
                                                                  
 

      
 
 
      ICCES, 2024, vol.31, no.2 

 

This work is licensed under a Creative Commons Attribution 4.0 International License, which 
permits unrestricted use, distribution, and reproduction in any medium, provided the original 
work is properly cited. 

 

DOI:	10.32604/icces.2024.010961	
	

PROCEEDINGS	

Quantum	Computing	in	Computational	Mechanics:	A	New	Frontier	for	
Finite	Element	Method	

Dingjie	Lu1,	Zhao	Wang1,	Jun	Liu1,	Yangfan	Li1,	Wei-Bin	Ewe1	and	Liu	Zhuangjian1,*	

1 Institute	of	High	Performance	Computing,	Agency	for	Science,	Technology	and	Research	(A*STAR),	138632,	Singapore	
*Corresponding	Author:	Zhuangjian	Liu.	Email:	liuzj@ihpc.a-star.edu.sg	
 

 
 
Funding Statement: This work was supported by the National Research Foundation, Singapore and 
A*STAR under its Quantum Engineering Programme (NRF2021-QEP2-02-P04). 
 
Conflicts of Interest: The authors declare that they have no conflicts of interest to report regarding the 
present study. 

ABSTRACT	
This	study	heralds	a	new	era	in	computational	mechanics	through	the	integration	of	Quantum	Computing	
with	 the	 Finite	 Element	 Method	 (FEM),	 representing	 a	 quantum	 leap	 forward	 in	 addressing	 complex	
engineering	simulations.	Our	approach	utilizes	Variational	Quantum	Algorithms	(VQAs)	to	tackle	challenges	
that	have	been	traditionally	well-solved	on	classical	computers	yet	pose	significant	obstacles	in	the	quantum	
computing	domain.	This	innovation	not	only	surmounts	these	challenges	but	also	extends	the	applicability	
of	 quantum	 computing	 to	 real-world	 engineering	 problems,	 moving	 beyond	 mere	 conceptual	
demonstrations	 of	 quantum	 computing	 in	 numerical	methods.	 The	 development	 of	 a	 novel	 strategy	 for	
implementing	general	boundary	conditions	within	the	quantum	framework	is	a	key	aspect	of	this	research.	
This	advancement	is	crucial	in	engineering	applications	where	boundary	conditions	are	essential.	Moreover,	
our	method's	 adaptability	 to	 diverse	 geometries	 and	material	 properties,	 along	with	 its	 scalability	 and	
precision	 in	 handling	 boundary	 conditions,	 positions	 it	 as	 a	 powerful	 tool	 for	 complex	 engineering	
challenges.	The	successful	application	of	quantum	computing	to	advanced	simulations	in	this	study	marks	a	
significant	milestone,	reshaping	the	approach	to	computational	mechanics	through	a	quantum	lens	without	
compromising	accuracy,	and	paving	the	way	for	future	innovations	in	quantum	computing	applications	in	
engineering.	
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