LB/TH/08/2026
TH6133

INTEGRATED FORM-FINDING AND OPTIMIZATION
OF GRID-SHELL STRUCTURES USING COUPLED
ITERATIVE ALGORITHMS AND SPECIALIZED
GRAPH NEURAL NETWORKS

H. M. A. M. Abeyrathna

248061N

Master of Science (Major Component of Research)

Department of Civil Engineering

Faculty of Engineering

University of Moratuwa
Sri Lanka

December 2025


User
Typewritten Text
TH6133

User
Typewritten Text
LB/TH/08/2026


INTEGRATED FORM-FINDING AND OPTIMIZATION
OF GRID-SHELL STRUCTURES USING COUPLED
ITERATIVE ALGORITHMS AND SPECIALIZED
GRAPH NEURAL NETWORKS

H. M. A. M. Abeyrathna

248061N

Thesis/Dissertation submitted in partial fulfillment of the requirements for the degree

Master of Science (Major Component of Research)

Department of Civil Engineering

Faculty of Engineering

University of Moratuwa
Sri Lanka

December 2025



DECLARATION

| declare that this is my own work and this thesis/dissertation does not incorporate
without acknowledgement any material previously submitted for a degree or diploma
in any other University or Institute of higher learning, and to the best of my knowledge
and belief, it does not contain any material previously published or written by another
person except where the acknowledgement is made in the text. | retain the right to use
this content in whole or in part in future works (such as articles or books).

04/12/2025
Signature: Date:

The above candidate has carried out research for the Master's thesis/under my
supervision. | confirm that the declaration made above by the student is true and
correct.

Name of Supervisor: Dr. H. M. S. T. Herath

Signature of the Supervisor: Date: 05.12.2025



ACKNOWLEDGEMENT

I am deeply grateful for the guidance | have received from my supervisor, Dr. Sumudu
Herath. Thank you, Dr. Sumudu, for exemplifying how to pursue research passions
and for your constant support throughout my undergraduate and postgraduate research
journey. Your enthusiasm inspired me to begin researching shell structures during both
my undergraduate and postgraduate studies. This work would not have been possible
without your dedication.

I would also like to thank Dr. Lakshitha Fernando for his valuable feedback as an
evaluator during my progress reviews. Your comments greatly helped improve this
study. My gratitude extends to Prof. Chinthaka Mallikarachchi and Dr. Chathura
Rajapakse for their mentorship and guidance throughout my research journey.
Additionally, 1 would like to express my appreciation to Prof. H. R. Pasindu for his
role as the Research Coordinator in the Department of Civil Engineering.

I am thankful to the Department of Civil Engineering at the University of Moratuwa
in Sri Lanka for providing the opportunity to work alongside the talented individuals
mentioned above. | greatly appreciate the opportunity to conduct research and serve as
a Department Research Assistant, which enabled me to teach and motivate students,
while also receiving financial support during this period. 1 also extend my gratitude to
the Faculty of Graduate Studies at my university for their proactive support when
needed and their effective management of all administrative matters.

Furthermore, | am very grateful to the previous researchers who have explored the
areas of shell structures, grid-shells, and form-finding. Their findings and developed
algorithms significantly helped me understand the physics behind grid-shells and
form-finding.

I am grateful to the developers of the online courses I have taken in Machine Learning
and Deep Learning, as well as to those who have developed Large Language Models.
These resources have significantly enhanced my understanding of the theories behind
machine learning, deep learning, and coding, and have also helped me with writing.

Finally, and most importantly, | wish to thank my parents. Their unconditional love
drives me to keep progressing.



ABSTRACT

A primary inefficiency in the design of complex grid-shell structures arises from the
separation of form-finding and member sizing into distinct stages. This decoupled
approach is problematic because the optimal structural form is directly dependent on
the dimensions of its members, making the optimization process computationally
demanding. This research addresses these challenges through two primary
contributions. First, it introduces an enhanced iterative algorithm that couples form-
finding, based on the Potential Energy Method, with member sizing optimization. This
methodology is implemented in two novel MATLAB-based software tools, providing
a flexible design environment that accommodates arbitrary geometries, materials, and
loading conditions, which were validated against established analytical methods.
Secondly, to significantly accelerate this workflow, the study explores the application
of Graph Neural Networks for near-instantaneous prediction of optimal forms and
member properties. A generalized Graph Neural Network model trained on a diverse
dataset of mixed topologies struggled with generalization, showing limited accuracy.
In contrast, a specialized Graph Neural Network model trained exclusively on dome-
type grid-shells demonstrated outstanding predictive accuracy, with coefficient of
determination values exceeding 0.99 for both final nodal coordinates and optimal
member properties. This specialized model drastically reduces computational time
compared to traditional iterative simulations. The findings demonstrate that while the
developed software provides a robust tool for detailed analysis, a topology-specific
Graph Neural Network approach offers a robust and viable strategy for real-time
structural feedback in the conceptual design phase. This work lays the groundwork for
integrating physics-informed machine learning into structural engineering to create
more efficient and intuitive design tools.

Keywords: Grid-shells, Form-finding, Graph Neural Networks, Potential Energy
Method, Size Optimization, Coupled Analysis
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