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It is with great pleasure that we present the compilations of extended abstract of all
presenter at iVCCEM 2026. This volume brings together scholarly contributions from
academics, industry professionals, and researchers, showcasing the latest advances,
challenges, and innovations in computational and experimental mechanics. The synergy
between computational simulation and experimental approaches forms the foundation of
numerous technological breakthroughs and continues to play a vital role in addressing
complex real-world engineering problems.

The theme of this volume, Bridging Theory and Practice: Adaptation to Machine Learning
and AI, reflects the increasing importance of interdisciplinary collaboration in advancing
engineering research and innovation. Computational and experimental mechanics continue
to evolve through the integration of emerging technologies such as artificial intelligence,
machine learning, data analytics, and automation. The contributions presented in this
compilation demonstrate how these technologies are transforming engineering analysis,
modelling, optimization, and decision-making, while strengthening the connection between
theoretical developments and practical applications.

This volume features a diverse collection of high-quality research papers that highlight both
methodological advancements and practical engineering solutions. From computational
techniques and numerical modelling to experimental validation and data-driven
engineering applications, the published works illustrate the transformative role of
mathematics, computation, and experimental investigation in shaping the future of
engineering and technology.

On behalf of the Editorial Board and the Organizing Committee, we extend our sincere
appreciation to all authors, reviewers, editorial members, and supporting institutions whose
dedication and commitment have made this publication possible.

We hope that this volume will serve as a valuable reference for researchers, educators,
practitioners, and students, inspiring further collaboration, innovation, and scientific
discovery in computational and experimental mechanics. We trust that the knowledge
presented herein will contribute meaningfully to the continued advancement of research
and engineering practice.

WELCOME NOTE
Dr. Azli Arifin

Chair of iVCCEM2026

Computational & Experimental Mechanics Research Group
Faculty of Engineering and Built Environment
Universiti Kebangsaan Malaysia



It is our great pleasure to present the EMaRC2026, marking the inaugural publication of
the Engineering Mathematics Research Group, Universiti Kebangsaan Malaysia (UKM).
This volume represents an important milestone in bringing together high-quality
scholarly contributions from researchers, academicians, and industry practitioners who
share a common interest in advancing the field of engineering mathematics.

Bridging Theory and Practice: Engineering Mathematics in the Real World, highlights the
essential role of mathematical sciences in addressing contemporary engineering
challenges. As engineering continues to evolve through the adoption of artificial
intelligence, machine learning, data analytics, digital technologies, and advanced
computational methods, engineering mathematics remains a fundamental discipline
that connects theoretical principles with practical engineering solutions.

The papers presented in this volume reflect the breadth and diversity of current research
in engineering mathematics. They encompass a wide range of topics, including
mathematical modelling, computational mathematics, numerical analysis, optimization,
statistical methods, data-driven engineering, and interdisciplinary applications.
Collectively, these contributions demonstrate how mathematical approaches continue to
drive innovation, improve decision-making, and support the development of sustainable
engineering solutions for modern society.

These publication symbolizes our commitment to fostering research excellence,
promoting interdisciplinary collaboration, and strengthening academic and industrial
partnerships. We hope that this collection will serve as a valuable source of knowledge,
encouraging future research and inspiring new collaborations within the engineering
mathematics community.

The Editorial Board extends its sincere appreciation to all authors for sharing their
valuable research, to the reviewers for their constructive evaluations, and to the
organizing committee and supporting institutions for their dedication and commitment
in making this publication possible.

We trust that the research presented in this volume will provide meaningful insights,
stimulate further discussion, and contribute to the continued advancement of
engineering mathematics for the benefit of both academia and industry.

WELCOME NOTE
Assoc. Prof. Dr. Zulkifli Mohd Nopiah

Chair of EMARC 2026

Engineering Mathematics Research Group 
Faculty of Engineering and Built Environment
Universiti Kebangsaan Malaysia
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Out-of-Plane Compressive Behavior of Aluminum Honeycomb Under 
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ABSTRACT 

Aluminum honeycomb structures are widely used in energy-absorbing applications because of their high strength-to-weight 
ratio and excellent crushworthiness. Accurate prediction of their compressive response is essential for the design of 
lightweight structural components, yet uncertainties in material and geometric parameters can significantly influence 
structural performance. This study investigates the out-of-plane compressive behavior of aluminum honeycomb structures 
using explicit nonlinear finite element analysis combined with fuzzy uncertainty quantification. The finite element model 
was developed based on a published experimental configuration and validated against experimental results, achieving a 
deviation of only 2.5% in average crush load prediction. To improve computational efficiency during uncertainty 
propagation, a Bivariate-Cut High Dimensional Model Representation surrogate model was constructed and integrated with 
fuzzy analysis. Epistemic uncertainties were represented using triangular fuzzy numbers and propagated using both HDMR 
and Fuzzy Random Variable approaches. The results demonstrate that the proposed methods provide more comprehensive 
response bounds than conventional vertex-based approaches. The proposed framework offers a reliable tool for evaluating 
the influence of uncertain parameters on the compressive performance of aluminum honeycomb structures. 

Keywords: Aluminum Honeycomb, Out-of-Plane Compression, Fuzzy Finite Element, Energy Absorption, Uncertainty 
Analysis. 

INTRODUCTION 

Aluminum honeycomb structures are widely used in 
aerospace, automotive, defense, and transportation 
because of their high strength-to-weight ratio and 
excellent energy absorption capability. Under out-of-
plane compressive loading, the hexagonal cells undergo 
progressive buckling and plastic collapse, enabling 
efficient dissipation of impact energy while minimizing 
the load transmitted to the surrounding structure. 
Accurate prediction of this crushing behavior is therefore 
essential for the design of lightweight energy-absorbing 
components (Mertani et al., 2019). 

Finite element analysis has become a powerful tool 
for investigating the mechanical response of various 
structures (Kamil et al., 2023), including honeycomb 
structures. However, the performance of such structures 
is influenced by uncertainties in material properties, 
geometric parameters, and manufacturing tolerances. 
Conventional deterministic analyses neglect these 
uncertainties and may therefore fail to capture the full 
range of possible structural responses (Elishakoff, 1983). 

To address this limitation, uncertainty quantification 
techniques can be integrated with finite element analysis. 
Among various approaches, fuzzy set theory provides an 

effective framework for representing epistemic 
uncertainty arising from incomplete or imprecise 
information. In addition, surrogate modeling techniques 
such as High Dimensional Model Representation 
(HDMR) can significantly reduce the computational cost 
associated with repeated finite element evaluations (Yang 
et al., 2021), while the Fuzzy Random Variable (FRV) 
method provides an alternative approach for propagating 
uncertainty and estimating response bounds (Varón-
Gaviria et al., 2017). 

Therefore, this study combines explicit nonlinear 
finite element analysis, HDMR-based surrogate 
modeling, and fuzzy uncertainty quantification using both 
HDMR and FRV approaches to investigate the out-of-
plane compressive behavior of aluminum honeycomb 
structures. The finite element model is first validated 
against published experimental results and subsequently 
employed to evaluate the influence of uncertain geometric 
and material parameters on structural performance. 
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RESULTS AND DISCUSSION 

Table 1 Geometric parameters and material properties of the AA3003-
H18 aluminum honeycomb structure 

AA3003-H18 
Young’s modulus, 𝐸 69 GPa 

Yield stress, 𝜎𝑦 116 MPa 
Tangent modulus 160 GPa 
Poisson’s ratio, 𝑣 0.33 

Density, 𝜌 2.73 g/cm3 

The finite element model was developed based on the 
experimental configuration reported by (Mertani et al., 
2019). The aluminum honeycomb core was modeled 
using AA3003-H18 aluminum with a cell size (𝑐) of 6.4 
mm, cell width (𝑙) of 3.69 mm, cell angle (𝜃) of 60°, and 
cell wall thickness (𝑡) of 0.08 mm as illustrated in Table 
1. Flatwise compression was simulated according to
ASTM C365 and ASTM D7336 using displacement-
controlled loading between two rigid plates.

Fig. 1 Comparison of experimental and finite element load–
displacement responses for validation of the aluminum honeycomb 

model 

The out-of-plane compression response exhibited 
three characteristic stages: elastic deformation, 
progressive cell collapses in the plateau region, and 
densification. Model validation was performed using the 
published experimental results, with particular emphasis 
on the plateau region where progressive buckling and 
plastic collapse govern energy absorption. The 
experimental average crush load was 1430 N, while the 
finite element model predicted 1394 N, corresponding to 
a deviation of only 2.5% as shown in Figure 1. This 
agreement confirms the capability of the numerical model 
to reproduce the crushing behavior of the aluminum 
honeycomb structure. 

Following validation, a Bivariate-Cut HDMR 
surrogate model was constructed using three uniformly 
distributed sample points per variable and quadratic 
spline interpolation (Yang et al., 2021) The resulting 
metamodel provided an efficient approximation of the 
finite element response and was subsequently employed 
for uncertainty propagation. 

Epistemic uncertainties in geometric and material 
parameters were represented using triangular fuzzy 
numbers, as illustrated in Figure 2. Uncertainty 

propagation was performed using both the Bivariate-Cut 
HDMR and FRV approaches (Varón-Gaviria et al., 
2017). Compared with the conventional vertex method, 
the new approaches more effectively captured extreme 
structural responses by exploring the entire uncertainty 
domain, resulting in more reliable response bounds. 

Fig. 1 Representation of epistemic uncertainty in cell wall thickness 
using a triangular fuzzy number 

CONCLUSION 

The validated finite element model accurately predicted 
the out-of-plane compressive behavior of aluminum 
honeycomb structures, with only 2.5% deviation from 
experimental results. Integration of the Bivariate-Cut 
HDMR surrogate model enabled efficient uncertainty 
propagation, while the HDMR and FRV approaches 
provided more comprehensive response bounds than the 
vertex method. The proposed framework offers an 
efficient tool for evaluating the influence of uncertain 
geometric and material parameters on the compressive 
performance of aluminum honeycomb structures. 
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