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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 Al, 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.
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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.



LIST of EXTENDED ABSTRACT

No.

Title

Page

Artificial Intelligence Usage in Cooperative Learning Among Engineering
Mathematics Students

Nur Arzilah Ismail, Nuryazmin Ahmat Zainuri, Siti Hanani Mat Yasin,
Anies Faziehan Zakaria, Umawathy Techanamurthy, Asma Abu Samah,
Hafiz Baharudin, Noraishikin Zulkarnain, Ang Wei Lun

Spatial Mapping of PM2.5 in Peninsular Malaysia via Spatially Informed
Chained Equations
Salwa Mustafa Din, Izamarlina Asshaari

Predictive Validity of Rasch-Estimated Mathematical Ability on Mid-Term
Academic Performance among First-Year Engineering Students

Aishah Mahat, Zulkifli Mohd Nopiah, Siti Mistima Maat, Noorhelyna
Razali & Muhammad Imran Najeeb

A Review of Simulation and Analytical Modelling for Polymer Composites
Radiation Shielding

T. Asrafi, Muhammad Imran Najeeb, Zulkifli Mohd Nopiah, Mohd Supian
Abu Bakar, Gunasilan Manar, Nur Arzilah Ismail, Nuryazmin Ahmat
Zanuri, Noorhelyna Razali

Distribution Aware Learning Analytics: A Conceptual Framework for
Educational Assessment Beyond Normality

Anies Faziehan Zakaria, Umawathy Techanamurthy, Nur Arzilah Ismail,
Noraishikin Zulkarnain, Asma’ Abu Samah

Beyond Usefulness and Ease: Engineering Students’ Intention to Learn R
with an Al-Assisted Platform

Umawathy Techanamurthy, Nur Arzilah Ismail, Muhammad Alias Jedi,
Nuryazmin Ahmat Zainuri, Anies Faziehan Zakaria

11

Machine Learning-Assisted Mathematical Modelling of Seismic
Vulnerability Assessment Using Building Inventory Data

Noor Sheena Herayani Harith, Vanessa Joyce Andrew, Carolyn Melissan
Payus, Ahmad Nurfaidhi Rizalman

13

Prioritizing Sustainable Marine Fuels Using PFVS-AHP: A Multi-

Criteria Decision-Making Perspective

Wan Rosanisah Wan Mohd, Roslina Mohammad, Nurazean Maarop,
Norsyahida Zulkifli, Noor Azzah Awang, Lazim Abdullah

15




No. | Title Page
Statistical Modelling of Data Management Challenges in Continuing
Airworthiness: An Evaluation of Waste Generation in Aviation Engineering

9 Munirah Mohd Fadzil, Izamarlina Asshaari, Ahmad Aliff Aizat Md 17
Shuhaimi, Nur Arzilah Ismail, Nuryazmin Ahmat Zainuri, Noorhelyna
Razalib, Shafinaz Elinda Sa'adon
Fatigue Life Assessment of Automotive Suspension System Using
Numerical Method Approach

10 Putri Batrisyia Mohmad Jamal, Noorhelyna Razali, Shahrum Abdullah, 19
Nuryazmin Ahmat Zainuri, Izamarlina Asshaari, Nur Arzilah Ismail, Noor
Farah Wahida Abdul Rashid
Mathematical Modelling and Data Analysis of a BLE-Enabled Trackable
Inventory Management System for Aviation Maintenance

11 Munirah Mohd Fadzil, Izamarlina Asshaari, Ainur Tasneem Shazrie Aizam, 21
Shafinaz Elinda Sa'adon, Nuryazmin Ahmat Zainuri, Noorhelyna Razali,

Nur Arzilah Ismail, Salwa Mustafa Din
Statistical Evaluation of Strain-Rate Effects on the Tensile Strength of
Aluminum 2024-T3

12 Izamarlina Asshaari, Munirah Mohd Fadzil, Amar Suhail Mohd Karim, 23
Munawirah Binti Mohamad, Shafinaz Elinda Sa'adon, Nuryazmin Ahmat
Zainuri, Noorhelyna Razali, Nur Arzilah Ismail, Salwa Mustafa Din
Spatial and Temporal Changes of Selected Post-Closure Landfill Sites in
Malaysia

13 Siti Khadijah Abdul Gani, Noor Hasyimah Rosman, Zulkifli Mohd Nopiah, 25
Kohei Watanabe, Muhammad Zulkarnain Abd Rahman, Mohd Radhie
Mohd Salleh
Using Rasch Analysis to Assess Public Awareness of Vehicle De-

14 Registration in Malaysia 27
Surya Nadarajan, Nuryazmin Ahmat Zainuri, Nizaroyani Saibani, Nur
Arzilah Ismail
Evaluating the AIR-PjBL Framework: Students’ Perceptions of Al-
Integrated Project-Based Learning in Engineering Statistics

15 Nur Arzilah Ismail, Nuryazmin Ahmat Zainuri, Mohd Hanif Osman, 29
Izamarlina Asshaari, Muhammad Imran Najeeb, Noorhelyna Razali,
Zulkifli Mohd Nopiah, Muhammad Alias Md Jedi
Uncertainty Analysis Using the Finite Element Method with a Hybrid

16 Classical-Quantum Computing Approach 31
DIONG, H.S. & A.K. ARIFFIN
Artificial Neural Network Validation of Fatigue Crack Propagation in
Additively Manufactured AlSi10Mg Alloy

17 M. M. Mubasyir, S. Abdullah, S. S. K. Singh, C. H. Chin, Z. Wahid, M. F. 33

Abdullah & M.K. Faidzi




No. | Title Page
Corrosion Fatigue Life Prediction: Reducing Uncertainty in the Integration

18 of Non-Destructive Testing and Machine Learning 35
M. H. Abd Noor, S. Abdullah, S. S. K. Singh, A. Arifin, and M. F. Abdullah
Insights into Damage Assessment of Composite Materials under Impact

19 Loading 37
Y. Zhu, S. Abdullah, S. S. K. Singh and M. A. M. Jedi
Curve Fitted Polynomial-Based for Type 2 and Type 3 Microcrack

20 Penetration in Cortical Bone 39
R.N.S.I. R. Ali, R. Daud, K. S. Basaruddin, and N. A. M. Zain
Relative Density Effects on Three-Point Bending of Laser Powder Bed
Fusion-Fabricated 316L Stainless Steel Triply Periodic Minimal Surface

21 Sandwich Structures 41
Rongji Tang, Zainuddin Sajuri, Mohd Zaidi Omar, Wan Fathul Hakim Wan
Zamri
Continuous Monitoring of Railway Switch Operational Integrity via loT-

22 Based Data Acquisition 43
Azli Arifin, Meor Igram Meor Ahmad, Muhammad Imran Mohd Isa
Mechanistic Understanding of Ceramic-Dominant Interfacial Stabilization 45

23 in High-Voltage LMNO Solid-State Lithium Batteries
Xianzheng Liu
Fatigue Life Assessment of ALSi1OMg based on Monte Carlo and First

24 Order Reliability Method 47
A. Jeyaraju, S.S.K. Singh, S. Abdullah, Z. Wahid
Computational Comparison of Uniaxial and Multiaxial Fatigue Models

25 under Real Road Loading 49
M. S. C. Suid, C. H. Chin, S. Abdullah, S. S. K. Singh
Hybrid Approach in Fatigue Life Prediction of Lower Control Arm under

26 Stochastic Loadings with MBD-FEA Framework 51
C. L. Wong, S. Abdullah, S. S. K. Singh and M. A. M. Jedi
Comparative Analysis of Three Non-Contact 3D Scanning Technologies for
Reverse Engineering

27 Mohammad Rafi Omar, Muhammad Ilman Hakimi Chua Abdullah, Mohd 53

Rizal Alkahari, Izhar Aziz, Syahibudil Ikhwan Abdul Kudus, Effendi
Mohamad, Mohd Zakaria Mohammad Nasir




No.

Title

Page

28

Investigation of Critical Vehicle Damage Regions In Asean Ncap Frontal
Impact Scenarios Using Secondary Accident Data from Malaysia

Mohd Akmal Hakeem Mohd Maamor, Mohd Zaid Akop, Nortazi Sanusi,
Muhd Ridzuan Mansor

55

29

Practical Powder Validation Methods to Inform Discrete Element
Modelling of Additive Manufacturing Stainless Steel 316L

A. Burgess, S.P Malkeson, T.T Opdéz, M.C Sharp, R.I Darlington, P.L
Falkingham

57

30

Overview of Experimental Setup for the Tri-fuel (Methanol-Hydrogen-
Diesel) Combustion Cl Engine for Maritime Applications
Ahmad Khairullah bin Ahmad Zulkifli, Ahmad Jais bin Alimin

59

31

Investigation of Fracture Mechanics of an Additive Manufacturing Femur
Bone for Prosthesis Application

Okimasoze Lowrance, Mohamad Syazwan Zafwan Mohamad Suffian,
Marlynna Sarkawi, Syahiir Kamil, Ahmad Kamal Ariffin Mohd Ihsan

61

32

Finite Element Analysis of a Composite Side Impact Protection Beam
M.F. Mohd Amin, M.S.I. Shaik Dawood

63

33

Effect of Volumetric Energy Density on the Microstructure and Young's
Modulus of Selective Laser Melted Stainless Steel 316L
Munirah binti Othman, Rafidah binti Hasan, Zurina binti Shamsudin

65

34

Multi-Technique Failure Analysis of Through-Wall Pitting Corrosion in a
Buried Carbon Steel Pipeline

Mohd. Kautsar, Syarizal Fonna, Ikramullah, Israr, Teuku Mukhriza,
Hisbullah, Edy Kurniawan, Helmi

67

35

Extracting Composite Fatigue Damage Features from FBG Wavelength
Shifts Using Principal Component Analysis

Miminorazeansuhaila Loman, Mohamad Hafizi Zohari, Mohd Fadhlan
Mohd Yusof, Fauziana Lamin

69

36

Out-of-Plane Compressive Behavior of Aluminum Honeycomb Under
Fuzzy Uncertainty Analysis
S. Kamil, M.N. Machmud, M.S.Z.M. Suffian, A.K. Ariffin

71

37

A Comparative Study of Meshless and Finite Element Methods for Linear
Elastic Behaviour of Lattice Structures
Muhammad Khairul Adnan bin MUHAMAD SANI, Abdul Hadi AZMAN

73




No.

Title

Page

38

Exploring Machine Learning Opportunities for Fatigue Life Assessment
M. M. Mubasyir, S. Abdullah, A. Arifin

75

39

Fatigue Life Prediction of Reinforced Concrete Beams with Different
Reinforcement Diameters Using Metal Magnetic Memory

Noorsuhada Md Nor, Nur Atikah Adila Abdul Mutalib, Shahrum Abdullah,
Azli Arifin

77

40

Comparative Viscoelastic Analysis of Solid and Engineered Wood Using
Dynamic Mechanical Analysis

Shahrul Nizam Mohammad, Muhammad Bazli Faliq Mohd Puaad, Mohd
Johan Mohamed, Ibrahim, Zakiah Ahmad, Rohana Hassan

79

41

Statistical and Frequency-Domain Characterisation of Vibration Signals for
Fatigue-Related Assessment of Journal Bearing Systems
A. S. Othman, M. A. M. Jedi, S. Abdullah

81

42

Al-Based Human Detection for Low-Light Surveillance: A Preliminary Study
Toward Thermal Imaging Deployment

Azarul Rizal Mohammad, Mohamad Hazwan Mohd Ghazali, Zambri Harun,
Mohd Sabirin Rahmat, Rizauddin Ramli, Norazman Shahar

83

43

Metal Magnetic Memory Evaluation of Fatigue Crack Growth in Quenched
Low Carbon Steel
A. H. Isahak, M. F. Abdullah, M. K. Faidzi, S. Abdullah

85

44

Comparison of Likelihood-free Model Updating using Sliced-Normal Maps
and MCMC-based Approximate Bayesian Computation
T. Potthast, M. Kitahara, M. Broggi, M. Beer

87

45

Nonlinear Dynamics Motor Modelling for Fatigue Signal Assessment using
Journal Bearing Rig Test
Alias Jedi, Shahrum Abdullah, Mohd Zaid Akop

89




iVCCEM & EMaRC 2026

Out-of-Plane Compressive Behavior of Aluminum Honeycomb Under
Fuzzy Uncertainty Analysis

S. KAMILY, M.N. MACHMUD?, M.S.Z.M. SUFFIAN?, A K. ARIFFIN*
!Department of Mechanical Engineering, Faculty of Science and Technology, Universitas Samudra, Kota Langsa,
Aceh, Indonesia
’Department of Mechanical Engineering, Faculty of Engineering, Universitas Syiah Kuala, Kota Banda Aceh, Aceh,
Indonesia
3Department of Mechanical and Manufacturing Engineering, Faculty of Engineering, Universiti Malaysia Sarawak,
Kota Samarahan, Sarawak, Malaysia
‘Department of Mechanical and Manufacturing Engineering, Faculty of Engineering and Built Environment,
Universiti Kebangsaann Malaysia, Bangi, Selangor, Malaysia
*Tel: +6285270950424 Email: syahiirkamil@unsam.ac.id

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 effective  framework for representing epistemic
uncertainty arising from incomplete or imprecise
Aluminum honeycomb structures are widely used in information. In addition, surrogate modeling techniques
aerospace, automotive, defense, and transportation such as High Dimensional Model Representation
because of their high strength-to-weight ratio and (HDMR) can significantly reduce the computational cost
excellent energy absorption capability. Under out-of- associated with repeated finite element evaluations (Yang
plane compressive loading, the hexagonal cells undergo et al., 2021), while the Fuzzy Random Variable (FRV)
progressive buckling and plastic collapse, enabling method provides an alternative approach for propagating
efficient dissipation of impact energy while minimizing uncertainty and estimating response bounds (Varén-
the load transmitted to the surrounding structure. Gaviria et al., 2017).
Accurate prediction of this crushing behavior is therefore Therefore, this study combines explicit nonlinear
essential for the design of lightweight energy-absorbing finite element analysis, HDMR-based surrogate
components (Mertani et al., 2019). modeling, and fuzzy uncertainty quantification using both
Finite element analysis has become a powerful tool HDMR and FRV approaches to investigate the out-of-
for investigating the mechanical response of various plane compressive behavior of aluminum honeycomb
structures (Kamil et al., 2023), including honeycomb structures. The finite element model is first validated
structures. However, the performance of such structures against published experimental results and subsequently
is influenced by uncertainties in material properties, employed to evaluate the influence of uncertain geometric
geometric parameters, and manufacturing tolerances. and material parameters on structural performance.

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
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RESULTS AND DISCUSSION

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

e AA3003-H18
LA v’?ﬁ]ﬁl Young’s modulus, E 69 GPa
L0 Yield stress, o, 116 MPa
— Tangent modulus 160 GPa
. = Poisson’s ratio, v 0.33
Nl N Density, p 2.73 g/em?

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 (¢) of 6.4
mm, cell width (1) of 3.69 mm, cell angle () 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.

mesh-1

| —— mesh-0.2 mesh-0.5

3

mesh-1.5

mesh-0.5

Load (kN)

mesh-0.2

Displacement (mm)

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
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propagation was performed using both the Bivariate-Cut
HDMR and FRV approaches (Varon-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.

Membership

Cell wall thickness (mm)

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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