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Load Fidelity Improvement of Piecewise Integrated Composite Beam by
Irregular Arrangement of Reference Points

Seok Woo Ham*, Jae Ung Cho*, Seong S. Cheon™'

ABSTRACT: Piecewise integrated composite (PIC) beam has different stacking sequences for several regions with
respect to their superior load-resisting capabilities. On the interest of current research is to improve bending
characteristics of PIC beam, with assigning specific stacking sequence to a specific region with the help of machine
learning techniques. 240 elements of from the FE model were chosen to be reference points. Preliminary FE analysis
revealed triaxialities at those regularly distributed reference points to obtain learning data creation of machine
learning. Triaxiality values catagorise the type of loading i.e. tension, compression or shear. Machine learning model
was formulated by learning data as well as hyperparameters and proper load fidelity was suggested by tuned values of
hyperparameters, however, comparatively higher nonlinearity intensive region, such as side face of the beam showed
poor load fidelity. Therefore, irregular distribution of reference points, i.e., dense reference points were distributed in
the severe changes of loading, on the contrary, coarse distribution for rare changes of loading, was prepared for
machine learning model. FE model with irregularly distributed reference points showed better load fidelity compared
to the results from the model with regular distribution of reference points.
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Table 2. Hyperparameter & machine learning model with load
fidelity at irregular reference points

Fig. 3. Distribution of reference points in one face

Table 1. Hyperparameter & machine learning model with load
fidelity at regular reference points

Machine learning Load fidelity (%)
Model Top Side Bottom
Trees 85.0 60.0 87.5
SVM 73.8 65.0 95.0
k-NN 81.3 70.0 93.8
Bagged trees 81.3 53.8 92.5
RUS boosted tree 81.3 57.5 90.0
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Fig. 5. Irregular distribution of reference points in side face

Machine learning Load fidelity (%)
Model Side
Trees 54.0
SVM 66.0
k-NN 64.8
Bagging trees 74.0
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Table 3. Stacking sequence of load dominant

Dominant Stacking sequence set
Tension [90/0/0] ,
Shear [0/90];5
Compression [£5/£45/90],,

AY
I’
£
210
5
0
0 3 6 9 12 15 18
Displacement [mm]
(@)
300
275 269.5J
260.6J

5250 240.8)
2
g
g
=225
@
=
2200
<

175

150

ex PIC R PIC IR PIC

(®)

Fig. 8. Results of 3 point bending analysis: (a) Force vs displace-
ment curve, (b) absorbed energy
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