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Enhancement of Buckling Characteristics for Composite Square
Tube by Load Type Analysis

Seokwoo Ham*, Seungmin Ji*, Seong S. Cheon*"

ABSTRACT: The PIC design method is assigning different stacking sequences for each shell element through the
preliminary FE analysis. In previous study, machine learning was applied to the PIC design method in order to assign
the region efficiently, and the training data is labeled by dividing each region into tension, compression, and shear
through the preliminary FE analysis results value. However, since buckling is not considered, when buckling occurs, it
can't be divided into appropriate loading type. In the present study, it was proposed PIC-NTL (PIC design using novel
technique for analyzing load type) which is method for applying a novel technique for analyzing load type considering
buckling to the conventional PIC design. The stress triaxiality for each ply were analyzed for buckling analysis, and
the representative loading type was designated through the determined loading type within decision area divided into
two regions of the same size in the thickness direction of the elements. The input value of the training data and label
consisted in coordination of element and representative loading type of each decision area, respectively. A machine
learning model was trained through the training data, and the hyperparameters that affect the performance of the
machine learning model were tuned to optimal values through Bayesian algorithm. Among the tuned machine
learning models, the SVM model showed the highest performance. Most effective stacking sequence were mapped into
PIC tube based on trained SVM model. FE analysis results show the design method proposed in this study has
superior external loading resistance and energy absorption compared to previous study.
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Fig. 1. Flowchart of PIC Design with Machine Learning
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Table 2. Performances of Machine Learning Models

Machine Learning Model Predic(toiZ )n Rate RO(Z_’I:;JC
Decision Tree 87.0 0.740
k-NN Classification 87.0 0.746
SVM 90.6 0.746

Table 3. ROC-AUC Value of Machine Learning Models

Madli&iﬁii“mmg TC| sc | ¢T | ¢cs | cc
Decision Tree 0.93 0.57 0.97 0.31 0.92
k-NN Classification | 0.98 | 0.36 | 099 | 0.44 | 0.96
SVM 098 | 036 | 099 | 044 | 0.96
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Table 4. Stacking Sequence of Loading Type

Loading Type Stacking Sequence
T [ 90/0/0],,
C [£5/+45/90],
S [0/0/90]

PIC-NTL
tube

Conventional
PIC tube
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Fig. 6. Force-Displacement Curves

Fig. 7. Effective Stress Contours: (a) Conventional PIC, (b) PIC-
NTL
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