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Machine Learning Prediction of Mechanical Properties of Larix gmelinii var.
principis-rupprechtii Wood by Integrating Multi-Source Features of
Anatomy, Physics and Non-destructive Testing

SUN Zishang"***, JIAO Lichao"*?, ZHENG Chang"**, ZHAN Weihui"*?, JIANG Xiaomei"*?,
ZHOU Hai-bin', YIN Ya-fang" **
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Academy of Forestry, Beijing 100091, China; 3. Wood Specimen Resource Center of National Forestry and Grassland

Administration, Beijing 100091, China; 4. Nanjing Forestry University, Nanjing 210037, Jiangsu, China)

Abstract: To address the prevalent issues of low prediction efficiency and complex testing procedures
for wood mechanical properties in the selection of replacement materials for severely damaged wooden
components in ancient buildings, developing a rapid prediction method for wood mechanical properties
and establishing a suitability evaluation system for restoration materials is key to scientifically supporting
the replacement material selection. This study measured anatomical and physical indicators of Larix
gmelinii var. principis-rupprechtii specimens, including growth ring width, latewood percentage, and air-
dry density. Simultaneously, non-destructive testing (NDT) parameters were obtained, including stress
wave velocity, micro-drilling resistance, and their coupled composite parameter (wave resistance
modulus). Five machine learning algorithms including Random Forest (RF), Decision Tree (DT), K-
Nearest Neighbors Regression (KNN), Support Vector Regression (SVR), and Tabular Prior-Data Fitted
Network (TabPFN), were introduced to construct prediction models for key mechanical properties
(modulus of rupture, modulus of elasticity, and compressive strength parallel and perpendicular to the
grain) under limited sample conditions. Among all indicators, air-dry density, latewood percentage, and
micro-drilling resistance exhibited the highest Pearson correlation coefficients with mechanical
properties (all>0.5), whereas growth ring width and stress wave velocity showed relatively weak
correlations. By integrating these three highly correlated multi-source features (air-dry density, latewood
percentage, and micro-drilling resistance) for modeling, the prediction accuracy improved by 23.26% and
72.05%, respectively, compared to using anatomical/physical indicators or NDT parameters alone.
Among the five models, the pre-training-based TabPFN achieved the best predictive performance for
mechanical properties, yielding an R* of 0.9614 for modulus of rupture. Using Shapley additive
explanations (SHAP) values, feature contribution analysis further identified air-dry density, latewood
percentage, and micro-drilling resistance as the core predictive features, with air-dry density contributing
the most (average SHAP value of 61.29%). The proposed machine learning-based prediction method,
integrating structural, physical, and NDT parameters, enables rapid and accurate assessment of key
mechanical properties of Larix gmelinii var. principis-rupprechtii woods, providing a critical scientific
basis for the selection of suitable replacement materials for severely damaged components in the
restoration of ancient timber structures such as the Yingxian Wooden Pagoda.

Key words: Larix gmelinii var. principis-rupprechtii; —ancient building restoration; machine

learning; TabPFN; air-dry density
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Tab.1 Information on collected materials of Larix gmelinii
var. principis-rupprechtii

M FEAETY

G5 Wb/ g S

L1 ~64 17.8 cmx25.5 cmx96.7 cm

L2 ~63 18.0 cmx20.0 cmx91.5 cm

L3 ~64 17.5 em»21.5 cmx90 cm Ll igfi
L4 ~68 17.8 cmx20.5 cmx90.5 cm

L5 ~60 19.8 cmx22.2 cmx97.5 cm

L6 68 Ma4%33.0 em, £ & 100.0 cm

L7 60 142 30.0 cm, /£ 100.0 cm JEAR ”;E‘j
L8 36 Ma4422.0 em, £ 100.0 cm
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Tab.2 Dimension and quantity of testing wood specimens
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Fig.1 Sawing and testing methods for wood specimens
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Tab.3 Statistical results of wood anatomical, physical,
non-destructive testing parameters, and mechanical

properties for small clear specimens of Larix gmelinii var.

principis-rupprechtii
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Fig.2 Scatter plot matrix of correlations between wood anatomical, physical and mechanical properties
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Tab.4 Determination coefficient of five prediction models

for wood mechanical properties based on wood anatomical

and physical properties

JrErERetedE R2(RF)  RA(DT) R*KNN) R?*(SVR)  R*(TabPFN)
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Fig.3 Scatter plot matrix of correlations between wood non-destructive testing parameters and mechanical properties
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Tab.5 Determination coefficient of five prediction models

for wood mechanical properties based on wood non-

destructive testing parameters
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