Experiment

Objective:
To study experimental and theoretical values of reaction due to loads on contilever beam.

THEORETICAL ANALYSIS

Let us consider the case of a long, thin, canti-lever beam of uniform rectangular cross section made of a linear elastic material, whose weight is W, subjected to a tip load F as shown in Figs 4 and 5. In this study, we assume that the beam is non-extensible and the strains remain small. Firstly, we assume that Bernoulli-Euler's hypothesis is valid, that is, plane cross-sections which are perpendicu-lar to the neutral axis before deformation remain plane and perpendicular to the neutral axis after deformation. Next, we also assume that the plane-sections do not change their shape or area. The Bernoulli-Euler bending moment-curvature relationship for a uniform-section rectangular beam of linear elastic material can be written as follows:

M= EIk

[image: image1.png]Fig. 2. Photograph of the fixation of the beam to a vertical
stand rod by means of 2 multi-clamp using two small metallic
pieces.



where E is the Young's modulus of the material, M and I are the bending moment and the curvature at any point of the beam, respectively, and I is the moment of inertia (the second moment of area) of the beam cross-section about the neutral axis [3±6]. The product EI, which depends on the type of material and the geometrical characteristics of the cross-section of the beam, is known as the flexural rigidity. 

[image: image2.png]Fig. 3. Experimental measurement of the elastica of the
cantilever beam as well as of the vertical displacement of the
free end, &,



EXPERIMENTAL SET-UP

[image: image3.png]Fig. 4. Photograph of the cantilever beam under the action of &
uniformly distributed load 2nd a vertical concentrated load at
the free end, and definition of parameters.



In the laboratory it is possible to design simple experiments in order to analyse the deflection of a cantilever beam with a tip load applied at the free end. For example, Fig. 1 shows a photograph of a system made up of a flexible steel beam of rectangular cross-section built-in at one end and loaded at the free end with a mass. The beam is fixed to a vertical stand rod by means of a multi-clamp using two small metallic pieces, which provide a better support (Fig. 2). The length of the beam is L ˆ0.40 m and it has a uniform rectangular cross-section of width b ˆ0.025 m and height h ˆ0.0004 m. The weight of the beam and the value of the load uniformly distributed over its entire length are W ˆ0.3032 Nand w ˆW/L ˆ0.758 N/m, respectively. 
With this experimental set-up the students can, for instance, determine the vertical deflection of the end free as a function of the applied load, or the shape the beam adopts under the action of that

[image: image4.png]Fig. 5. Scheme of the cantilever beam under the action of &
uniformly distributed load and a vertical concentrated load at
the free end, and definition of parameters.
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force, by using vertical and horizontal rulers as can be seen in Fig. 3. This figure shows the procedure followed to obtain the experimental measurements of the elastic curve of the beam as well as of the horizontal and vertical displacements at the free end. The students can relate these  measurements to geometric parameters of the beam (its length and the moment of inertia of its rectangular cross-section), as well as to the material of which it is made (using Young's modulus). This system is made up of very simple elements and only easy experimental measurements (basically lengths and masses) need be made. In addition, mathematical treatment of the equilibrium of the system does not involve great difficulty [12], however for large deflections a differential equation with a nonlinear term must be solved.

