


Objective
	The goal of this experiment is to determine the theoretical deflection of different beams in order to determine the modulus of elasticity of three materials: Aluminum, Steel and Brass and then compare it to experimental values.
Introduction 
	When a beam is subjected to a transverse load, one can measure the deflection of the beam and by taking in consideration the magnitude, the location and the length span, various material properties can be found. It is common to assume that a higher deflection will take place in a longer beam. Deflection of a simply supported beam can be found through the derivation of the following formula :



Where:		=Radius of curvature
M= Bending moment
E= Modulus of elasticity
I= Moment of inertia

Materials and methods
All procedures were done according to ENGR 244 lab manual pages 18 to 24 and no modifications were made (Concordia Engineering Department 2015).
Results and Calculations
	Dimensions
	Brass
	Steel
	Aluminum

	Span Length, L (mm)
	455.00
	455.00
	455.00

	Width, w (mm)
	19.05
	19.09
	19.12

	Height, h (mm)
	12.77
	12.79
	12.81



	Cantilever Beam
	Brass
	Steel
	Aluminum

	Span, L (mm)
	250.00
	250.00
	250.00

	Height, h (mm)
	3.25
	3.58
	3.20

	Width, w (mm)
	19.16
	19.02
	19.11







	Cantilever Beam

	Brass

	Load (g)
	X=L deflection (mm)
	X=0.5L deflection (mm)

	
	
	

	0
	0
	0

	100
	-1.26
	-0.42

	200
	-2.42
	-0.8

	300
	-3.59
	-1.19

	400
	-4.77
	-1.58

	500
	-5.83
	-1.94











	Cantilever Beam

	Steel

	Load (g)
	X=L deflection (mm)
	X=0.5L deflection (mm)

	
	
	

	0
	0
	0

	100
	-0.61
	-0.19

	200
	-1.16
	-0.37

	300
	-1.68
	-0.54

	400
	-2.24
	-0.74

	500
	-2.74
	-0.92




	Cantilever Beam

	Aluminum

	Load (g)
	X=L deflection (mm)
	X=0.5L deflection (mm)

	
	
	

	0
	0
	0

	100
	-1.57
	-0.52

	200
	-2.99
	-0.99

	300
	-4.42
	-1.46

	400
	-5.88
	-1.94

	500
	-7.36
	-2.42



Simply-Supported Beams:




	==
By integrating twice:

y=


With C1 = - and C2 = -

We get: Y= 
For x = L/2 (Mid-Span)



Y= == -
For x = L/4 (Quarter-Span)



Y= == -

Sample Calculation
		For steel:
	



	Theoretical Moment of Inertia (10^-9 m^4)

	Brass
	Steel
	Aluminum

	3.31
	3.33
	3.35









For mid span: 

For quarter span: 

Then the theoretical deflection for x at the mid span:




	
	Theoretical Values

	Load (g)
	Brass
	Steel
	Aluminum

	
	at x = L/2
	at x = L/4
	at x = L/2
	at x = L/4
	at x = L/2
	at x = L/4

	200 N
	-1.13
	-0.78
	-0.59
	-0.41
	-1.67
	-1.15

	400 N
	-2.26
	-1.55
	-1.18
	-0.81
	-3.35
	-2.30

	600 N
	-3.39
	-2.33
	-1.77
	-1.22
	-5.02
	-3.45

	800 N
	-4.52
	-3.11
	-2.36
	-1.62
	-6.69
	-4.60

	1000 N
	-5.65
	-3.88
	-2.95
	-2.03
	-8.37
	-5.75



	Experimental Values

	Load (g)
	Brass
	Steel
	Aluminum

	
	at x = L/2
	at x = L/4
	at x = L/2
	at x = L/4
	at x = L/2
	at x = L/4

	200 N
	-1.35
	-0.96
	-0.65
	-0.5
	-1.74
	-1.26

	400 N
	-2.95
	-2.1
	-1.28
	-0.97
	-3.68
	-2.63

	600 N
	-4.57
	-3.26
	-1.95
	-1.47
	-5.6
	-3.99

	800 N
	-6.25
	-4.46
	-2.66
	-1.98
	-7.52
	-5.36

	1000 N
	-7.97
	-5.68
	-3.42
	-2.53
	-9.47
	-6.73








Using the Formulas: 
For x = L/2 (Mid-Span)


Y =   E = 
For x = L/4 (Quarter-Span)


Y =   E = 

	Theoretical Modulus of Elasticity

	Load (g)
	Brass
	Steel
	Aluminum

	
	at x = L/2
	at x = L/4
	at x = L/2
	at x = L/4
	at x = L/2
	at x = L/4

	200 N
	105.027
	104.51
	200.11
	197.64
	70.16
	69.98

	400 N
	104.981
	105.19
	199.94
	200.08
	69.95
	70.01

	600 N
	104.996
	104.96
	199.99
	199.26
	70.02
	69.99

	800 N
	105.004
	104.85
	200.02
	200.08
	70.05
	69.98

	1000 N
	105.008
	105.05
	199.97
	199.58
	69.99
	70.00

	Average E
	105.003
	104.91
	200.01
	199.33
	70.03
	69.99

	
	104.958
	199.67
	70.01



	Error In Modulus Of elasticity 

	Beam Material
	Brass
	Steel
	Aluminum

	Published Value (GPa)
	105.00
	200.00
	70.00

	Experimental Value (Gpa) 
	104.958
	197.67
	70.01

	Percentage Error (%)
	0.040
	1.165
	0.014








Part 2: Cantilever Beam
	Cantilever Beam

	Cantilever Beam
	Brass
	Steel
	Aluminum

	Span, L (mm)
	250.00
	250.00
	250.00

	Height, h (mm)
	3.25
	3.58
	3.20

	Width, w (mm)
	19.16
	19.02
	19.11




Y=
For x = L



Y==  = 
For x = L/2


Y==

Sample Calculations:
	Applied force: 9.81 * (100/1000) = 0.98 N

	Moment of Inertia for Brass: = 54.81 mm4 = 5.481 x 10-11 m4
	At X = L => Using the above formula => Y=0.8869 mm
	At X = L/2 => Using the above formula => Y=0.2771 mm
	Deflection of Cantilever Beam Brass

	Applied 
	Applied 
	Moment of 
	Experimental
	Theoretical

	Load (gm)
	Load (N)
	Inertia (mm4)
	at x = L
	at x = L/2
	at x = L
	at x = L/2

	100
	0.98
	54.811
	-1.26
	-0.42
	0.887
	0.277

	200
	1.96
	54.811
	-2.42
	-0.8
	1.774
	0.554

	300
	2.94
	54.811
	-3.59
	-1.19
	2.661
	0.831

	400
	3.92
	54.811
	-4.77
	-1.58
	3.548
	1.109

	500
	4.91
	54.811
	-5.83
	-1.94
	4.444
	1.389



	Deflection of Cantilever Beam Steel

	Applied 
	Applied 
	Moment of 
	Experimental
	Theoretical

	Load (gm)
	Load (N)
	Inertia (mm4)
	at x = L
	at x = L/2
	at x = L
	at x = L/2

	100
	0.98
	72.724
	-0.61
	-0.19
	0.351
	0.110

	200
	1.96
	72.724
	-1.16
	-0.37
	0.702
	0.219

	300
	2.94
	72.724
	-1.68
	-0.54
	1.053
	0.329

	400
	3.92
	72.724
	-2.24
	-0.74
	1.404
	0.439

	500
	4.91
	72.724
	-2.74
	-0.92
	1.758
	0.549









	Deflection of Cantilever Beam Aluminum

	Applied 
	Applied 
	Moment of 
	Experimental
	Theoretical

	Load (gm)
	Load (N)
	Inertia (mm4)
	at x = L
	at x = L/2
	at x = L
	at x = L/2

	100
	0.98
	72.724
	-1.57
	-0.52
	1.381
	0.431

	200
	1.96
	72.724
	-2.99
	-0.99
	2.761
	0.863

	300
	2.94
	72.724
	-4.42
	-1.46
	4.142
	1.294

	400
	3.92
	72.724
	-5.88
	-1.94
	5.523
	1.726

	500
	4.91
	72.724
	-7.36
	-2.42
	6.918
	2.162



	Applied
	Applied
	Moment of
	Deflection exp. (mm)
	Modulus of Elasticity (GPa)

	Load (gm)
	Load (N)
	Inertia (mm4)
	at x = L
	at x = L/2
	at x = L
	at x = L/2

	100
	0.98
	72.724
	-0.61
	-0.19
	115.0581
	200

	200
	1.96
	72.724
	-1.16
	-0.37
	121.0094
	200

	300
	2.94
	72.724
	-1.68
	-0.54
	125.3312
	200

	400
	3.92
	72.724
	-2.24
	-0.74
	125.3312
	200

	500
	4.91
	72.724
	-2.74
	-0.92
	128.337
	200

	Average experimental Modulus of elasticity (GPa)
	161.5

	% error from 200GPa Published Value (%)
	19.25















Discussion & Conclusion
1. Compare the theoretical deflections with the experimental values.
· Determine the accuracy of the theoretical equations.
· Does the accuracy depend on the type of material, load machine, beam configuration? Discuss.
In comparing the theoretical deflection and the experimental values, it was found that the percent difference of the modulus of elasticity for brass, steel and aluminum are 0.04%, 1.16% and 0.014% respectively. These results are incredibly accurate, it could be said that suspiciously accurate. Nonetheless, this is proof that the measurements taken in the laboratory yielded accurate and precise data. Some discrepancies in the results could arise from errors in reading or measuring the dimensions, bad positioning of the beam, the precision of the measuring tools, the sample and its integrity and its fatigue.
2. Comparing the modulus of elasticity, there is a much bigger difference in between the theoretical and experimental. The perfect differences for brass, steel and aluminum are 17%, 19% and 23% respectively. This could be due to the positioning of the weights on the cantilever setup as they were not stable and the difficulty in reading the measurement.

[bookmark: _GoBack]In conclusion, this laboratory can be deemed successful due to its rather low percent differences. As a lesson, one can learn that a bad design of a beam can have large consequences on its integrity and can cause failure in it.
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Load Vs. Deflection of Brass at Mid-Span 

Theoretical	200 N	400 N	600 N	800 N	1000 N	-1.1292904498153744	-2.2585808996307488	-3.3878713494461232	-4.5171617992614976	-5.646452249076872	Experimental	200 N	400 N	600 N	800 N	1000 N	-1.35	-2.95	-4.57	-6.25	-7.97	Load (N)


Deflection (mm)




Load Vs. Deflection of Steel at Mid-Span 

Theoretical	200 N	400 N	600 N	800 N	1000 N	-0.58931666041041064	-1.1786333208208213	-1.7679499812312314	-2.3572666416416426	-2.9465833020520527	Experimental	-0.65	-1.28	-1.95	-2.66	-3.42	Load (N)



Deflection (mm)




Load Vs. Deflection of Aluminum at Mid-Span 

Theoretical	200 N	400 N	600 N	800 N	1000 N	-1.6737095771144284	-3.3474191542288567	-5.0211287313432846	-6.6948383084577134	-8.3685478855721396	Experimental	-1.74	-3.68	-5.6	-7.52	-9.4700000000000006	Load (N)


Deflection (mm)




Load Vs. Deflection of Cantilever at x = L of Brass

Experimental	100	200	300	400	500	-1.26	-2.42	-3.59	-4.7699999999999996	-5.83	Theoretical	100	200	300	400	500	-0.88690222789839646	-1.7738044557967929	-2.6607066836951896	-3.5476089115935858	-4.4435611622256408	Load (N)


Deflection (mm)




Load Vs. Deflection of Cantilever at x = L/2
 of Brass

Experimental	100	200	300	400	500	-0.42	-0.8	-1.19	-1.58	-1.94	Theoretical	100	200	300	400	500	-0.27715694621824899	-0.55431389243649798	-0.83147083865474669	-1.108627784872996	-1.3886128631955126	Load (N)


Deflection (mm)




Load Vs. Deflection of Cantilever at x = L of Steel

Experimental	100	200	300	400	500	-0.61	-1.1599999999999999	-1.68	-2.2400000000000002	-2.74	Theoretical	100	200	300	400	500	-0.35092725005958603	-0.70185450011917205	-1.0527817501787582	-1.4037090002383441	-1.7582171406046605	Load (N)


Deflection mm)




Load Vs. Deflection of Cantilever at x = L/2
 of Steel

Experimental	100	200	300	400	500	-0.19	-0.37	-0.54	-0.74	-0.92	Theoretical	100	200	300	400	500	-0.10966476564362063	-0.21932953128724125	-0.32899429693086191	-0.43865906257448251	-0.54944285643895641	Load (N)


Deflection (mm)




Load Vs. Deflection of Cantilever at x = L
 of Aluminum

Experimental	100	200	300	400	500	-1.57	-2.99	-4.42	-5.88	-7.36	Theoretical	100	200	300	400	500	-1.3807359717225272	-2.7614719434450543	-4.1422079151675817	-5.5229438868901086	-6.9177690011812336	Load (N)


Deflection (mm)




Load Vs. Deflection of Cantilever at x = L/2
 of Aluminum

Experimental	100	200	300	400	500	-0.52	-0.99	-1.46	-1.94	-2.42	Theoretical	100	200	300	400	500	-0.43147999116328983	-0.86295998232657967	-1.2944399734898693	-1.7259199646531593	-2.1618028128691358	Load (P)


Deflection (mm)
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