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Channel 4

1000 96.25 0.000097 - 19.40 194 Tensile -0.012245339
2000 1925 0.000189 38.80 37.8 Tensile -2.589249325
3002 288.9425 0.000282 58.25 56.4 Tensile -3.169203986
4006 385.5775 0.000377 77.73 75.4 Tensile -2.992461032
5004 481.635 0.000468 97.09 93.6 Tensile -3.594095484
Unload 0.000005 0 1 -
Channel 5
1000 96.25 0.000161 30.54 32.2 Tensile 5.420532876
2000 1925 0.000318 61.09 63.6 Tensile 4,110961039
3002 288.9425 0.000474 91.69 94.8 Tensile 3.387250287
4006 385.5775 0.000685 122.36 137 Tensile 11.96414233
5004 481.635 0.000788 152.84 157.6 Tensile 3.111771336
Unload 0 0.000005 0 1 - -
Channel 6
1000 96.25 -0.000045 -30.54 -9 Compression -239.3814924
2000 1925 -0.00009 -61.09 -18 Compression -239.3814924
3002 288.9425 -0.000134 -91.69 -26.8 Compression -242.1421329
4006 385.5775 -0.000181 -122.36 -36.2 Compression -238.0127162
5004 481.635 -0.000225 -152.84 -45 Compression -239.6529976
Unload 0 -0.000001 0 -0.2 - -
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DATA AND RESULTS {
Dimension of the steel bar: Span
Length, L 455mm
Width, b 19
Height, H 31.63
Moment of Inertia 50103.71527

Channel 1
Percentage
P(N) M(N*m) € (micro strain) | 0 heolMPa) | O ¢\, (MPa) Error
1000 96.25 -0.000158 -30.35 -31.6 Compression 4.110961039
2000 192.5 -0.00031 -60.70 -62 Compression 2.134170639
3002 288.9425 -0.00047 -91.12 -94 Compression 3.163611787
4006 385.5775 -0.000623 -121.59 -124.6 Compression 2.474656255
5004 481.635 -0.000781 -151.88 -156.2 - Compression 2.842612709
Unload 0 0.000003 0 0.6 -
Channel 2
1000 96.25 -0.000099 -19.40 -19.8 Compression -2.04935785
2000 192.5 -0.000195 -38.80 -39 Compression | -0.503155458
3002 288.9425 -0.000295 -58.24 -59 Compression | -1.294627036
4006 385.5775 -0.000391 -77.73 -78.2 Compression | -0.609940946
5004 481.635 -0.000489 -97.90 -97.8 Compression | -0.731810488
Unload 0.000002 0 0.4 - 0
Channel 3
1000 96.25 0.000002 0 0.4 Tensile -
2000 192.5 0.000001 0 0.2 Tensile -
3002 288.9425 0 0 0 Tensile -
4006 385.5775 -0.000001 0 -0.2 Tensile -
5004 481.635 -0.000001 0 -0.2 Tensile -
Unload 0.000003 0.6 - -
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For the load of 200 N, the experimental deformation was -1,84 in the brass beam and x = L/2, so
we have:

1 200 = 0,2275% 200 * 0,455

E= —784+103+323+10° 12 12

*0,2275

E = 299,1*10°

Table 4: Experimental values for E

Brass Steel Aluminum

E

exp E
(GPa)

E
exp
Load, N (GPa) Load, N

Load, N (éf’a)

200,00 |9,91E+10 | 200,00 |8,91E+10 | 200,00 | 1,07E+11
400,00 | 1,08E+11 | 400,00 | 1,39E+11 | 400,00 | 1,03E+11

600,00 | 1,09E+11|600,00 | 1,68E+11|600,00 |1,02E+11

800,00 | 1,10E+11 | 800,00 | 1,88E+11 | 800,00 | 1,02E+11

1000,00 | 1,12E+11 | 1000,00 | 2,03E+11 | 1000,00 | 1,01E+11
Eep

1,07E+11 1,58E+11 1,03E+11
avg.
To calculate the error we use:
E —E
%of error = |—u * 100
ETheo

%error: Brass 1,9%
Steel 21%

Aluminum 47,14%
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To calculate the theoretical deformation at x = L/2 and x = L/4 we use:
1
T 373
I= P bh

In the x =L/2, x =0,2275 m and for x =L/4 we got x = 0,11375m

With the give E for each material (E = 200 GPa - for steel, E = 70 GPa - for aluminum, E = 105
GPa - for brass), we can calculate for the load of 200 N for steel:

200 % 0,2275% 200 * 0,4552
- [ 12 - 12 0,2275]

Ytheo = (200 * 10%) = 3,20 * 10°

Viheo = 0,00092 m

Table 3: theoretical results

. Brass Steel Aluminum
Applied
load Atx=|Atx=|Atx=|Atx=|Atx =]At x =
L/2 1/4 L/2 1/4 L2 1/4

200N |-1.71 -0.86 -0.91 -0.45 -2.45 -1.23
400N | -343 -1.71 -1.84 -0.92 -491 -2.45
600N | 514 -2.57 -2.76 -1.38 -7.336 | -3.68
800N | 686 -3.43 -3.68 -1.84 9381 '|-491
1000N | .8.57 -4.29 -4.60 -2.30 1227 | -6.13

To compare the experimental results with the theoretical results we can calculate E using the
following equation:

1 [Px® P12

—— X

E=3112 12
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And for the cantilever beam:

Deflection of the beam

Applied Load Atx=L Atx=L72
100 g -1,36 -0,46

200 g -2.61 -0,88

300 g 3,88 -1,33

400 g -5,14 -1,74

500 g -6,41 . -2,16

To calculate the deflection of the beam we use:

Integrating both sides:

For M(x) = %

Y - m
dxz - (x)

d’y M(x)
dx2 El

J%-

Jor=[lzz e
Px?
—4—+ c1|dx

1 Px3
Y=Eil12

+cox+ cz]

Using boundary value to find the constant ¢, and c¢a:

Forrx=0&y =0, ;=0

For/x =L &y =,
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3. Procedure ]

In the experiment, the first thing is measure the dimensions of the beam to be analysed at the
moment (steel, brass or aluminum). After that we put the beam in position to be analysed and
make sure that both deformation gauges are in place. When the beam is in the right place and the
gauges are properly reset, the load is applied using a hydraulic load machine, increasing by 200
N till 1000 N and the measure of the gauges is take simultaneously. This methodology is used for

all of the beams.

The second experiment was the cantilever beam: the measure of the specimen is taken and them
the load is applied: 100g up to 500g of maximum load. The deformation is measured in each new
load.

4. Results
The result for the first parte we can see in the tables below the dimensions and the results:

Table 1: dimensions of the beam.

Dimensions Brass Steel Aluminum
Span length, L (mm) | 455 455 455
Width, w (mm) 19,01 19,14 19,31
Height, h (mm) 12,68 12,62 12,89

Table 2: experimental results of the test.

Deflection of beam
Applied load | Brass Steel Aluminum
Atx=L/2 Atx=1/4 Atx=1/2 Atx =14 Atx=1/72 |Atx=V4

200N -1,84 -1,5 -2,06 -1,09 -1,6 -1,27
400N -3,39 -2,62 -2,65 -1,55 -3,33 2,52

600 N -5,03 -3,78 -3,27 -2,01 -5,01 -3,72

800 N 6,61 4,89 3.9 2,48 6,73 4,95
1000 N -8,15 -5,98 -4,52 -2,93 -8,46 -6,17
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1. Objective: ‘

The test of deflection in supported beams and cantilever beam is performed in order to determine
the modulus of elasticity of the material. In this experiment were used: steel, aluminum and
brass. With this test we can see the relationship of the load applied and the deflection of the
beam. \

-

2. Introduction \

When a beam is submitted to a load it will deflect due to this load. This degree of deflection

depends on variables like the place of the load, the place where the load is applied, the moment

of inertia of the beam. It’s very important to determine the equation of this deformation. In the

elastic ~ limit, the curvature of the neutral axis is  obtained Dby
1 M (%)

p EI

Where:
p is radius of curvature
M(x) is bending moment which is a function of x
E is the modulus of elasticity
I is the moment of inertia of the cross section about the neutral axis

Or we can write:

1 d%
p  dx?
x is the distance of a point on the beam
y is the deflection of the beam.
Combining these two equations we have:
Y b -m
dx?z )

By integrating twice the previous equation, we can get the deflection of the beam at any location.
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