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Deformation Field Reconstruction Algorithm of Frame Structure Based on
iBeam3 Element
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Abstract: Structural deformation, as one of the important indicators of structural health monitoring, is crucial
for evaluating structural strength performance. In practical engineering, due to engineering use and other
factors, the number and placement of strain sensors are limited, resulting in reduced accuracy of structural
deformation reconstruction. To address the above problem, this paper proposes a strain field reconstruction
algorithm based on two-node inverse beam elements. First, the structure 1s discretized using two-node beam
elements. An error function is constructed based on the principles of Timoshenko beam theory and least
squares error theory, which evaluates the discrepancy between the theoretical strains within the element and
the measured strains. The strain field distribution of the structure is reconstructed using discrete strain
measurement points, and this serves as the foundation for reconstructing the structural deformations. The
effectiveness of the algorithm is validated through simulations in ABAQUS and experimental tests. The
results indicate that the algorithm can effectively reconstruct structural deformations even with a limited
number of strain measurement points, reducing the relative error by 5% compared with directly using the
strain data from measurement points. It has significant implications for structural health monitoring.
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Fig.2 Schematic diagram of strain measurement
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Fig.4 Beam element division scheme (ten points)
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Fig.5 Comparison of results of finite element and inverse fi-

nite element displacement reconstruction (ten points)

U3 /mm U3 /mm
1 1
0 0
1 =i
2 -2
> L g®|
o 7 |
=5 55
-6 -6
(a) FEM simulation of U3 (b) iFEM reconstruction of U3

deformation cloud image deformation cloud image
K6 A MRocS w4 ROCE MY = E H
Fig.6 Comparison of finite element and inverse finite

element reconstruction deformation contours

AT 5.6 A] 15, K T iBeam3 B G 1Y ¥ A FR
JCYE AT DA R M (T SR AR Y o O T B RS o b
WAL A B IC 5 HARTE 5 36 A R oo A AR B 22 (8] Y
TR 22, SR AR B 40 L 158 25 B8 %o 3 3 vk ik A 7
AL TS, BAR TR A = (13) s .

Uiﬂ-:M* UFEM

2 b AR B, A AR Y R KT R Y A R
£ h 0.875% , F- ¥ M X 15 25 Ky 4.367 %, Hovh &R 4
AT AR I B /N S O X AR 25 i K R T A
o FESEPR TRER i T TR R &N &, N A

o= X 100% (13)

S 0 22 2 B e A B A2 B, AT B A A T
A ROR BEAR o LA L3 ] S 5% S {91, o 107 A% ) A

LN A NS | 6/|\HT,/\E1"J>«515'E11DI§I 8
J7N o

F Pl 8 T A, 214 1o A 0l o 50 ey D e, AR T F AR K
RAE TR, AR ERT AMHTIREERDT
6.554 %0, IRER K. N TS AL EAERE 20T

B 7 BRETTR 5T 2 (6 I A

Fig.7 Beam element division scheme (six points)
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Fig.8 Comparison of results of finite element and inverse fi-

nite element displacement reconstruction (six points)
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Fig.10  Strain reconstruction comparison curves
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Fig.16 Deformation reconstruction test system
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