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1 C4W5D7 4 - 5.5 3,7,28,56,90 | 1557 19 C4W5D8 4 - 5.5 3,7,28,56,90 | 558
2 C4W6D7 4 - 6.5 3,7,28,56,90 | 1557 20 C4W6D8 4 - 6.5 3,7,28,56,90 | 558
3 C4W7D7 4 - 7.5 3,7,28,56,90 | 1557 21 C4W7D8 4 - 7.5 3,7,28,56,90 | 558
4 CN4Ws5D7 4 0.4 5.5 3,7,28,56,90 | 1557 22 CN4W5D8 4 0.4 5.5 3,7,28,56,90 | 558
5 CN4W6D7 4 0.4 6.5 3,7,28,56,90 | 1557 23 CN4W6D8 4 0.4 6.5 3,7,28,56,90 | 558
6 CN4W7TD7 4 0.4 7.5 3,7,28,56,90 | 1557 24 CN4W7D8 4 0.4 7.5 3,7,28,56,90 | 558
7 C5W5D7 5 - 5.5 3,7,28,56,90 | 1557 25 C5W5D8 5 - 5.5 3,7,28,56,90 | 558
8 C5W6D7 5 - 6.5 3,7,28,56,90 | 1557 26 C5W6D8 5 - 6.5 3,7,28,56,90 | 558
9 C5W7D7 5 - 7.5 3,7,28,56,90 | 1557 27 CS5W7D8 5 - 7.5 3,7,28,56,90 | 558
10 CNSW5D7 5 0.5 5.5 3,7,28,56,90 | 1557 28 CN5SW5DS8 5 0.5 5.5 3,7,28,56,90 | 558
11 CN5SW6D7 5 0.5 6.5 3,7,28,56,90 | 1557 29 CN5SW6D8 5 0.5 6.5 3,7,28,56,90 | 558
12 CNSW7D7 5 0.5 7.5 3,7,28,56,90 | 1557 30 CN5SW7D8 5 0.5 7.5 3,7,28,56,90 | 558
13 C6W5D7 6 - 5.5 3,7,28,56,90 | 1557 31 C5W5D8 6 - 5.5 3,7,28,56,90 | 558
14 Co6W6D7 6 - 6.5 3,7,28,56,90 | 1557 32 C5W6D8 6 - 6.5 3,7,28,56,90 | 558
15 C6W7D7 6 - 7.5 3,7,28,56,90 | 1557 33 CS5W7D8 6 - 7.5 3,7,28,56,90 | 558
16 CN6Ws5D7 6 0.6 5.5 3,7,28,56,90 | 1557 34 CN5SW5DS8 6 0.6 5.5 3,7,28,56,90 | 558
17 CN6W6D7 6 0.6 6.5 3,7,28,56,90 | 1557 35 CN5W6D8 6 0.6 6.5 3,7,28,56,90 | 558
18 CN6W7D7 6 0.6 7.5 3,7,28,56,90 | 1557 36 CN5SW7D8 6 0.6 7.5 3,7,28,56,90 | 558
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. Reclaimed Asphalt Pavement

. Milling

. Full-Depth Removal

. Hot Mix Asphalt (Hma)

. Reconstruction And Rehabilitation
. Milling Machine

. Bulldozer

. Full-Depth Reclamation (Fdr)

Cement Treated Base (Ctb)

. Machine Learning Algorithms

. Unconfined Compressive Strength (Ucs)
. Artificial Neural Network (Ann)

. Support Vector Regression (Svr)

. Random Forest

. Gradient Boosting

. K-Nearest Neighbors

. Shap (Shapley Additive Explanations)
. Permutation Importance

. Multilayer Perceptron

. Nicoflok Mineral Polymer

. Uniformity Coefficient (Cu)

. Coefficient Of Curvature (Cc)

. Unified Soil Classification System (Uscs)
. Effective Size

. Average Particle Diameter

. Maximum Size (Dmax)

. Maximum Dry Unit Weight

. Optimum Moisture Content (Omc)

. Histogram

. Box Plot

. Scatter Plot

. Deep Learning

.Training Data

.Validation Data

Feature Space

. Support Vector Machines

. Hyperplane

. Maximum Marginal Hyperplane (Mmbh)
. Tunable Parameter

. Dropout

. Overfitting

. Activation Function

. Rectified Linear Unit

. Linear Activation Function

. Mean Squared Error Loss Function

. Adam Optimizer

. Self-Attention

. Natural Language Processing (Nlp)

. Cosine Similarity

. Dot Product

. Transformer Architecture

Batch Normalization (Batchnorm)

53. Mean Absolute Error
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ABSTRACT

In this study, machine learning techniques were employed to predict and analyze the unconfined
compressive strength (UCS) of cement-treated base (CTB) mixtures containing 100%
reclaimed asphalt pavement (RAP). A comprehensive experimental database comprising 540
UCS specimens with different curing ages was established. The specimens were prepared using
three cement contents (4%, 5%, and 6%), three moisture contents (5.5%, 6.5%, and 7.5%), and
two compaction methods in accordance with ASTM DI1557 and ASTM D558. In addition,
a polymer—mineral additive (Nicoflok) was incorporated at 10% of the cement weight to
enhance the mechanical performance of the mixtures. The predictive performance of several
machine learning algorithms, including Random Forest (RF), Linear Regression (LR), Support
Vector Regression (SVR), K-Nearest Neighbors (KNN), Multi-Layer Perceptron (MLP), and
Self-Attention-enhanced MLP, was evaluated for UCS prediction. The results demonstrated
that the developed machine learning models were capable of predicting UCS with satisfactory
accuracy, and the predicted values exhibited good agreement with the experimental
measurements. Furthermore, the effects of the mixture design and construction variables on
UCS were investigated using three feature importance analysis techniques, namely SHAP,
Permutation Importance, and Gradient Boosting Feature Importance. The results consistently
identified curing age as the most influential parameter affecting UCS, followed by cement
content, while the presence of the additive, moisture content, and compaction method ranked
as the third, fourth, and fifth most influential factors, respectively. Unlike many previous studies
that primarily focused on UCS prediction, this study also provides a comprehensive
interpretation of the relative importance of the input variables using three complementary
feature importance techniques. The consistent ranking of the input variables obtained from
these methods further confirms the robustness and reliability of the proposed machine learning
framework for both prediction and interpretation of UCS behavior in cement-treated RAP
mixtures.

Keywords: Reclaimed Asphalt Pavement (RAP), Cement-Treated Base Mixtures Containing
100% RAP, Unconfined Compressive Strength, Nicoflok Mineral Polymer Additive, Machine
Learning
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