
                                                                  
 

      
 
 
      ICCES, 2024, vol.29, no.4 

 

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.2024.011344	
	

PROCEEDINGS	

Uncertainty	Quantification	of	Complex	Engineering	Structures	Using	
PCE-HDMR	

Xinxin	Yue1	and	Jian	Zhang2,*	

1College	of	Architecture,	Anhui	Science	and	Technology	University,	Bengbu,	233000,	China	
2Ocean	Institute,	Northwestern	Polytechnical	University,	Taicang,	215400,	China	
*Corresponding	Author:	Jian	Zhang.	Email:	jianzhang@nwpu.edu.cn 
 

 
 
Funding Statement: This work was supported by the National Natural Science Foundation of China (Grant 
No. 11872190). 
 
Conflicts of Interest: The authors declare that they have no conflicts of interest to report regarding the 
present study. 
 
References 
1. Sobol, I. M. (1993). Sensitivity estimates for nonlinear mathematical models. Mathematical & Computer 

Modelling, 1(4), 407-414. 
2. Rabitz, H., Aliş, Ö. F. (1999). General foundations of high‐dimensional model representations. Journal of 

Mathematical Chemistry, 25, 197-233. 
3. Ziehn, T., Tomlin, A. S. (2009). GUI–HDMR – A software tool for global sensitivity analysis of complex models. 

Environmental Modelling & Software, 24 (7), 775-785. 
4. Cheng, K., Lu, Z. Z. (2019). Time-variant reliability analysis based on high dimensional model representation, 

Reliability Engineering & System Safety, 188, 310-319. 

ABSTRACT	
The	"curse	of	dimensionality"	faced	by	high-dimensional	complex	engineering	problems	can	be	tackled	by	a	
set	 of	 quantitative	 model	 evaluation	 and	 analysis	 tools	 named	 high-dimensional	 model	 representation	
(HDMR)	 [1,2],	 which	 has	 attracted	 much	 attention	 from	 researchers	 in	 various	 fields,	 such	 as	 global	
sensitivity	analysis	(GSA)	[3],	structural	reliability	analysis	(SRA)	[4],	CFD	uncertainty	quantification	[5]	and	
so	on	[6].	In	this	paper,	a	new	method	for	uncertainty	quantification	is	proposed.	Firstly,	PCE-HDMR	for	SRA	
is	 developed	 by	 taking	 advantage	 of	 the	 accuracy	 and	 efficiency	 of	 PCE-HDMR	 for	 modeling	 high-
dimensional	problems	[7].	Secondly,	the	formulas	for	the	statistical	moments	and	global	sensitivity	indices	
are	theoretically	derived	by	utilizing	the	orthogonality	of	the	PCE-HDMR	component	functions.	Finally,	the	
effectiveness	and	accuracy	of	the	proposed	method	are	verified	by	one	benchmark	function	(i.e.,	Ishigami	
function)	 and	 two	 engineering	 examples	 (i.e.,	 a	 planar	 truss	 structure	 and	 a	 full-size	 offshore	 jacket	
platform).	The	results	show	that	PCE-HDMR	is	closer	to	the	results	of	the	Monte	Carlo	method	than	PCE	in	
calculating	the	global	sensitivity	indices,	reliability	index	and	failure	probability.	In	conclusion,	the	GSA	and	
SRA	 method	 based	 on	 PCE-HDMR	 proposed	 in	 this	 paper	 can	 be	 accurately	 and	 efficiently	 applied	 to	
uncertainty	quantification	of	large	and	complex	engineering	structures.	
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