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ABSTRACT	
Considering	experimental	testing	data	is	costly,	and	sensor	data	is	often	sparse,	while	simulation	analysis	
provides	overall	strength	information	with	lower	accuracy,	a	digital	twin	framework	is	proposed	for	full-
field	structural	strength	assessment	and	prediction.	The	framework	is	mainly	divided	into	two	stages.	In	the	
offline	stage,	 the	simulation	model	of	 the	structure	 is	established,	and	the	sensor	 layouts	are	completed.	
Then,	the	DNN	pre-training	model	is	constructed	based	on	the	reduced	simulation	data.	In	the	online	stage,	
the	experimentally	measured	data	are	predicted	to	obtain	the	time-series	sensors	data,	and	the	traditional	
transfer	learning	multi-source	data	fusion	model	is	constructed.	Finally,	to	obtain	the	more	accurate	and	
robust	digital	twin	model,	the	prediction	error	of	the	transfer	learning	model	is	fixed.	To	demonstrate	the	
effectiveness	 of	 the	 proposed	 digital	 twin	 strength	 monitoring	 framework,	 two	 different	 engineering	
examples	involving	the	plate	with	hole	and	the	hierarchical	stiffened	plate	are	studied.	The	results	indicate	
that	the	proposed	method	can	establish	an	accurate	digital	twin	model,	achieve	accurate	interpolation	of	the	
sensor	data,	and	provide	a	better	prediction	for	the	next	loading	step	of	the	experiment.	This	provides	a	
solution	for	achieving	accurate	real-time	monitoring	and	predicting	structural	strength	trends	during	the	
test.	
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