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Foreword
Rector of UiTM Sarawak

It is with great pride and institutional satisfaction
that | commemorate the successful organization of
the 5th Sarawak Invention, Innovation & Design
Expo (SIIDEx) 2026 by Universiti Teknologi MARA
(UiITM) Sarawak Branch. This landmark achievement
exemplifies our steadfast commitment to
advancing Malaysia’s human capital development.
Furthermore, it directly reinforces the strategic
vision of the Malaysian Higher Education Blueprint
2026-2035, which emphasizes the cultivation of
humanity-centric, purpose-driven leaders
dedicated to nation-building.

Far beyond a conventional competitive showcase,
SIIDEx 2026 serves as a premier platform for
participants across the nation to present
groundbreaking  creative and  technological
innovations. The expo facilitates crucial scholarly
discourse, cross- disciplinary exchange, and
strategic networking. Robust academic networking
remains vital to higher education, as it connects
emerging scholars and researchers with mentors,

experts, and industry leaders, thereby opening
avenues for collaborative research, career advancement, and practical real-world impact.

In alignment with UiTM’s overarching aspiration to sustain academic rigor, institutional
progressiveness, and stakeholder value, SIIDEx actively fosters an ecosystem centered on
creativity, innovation, and knowledge commercialization among researchers, educators, students,
and industry practitioners. The exposition offers a rigorous forum where inventive prototypes and
solutions are publicly presented and evaluated. By earning university-sanctioned accolades,
participants secure prestigious recognition while leveraging the platform to bridge the gap between
academic research and industry execution.

In closing, | extend my deepest appreciation to the steering committee, whose unwavering
dedication, resilience, and operational excellence guaranteed the success of SIIDEx 2026. My
sincere gratitude also goes to our esteemed sponsors and strategic partners for their vital support.
| am confident that the transformative ideas and innovations that emerged from SIIDEx 2026 will
yield enduring benefits for the UiTM community and contribute meaningfully to national socio-
economic advancement.

Sincerely,
Professor Dr. Firdaus Abdullah

Rector
UiTM Sarawak Branch
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Thank you to Almighty Allah. The 5th Sarawak
Invention, Innovation & Design Expo (SIIDEXx)
2026 was successfully organised by UiTM
Sarawak. As the host of SIIDEx 2026, we are
proud of UiTM Sarawak Branch in organising
this expo.

Foreword
I Q Chairman of SIIDEx 2026

—e

‘~ -
The expo provides a platform for all academia,

industry players and students to exhibit their
products, designs, and ideas. The innovative
and inventive products displayed can be
recognised and made known to the public. The
public can benefit from these products and

build multiple networks among academia,
industry players, and the community.

Moreover, the innovative products displayed at
SIIDEx 2026 offer participants the opportunity
to win lucrative awards and medals. It allows
product winners to be recognised by peers and
communities. Through this expo, the winning
products can be identified and pave the way for
them to participate in bigger events such as the
Malaysian Invention and Exhibition Expo (MIIX).

Finally, | would like to take this opportunity to thank all the sponsors, the SIIDEx 2026
committees, the juries, and the participants for making SIIDEx 2026 a success. We hope
SIIDEx 2026 can benefit academia, industry, and the community. Thank you.

Professor Ir. Dr. Juferi Idris
Chairman
SIIDEx 2026
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" BACKGROUND F

Sarawak Invention, Innovation & Design Exposition (SIIDEx) 2026 is the fifth SIIDEx
to be organised by Universiti Teknologi MARA (UiTM) Sarawak Branch. This
SIIDEx 2026 is jointly organised with UiTM Penang Branch. SIIDEx 2026 will take
place on 14 September 2026 at the Waterfront Hotel, Kuching, Sarawak, Malaysia.

It is @ major innovation competition established to foster a culture of creativity,
innovation, and commercialisation of knowledge among researchers, educators,
students, and industry practitioners. Through SIIDEx, an exhibition of innovative

and inventive products can be displayed to the public and contested.

N

The product exhibition competition offers participants the opportunity to
win an award recognised by the university and to use the platform to
e P/ communicate with industry and academic participants.

e COMPETITION CATEGORIES e

CATEGORY A CATEGORY B
Teaching and i
Innovation

Learning Innovation

CATEGORY C
Invented Products

CATEGORY D
Design
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Programme
S Objectives

To provide an international platform for
researchers, academics, students, and
industry innovators to showcase their
inventions, innovations, and designs.

To promote a culture of creativity,
innovation, and excellence in research
and product development.

To encourage the development of innovative
digital solutions capable of addressing real-world
challenges in the areas of sustainability,
healthcare, infrastructure, and community
well-being.

To strengthen strategic collaboration among
academiq, industry, government,
and other stakeholders.

To enhance the recognition and commercialisation
potential of research outcomes and
innovative products.

P
&

To strengthen the position of UiTM Sarawak Branch
as a leading institution in innovation development
at the national and international levels.

The implementation of SilDEx 2026 is expected to
enhance the visibility, impact, and collaboration
of research, in line with the aspiration of

UiTM Sarawak to become a regional hub of
innovation excellence.




10.00 AM -

12.00 PM

3.30PM

Participant Exhibition Setup & Registration

Q@ Exhibition Rooms: Tubau 1,2 & 3, Kerangas & Kabu Rooms
Registration Counter: Nipah Room (Level 4, Waterfront Hotel)

Exhibition & Judging (All Categories)

Q Tubau 1,2 & 3, Kerangas & Kabu Rooms
(Level 4, Waterfront Hotel)

End of Judging

End of Programme

_— T e v —— T e

Opening Ceremony of SIIDEX 2026 and
SeAlM 2026 Conference

Q@ Ranyai Ballroom, Level 4, Waterfront Hotel

Closing of SIIDEX 2026 & Award Ceremony
Announcement of SIIDEX 2026 Results

Q@ Ranyai Ballroom, Level 4, Waterfront Hotel

Note: The programme is subject to change without prior notice.
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and formalise commercialization pathways; system sales, installation, training and licensing
supporting broader adoption across Malaysia and the ASEAN blue economy.
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FROM ROOFS TO RESILIENT FOUNDATIONS: ELEVATING THIN-SHELL
STRUCTURES FOR DISASTER MITIGATION

SIIDEx 2026_D002

Florence Mercy Jekon', Awang Yazid Awang Seiful Bahari', Aimin Farhan Amil',
Azizah Abdul Nassir!”"

'Department of Civil Engineering, Faculty of Engineering, Universiti Malaysia Sarawak,
94300 Kota Samarahan, Sarawak, Malaysia

*Corresponding author’s e-mail: anazizah@unimas.my

ABSTRACT

Thin shells are well known for their structural advantages such as excellent load-sharing, yet in the
civil engineering industry, their usage primarily focuses on the roofing applications of buildings, and
consequently many of their structural benefits remain untapped. In this project, a novel concept of
retrofitting thin shells as raft foundations for disaster resilient applications is explored, as current
heavy loading of foundations under harsh weather and earthquakes can compromise structural safety.
Through FEM analysis on 10 thin shells designed from fundamental geometries, natures and
conventional roof examples, under stringent loading conditions, 3 designs were found highly practical
with minimal stresses less than 40 N/mm?, which is the concrete’s yield strength. Designs are
respectively identified as Model 1 (36.58 N/mm?), Model 2 (21.83 N/mm?), Model 3 (17.29 N/mm?).
ANN techniques were used to validate the models and proved the datasets with correlation
approaching 1 and near-zero MSE for Models 1 and 3. With shapes being optimized through gradient
based optimization, Models 1 and 3 attained minimal displacement at 30th iteration with optimal
thicknesses of 304mm (using T32-300 rebar) and 256mm (using T20-300 rebar). Thus, it validates
those thin shells are versatile building blocks for foundations that require bearing large loads. The
proposed novel approach can support UN SDG 11 and SDG 13 by providing disaster-risk-resilient
solutions.

Keywords: Thin Shell Structures, Elevated Raft Foundations, Disaster Resilience, Finite Element
Method, Shape Optimization

1. INTRODUCTION

Shell structures are highly valued in engineering because they are strong, lightweight, and can span
large areas using very little material. While they are usually just used for roofs and canopies, their
ability to serve as heavy-duty foundations remains largely untapped (Kedilaya et al., 2018). With
natural disasters causing massive global damage, we urgently need better building solutions (Aribisala
et al., 2022). Standard foundations often lead to building failure and structural damage during floods.
In contrast, shell structures have proven they can withstand extreme forces like hurricanes and storm
surges (South et al., 2014). This project proposes a new approach by using thin, reinforced concrete
shells as elevated foundations. This design safely resists floodwaters by relying on the shell's natural
strength. It also directly supports the UN's Sustainable Development Goals, specifically Goal 11 for
Sustainable Cities and Goal 13 for Climate Action by creating climate-resilient, eco-friendly
infrastructure (United Nations, 2018).
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2. METHODOLOGY

To thoroughly investigate the feasibility of thin shells as elevated foundations, a four-phase
methodology was used to model them structurally, validate them with Artificial Neural Network,
optimize them mathematically, and design them structurally.

Phase 1: Finite Element analysis (FEA) Modelling and Artificial Neural Network (ANN) Validation
Ten different shell geometries were created in the LUSAS software with continuous and non-continuous
boundaries, with stressed and smooth profiles. The models were tested under extreme loading
conditions. Live loads and hydrodynamic wave load for flood simulation were calculated according to
Eurocode 1 (European Committee for Standardization, 2018). Seismic Base Shear was calculated
according to Eurocode 8 (European Committee for Standardization, 2019) and wind loads were
calculated according to ASCE 7-16 parameters (American Society of Civil Engineers [ASCE], 2017).
To validate the accuracy of FEA stress and displacement output, an ANN was built in MATLAB. The
dataset was split into training (70%), validation (15%), and testing (15%) following the established
ANN workflows for structural prediction (Senin, 2022). The network used a back-propagation
algorithm with logsig(n) and purelin(n) transfer functions to compute the Mean Square Error (MSE)
and correlation coefficient (R).

Phase 2: Optimization of Thickness and Reinforced Concrete Design

Feasible models were optimized with Hypermesh software. The structural volume (objective function)
was minimized by a gradient decent algorithm under the constraints of the maximum displacement less
than 300 mm and maximum stress less than 40 N/mm?. To evaluate the optimized thicknesses with
regard to necessary steel reinforcements, we conducted design checks according to Eurocode 2
including evaluations for cracked vs uncracked sections as well as flexural strength.

3. FINDINGS

3.1 Finite Element Analysis (FEA) Outputs
The primary feasibility criteria required the models to generate maximum stresses below the concrete's
characteristic yield strength of 40N/mm?.

e Seven models failed due to stress generation exceeding the 40 N/mm? limit; models with partially
enclosed boundary conditions or highly stressed surface profiles proved inadequate in evenly
distributing the applied dynamic and static loads.

e Three continuous-boundary models successfully distributed the intense dynamic loads: Model 1
generated a maximum stress of 36.58N/mm?, Model 2 generated 21.83N/mm?, and Model 3
generated the lowest maximum stress at 17.29N/mm?,

Table 1 Summary of Maximum Stresses from FEA for Ten (10) Proposed Geometries

(a)Model 1 (b) Model 2 (¢) Model 3 (d) Model 4 (e) Model 5

Max. Stress: 36.58 Max. Stress: 21.83 Max. Stress: 17.29 Max. Stress: 84.94 Max. Stress: 387.96
N/mm? N/mm? N/mm? N/mm? N/mm?

(f) Model 6 (g) Model 7 (h) Model 8 )
(1) Model 9 (j) Model 10

Max. Stress: 387.46 Max. Stress: 167.64 Max. Stress: 88.33 Max. Stress: 119.89 Max. Stress: 124.823
N/mm? N/mm? N/mm? N/mm? N/mm?
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3.2 ANN Validation

Models 1 and 3 were selected for further verification. The ANN regression plots indicated exceptional
accuracy in the FEA readings. For both models, Figure 1 shows the correlation coefficient (R)
approached 1, demonstrating a near-perfect linear relationship between actual and predicted shear data
(Senin, 2022). Simultaneously, the MSE calculations approached zero, confirming the FEA datasets
were highly reliable and minimal in error.

Figure 1 Regression plot output a) Model 1 and b) Model 3.

3.3 Optimization and RC Design

Through the gradient-based shape optimization process, the initial conservative shell thickness of 600
mm was significantly reduced. Both Model 1 and Model 3 achieved their optimum structural volume
at the 30" computational iteration. Model 1 safely optimized its thickness to 304 mm, requiring T32-
300 rebars to satisfy Eurocode 2 flexural and crack-checking requirements. Model 3 achieved a highly
efficient optimal thickness of 256 mm, requiring only T20-300 rebars, representing substantial material
and cost savings.

4. CONCLUSION

This research proves that thin, reinforced concrete shells can be successfully used as elevated
foundations. Certain shapes (Models 1 and 3) safely handle extreme earthquake and flood forces by
keeping structural stress below the concrete's limit of 40 N/mm?. Furthermore, by optimizing the design,
the shell thickness can be safely reduced to just 256 mm to save materials. Ultimately, repurposing these
shells from roofs to foundations offers a practical, flood-resistant solution that directly supports UN
SDGs 11 and 13.
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