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Bending and large deflection behaviors of free horizontally moving supported beam

subjected to self-weight and compression at the end
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Abstract

This research presents bending and large deflection behaviors of the beams with horizontally moveable support
subjected to self-weight and compressive force at a beam tip. A variational formulation of a beam system has been
developed based on principle of virtual work, which is written in term of intrinsic coordinate. The geometric relation of
deformed infinitesimal length of the beam is derived by considering the elastica theory. The non-linear finite element
method incorporated with the Newton-Raphson iterative procedure is used to solve the numerical solution. In addition,
the set of nonlinear first-order differential equations obtained from the force and moment equilibrium, moment-curvature
relationship, and nonlinear geometric relations of the beam segment, which is categorized as two- point boundary value

problem is numerically solved by using the shooting method. Then the numerical results from the finite element method
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are independently verified by those results from the shooting method. The results also show that the beam self-weight

and the compressive force at the beam tip cause the support movement, which induce large deflection.

keywords

large deflection, newton-raphson, finite element method, shooting method, virtual work principles.
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f) eA (_HB) 9max A
B
FEM SM FEM SM FEM SM
0 0.244131 0.244131 0.075877 0.075877 0.014445 0.014444
10 1.085405 1.085402 0.304852 0.304854 0.277224 0.277223
20 2.138747 2.138950 0.401146 0.401161 0.914898 0.914981
30 2.544136 2546110 0.360806 0.360798 1.187361 1.187470
40 2.746523 2.744961 0.321174 0.321043 1325700 1326078
50 2.863648 2.861484 0.290077 0.289927 1410305 1410658
60 2.937487 2.933427 0.265773 0.265550 1468485 1468866
70 2.986755 2981718 0.246362 0.246040 1511666 1512067
80 3.021007 3.014852 0.230490 0.229902 1.545429 1.545881
90 3.045588 3.036534 0.217241 0.215575 1572822 1573328
100 3.063684 3.050210 0.205984 0.201084 1.595665 1.596199
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M19°99 2 WaNIIATIERBsunEliumTnAILNgY wazuseda (Py) wiriu 10 waz 40

~ A A

f)B w N (_HB) Y max A M ax Vinax T A
2 0.834513 0.246649 0.167729 2.658104 8.131653 9.951580 1.0

4 0.988974 0.283686 0.232292 3.175398 9.495158 9.948467 2.0

10 6 1.085405 0.304852 0.277224 3.510014 10.273837 9.959841 3.0
8 1.154793 0.319119 0.311716 3.759394 10.779705 9.982337 4.0

10 1.208318 0.329573 0.339582 3.958685 11.126048 10.014832 5.0

2 2779164 0.314797 1.336959 12.447962 41.044200 40.854610 1.0

4 2.7162760 0.318019 1.331341 12.408093 41.067785 40.846339 2.0

40 6 2.746523 0.321174 1.325700 12.368899 41.093491 40.838345 3.0
8 2.730460 0.324264 1.320042 12.330394 41.121339 40.830622 4.0

10 2.714578 0.327286 1.314372 12.292590 41.151348 40.823167 5.0
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f)B O, (_HB) Y max A M, Vinax T

10 1.085405 0.304852 0.277224 3.510014 10.273837 9.959840
15 1.749379 0.397314 0.658290 6.040493 15.361216 14.731980
20 2.138747 0.401146 0.914898 7.863321 20.751799 19.902470
40 2.746523 0.321174 1.325700 12.368900 41.093491 40.838340
100 3.063684 0.205984 1.595665 20.151224 125.108246 107.279720
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