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Fig. 2 Flowchart of the data-driven mechanical modeling method

based on the first principles of elasticity
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Tab.1 Relationship between the values
of Band v, h
q=1/(sinx+2)
" Y 0.1 0.2 0.3 0.4 0.5
0.2 0.0084 0.0089 0.0094 0.0099 0.0104
0.4 0.0334 0.0354 0.0374 0.0394 0.0414
0.8 0.1349 0.1430 0.1512 0.1594 0.1676
1.0 0.2120 0.2247 0.2373 0.2499 0. 2627
g=a*+ 22+ x
h Y 0.1 0.2 0.3 0.4 0.5
0.2 0.0084 0.0089 0.0094 0.0100 0.0105
0.4 0.0339 0.0359 0.0379 0.0400 0.0420
0.8 0.1357 0.1438 0.1518 0.1598 0.1679
1.0 0.2121 0.2246 0.2372 0.2498 0.2624
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Tab. 2 Relationship between the values of 8 and
v, h with loads applied inside the beam
and on the middle line
BT A A AL RN
L Y 0.1 0.2 0.3 0.4 0.5
0.2 0.0088 0.0096 0.0104 0.0112 0.0121
0.4 0.0352 0.0385 0.0417 0.0450 0.0483
0.8 0.1411 0.1543 0.1676 0.1808 0.1940
1.0 0.2205 0.2412 0.2618 0.2824 0.3031
A B AR R 2k
Y 0.1 0.2 0.3 0.4 0.5
h
0.2 0.0090 0.0100 0.0110 0.0120 0.0130
0.4 0.0359 0.0399 0.0440 0.0480 0.0520
0.8 0.1437 0.1598 0.1757 0.1918 0.2079
1.0 0.2234 0.2486 0.2738 0.2991 0.3245
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Data-driven mechanical modeling based on the first principles of elasticity

ZHENG Yong-gang, WU Zhe-tong, ZHANG Han-bo, LIU Zhen-hai,
YE Hong-fei, ZHANG Hong-wu”
(State Key Laboratory of Structural Analysis,Optimization and CAE Software for Industrial Equipment,

Department of Engineering Mechanics, Dalian University of Technology.Dalian 116024 ,China)

Abstract: A data-driven mechanical modeling method based on the first principles of elasticity is proposed
in this paper,which enables the identification of concise mechanical models that can accurately capture
the deformation mechanism from the numerical simulation results of elasticity. Based on the high-
precision data obtained from finite element calculations and the unsupervised data-driven identification
method of Seq-SVF,the governing differential equation to describe the bending deformation in the form
of Timoshenko beam is automatically identified from the load and displacement data,and the expressions
of the shear correction coefficient as a function of structural dimension and mechanical parameters under
three different loading conditions are identified. The results reveal the applicability of classical beam
models in cases of different loading conditions, and a new model is also established. By combining the
first-principle calculation of elasticity with the data-driven paradigm,a new approach is provided for
building and analyzing complex mechanical models, which can overcome the limitations and the strong

dependence on human experience of traditional modeling methods.

Key words: structural mechanics model; data-driven method; equation identification; Timoshenko beam;

first principles
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