Name _______________________ Student number________________

MEC-E8001 Finite Element Analysis, week 7/2019
BUCKLING OF A BEAM
In the modelling assignment, (1) hand calculation, (2) simulation by Mathematica code of the course, and (3) experiment, are used to find the buckling force of the structure in Fig.1. There, the joints of the beam allow the ends to rotate freely. The slider-threaded bar-wrench system is used to control the horizontal position of the right end joint. The readings of the force gauge and ruler of the set-up give the horizontal force component acting on the right end joint as function of the joint position. 
[image: image1.jpg]R R AR ARTIA O H RO R A O (e i

wedeaaee

T BAARARARRRARRRRPPeerrrrr e

# A A b A ppgrERPREY ry 4 L.




(a)
[image: image17.jpg]N S

B T T pee——
3-8, g " 3





(b)

[image: image2.jpg]ER———-EEE L L e

T

e < § t-“ "
p N L ’

s ¥ SN
Lo “ 5 ]
hlm 4 -‘.-:i‘rﬁ; S

N e - B & oo p





(c)
Figure 1. (a) Set-up of the modelling assignment. (b) Slider-threaded bar-wrench system. (c) Position indicator. 
Buckling experiment takes place in the basement testing hall of Puumiehenkuja 5A on Mon 11.2 and on Wed 13.2. Sign up for the experiment in Oodi. Follow the signs from the K3 building lobby (Puumiehenkuja 5A) at the day of the experiment. Reporting of the modelling assignment consists of this assignment paper supplemented with data in Tab. 1 and Appendix A, B, C, D. Return the report through the modelling assignment drop-box of MyCourses home page on Sun 17.02 23:55 at the latest.

Table 1. Critical loading by (1) hand calculation, (2) stability analysis by FEM, and (3) experiment. 
	Method
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 [N]

F



	Hand calculation
	

	FEM analysis
	

	Experiment
	


HAND CALCULATION
In the simplified analysis, the axial force acting on the beam is deduced directly by using the equilibrium of the moving joint and the analytical expression for the buckling force of a simply supported beam. Derive the expression of critical value 
[image: image4.wmf]cr

F

 as the function of the geometrical and material parameters of the structure E, d, L, b, t, and α (Fig. 2). Give the derivation of the expression in Appendix C. Finally, use the formula, the measured geometrical parameters, and material properties for steel to calculate the critical force value according to hand calculation. Place the value into Tab. 1.
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Figure 2. Geometrical parameters and element division. Width of the beam in 
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direction is b. Thickness of the beam is t.
NUMERICAL CALCULATION

In the numerical analysis, finite element method and the Mathematica code of MEC-E8001 (week 7, modelling assignment) is used to find the buckling force. Write the problem description tables for the five-element structure in Fig. 2 in terms of the problem parameters E, ν, d, L, b, t, α, and F and the value rule for the parameters. Assume that the beam is straight and the joints are on the axis. Copy-and-paste the formatted element and node tables into Appendix D as the report for this part. Use the code and the value rule to find the critical value of the loading parameter and place the value into Tab. 1.
EXPERIMENT

During the experiment, the joint in Fig. 1c is moved to the ruler positions in Tab. 2 of Appendix A and the corresponding force value is recorded. The starting position should be adjusted to have as  small axial force in the beam as possible (the joints are somewhat loose). At the end position, the line connecting the joints is vertical and the force value should be small (zero) again. After that, the same is repeated backwards to the starting position. The capacity of the force gauge is 500N, which should not be exceeded (watch the force value on display). Finally, estimate the buckling force from the measured displacement-force curve and place the experimental critical value 
[image: image6.wmf]cr

F

 into Tab. 1.
Measure the geometrical parameters d, L, b, t, α and place the values into the table of Appendix B. Place also the values of the material parameters of the beam (steel) into the table.
Appendix A. Measured position-force relationship. The starting position (about 80 mm) should be adjusted to have as small axial force in the beam as possible (then the joints are somewhat loose).
	N:o
	u (ruler) [mm]
	F [N] 
	F [N]

	1
	
	
	

	2
	90
	
	

	3
	100
	
	

	4
	110
	
	

	5
	120
	
	

	6
	130
	
	

	7
	140
	
	

	8
	150
	
	

	9
	160
	
	

	10
	170
	
	

	11
	180
	
	

	12
	190
	
	

	13
	200
	
	

	14
	220
	
	

	15
	240
	
	

	16
	260
	
	

	17
	280
	
	

	18
	300
	
	

	19
	320
	
	

	20
	340
	
	

	21
	360
	
	

	22
	380
	
	

	23
	400
	
	

	24
	420
	
	

	25
	440
	
	

	
	
	
	

	
	
	
	


Appendix B. Dimensions (see Fig.1 for the definitions) and material properties. The initial angle is calculated at the position where force F vanishes (the joints are somewhat loose). 
	Parameter
	Symbol
	Value

	Beam length [m]
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	Grip length [m]
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	Beam thickness [m]
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	Beam width [m]
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	Initial angle [-] 
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	Young’s modulus  [N/m2]
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	Poisson’s ratio  [-]
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, 
Appendix C. Simplified expression for the critical value 
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 as the function of the geometrical and material parameters of the structure.

Appendix D. Problem description tables of Mathematica code
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