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Finite Element Model Updating of Simple Beam Considering Boundary Conditions

Se-Hoon Kim', Young-Soo Park’, Nam-Gyu Kim’, Jong-Jae Lee'™

Abstract: In this present study, in order to update the finite element model considering the boundary conditions, a method has been proposed. The
conventional finite element model updating method, updates the finite element model by using the dynamic characteristics (natural frequency, mode
shape) which can be estimated from the ambient vibration test. Therefore, prediction of the static response of an actual structure is difficult. Furthermore,
accurate estimation of the physical properties is relatively hard. A novel method has been proposed to overcome the limitations of conventional method.
Initially, the proposed method estimates the rotational spring constant of a finite element model using the deflection of structure and the rotational
displacement of support measurements. The final updated finite element model is constructed by estimating the material properties of the structure
using the finite element model with updated rotational spring constant and the dynamic characteristics of the structure. The proposed finite element
model updating method is validated through numerical simulation and compared with the conventional finite element model updating method.
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Fig. 3 FE model of simple beam

Table 1 Specific value of parameters and analysis result

KA(N-m/rad) 3e9
Parameter KB(N-m/rad) 8¢9
Elpeam(Relative Stiffness Ratio)* 1.00
1st Bending(Hz) 8.76
Dynamic .
Response 2nd Bending(Hz) 26.12
3rd Bending(Hz) 53.50
BA(rad) 4.81e-4
Static
Response OB(rad) 2.88e-4
6C(mm) 471

* The flexural stiffness of the beam before or after FEMU divided by
the initial flexural stiffness
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Table 3 Comparison of calculated responses
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Table 2 Estimated rotational spring constant by N.N.

Rotational spring constant Ka(N-m/rad) Kp(N-m/rad)
2.89¢9 (-3.67%) 8.31e9 (2.75%)
0.87¢8 2.59¢8

0.03 0.03

Avg.(relative error)
Std.
C.V.

Model Oa(rad) Op(rad) Sc(mm) Ist Bending(Hz) 2nd Bending(Hz) 3rd Bending(Hz)
Target 4.81e-4 2.88e-4 4.71 8.76 26.12 53.50
Conventional 2.46e-4 4.94e-4 4.68 8.80 26.17 53.47
(-48.85%) (71.51%) (-0.69%) (0.48%) (0.20%) (-0.05%)
Boundary condition updated 4.6le-4 2.67e-4 433 9.12 27.36 56.18
by N.N.(relative error) (-4.17%) (-7.37%) (-8.06%) (4.11%) (4.75%) (5.01%)
Proposed(relative error) 4.89¢-4 2.81e-4 4.72 8.75 26.09 53.45
P (1.65%) (-2.52%) (0.22%) (-0.13%) (-0.10%) (-0.10%)
Table 4 Comparison of model updating parameters
KA KB EIBeam
Model
Best* Avg. Std.  C.V. Best Avg. Std. C.V. Best Avg. Std.  C.V.
Target 3.00e9 - - - 8.00e9 - - - 1.00 - - -
Conventional 9.96€9 2.75e9 0.99
(relative error) (232.00%) 5.55¢9 3.31e¢9 0.60 (-65.63%) 5.16e9  2.11e9 0.41 (-1.47%) 1.01  0.03 0.03
Proposed 2.89¢9 8.31e9 1.00
(relative error) (-3.67%) i ) (2.75%) ) i ) (-0.32%) 100004 0.04
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