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Machine Learning-based Predictive Model for Cross-sectional
Properties of Pultruded Hybrid Composite Structure

Chaeyoung Hong*, Kyeong-Bae Seo**, Wooseok Ji*'

ABSTRACT: This study developed a machine learning model to predict the cross-sectional properties of pultruded
hybrid composite structures. The model aims to optimize the mechanical performance of these structures, which
depends on factors such as material properties, layer thickness, fiber volume fraction, and cross-sectional shape. The
machine learning model takes 5 cross-sectional variables and 8 material property variables as inputs to predict 4 cross-
sectional property variables. To generate the training data for the model, a finite element-based 2D cross-sectional
analysis model was employed. The accuracy of the 2D model was validated against a 3D finite element analysis,
showing a maximum error of 0.56%. With 50,000 training samples, the trained feed-forward neural networks achieved
an average error of 1.6%. This model is expected to be valuable during the design phase of beam-shaped components
using various materials, even without any analysis software.
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Table 1. Deformation behavior according to the cross-sectional
center

Cross-sectional properties Type of Load U, U, u, hy by ¢,

Tension center F, 174 0,02 002 0 -1.32 117
Shear center F; 004 003 240 000 -633 01
Principal bending axes My 0 -004 -507 0 2532021
orientation angle M; 0 062 004 0 021 311
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Table 2. Comparison of cross-sectional stiffness calculated from
2-D and 3-D models

Cross-sectional stiffness ~ 2-D cross-section model 3-D model Error (%)
EA 2.306E+08 2304E+08 + 0.08
af 5.842E+09 5.875E+09 - 0.56
Ely 6.326E+10 6.318E+10 +0.13
Ely 3ATIE+11 S151E+11 +0.39
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Table 3. Input variables

Awtii: param::'tcrs ol the Material property variables
cross-section
25 <W =225 Fabric (Skin) UD (Core)
25<H=65 9<E;,; =30 40 =<E;, =180
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0<t, =8 0.13sv, <021 024<v,, =036
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