
D/d =1.01 D/d =1.02 D/d = 1.05 D/d=11 D/d=15 D/d=2
Fig. 9. Images of test sample captured during photoelastic experimental work (8 mm thick plate)
Table 2 to 4 shows the results of photoelastic experimental

work for 4 mm, 6 mm and 8 mm thick plates under axial
tension loading. In the table 2, seven results of each for FEA

|

broken from the smaller end aSit losses it strength because of
reduction in cross sectional area. So results of thisD/d = 3 is

not achieved.
and experimental work are tabulated for different D/d ratios.
During the experiments, test specimen having D/d =3, is
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Table 2 Results of photo elastic experimental wor k of 4 mm thick plate

D d D/d h r Load C/Sareza Ave stress | Fringe | Stressfringe | Max. stress S(CK:)F
(mm) (mm) (mm) (mm) P (N) A (mm?) (MPa) No. (N) value, (fa ) (MPa)
40 396 | 101 | 020 020 | 1000 31.09 6.313 1.62 27 10.94 173
40 3921 | 102 | 040 040 | 1000 30.78 6.376 1.62 27 10.94 1.72
40 | 38095 | 105 | 095 095 | 1000 29.90 6.563 1.06 27 7.16 1.09
40 3636 | 110 | 182 182 | 1000 2854 6.876 181 27 12.22 1.78
40 2667 | 150 | 6.67 667 | 1000 20.94 9.035 12 27 8.10 0.86
40 20 2.00 10 10 1000 15.70 12.500 25 27 16.88 135
40 1333 | 300 | 1334 | 1334 | 1000 10.46 18.755 27 0.00 0.00
Table 3 Results of photo elastic experimental work of 6 mm thick plate
D d D/d h r L oad C/Sareza Ave. stress | Fringe | Stressfringe | Max.stress | SCF
(mm) (mm) (mm) (mm) P (N) A (mm?) (MPa) No. (N) value, (fg ) (MPa) (K)
40 396 | 101 | 020 020 | 1000 31.09 6.313 25 27 11.25 267
40 3921 | 1.02 | 040 040 | 1000 30.78 6.376 1.38 27 6.21 1.46
40 | 38095 | 1.05 | 095 095 | 1000 29.90 6.563 1.38 27 6.21 1.42
40 3636 | 110 | 182 182 | 1000 28.54 6.876 12 27 5.40 118
40 2667 | 150 | 667 667 | 1000 20.94 9.035 267 27 12.02 1.92
40 20 | 200 10 10 1000 15.70 12.500 3 27 13.50 1.62
40 1333 | 300 | 1334 | 1334 | 1000 10.46 18.755 - 27 - -
Table 4 Results of photo elastic experimental work of 8 mm thick plate
D d o/ h r Load | C/Sarea | Ave stress | Fringe | Stressfringe | Max. stress ?E)F
(mm) (mm) (mm) (mm) P (N) A (mm?) (MPa) No. (N) value, (fz ) (MPa)
40 396 | 101 | 020 020 | 1000 31.09 6.313 267 27 9.01 2.85
40 3921 | 102 | 040 040 | 1000 30.78 6.376 1.38 27 466 1.46
40 | 38095 | 1.05 | 095 095 | 1000 29.90 6.563 1.38 27 466 1.42
40 3636 | 110 | 182 182 | 1000 2854 6.876 25 27 8.44 245
40 2667 | 150 | 667 667 | 1000 20.94 9.035 25 27 8.44 1.80
40 20 | 200 10 10 1000 15.70 12.500 25 27 8.44 135
40 1333 | 300 | 1334 | 1334 | 1000 10.46 18.755 - 27 - -

IV. FINITE ELEMENT ANALYSIS

Computational results of various geometries of the flat plat
for different D/d ratios are analyzed by finite elements of
anaysis (FEA). For al the seven geometries of flat plate are
modelled in the Solid works 16.0 [8]. ANSY S workbench
19.0 isused for the FEA of all the geometries [9]. Fig. 10 (a)
shows the 3D model of the flat plate with D/d = 2.

0000 00:0 0,089 (m) z‘/L‘ »
L Se——— SS—

0015 0045

(b) Meshed model of flat plate
Fig. 10 Flat plate model for FEA

EN31 was modelled as alinear elastic material asit iswidely
used in various industries for making plates and shafts.
Table 5 shows the material properties of EN31.

(a) 3D model of plates
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The flat plate was fine meshed with an average value of the
mesh size is 0.05 mm (fine size), resulting in 38355 nodes
and 8190 elements. The meshed flat plate with dimensions of
D =40mm, d=20mm (D/d = 2) and fillet radiusas 10 mmis
shown inthe Fig. 10 (b).

Table5 Material propertiesof EN31[9]

Property Value Unit
Density 7600 Kg/m®
| sotropic properties
Young’s modulus 207 MPa
Poisson’s ratio 0.3 --
Bulk modulus 1725 GPa
Shear modulus 80 GPa
Tensile Yield strength 460 MPa
Tensile Ultimate strength 560 MPa

Asshownin Fig. 11, axial tension load is applied to one end
face of the flat plate and other face of the plate is fixed.
Equivalent (von Mises) stress is calculated from the FEA
results for all the test samples.

aon om0
one D.CED

Wi -
!

Fig. 11 L oading and boundary conditionsfor axial
tension loading
Here, for analysis purpose, the applied load is considered
constant as 1000 N for all iterations with different D/d ratios.
The selected value of load is considered based on feasible
load range applied through experimental set up and sameload
applied during experimentations. Fig. 12 (a) to (g) shows
various flat plate models having 4 mm thickness for different
D/d ratios under axial tension loading.

(a) D/d = 1.01 (D = 40 mm and d = 39.60 mm)
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5.5211e6
430826
3.0952¢6
1.8823e6
6.6933e5 Min

0.020

1.2363e5 Min

0.000 0.040
-
0.020

(c) D/d =1.05 (D =40 mm and d = 38.095 mm)

ANSYS
R19.0

0.020 0.060

(d)D/d=1.1(D =40 mm and d = 36.36 mm)

1.6472e7 Max
1464367
1.2814e7
1.0986e7
9.1566e6
7.3277¢6
5498866
3.6698e6
1.840%¢6
11995 Min

0.000 0.040
=

0.020

(¢) D/d = 1.5 (D = 40 mm and d = 26.67 mm)

839766
6.301626
4205626
2,1096¢6
13533 Min

0,000 1 0®(m =
]
0020 0060

(f) D/d =2 (D =40 mm and d = 20 mm)
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A Am plate (0/d = 3)
Equivalent Stress

Type: Equivalent (von-Mises) Stress
Unit: Pa

Tiene: 1

30-12-2016 2009

2.3806e 7 Max
211637
185217
156787
13236e7
105937
7.9504e6
5.3078e6
266526
22654 Min

z

X
0080(m)
)

0000 0.040
0.020 0,060

(9) D/d =3 (D= 40 mm and d= 13.33 mm)

Fig. 12 Equivalent (von-Mises) stressfor 4 mm thick
plates

Similarly, Fig. 13 (a) to (g) shows various flat plate models
having 6 mm thickness for different D/d ratios under axial
tension loading.
L:6mm thick plate (D/d=1.01).
Equivalent Stress
Eﬁj:équi\‘falen‘t‘(vnh-l‘dix:s}‘Stvesa

Tirme: 1
28-03-2019 14:05

8.0909e6 Max
7.2841e6
6477366
5670666
4.8638e6
4.057¢6
3.2503e6
2.4435¢6
1.6367e6
8.2995e5 Min

(a) D/d =1.01 (D =40 mm and d = 39.60 mm)

W G thick lte (D1d=102)
Equi Stress

Type: Equivalent {von-Mises) Stress
Unit: Pa

Time: 1

28-03-2019 1415

8.068e6 Max

| 2.2092¢6

5.3527e5 Min

(b) D/d =1.02 (D =40 mm and d = 39.21 mm)

NG ik
Equivalent Stress

Type: Equivalent (von-Mises) Stress
Unit: Pa

Time: 1

29-03-201910:41

8.1058e6 Max
704036
= 636206
o sotides
4,66e6
= 2.7985¢6
o 2omes
- 2.076e6
b 1214266
3.527e5 Min

(c) D/d =1.05 (D =40 mm and d = 38.095 mm)
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O: 6mm thick plate (D/d«1.1)
Equivalent Stress

Type: Equivalent (von-Mises) Stress
Unit: Pa

Time: 1

28-03-2019 14:28

8.1158e6 Max
7.2255¢6
6.3352¢6
5444966
4,5546e6
3.6643e6
2.774e6
1.8837e6
9.9344e5
1.0314e5 Min

quivalent Stress
Type: Equivalent (von-Mises) Stress
Unit: Pa
Tirne: 1
28-03-2019 14:40

1.0928e7 Max

0.7147¢6

H 8.5016e6

= 7.2885¢6
6.0754e6

. 4.8623e6

] 364936

- 24362e6

g 122316

10031 Min

0.020 0.060

(e) D/d =1.5(D =40 mm and d = 26.67 mm)

I d-2)
Equivalent Stress

Type: Equivalent (von-Mises) Stress
Unit: Pa

Time: 1

28-03-2019 14:47

1.2557e7 Max

- 1.1163e7

. 5.7637e6

H 8.3745¢6
6.9802e6

= 5.586e6

- 419176
2.7975e6

D 1.4032e6

8953.6 Min

0.000 0.040
0.020 0.060

(f) D/d =2 (D =40 mm and d = 20 mm)

R:6mm thick plate (D/d=3)
Equivalent Stress

Type: Equivalent (von-Mises) Stress
Unit: Pa

Time: 1

28-03-2019 1449

1.5932e7 Max
141637
1.2393e7
1.0624e7
8.8551e6
7.086e6
5.3168¢6
3.5477e6
1.7786e6
9418.2 Min

0.000 0.040 0.080(m) Z‘/k X
]
0,020 0,060

(g) D/d =3 (D= 40 mm and d= 13.33 mm)

Fig. 13 Equivalent (von-Mises) stressfor 6 mm thick
plates

Similarly, Fig. 14 (a) to (g) shows various flat plate models
having 8 mm thickness for different D/d ratios.
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ime: 1
16-01-201912:32
6.2928e6 Max
5.626e6
4.9592¢6
4292426
3.6256e6
2.9588e6
2.202¢6
1.6252¢6
0.5845¢5
2.9165e5 Min

8.1656e6 Max
7.2556e6
6.3537e6.
54477¢6
454176
3.6358e6
2.7298e6
1.8238e6

917845
11869 Min
R X

04022019 1214 Tirne: 1 \
31-12-20181307

6.322466 Max
5.6631e6 9.3967e6 Max
5.0038:6 835336
434456
3.6653¢6
3.026e6
236676
1.7074¢6
1.0481e6
3.8884e 5 Min

7.3098:6
6.266426
5.223¢6

4179606

313616
2.0927¢6
1.0493¢6

2 X 5864.5 Min

A

0.000 0,040 Bo(m) 7

0.020 0.060

(f) D/d =2 (D = 40 mm and d = 20 mm)

00
=

30-12-201820:18

1.2123e7 Max
1.0777e7
9.4301e6
8.0837e6
6.7373¢6
5.3909%6
4,0445e6
2.6981e6.
135176
5284.9 Min

0.000 0.040
-

(c) D/d =1.05 (D =40 mm and d = 38.095 mm) o0 00e
(g) D/d =3 (D= 40 mm and d=13.33 mm)

Fig. 14 Equivalent (von Mises) stressfor 8mm thick
plates

0080(m) Z
)

i
15-01-201911:18
6.304e6 Max
5.616e6
492866
4286
3.552¢6
2,864¢6
2.176e6
148796
7.9993¢5
1.1191e5 Min

From the above simulated results, equivalent (von Mises)

stress of shoulder fillet of the flat plates are identified and

: used it for calculation of stress concentration factor (SCF).

‘/I\‘ Table 6 to 8 shows the various parameters taken for flat plate

g geometries and FEA resultsfor 4 mm, 6 mm and 8 mm plates
respectively.

(d) D/d =1.1 (D =40 mm and d = 36.36 mm)
Table 6 SCF based on equivalent (von-Mises) stress under axial tension loading for flat plate (4 mm) for different D/d

ratios
D | o | P8 |y | T | TR | R | e | sres g | ()
40 396 1.01 0.20 0.20 40 1000 6.313 11.652 1.846
40 39.21 1.02 0.40 0.40 40 1000 6.376 11.586 1.817
40 38.095 1.05 0.95 0.95 40 1000 6.563 11.688 1.781
40 36.36 1.10 1.82 1.82 40 1000 6.876 11.929 1.735
40 26.67 1.50 6.67 6.67 40 1000 9.374 16.472 1.757
40 20 2.00 10 10.00 40 1000 12.500 18.878 1.510
40 13.33 3.00 13.34 13.34 40 1000 18.755 23.806 1.269
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ratios
D (mm) d D/d h r (mm) Thickness L oad Nominal stress | Equivalent (von-Mises) SCF
(mm) (mm) t (mm) P (N) (MPa) stress (M Pa) (K)
40 39.6 1.01 0.20 0.20 6.0 1000 4.209 8.0909 1.922
40 39.21 1.02 0.40 0.40 6.0 1000 4.251 8.068 1.898
40 38.095 1.05 0.95 0.95 6.0 1000 4.375 8.1058 1.853
40 36.36 1.10 1.82 1.82 6.0 1000 4584 8.1158 1.771
40 26.67 1.50 6.67 6.67 6.0 1000 6.249 10.928 1.749
40 20 2.00 10 10.00 6.0 1000 8.333 12.557 1.507
40 13.33 3.00 13.34 13.34 6.0 1000 12.503 15.932 1.274

Table 8 SCF based on equivalent (von-Mises) stress under axial tension loading for flat plate (8 mm) for different D/d

ratios
d h Thickness L oad Nominal stress | Equivalent (von-Mises) SCF
DMM) | (mm) Did m | "™ mm) P (N) (MPa) stress (MPa) )
40 396 1.01 0.20 0.20 40 1000 3.157 6.2928 1.994
40 39.21 1.02 0.40 0.40 40 1000 3.188 6.3224 1.983
40 38.095 1.05 0.95 0.95 40 1000 3.281 6.31 1.923
40 36.36 1.10 1.82 1.82 40 1000 3.438 6.304 1.834
40 26.67 1.50 6.67 6.67 40 1000 4,687 8.1656 1.742
40 20 2.00 10 10.00 40 1000 6.250 9.3967 1503
40 13.33 3.00 1334 | 1334 40 1000 9.377 12.123 1.293
Th&ee. computational results based on finite eIement of 0 38.09 | 1.0 0.95 0.95 1.09 1853
analysis (FEA) are compared and validated by experimental 5 5
results of photo elasticity method. 40 36.36 1(')1 1.82 1.82 1.78 1771
V.RESULTSAND DI SCUSSION 20 | 2667 | 'O | 667 | 667 | 086 | 1749
Table 9 to 11 shows the comparison of SCFs based on photo | 49 0 | 200 10 10 135 1742
elasticity experiment and SCFs by FEA for different 300
thickness of plates (4 mm, 6 mm and 8 mm). 40 1333 | 7, | 1334 | 1334 0.00 1.269

Table 9 Comparison of SCFs obtained by
photoelasticity experimental work and FEA for flat plate
with shoulder fillet (4 mm thickness)

Table 11 Comparison of SCFsobtained by
photoelasticity experimental work and FEA for flat plate
with shoulder fillet (8 mm thick plate)

D d h r SCF (Ky) SCF e —
mm) | mm) | P9 mm) | (mm) from (Ky) D d h r (K)
experiment | by FEA D/d from (Ky)
(mm) (mm) (mm) (mm) .

40 396 |[101] 020 0.20 1.73 1.846 experiment | by FEA
40 3921 | 1.02 | 040 0.40 172 1817 40 396 | 101 | 020 0.20 1.73 1.994
40 38095 | 1.05 | 095 0.95 1.09 1.781 40 3921 | 102 | 040 0.40 172 1.983
40 3636 | 1.10 | 1.82 182 1.78 1735 40 38095 | 1.05 | 095 0.95 1.09 1.923
40 2667 | 150 | 6.67 6.67 0.86 1.757 40 3636 | 110 | 182 1.82 178 1.834
40 20 2.00 10 10 135 1510 40 2667 | 150 | 6.67 6.67 0.86 1.742
40 1333 [ 300 | 1334 | 1334 0.00 1.269 40 20 2.00 10 10 135 1503
40 1333 | 300 | 1334 | 1334 0.00 1.269

Table 10 Comparison of SCFs obtained by
photoelasticity experimental work and FEA for flat plate
with shoulder fillet (6 mm thick plate)

D SCF (Ky) SCF
(mm d D/d h r from (Ky)
) (mm) (mm) | (mm) | experimen by

t FEA

40 39.6 1i0 0.20 0.20 1.73 1.922

40 39.21 1é0 0.40 0.40 1.72 1.898
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These comparisons of SCFs are also presented in the form
of graphin the Fig.13 to 15.
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Comparison of SCFs based on experiment result and
based on FEA results
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L 3
.
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—a— 5CF based on experiment —=&— SCF based on FEA results

Fig. 15 Comparison of experimental SCFsand FEA SFCs
(4 mm thick plate)

Comparison of SCFs based on experiment result and
based on FEA results
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Fig. 16 Comparison of experimental SCFsand FEA SFCs
(6 mm thick plate)

Comparison of SCFs based on experiment result and
based on FEA results
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Fig. 17 Comparison of experimental SCFsand FEA
SFCs (8 mm thick plate)

» For 4 mm thickness plate

From the table 9 and Fig. 15, it is clearly depicting that the
results of SCFs from the Photoelasticity experiments have
very good agreement with SCFs obtained from FEA for D/d
ratio 1.01, 1.02, 1.1 and 2 but two results are deviates for D/d
= 1.05 and D/d =1.5. Also for D/d = 3, experiment is not
possible as during experiment, work piece is broken down
from the one end (Fig.18) many times. So in the comparisons,
only FEA result for D/d = 3isshown in the Fig. 15to 17 and
inthetables9to 11.

Fig. 18 Broken Sample of D/d =3

» For 6 mm thickness plate
From the table 10 and Fig. 16, it is clearly portraying that
theresults of SCFsfrom the Photoel asticity experiments have
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very good agreement with SCFs obtained from FEA for D/d
ratio 1.02, 1.05, 1.5 and 2 but two results are deviates for D/d
=1.0landD/d=1.1.

» For 8 mm thickness plate

From the table 11 and Fig. 17, it is clearly depicts that the
results of SCFs from the Photoelasticity experiments have
good agreement with SCFs obtained from FEA for D/d ratio
1.02, 1.05, 1.5 and 2 but two results are deviates for D/d =
1.0land D/d=1.1.

The variations in the results for 4 mm, 6 mm and 8 mm
plates may be due to human error occurred during
experimental work.

VI. CONCLUSIONS

This paper addresses the investigation of stress
concentration factor (SCF) by Photoelasticity method for the
flat plats having three different thickness (4 mm, 6 mmand 8
mm) for different D/d ratios and its comparison by
computational results obtained by FEA. The SCFin flat plate
with shoulder for different D/d ratios by Photoelasticity
experimental method and FEA methods are matched within
difference of 10% for the D/d = 1.01, 1.02, 1.1 and 2. For D/d
=1.05and D/d = 1.5 experimental results and FEA resultsare
not matched. This is due to either human error and technical
error that may occurred during experimental work. These
results obtained by both the techniques are very useful to the
industrial and engineering applicationsin which the SCF play
an important role for shoulder fillet.
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