Benchmark Example No. 8

Large Deflection of Cantilever Beams II

SOFiSTiK | 2020

VERiFiCATiON
BE8 Large Deflection of Cantilever Beams II
VERiFiCATiON Manual, Service Pack 2020-11 Build 125
Copyright © 2021 by SOFiSTiK AG, Nuremberg, Germany.

SOFiSTiK AG
HQ Nuremberg

Office Garching

Flataustraße 14

Parkring 2

90411 Nürnberg

85748 Garching bei München

Germany

Germany

T +49 (0)911 39901-0

T +49 (0)89 315878-0

F +49(0)911 397904

F +49 (0)89 315878-23
info@sofistik.com
www.sofistik.com

This manual is protected by copyright laws. No part of it may be translated, copied or reproduced, in any form or by
any means, without written permission from SOFiSTiK AG. SOFiSTiK reserves the right to modify or to release
new editions of this manual.
The manual and the program have been thoroughly checked for errors. However, SOFiSTiK does not claim that
either one is completely error free. Errors and omissions are corrected as soon as they are detected.
The user of the program is solely responsible for the applications. We strongly encourage the user to test the
correctness of all calculations at least by random sampling.

Front Cover
Project: Queensferry Crossing | Photo: Bastian Kratzke

Large Deflection of Cantilever Beams II

Overview
Element Type(s):

B3D, SH3D

Analysis Type(s):

STAT, GNL

Procedure(s):

LSTP

Topic(s):
Module(s):

ASE

Input file(s):

moment beam.dat, moment quad.dat
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Problem Description

The cantilever beam of Benchmark Example No. 7 is analysed here for a moment load, as shown in
Fig. 1, with both beam and quad plane elements. The accuracy of the elements is evaluated through
the deformed shape of the beam retrieved by limit load iteration procedure.
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Figure 1: Model Properties
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Reference Solution

The classical problem of deflection of a cantilever beam of linear elastic material, is here extended for
the case of a moment applied at the beam tip. The concentrated moment causes the beam to wind
around itself, i.e. deflect upwards and bend towards the built-in end. The analytical solution can be
derived from the fundamental Bernoulli-Euler theory, which states that the curvature of the beam at any
point is proportional to the bending moment at that point [1]. For the case of pure bending, the beam will
bend into a circular arc of curvature R

R=

E
,

(1)

M

and will wind n times around itself [2]

ML
E

= 2πn,

(2)

where  is the moment of inertia, E the Elasticity modulus and M the concentrated moment applied at
the tip.
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Model and Results

The properties of the two models analysed are defined in Table 1. For the moment load, the deformed
shape of the structure for quad elements at various increments throughout the steps, are shown in Fig.
2. According to the analytical solution and the moment load applied, the cantilever is expected to wind
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around itself n = 2.
Table 1: Model Properties
Material Properties

E = 100 MP

Geometric Properties

Geometric Properties

Beam elements

Quad elements

 = 10 m

 = 10 m

D = 0.2 m

B = 0.3 m

t = 0.01 m

t = 0.10261 m

Loading

M = 3.38478 kNm

Figure 2: Deformed Structure - Quad Elements

Figure 3: Final Deformed Shape of Cantilever with Quad Elements

Figure 4 presents the load - deflection curve for the horizontal and vertical direction for the two cases.
From the final deformed shape of the beam (Fig. 3), it is evident that the cantilever achieves n ≈ 2, which
can also be observed at the second load-deflection curve where the vertical displacement becomes zero
twice.
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Beam Elements

Quad Elements
Figure 4: Load - Deflection Curve
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Conclusion

This benchmark shows the classical problem of a cantilever beam undergoing large deformations under
the action of a moment load applied at the tip. The accuracy of the deformation solution for the quad
and beam elements is evident.
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