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Fig. 1 (a) schematic model of a cantilever beam; (b) schematic diagram of the force on

a representative element volume of the beam
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Fig. 4 Comparison of the beam deflections between experiments and theories (before correction) under small and me-
dium weights: (Left) span-height ratio is smaller than 5; (Right) span-height ratio is higher than 5. Euler-S and Eul-
er-M are the theoretical solutions of the Euler-Bernoulli beam under small and medium weights, respectively; Timo-S
and Timo-M are the theoretical solutions of the Timoshenko beam under small and medium weights, respectively;

Timo-S and Timo-M are the experimental data with small and medium weights, respectively
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Fig. 5 Comparison of the beam deflections between experiments and theories (before correction) under large
weight: (Left) span-height ratio is smaller than 5; (Right) span-height ratio is higher than 5. Euler-L is the theo-
retical solution of the Euler-Bernoulli beam under large weight, Timo-L is the theoretical solution of the Timoshen-
ko beam under large weights, and Exp-L is the experimental data
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and medium weights: (Left) span-height ratio is smaller than 5; (Right) span-height ratio is higher than 5
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Tab.1 Relative errors between experimental data and theoretical results of the two beam theories
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4 3. 155 5.19 4.90 6.59 0.12 0.19 1. 60
5 3.943 3.55 3. 80 2.28 0.05 0.31 1.26
6 4,732 3. 45 2.08 3.11 0.91 0. 50 0. 55
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19 14,984 0.53 3.91 0.56 0.17 0.03 0. 20
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Bending deformation analysis and experimental teaching
discussion based on different beam models

WANG Zhengzhi, YAN Shuogeng, WANG Kun,
GAO Enlai, SHUI Langquan, HE Yong, HUANG Kai

(Department of Engineering Mechanics, School of Civil Engineering, Wuhan University, Wuhan 430072, Hubei, China)

Abstract: The bending deformation of beam is one of the core contents of basic mechanics. The
deformation analysis in previous experimental teaching is usually based on Euler-Bernoulli beam
model, while the Timoshenko beam that commonly adopted in engineering is rarely involved. The
monotony and limitation of the bending deformation teaching undoubtedly lag behind the current
development trend of mechanical science training. In order to make undergraduates deeply understand
the beam bending theory and master more comprehensive experimental techniques, a set of high-
precision cantilever-beam-based experimental system was built based on theoretical analysis and
optimization design, which can verify the deformation theories of two types of beams (i. e. Euler-
Bernoulli beam and Timoshenko beam). Through displacement calibration and accurate measurement
of the bending deformation, the accuracy and applicable conditions of the two beam theories were
validated. It was found that when the span to height ratio at the point of concentrated force was
smaller than 5, the measured values were in good agreement with the theoretical ones for the
Timoshenko beam. While when the span to height ratio was higher than 5, the difference between the
two theories gradually decreased and the Euler-Bernoulli beam theory could be adopted. Based on the
experimental system, the mechanics teaching experiment was designed and preliminary practices and
evaluations were carried out. The results show that the course clarifies the influence of shear
deformation on beam bending deformation, and deepens students’ understanding of beam model types
and corresponding assumptions. The interactive teaching and self-designed measurement greatly
improved the students’ abilities to solve the practical engineering problems.

Keywords: basic mechanics; beam model; cantilever beam; experimental platform; teaching experi-

ment



