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A prediction model for bonding strength of asphalt overlay on
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Abstract: To accurately predict the bonding strength of “white-to-black” airport pavement
interfaces and reveal the underlying mechanism linking interface texture to bonding performance,
aged concrete slabs under 16 different treatment conditions were prepared. Three-dimensional

laser scanning was used to extract geometric, spectral, and fractal indicators, establishing a
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multi-index texture characterization system covering geometric amplitude, distribution, and
structural complexity. After placing asphalt mixture overlay to form “white-to-black” composite
specimens, shear tests were conducted at three temperatures. A standardized shear strength
dataset driven by multi-dimensional texture data was constructed. An ensemble machine-learning
model combining a multilayer perceptron (MLP) and extreme gradient boosting (XGBoost) was
developed, and an improved raccoon optimization algorithm (ICOA ) was proposed for
hyperparameter tuning. Finally, Shapley Additive Explanations (SHAP) was applied to quantify
the contribution of each feature parameter to the predictions. The results show that when the
milling depth is 6-10 mm, the shear strength can still maintain 0. 65 MPa at 50 ‘C. Compared
with a milling depth of 4-6 mm, the strength increases by 67. 9%-69. 5%, indicating a significant
improvement in high-temperature shear resistance for airport pavements. The ICOA-MILP-XGBoost
model outperforms other models, with R* improved by 6.1%-10.9% and MAE reduced by 35.8%-
46.9%.

robustness for engineering use.

It achieved higher prediction accuracy and better generalization, with improved
SHAP analysis indicates that mean texture depth, spectral
entropy. and fractal dimension are the dominant factors affecting shear strength. Given the shear-
stress concentration under heavy loads with high tire pressure at low speed on airport pavements,
an interface milling depth of 6. 0-8. 0 mm is recommended for interface treatment to achieve high
SHAP contribution ranges for these three indicators. This study provides a highly accurate and
interpretable data-driven method for predicting interface performance in “white-to-black” airport
pavements, which can guide interface-treatment optimization and improve pavement durability.
Keywords: airport pavement; geometric-spectroscopic-fractal texture feature; shear strength;
integrated machine learning; hyperparameter optimization; interpretability analysis
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Table 1 Technical specifications of BE-2 emulsified asphalt
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Table 2 Cement mix proportion design

R/ (kg

m*)

Bk

K w

L]

W/ % KK

7K

Rif% 4.75~9.5 mm

Kif% 9.5~19 mm

Bl 650 530

800 150 33
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Table 3 Shot blasting treatment parameters

g | B TREE | s
wH HE /mm WHL W /mm
YZ 0 0.11 P-6 6 0. 30
P-1 1 0. 36 P-7 7 0.29
P-2 2 0.33 P-8 8 0. 30
P-3 3 0.29 P-9 9 0.28
P-4 4 0.27 P-10 10 0.29
P-5 5 0.28
R4 HAUKESH
Table 4 Milling treatment parameters mm
i B B 4 B
YZ 0 0.11
X-1 0,2] 0.51
X-2 (2,4] 0. 60
X-3 (4,6] 0. 82
X-4 (6,8] 1.11
X-5 (8,10] 1.19

(a) BEAINL

(b) LA 4L 2 HY (c) #tEaEF

BT THK 3R BE 1A 5 T e ol 4k 36

Fig. 1 Milling treatment of the interface of old

cement concrete slabs
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Fig. 2 Comparison of the cement board interface

before and after shot blasting
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Table 5 Asphalt overlay gradation and asphalt dosage (SAM-13)
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Fig. 3 Preparation process of composite specimens
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Fig.4 Extraction and preprocessing of interface elevation point cloud data
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Fig. 5 Cement board interface area division (unit: cm)
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Table 6 Statistical analysis of input and output variables
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Fig. 7 Heatmap of correlation coefficients of input variables
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Table 8 Structure parameter settings of XGBoost

LR

RN

n_estimators

[50,500], JELLL MRV EULAE 2

max_depth

L

1,127, FLLR BRI EUE 6

learning_rate

[0.01,0. 2], KL B A HUH 0. 05

subsample
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Table 7 Structure parameter settings of MLP
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t | ML | | x6B |
hidden_units (32,1287, L MIAHUA 64 ! i
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Fig. 12 Value of the interface texture characteristic index of the cement board after milling treatment
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Fig. 13 Shear strength of the white-to-black runway under different interlayer interface treatment conditions
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