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S1. Mathematical Formulation of Dataset Generation
To address the requirement for absolute reproducibility, this section details the precise mathematical formulations and parameter bounds utilized to synthesize the high-fidelity degradation dataset (1,220 data points).
S1.1 Tensile Strength Degradation Kinetics
The decay of tensile strength (SN) under thermo-mechanical fatigue was modelled using a continuous exponential decay function, representing the physical transition from localized steady-state microcracking to macroscopic embrittlement:
	S(N) = S0 · exp(−λN) + ϵS	(1)
Where:
· S0 is the empirically derived initial baseline tensile strength (MPa) at 0 cycles.
· N is the cumulative number of thermal cycles.
· λ is the nanoclay-dependent decay constant, derived directly from the linear degradation rate (k) utilizing the relationship λ = k/S0.
· ϵS is a Gaussian noise term introduced to simulate experimental variance, sampled from a normal distribution N(0,σ2) where σ = 0.02 · S0 (2% standard deviation).
S1.2 Microcrack Density Evolution
The evolution of surface microcrack density (ρc) was modelled using a sigmoidal growth function to accurately capture the delayed onset of physical crack nucleation followed by a rapid phase of inter-lamellar coalescence once a critical thermal fatigue threshold (Ncrit) is surpassed:
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Where:
· ρmax is the theoretical maximum crack density (cracks/mm2) for a given formulation.
· r is the constant sigmoidal growth rate, set universally to 0.01 for all formulations.
· Ncrit is the critical inflection point (cycles) at which catastrophic crack coalescence accelerates.
· ϵρ is the Gaussian noise term for microcrack observation, sampled from N(0,0.52).
S1.3 Exact Generation Parameters
The exact numerical parameters utilized to generate the synthetic ground-truth tensor for the four investigated EVA formulations (0, 1, 3, and 5 wt.% mica nanoclay) are detailed in Table S1.
Table 1: Exact parameters for synthetic dataset generation across EVA formulations.
	Formulation Loading
	S0 (MPa) k
	(MPa/cycle) λ (Decay Constant) Ncrit (Cycles)
	ρmax (mm−2)

	EVA-00
	0 wt.%
	14.20
		0.0221	0.001556	400
	25.0

	EVA-NC1
	1 wt.%
	15.10
		0.0163	0.001079	600
	23.0

	EVA-NC3
	3 wt.%
	17.40
		0.0116	0.000667	900
	19.0

	EVA-NC5
	5 wt.%
	19.85
		0.0087	0.000438	1200
	15.0


S2. Machine Learning Hyperparameter Grid
To ensure full replicability of the predictive modelling, the exact hyperparameters for both the Random Forest regressor and the Long Short-Term Memory (LSTM) neural network are provided below. Both models were trained on the identical 80/20 train-test split generated from the dataset.
Table 2: Random Forest Regressor Hyperparameters (scikit-learn)

Parameter	Value

Estimators (n estimators)	100
Maximum Depth (max depth)	None (nodes expanded until all leaves are pure)
Minimum Samples Split (min samples split)	2 Minimum Samples Leaf (min samples leaf)	1
Random State (random state)42

Table 3: LSTM Neural Network Hyperparameters (TensorFlow/Keras)
	Parameter
	Value

	Input Shape
	[Samples,1 (Time Step),2 (Features: N,wt.%)]

	Hidden Layers
	LSTM (64 units), Dropout (0.2), LSTM (32 units), Dense (16 units)

	Activation Functions
	ReLU (hidden layers), Linear (output layer)

	Optimizer
	Adam (learning rate = 0.001)

	Loss Function
	Mean Squared Error (MSE)

	Batch Size
	16

	Epochs
	100 (with internal 20% validation split)


S3. Code and Dataset Availability
The complete Python script utilized for synthesizing the thermodynamic degradation dataset, alongside the raw CSV dataset and the Jupyter Notebook containing the training logs for the machine learning architectures, have been made publicly available to ensure total methodological transparency and computational reproducibility.
Note to Editor/Reviewers: The complete interactive code notebook and synthetic dataset can be accessed, reviewed, and executed via Google Colab at: https://colab.research.google. com/drive/1XLoaWJukfNO4MQClxLal5vrREQ5XUm8m#scrollTo=vhCi-t8o60Gi.
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