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Simulation and Experimental Substantiation of
Beam Deflection under Guided End Conditions

S.Gurumoorthy, L. Bhaskara Rao

Abstract: This paper studies the nonlinear deflection
characteristics of a rectangular cross sectional beam with guided
support conditions. In this study two different end conditions
namely guided — guided and guided — simply supported have been
examined. Beams made with two dissimilar materialsfor instance,
aluminum and steel have been considered for this study. Different
loading conditions namely point load and the amalgamation of
uniformly distributed load and point load have been taken into
account in this study. The nonlinear response of a beam under
static loading condition is influenced by various parameters like
sectional properties of the beam, material, loading and boundary
conditions etc. A separate loading fixture was fabricated using
steel to apply the load (Point load and uniformly distributed load).
The loading fixture was validated by performing an experimental
measurement of the deflection under various loading conditions
on a smply supported beam. The corresponding theoretical
displacement values were calculated using the findings in
literature and compared with test results .Both the results were
found matching with each other with an average variation of just
10%. Based on this validation lesson, the loading fixture was
incorporated in the actual study. Displacement values from the
nonlinear static analysis were predicted using Finite Element
Method and correlation was made with the experimental values
for the actual beam setup. Close correlation among the numerical
and physical test results was achieved and the maximum error was
8%.

Keywords: Beam, deflection, Finite element analysis, guided
edge, Load — Deflection curve.

I. INTRODUCTION

Beamisaprimary structural element that resiststransverse
load by providing resistance to bending. Under the different
loading scenarios, deflection, moment, curvature, slope and
stresses developed in the beam can be predicted using the
static analysis [27].Beam dimensions, end supports and
material  stiffness are the maor parameter in the
determination of beam deflection [5-6]. Classical boundary
conditions as clamped — clamped [28], hinged — hinged [29]
fixed — simply supported [30] , hinged — clamped [31] and
mixed boundary conditions [32 — 33] are recommended for
the deflection analysis of beam structures. The different types
of beam end conditions are shown in figure 1.
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There is a direct association among the beam deflection
and the slope of the deflected shape of the beam under
loading condition. Deflection of a beam can be predicted
using principle of virtual work, direct integration scheme,
Macaulay’s method, Castiglione’s method and Euler —
Bernoulli beam equation.
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Fig. 1.Different beam end conditions

Structural member like beam is usually subjected to point
loads, uniformly distributed load, uniformly varying load and
moments etc. Various types of loading applied to beam
structure are shown in figure 2.
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Fig. 2.Loading conditions

Farida [4] predicted the behavior of flexural steel beam
under four point bending test. Deflection of abeam and strain
in the beams under bending load has been calculated in this
study. Stain gaugelocationand LVDT on steel beam was also
calculated. Biltu[1] investigated the maximum deflection of
asimply supported beam and a cantilever beam under various
loading conditions. Experimental results have been validated
through numerical and theoretical approaches. Euler —
Bernoulli beam equation was considered for the theoretica
approach. A close correlation between experimental,
numerical and theoretical results was achieved.
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Amer M. lbrahim et al [2] investigated the performance
of composite beams with simply supported end conditions
using nonlinear finite element analysis. The beam was pre —
stressed and subjected to static load. There was an excellent
agreement among the physical test results and the deflection
results obtained through finite element analysis. Mohamed et
al [3] have presented a novel testing method for estimating
the bond performance of the bar under the cyclic loading. The
bar is made of fiber reinforced polymer .Exceptiona
consideration was given in the matter of allowing the
application of tension, compression forces without premature
buckling and to ensure the stability of the suggested test
setup.

Li Chen [7] has proposed a new approach using moment
integral treatment for solving the large deflection of
cantilever problems. This new approach can be used to
varying beam properties and complex loading scenarios. Ali
S. Yasir et d., [8] performed a nonlinear analysis to predict
the beam deflection which in turn used for the calculation of
the elasticity modulus of steel beam subjected to heating and
cooling with different rates. Specimen’s modulus of elasticity
was calculated using the anal ytical results of maximum beam
deflection and those results were compared with the
experimental results. Both the results had close correlation
with each other.

Wadotiona et a [14] have presented a ssimple design of
beam deflection test rig and carried out experiments on a
beam using a rig under a combination of different loading
conditions. The test was performed for different end
conditions of the beam. Experimental deflection results were
weighed against the theoretical results for al the end
conditions. Sushanta Ghuku et a [15] studied about the
nonlinear behavior of cantilever beams with initial curvature
under a variety of loading conditions. Nonlinear deflection
of the beam was obtained using mathematical formulation
and those results are compared against the experimental
results. There was a good agreement among those results.

Bilello [16] presented an analytical and experimental
study of an Euler — Bernoulli beam with aninitial damage and
having a moving mass. Analytical results were calculated
based on beam Eigen functions and confirmed with the
experimental results. There was a close correlation between
those two results.

For laminated composite beams, the free vibration
andysis was performed [17] with incorporating the
transverse crack. By reducing the element stiffness, damage
istaken into account in the study. The equation of motion was
derived using Lagrange’s equation. Analytical results are
compared with the experimental results and aso with the
existing literature. Free vibration analysis of a thin- walled
cantilever beam is studied using a boundary problem solver
[18]. Tip of the cantilever beam is loaded with an
eccentrically positioned tendon. Partial differential equations
were used to model the beam system. The results are
confirmed by performing a bench test and finite element
analysis.

The nonlinear vibration of a beam with breathing crack
was investigated [19]. Timoshenko beam theory based model
was established and a semi analytical approach was
developed to solve the model. Signal function was used to
describe the breathing crack. Numerical results are validated
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with experimental and finite element analysisresults. Roncen
[20] studied the nonlinear vibration of a clamped beam
subjected to epistemic uncertainties and harmonic excitation.
The consequences of the epistemic uncertainties on the
dynamic response were explored using Harmonic Balance
Method (HBM) and non-intrusive Polynomial Chaos
Expansion (PCE). Numerical results were compared with the
experimental results

Nonlinear flexural vibration of a beam under both the
piezoel ectric actuation and the external |oad was studied [21].
Beam was composed of piezoelectric actuators which were
bonded on top and bottom of the beam in a symmetrical
manner. Lindstedt-Poincare perturbation method was used
for solving the theoretical equations and the analytical results
were validated with the experimental results. Ravi et al [22]
presented an anaytical method for monolithic beams to
determine the longitudinal crack dimensions based on
frequency .The same method was applied for inverted T and
L cracks also. Analytica results were validated with the
finite element analysis results. Dimensions of al types crack
for both isotropic and composite beams was verified with the
experimental studies

Deflection of a cantilever beam of an elastic material
under concentrated load at the free end is studied by
analytically [23]. The same beam model is validated using
various finite element analysis solvers to calculate the
deflection of beams. Analytical and numerical results showed
a good agreement with the experimental results. Horizontal
and vertical deflections of the curved beam were calculated
using analytical expressions [24]. Analytical results were
compared with the finite element analysis and experimental
results. A close correlation was achieved among all the
results.

Ramesh [25] presented a theoretical and experimental
study to predict the static response of laminate composite
beams with open cross sections. A Vlasov-type linear theory
was formulated for analyzing the beams and the effect of
transverse shear deformation was considered in the study.
The beams were tested under torsional and bending loads.
Close correlation was achieved among the experimental and
theoretical results. Daniel studied [26] the flexural
performance of sandwich beams using theoretical models.
Beams were manufactured by joining the unidirectional
epoxy / carbon laminates with aluminum honeycomb cores
using an adhesive film. Experiments were carried out for
measuring the deflection and strain in the beam structure.
Theoretical results were in good agreement with the
experimental results.

[I. PROBLEM DEFINITION

An effort has been made in this study to review the
available literature and to execute experiments for a study of
the nonlinear deflection characteristics of beam conditions of
awide variety with various materials under different loading
scenarios. A detailed collation study was executed among the
numerical results and physical test results
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IIl. CORRELATION STUDY

A. Beam Configurations

Various beam configurations have been considered for
this study. Beam configurations are categorized according to
the end conditions of the beam, material and load setup as
demonstrated in figure 3 and figure 4.

PN PN
q< 285 mm i P 285 mm
70 mm 70 mm.
GUIDED - GUIDED STEEL BEAM GUIDED - GUIDED ALUMINIUM BEAM
CASE -1 CASE -2
PN PN
mm
Lﬂf—m & LM— ]
GUIDED - SIMPLY SUPPORTED STEEL BEAM GUIDED - SIMPLY SUPPORTED ALUMINIUM BEAM
CASE -3 CASE -4

Fig. 3.Different configurations of beam with point load

e Case-1: Guided — Guided steel beam with point load
o Case -2: Guided — Guided aluminum beam with point
load

e Case -3: Guided — Simply supported steel beam with
point load

e Case -4: Guided — Simply supported aluminum beam
with point load

PN 200 mn 8 om — Womm _ 9mm
Pyova Nimm
— —
70mm 70 mm
GUIDED - GUIDED STEEL BEAM GUIDED - GUIDED ALUMINIUM BEAM
CASE -5 CASE -6
PN 200 mm 90m PN 200 o 9mm
P I|I{|{I} Fuowa \ll }I|I
q_ &1 mm q 1 mm
570 mm 570 mm
GUIDED - SIMPLY SUPPORTED STEEL BEAM GUIDED - SIMPLY SUPPORTED ALUMINIUM BEAM
CASE -7 CASE -8

Fig. 4.Different configurations of beam with combined
point load and uniformly distributed load (UDL)

e Case-5: Guided — Guided steel beam with combined
point load and UDL

e Case -6: Guided — Guided aluminum beam with
combined point load and UDL

e Case-7: Guided — Simply supported steel beam with
combined point load and UDL

e Case -8: Guided — Simply supported aluminum beam
with combined point load and UDL

B. Geometry Conditions

A rectangular cross sectional beam is considered in this
study and dimensions parameters considered for the study
are shown in figure 5. Dimensions for cross-sections are in

meters.
1“6\6\
Q’J /

H=200mm

L=570mm
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Fig. 5.Dimensional details of the beam

C. Material Properties
Steel and aluminum specimens are tested in the
experiment forming a part of this study. The mechanical
properties of those specimens are shown in Table I.
Table- I: Mechanical Properties of Beam Specimen

Mechanical Properties Sed MaterlalsAluminum
Density (kg/m®) 7850 2770
Young’s Modulus (GPa) 200 71
Poisson Ratio 0.3 0.33
Yield Strength (MPa) 250 280
Ultimate Strength (M Pa) 460 310

IV. EXPERIMENTAL SETUP

The experimental setup (Test fixture and loading fixture) is
machined and fabricated. To make sure the achievement of
the different end conditions, the support system is modified.
Details are described below.

A. Guided Beam Support

In a guided-guided beam setup, there are two vertical
columns with a dot to facilitate fixing six rollers made of
steel on each side. The entire setup is made of mild steel and
therollers are free to rotate relatively. The beam is placed in
between rollers on each of the sides, such that the beam can
be guided vertically up and down through the slots as shown
in figure 6 with uni- axial tensile testing machine.

B. Guided — Simply Supported Beam Support

In a guided-simply supported beam setup, there is one
vertical column with adlot to facilitate fixing six rollers made
of steel and aroller to support the beam at the other end is
provided. The entire setup is made of mild steel and the
rollers are free to rotate relatively in the guided setup while
the roller on the simply supported end allows for horizontal
displacement of the beam as presented in figure 6 with uni-
axial testing machine.

ST

Published By:
Blue Eyes Intelligence Engineering
& Sciences Publication


https://www.openaccess.nl/en/open-publications

Simulation and Experimental Substantiation of Beam Deflection under Guided End Conditions

C. Loading Fixture

A fixture made up of mild steel is fabricated for applying
both the point load and a uniformly distributed load as shown
in figure 7. A cylindrical rod was bolted on top of the load
distributing beam to enable the transfer of load from the
universal testing machine to the tested beam as acombination
of point load and uniformly distributed load as shown in
figure 8.The point load fixture was made with a rounded end
to enable establishment of a line contact between the beam
and the fixture. The uniformly distributed load fixture had a
flat plate with a rubber padding to establish even contact on
the beam and the load was uniformly distributed all through
the contact region on the beam.

Fig. 7.Loading fixture

]

Fig. 8.Loading fixture with cylindrical rod

D. Validation of Loading Fixture

Confirmation of the experimental setup was made by
theoretical and numerical approaches. A beam with simply
supported end conditions at both endsistaken for the purpose
of validation. A rectangular cross section beam with isotropic
material properties (Steel and auminum) is considered.
Calculation of deflection of beam under various loading
conditions is done experimentally and the results are
compared with theoretical and numerical results.

1. Theoretical approach

The differential equation of the deflection curve (Nash,
2007) for the Euler — Bernoulli beamis
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El (d?y/dx?) =M (1)

Where M= moment due to the applied force, E is Young’s
modulus of elasticity, y=deflection due to loading.

For rectangular beam, | is moment of inertia= bh*/12,
b= beam width, h= beam height or thickness

The following relationship was obtained (Benham,
Crawford & Armstrong, 1997) on the application of the
boundary conditions and solving the equation (1) for the
simply supported beam as shown in figure 9.

Simply Supported with point load

Simply Supported with center load
and Uniform Distributed Load

Fig. 9.Simply supported beam with loading conditions

For center load: 8= FL3/ 48EI 2
For point load and uniformly distributed |oad
Sma= (Wha (3L2%-4&%) / 48EI) + (W,a (3L%-4a7) / 48E1)

©)

Point load of 1000N is applied for steel beam and 500N is
applied for aluminum beam using the point load fixture. For
the combined loading scenario, load of 1000N is applied on
the cylindrical rod of theloading fixture whichin turn applied
as acombination of point load and uniformly distributed load
on the steel and auminum beams.

2. Numerical approach
The simply supported beam with various loading
conditions was solved using FEM for the calculation of
maximum displacement. The stiffness method was used for
the evaluation of the displacements of the beam. The general
finite element equation is below,
{7 =[K]{y} (4
Where, { F} — Global force vector
[K] — Globa stiffness matrix
{u} — Global displacement vector

3. Convergence Study

A convergence study is carried out for the steel beam for
the determination of the appropriate element density. A
simply supported beam of dimensions 570mm X 200mm X
20mm is modeled and material properties are applied using
ANSYS. Nonlinear static analysis is performed by varying
the number of elements as 10, 20,40,60,80,100, and 120.
Beam models used in the study are shown in figure 10. Load
vs. displacement curve is plotted against the number of
elementsin figure 11 and variation in displacement is made
up to 120 numbers of elements. Following that, it remained
constant from 100 to 120 elements.
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The displacement observed remained constant irrespective
of the increase in the number of elements after 120 elements.
So afinite element model consisting of 120 numbers of solid
elementsisused for the deflection analysisin the entire study.

200 mm 9 mm

PN

SIMPLY SUPPORTED- SIMPLY SUPPORTED BEAM

PN
285 mm
570 mm
SIMPLY SUPPORTED -SIMPLY SUPPORTED BEAM

Fig. 10. Simply supported beam models

0.20

0.15 '/N——‘.\‘_"

0.10

Displacement (mim)

0.05

o 20 40 (5] 20 100 120 140
Mumber of Elements

Fig. 11. Convergence study results

4. Experimental Procedure

In order to perform the experiment, the loading fixture
and support setup are arranged for the simply supported -
simply supported beam. Two types of the beam model,
namely, steel and aluminum beams are taken for all types of
loading scenarios. Deflection on the beam is measured by the
inbuilt LVDT sensors on the uni-axial tensile testing
machine. Details have been plotted, compared with FEA
values and theoretical values in a subsequent section of this
paper. The same procedure is repeated for the testing of
guided — guided and guided-simply supported beam
conditions.

V. METHODOLOGY

This topic deals about the finite element modeling of the
beams and simulating them by inputting different material
models and boundary conditions to simulate the different
case setups done experimentally. The beam was modeled
using ANSY S Design Modeler software as a solid model and
ANSY S workbench was used for the analysis in the static
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structural module. The basic workflow of a Finite Element
Analysis methodology is represented like in figure 12.

Experimental Data

1. Material Properties
Geometry Iinputs .
2. Boundary Conditions

Mathematical

CAD Geometry files

Modelling

Validation

_ Chosen variables
il at chosen points

PostPr

Fig. 12. FEA methodology

A. Physical Problem

In this topic the physical problem of the situation has
been described as an outline of how the problemisto be
approached. For this case, the beam is modeled and the
ends of the beam are subjected to different degrees of
freedom and the load is applied through afixture setup.
The fixture setup is modeled as a rigid body to ensure
accurate enactment of experimental setup. Definition of
a suitable contact region between the beam and the
fixture modelsis required.

B. Mathematical Modeling

Mathematical modeling is perhaps the most important and
effort required in the FEM analysis. The mathematical
modeling generally demands alot of user input, accuracy and
time taken for the solution.

Mathematical modeling has three stages, such as,
» Discretization of CAD model
» Application of material properties
*  Application of loads and boundary conditions

C. Material Properties

The material properties deal with the definition of
materials that require application to the model used in this
study. Steel and auminum specimens are tested in
experiments and the same materials are used in the numerical
simulation also. The values of the material properties have
been provided in Table .

D. Loadsand Boundary Conditions

The degrees of freedom at both end of the beam require
definition for the purpose of simulation of the different
supports. The force acting on the beam should also be
established. The following boundary conditions are followed
for each beam setup in the beam analysis.

Guided support - Displacement along the vertical axis
(Guided direction) is permitted and the other two directions
are fixed. The angular motion with respect to the lateral
direction is also permitted. Simply supported setup —
Displacement along the horizontal axis was permitted along
with angular motion with respect to lateral direction is
permitted.
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For the point load scenario, load of 1000N is applied for
the steel beam and for the aluminum beam, load of 500N is
applied. For the combined loading scenario, load of 1000N
and 500N is applied for the steel and aluminum beams. For
the combined loading scenario, load is applied on the
cylindrical rod of the loading fixture which in turn applied as
acombination of point load and uniformly distributed load on
the tested beams.

E. Meshing

The CAD model of the beam is meshed into a finite
number of elements using ANSYS inbuilt meshing
algorithm. The rigid body is not meshed but the interface
between the fixture and the beam contact region is meshed
and interlinked to enable calculation of the force interaction
between them. The meshed model of beam with loading
fixture is shown in figure 13 and the contact region of the
beam is shown in the figure 14. The model is meshed using 8
noded hexahedral elementsin a structured manner. Details of
the mesh provided in the Table II.

Table- 11: Mesh Information

S. No. Description Value
1 Total Nodes 36439
2 Total Elements 9273
3 Total Body Elements 7502
4 Total Contact Elements 1771

200,00 (mm)
200 150,00

Fig. 13. Meshed model

I

Fig. 14. Contact interface region between the fixture
and the beam

VI. RESULTSAND DISCUSSIONS

A. Simply Supported Beam Setup

For validating the loading fixture setup experimental study
is performed for the simply supported beam to predict the
displacement values under different loading scenarios.
Displacement values for the same beam setup under point
load and combination of point load with uniformly
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distributed load are calculated using equations 2 and 3. For

the same beam structure, displacement values are aso

calculated by performing static analysisusing ANSY S 7.
Table- I11: Results Comparison

SNo Beam setup Max.displacement (mm)

with material

Theoretical Experimental Numerical

conditions

A point load at
the center of
the simply
supported
beam
(Aluminum)

0.206 0.17 0.194

A point load at
the center of

2. the simply
supported

beam (Stedl)

0.137 0.12 0.133

A point load
and uniformly
distributed
load on the
simply
supported
beam
(Aluminum)

0.581 054 0.578

A point load
and uniformly
distributed
4. load on the
simply
supported
beam (Sted))

0.194 0.18 0.194

For the different loading scenarios, experimental,
theoretical and numerica results are compared for simply
supported beam and the comparison is shown in Table I11.
Results comparison shows that there is good correlation
among all approaches. The loading fixture is validated on the
basis of this comparison. Based on this validation, the same
loading fixture is considered for the actual study.

For the guided — guided and guided — simply supported
beam setup, experiments are performed under different
loading scenarios. Nonlinear static analysis is performed for
all beam setup for the calculation of the deflection of the
beam under applied loading conditions. Finite element
analysis results are shown in the below figures.

B. Guided — Guided Setup

Deflection results for guided — guided beam with different
materials under point load and the combination of point load
with uniformly distributed load are demonstrated in figure 15
-18. For the guided — guided beam, the maximum deflection
of 0.87mm is observed with aluminum material under 500N
point load and the maximum deflection of 0.97mm is
observed with steel material under 2000N point load.

[T 1T
H

o e

Fig. 15. Guided - guidéé beam“;/m\'/ith aluminum material
under point load

oo 10000 a0
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0.92585 Min

a0 10000

5000 15000

Fig. 16. Guided — guided beam with steel material
under point load

20000 (mem)

For the guided — guided beam, the maximum deflection of
0.53mm is observed with aluminum material under the
combination of point load and uniformly distributed load.
The maximum deflection of 1.15mm is observed with steel
meaterial under the combination of point load and uniformly
distributed load. Since the load value for the aluminum beam
islesser than the load on the steel beam, deflectionislesser in
the auminum beam than the steel beam. This same
phenomenon is also observed for guided — simply supported
beam under the combined loading scenario.

Time:
0-12-2018 1824

053829 Max
053477

200,00 ()

15000

Fig. 17. Guided — guided beam with aluminum material
under point load and uniformly distributed load

Totel Deformation
Type: Total Deformation

30-12-2013 1802

1.1509 Max
11478
1148
1417
11367
11356
11325
11285
11264
1.1234Min

15000

Fig. 18. Guided — guided beam with steel material
under point load and uniformly distributed load

C. Guided — Simply Supported Setup

Deflection results for guided — simply supported beam
with different materials under point load and the combination
of point load with wuniformly distributed load are
demonstrated in figure 19 -22. For the guided — simply
supported beam, the maximum deflection of 0.85mm is
observed with a uminum material under 500N point load and
the maximum deflection of 0.92mm is observed with steel
material under 1000N point load.
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30-12-2018 1607

085484 Max
aTsees
668

Fig. 19. Guided — simply supported beam with
aluminum material under point load

Time:
301220181849

092667 Max
am37
72074
061778
s
aanes

ity
49925¢-6 Min

Fig. 20. Guided — simply supported beam with steel

material under point load

Time: 1
301220131835

—gg 0.57603Max
asum

15000

Fig. 21. Guided — simply supported beam with
aluminum material under point load and uniformly
distributed load

T
30-12-20181814

19535 Max
LEH
agis
070236
058531
Q26226

asstz

ozt

o
5.1427e-5 Min

1) 10000 200,00 (mm)

5000 15000

Fig. 22. Guided — simply supported beam with steel
material under point load and uniformly distributed load
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D. Correlation Study

Finite element analysis results were compared with the
experimental results for both guided — guided and guided —
simply supported beam conditions. The % of error between
those 2 resultsis presented in Table 1V.

Table- 1V: Comparison of Results

Beam setup
with material
conditions

Guided-Guided
1 Point 0.85
(Aluminum)

Deflection (mm)

S.No Error (%)

Experimental FEA

0.87 2.87

Guided-Guided
Point (Steel)

Guided Simply
3. Supported Point 0.83
(Aluminum)
Guided Simply
4. Supported Point 0.85
(Steel)
Guided-Guided
5. Point and UDL
(Aluminum)
Guided-Guided
6. Point and UDL 1.05
(Steel)
Guided Simply
Supported Point
and UDL
(Aluminum)
Guided Simply
8. Supported Point 0.9
and UDL (Stedl)

0.97 7.33

0.85 291

0.92 8.27

0.485 0.53 9.92

1.15 8.77

05 0.57 13.20

1.04 13.74

E. Comparison of Load — Deflection Curve

Load — deflection curves for all the beam conditions under
the different loading scenarios are studied

1. Guided — Guided Setup

Load — deflection curves for the guided — guided beam
with different materials under point load and the
combinations of point load with uniformly distributed load
are shown in figure 23 -26.

Guided - Guided
10

08
06

04 f
02 /

00 /

0 100 200 300 400 500

—— EXPERIMENTAL
—FEA

Deflection (rmm)

Force (N)

Fig. 23. Guided — guided beam with aluminum material
under point load
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Fig. 24.Guided — guided beam with steel material
under point load
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Fig. 25. Guided — guided beam with aluminum material
under point load and uniformly distributed load
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Fig. 26. Guided — guided beam with steel material
under point load and uniformly distributed load

Comparison between experimental results and finite
element analysis results is made and the average error
percentage of deviation between those results under different
loading conditions is as follows.

e Guided — guided beam with aluminum material

e  With centra point load is 2.87%
e  With point load and uniformly distributed load is
9.92%

e Guided — guided beam with steel material
e  With centra point load is 7.33%
e With point load and uniformly distributed load is
8.77%
2. Guided — Simply Supported Setup
Load — deflection curve for the guided — simply supported
beam with different materials under point load and the
combination of point load with uniformly distributed load are
shown in figure 27-30.
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Fig. 27. Guided — simply supported beam with
aluminum material under point load
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Fig. 28. Guided — simply supported beam with
aluminum material under point load

Guided — Simply supported
07
0.6
05
0.4
03
0.2
01
0.0 /

o 100 200 300 400 500

——EXPERIMENTAL
—FEA

Deflection (rmm)

Force (N)

Fig. 29. Guided — simply supported beam with
aluminum material under point load and uniformly
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e With central point load is2.91%
e With point load and uniformly distributed load is
13.20%
e Guided — ssmply supported beam with steel material
e  With central point load is 8.27%
e  With point load and uniformly distributed load is
13.74%

Comparison of the experimental results with the FEA data
shows that the deflection values from the FEA is matching as
closdly as with the experimental results. The values of
deflection show alinear trend which is expected in both the
metal beams since both are tested within their elastic limits.
The percentage of error between the FEA and the
experimental resultsis less than 15%, considered accurately.

VIlI. CONCLUSION

The laboratory testing fixture and loading fixture are
fabricated to enable the prediction of the deflection of beams
with guided end conditions under various loading scenarios.
Validation of both the testing and loading fixture is done
through experiments for a simply supported beam and those
results are weighed against the theoretica and analytical
results. Convergence study also performed for the
determination of the appropriate number of elements and the
same number of elements has been used in the entire study.
Close correlation between the experimental and analytical
deflection results for guided beam conditions was seen.

APPENDIX

It is optional. Appendixes, if needed, appear before the
acknowledgment.
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