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subjected	to	accidental	impact	loads	of	various	types.	For	example,	submarine	pipelines	can	be	impacted	by	the	trawl	gear	of	fishing	vessels,	which	can	cause	severe	teeth	and	side	deformations	that	may	have	to	be	repaired	[1.]	In	addition,	cross-impact	loadsby	heavy	objects	fallen	during	the	installation	and	operation	of	offshore	platforms	can	cause
serious	damage	to	submarine	pipelines.	In	certain	serious	conditions,	the	fracture	can	be	developed	in	submarine	pipelines,	leading	tohydrocarbon	failure	and	leakage	in	seawater	[2.]	According	to	the	database	of	the	underlying	pipeline	failure	reported	by	the	UK	Health	and	Safety	Executive	PARLOC	2001	(HSE,	2003)	and	the	PRC,	International
American	Gas	Association	(IAGA)	(1999,	2000),	the	external	impact	is	the	largest	contributor	to	the	failure	of	the	underlying	pipeline,	representing	47%	of	the	pipeline	crashes	[3],	[4.]	Thus,	it	is	worth	studying	the	deformation	modes	of	steel	pipes	subject	to	cross-impact.	Global	and	local	deformations	were	studied	by	many	researchers,	but	most
methods	to	determine	these	two	values	are	based	on	some	idealized	assumptions.	A	more	practical	way	of	determining	these	two	deformations	is	needed.	In	addition,	some	easily	safe	parameters	are	required	to	qualitatively	illustrate	the	proportion	of	global	and	local	deformation,	making	it	easier	to	judge	the	mode	of	deformation.	To	better	describe
all	the	deformation	of	the	tube,	transverse	geometric	parameters	such	as	the	section	profile	and	transition	should	be	investigated	with	the	combination	of	longitudinal	parameters	in	the	axial	direction	of	a	pipe.	Jones	et	al	[5]	conducted	an	experimental	study	on	soft	steel	tubes	under	lateral	impact.	About	130	impact	tests	were	performed	on	fully-fixed
pipes	with	various	diameters	and	amplitudes	and	an	analysis	of	test	results	was	reported	in	Reference	[6.]	Chen	and	Shen	[7]	further	studied	the	dynamic	response	and	emphasized	an	initial	impact	energy	threshold	value.	Jones	and	Birch	[8]	conducted	pressurized	tube	impact	tests	and	obtained	critical	impact	energies	for	two	major	failure	modes.
Brooker	[9]	conducted	a	series	of	puncture	tests	on	pipes	with	different	excavator	teeth.	In	Brooker's	work,	a	way	of	puncture	failureunder	quasi-static	charges.	Lu	et	al.	[10]	reported	experiments	on	drilling	failure	of	both	empty	pipes	and	water-filled	pressurized	pipes	and	found	a	critical	impact	energy.	Palmer	et	al.	[11]	and	Yang	et	al.	[12]
investigated	experimentally	the	pipe-on-pipe	impact	problem.	Palmer	focused	on	the	dent	of	pipes	and	damage	to	the	concrete,	while	Yang	found	the	most	dangerous	position	on	the	missile	pipe.	Yu	et	al.	[13]	measured	dent	depths	of	pipes	in	small-scale	model	tests	which	show	good	consistency	with	estimates	using	a	local	Galerkin	discretization
method.	Study	of	soil-pipe	interaction	was	made	by	Zeinoddini	et	al.	[14]	and	comparison	between	numerical	and	test	results	were	included.All	the	experimental	studies	mentioned	above	investigated	the	mechanism	of	the	impact	behavior	since	the	deformation	mode	is	indispensable	for	studying	the	failure	modes,	threshold	energy	or	dent	depth.
Thomas	et	al.	[15]	and	Watson	et	al.	[16],	[17]	proposed	three	deformation	phases	observed	from	their	tests.	Theoretical	work	was	done	by	Soares	[18]	on	global	deformation	of	pipes	with	different	boundary	conditions	regardless	of	local	deformation.	The	section	shape	used	by	Jones	and	Shen	[6]	was	further	studied	by	Chen	and	Shen	[7]	and	local
deformation	was	allowed	to	continue	in	the	global	deformation	phase.	Arabzadeh	and	Zeinoddin	[19]	studied	the	section	deformation	and	dent	depth	of	pressurized	pipes	subjected	to	transverse	impact	loads.	Dou	and	Liu	[20]	provided	a	combined	computational	and	analytical	study	for	the	permanent	deformation	of	pipes	under	lateral	impact.	The
rigid	perfectly	plastic	method	of	analysis	used	for	beams	[e.g.,	[21],	[22]]	is	often	used	to	obtain	the	large	deformation	characteristics	of	pipes.	Jones	and	Birch	[23]	examined	pipelines	with	an	internal	pressure	and	subjected	to	a	low-velocity	impact	producing	large	transverse	displacements	and	failure.The	research	on	empty	pipes	under	lateral
impact	is	the	basis	for	further	investigation.	Although	some	work	has	been	done	in	this	area,	are	still	some	phenomena	to	be	explained	and	more	conclusions	can	be	summarized	from	experiments	to	get	a	better	understanding	of	impact	problems.	More	parameters	can	be	researched	to	establish	an	integrated	system	that	describes	the	deformation	of
the	pipes.	Outputs	for	five	steel	pipe	groups	are	carried	out	with	different	external	diameters	of	25	€	̄mm,	42	€	̄mm,	60	̄mm,	89	€	mm	and	114	€	̄mm.	The	ratio	between	the	length	of	the	pipes	2	and	the	diameter	of	the	pipes	is	fixed	as	2L/d	=	10	and	the	thickness	of	the	pipes	H	is	constant	2	€	mm.	The	geometric	parameters	of	the	test	tubes	are	listed
in	Table	1.	Dynamic	impact	experiments	are	carried	out	in	tubes	using	the	crash	hammer	platform	shown	in	Fig	1.	The	effective	height	of	the	platform	is	2.7	€	̄m,	which	allows	a	maximum	time	of	time	in	time	The	history	of	each	tube	was	recorded	and	some	are	shown	in	Fig.	7,	displaying	tubes	in	different	groups	impacted	in	different	positions.	From
these	numbers,	the	typical	curve	rises	constantly	and	falls	sharply,	particularly	close	to	a	support.	The	impact	process	ends	when	acceleration	becomes	zero.	The	impact	force	during	the	process	can	be	calculated	by	multiplying	the	acceleration	and	mass	of	the	indentator.	All	data	recorded	and	measured	from	the	experiments	are	the	current
experiments,	more	parameters	are	measured	and	investigated	than	in	previous	work,	but	to	verify	the	reliability	of	the	results	of	this	test,	comparisons	are	made	with	previous	studies.	Based	on	the	similar	contour	condition	and	the	tube	dimensions,	the	comparison	between	the	adimensional	results	of	current	experiences	and	those	of	Jones	et	al	[5],
as	shown	in	Fig.	18.	Non-dimensional	parameters	are	used	as	there	are	some	differences	Among	the	current	research	of	Twothe,	reports	the	results	of	an	experimental	study	on	tubesFully	stuck	under	low	-speed	side	impacts.	Experimental	results	show	good	agreement	with	an	earlier	previous	arap	etset	od	sodatluser	son	esab	moc	adaluclac	iof	oin‐
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theoretical	discs	with	less	than	1%.	Altico	Disso,	the	moments	of	flexion	£	or	obtained	five	-dimensioned	model	hair	for	um	um	The	EDST	segment	deviates	by	only	about	4%	of	the	corresponding	results	obtained	by	the	finite	element	method	(FE)	under	static	load	evenly	distributed	and	complex	static	load.	The	proposed	five-dimensional	model	is	then
employed	to	calculate	stress	responses	obtained	at	individual	critical	points	in	a	complex	pipe	system	under	impact	loading.	The	results	obtained	deviate	at	most	from	less	than	15%	of	the	corresponding	results	obtained	from	the	FE	method	based	on	the	overall	model	of	the	piping	system.	In	addition,	the	average	deviation	for	all	critical	points
considered	was	only	5.87%.	The	results	show	that	the	shock	response	obtained	with	the	simplified	five-dimensional	model	is	essentially	equivalent	to	that	of	the	complex	model.	The	proposed	simplified	five-dimensional	method	is	therefore	demonstrated	to	be	reasonable	to	simplify	large-scale	complex	pipe	systems	by	conducting	shock	resistance
research.	Due	to	limited	coastal	areas	and	great	impact	for	local	ecosystems,	the	aquaculture	industry	is	moving	fish	farms	in	more	exposed	regions	of	the	sea,	where	environmental	conditions	are	much	more	severe.	Like	other	offshore	installations	operating	in	the	sea,	fish	cages	are	also	exposed	to	the	risk	of	collisions	of	participants	or	visiting
vessels.	This	article	evaluates	the	structural	strength	of	the	world's	first	offshore	fish	farm	operating	in	Norway	subject	to	collisions	of	supply	ships	by	the	use	of	simulations	of	non-linear	finite	elements.	The	fish	cage	is	a	semi-submersible	floating	structure	consisting	of	columns	lined	by	rings	connected	by	apparatus.	A	standard	7500-ton	supply	ship
is	used	as	the	striking	ship.	Both	local	shell	deformation	analyses	using	LS-DYNA	and	beam	deformation	analysis	using	USFOS	areIn	the	local	shell	manly,	collision	scenes	with	all	decoupled	and	coupled	are	simulated	for	representative	impact	venues.	The	Decoupled	model	adopts	the	prescribed	paths	to	the	ship	ship	While	in	the	coupled	model,	the
movements	of	the	ship	are	calculated	based	on	hydrodinhine	forms	of	linear	potential	theory,	as	well	as	inn	and	collision.	In	the	overall	beam	column	dwelling	in	the	USFs,	the	deforming	curves	of	the	supply	vessel	for	the	supply	vase	of	the	local	shells	used	as	input.	The	resulting	damage	and	the	absorption	of	energy	is	compared	to	those	of	local	shell
simulations.	The	results	are	discussed	in	relation	to	impact,	absorption	of	energy	and	structural	damage.	Subsea	tubes	are	occasionally	hit	and	engaged	by	objects	such	as	such	as	drag	gear.	The	initial	tooth,	followed	by	possible	connections	and	displacement	of	the	tubulation,	gives	rise	to	a	complex	and	historical	deformation	load.	Transversal
displacements	cause	simultaneous	increase	in	the	axial	forms	of	loading,	further	complicating	the	load	sequence.	This	study	examines	the	effect	of	the	application	of	one	of	the	different	axial	charges	(zero,	constant	and	linearly	increasing)	to	a	tube	while	simultaneously	deform	-transversely.	Train	tests	were	repeated	with	an	internal	pressure	of	10
âffa	(100	Âdy),	and	all	tests	have	been	recreated	numerically	in	finite	element	simulations	using	iterative	(implanted)	approaches	and	no-optimalized	(exploded).	As	expected,	the	addition	of	an	axial	load	increased	the	resistant	of	the	flexion	tube	in	terms	of	forction	displacement,	and	it	can	be	said	about	the	inclusion	of	internal	pressure.	However,	a
more	localized	tooth	was	observed	in	the	pressurized	tubes,	which	in	turn	could	affect	the	failure	of	the	failure.	The	experimental	results	were	well	captured	by	the	simulations	of	finite	elements.	In	the	last	one,	the	Offshore	Study	of	Petr	from	Petro.	A	large	number	of	offshore	structures,	especially	jacket	and	jack-up	platforms,	was	built	and	installed
the	whole	world.	As	they	are	often	exposed	to	impact	security	threats	visiting	discarded	vessels	and	objects,	there	was	a	continuousgniraems	no	desab	dohtem	sisylana	deifilpmis	a	gnisu	deniatbo	erew	taht	stluser	eht	,yllaniF	.dethgilhgih	si	stluser	eht	no	noitinifed	gninedrah	etar-niarts	eht	fo	tceffe	ehT	.SUQABA	egakcap	erawtfos	tnemele	etinif	eht	fo
revlos	ticilpxe	eht	gnisu	detaulave	erew	sledom	tset	eht	fo	esnopser	tcapmi	eht	fo	ycarucca	noitciderp	laciremun	ehT	.seiduts	kramhcneb	erutuf	rof	lufesu	eb	ot	detroper	era	,stnemerusaem	eguag	niarts	dna	sevruc	tnemecalpsid-ecrof	cimanyd	,epahs	demrofed	lanif	eht	edulcni	hcihw	,atad	latnemirepxe	eht	,snoitavresbo	eseht	htiW	.debircsed	era
seitreporp	lairetam	cimanyd	dna	citats-	Isauq	htob	ot	ot	ot	tsset	eht	dna	errudcorp	eht	,Putes	tnemirepxe	eht	fo	sliated	.sledom	elacs-llams	legets	detacirbaf	owt	if	detcudnoc	erew	Ssam	yticolev	Wol	wol	ot	detcejbus	sednilyc	deneffits-gnir	Leets	Dellaw-NIHT	Retemaid-EGGAL	FO	ESNOPSER	TCAPMI	EHT	sessridda	repap	sihtsupocs	if	selcitra	gnitic	lla
weiV.hcraeser	erutuf	rof	snoitacidni	lufesu	edivorp	dna	,serudecorp	tnemssessa	dna	serutcurts	ralubut	erohsffo	fo	esnopser	tcapmi	eht	dnatsrednu	pleh	lliw	repap	siht	ni	sgnidnif	ehT	.dessucsid	dna	derapmoc	si	noitamrofni	detcelloc	ehT	.dezitiroirp	era	,ecneulfni	ediw	a	evah	hcihw	,secnerefer	lacissalc	dna	sgnidnif	tnecer	dna	,erutaretil	eht	ni
elbaliava	si	noitamrofni	fo	htlaew	A	.stcapmi	pihs	tsniaga	etagitim	ot	snoitaredisnoc	ngised	dna	srebmem	ralubut	degamad	fo	shtgnerts	laudiser	eht	,serutcurts	ralubut	fo	sesnopser	lacol	dna	labolg	,mroftalp	dna	pihs	eht	ni	noitprosba	ygrene	,gnidaol	tcapmi	pihs	,gnilledom	lairetam	gnirevoc	,stcapmi	ssam	ot	detcejbus	serutcurts	ralubut	erohsffo	fo
scinahcem	dna	scimanyd	esnopser	eht	ot	tcepser	htiw	tra-eht-fo-etats	eht	sweiver	repap	sihT	.snoisilloc	morf	tcetorp	ot	sdradnats	ngised	lacitcarp	gnisoporp	dna	serutcurts	ralubut	fo	scinahcem	tcapmi	eht	gnidnatsrednu	NI	stneserp	yduts	sihT	.hcum	os	ton	srehto	elihw	ylevisnetxe	etiuq	deiduts	neeb	evah	sretemarap	eseht	fo	emoS	.tcapmi	na	hcus	fo
esruoc	eht	ecneulfni	ÂÂÃ¢	.cte	,yticolev	tcapmi	,tnetnoc	enilepip	,seitreporp	lairetam	,yrtemoeg	epip	eht	gnidulcni	Â	ÂÃ¢	sretemarap	fo	tol	A	.raeg	lwart	ro	srohcna	morf	.g.e	,sdaol	tcapmi	latnedicca	ot	detcejbus	yltneuqerf	era	senilepip	erohsffO.hcraeser	siht	ni	deiduts	si	taht	esac	eht	si	hcihw	denimreted	eb	nac	ytilibapac	noitprosba	ygrene	eht
yltneuqesnoc	dna	edom	noitamrofed	eht	,	snemiceps	eht	fo	sllaw	no	snoitisop	sehcton	eht	gnignahc	yB	.snemiceps	rehto	eht	naht	shtgnel	sehcton	eht	ot	evitisnes	erom	era	gnidaol	noisserpmoc	laretal	rednu	sebut	etisopmoc	fo	sroivaheB	.noitprosba	ygrene	rieht	htiw	noitaler	esrever	dah	shtgnel	sehcton	,snemiceps	eht	fo	tsom	nI	.snemiceps	tcatni
gnidnopserroc	Rieht	naht	erom	era	noitprosba	ygrene	fo	snuoma	eht	Htnuoma	by	Sesac	era	sedidi	nWod	dna	pu	no	sehcton	htiw	snmuloco	erauqs	.snoitosop	sehcctton	eht	no	gridneked	,ytiliabapa	c	noitprosba	ygrene	rieht	esaerced	ro	esaercni	yam	serutcurts	eht	fo	sllaw	no	sehcton	fo	srebmun	taht	wohs	stluser	latnemirepxE	.atad	sÂÂÃ¢enihcam
gnitset	eht	gnisu	detaluclac	erew	sretemarap	noitprosba	ygrene	rieht	dna	ssecorp	citats-isauq	a	gnirud	setalp	digir	owt	neewteb	desserpmoc	erew	snemiceps	ehT	.meht	fo	snoitisop	suoirav	no	detaerc	erew	shtgnel	tnereffid	fo	sehcton	emos	erehw	sebut	etisopmoc	ralucric	dna	sebut	nezarb	ralucric	,snmuloc	munimula	ralugnatcer	dna	erauqs
:detagitsevni	erew	snemiceps	fo	spuorg	eerhT	.seiticapac	noitprosba	ygrene	eht	gnisaercni	rof	syaw	wen	gnidnif	dna	serutcurts	eseht	fo	scitsiretcarahc	noitprosba	ygrene	no	seitiunitnocsid	lacirtemoeg	fo	stceffe	eht	fo	snoitagitsevni	era	slaog	niaM	.serutcurts	ralubut	fo	gninettalf	laretal	fo	yduts	latnemirepxe	eht	sevlovni	hcraeser	sihT.dessucsid	osla
erew	dohtem	deifilpmis	siht	fo	snoitatimil	ehT	.detaulave	erew	htgnerts	gnidneb	laitnerefmucric	tnelaviuqe	na	niatbo	ot	and	component	tests	in	specimens	taken	from	an	offshore	X65	pipeline.	Empty	pipes	as	well	as	open	and	closed	pipes	filled	with	water	are	impacted	at	different	speeds.	The	results	in	terms	of	force	displacement	curves	are	quite
similar	for	the	empty	and	open	pipes	filled	with	water,	while	the	closed	pipes	filled	with	water	react	differently	as	a	result	of	internal	pressure	buildup	during	impact.	Computer	simulations	of	component	tests	are	performed	using	various	numerical	techniques	for	fluid	discretization	and	fluid	structure	interaction.	Numerical	results	are	generally	in
good	agreement	with	experimental	observations	and	serve	as	a	useful	help	in	interpreting	the	results.	Much	of	the	research	was	carried	out	in	circular	hollow	steel	tubes	submitted	to	indentation	loads,	but	the	response	of	a	circular	hollow	steel	tube	when	submitted	to	a	combination	of	an	indentation	load	(the	load	applied	by	an	indenter)	acting
together	with	other	load	conditions	received	notably	less	evaluation.	An	experimental	study	was	conducted	in	two	groups	of	hollow	steel	circular	tubes	that	were	free	or	supported	by	the	base.	These	tubes	were	first	submitted	to	a	uniform	axial	precompression,	which	is	the	most	common	service	load	in	many	tube	applications,	followed	by	the
application	of	indentation	loads	while	the	magnitude	of	axial	precompression	was	maintained.	Force,	upper	surface	and	cross-sectional	deformation	of	medium	height,	longitudinal	and	circumferential	strains,	and	the	failure	mechanism	of	the	tubes	were	compared,	with	a	significant	difference	found	between	the	response	of	the	two	test	groups,	and
with	this	difference	increasing	as	the	magnitude	of	the	axial	precompression	and	indentary	displacement	were	increased.	In	addition,	it	was	identified	that	for	the	same	level	of	energy	absorbed,	a	deeper	dent	wasfor	base	-supported	tubes	than	for	free	rescue,	free	rescue.	In	addition,	analtatic	analtatic	equals	In	the	literature,	they	were	compared	to
experimental	results	and	a	good	correlation	was	found	between	the	experiments	and	the	forecasts.	First,	the	case	of	the	homogeneous	ring	model	is	investigated,	followed	by	a	detailed	study	of	corroded	rings.	The	elastic-plastic	collapse	pressure	can	be	treated	as	the	lowest	root	of	an	elementary	function.	We	prove	that	the	pressure	of	collapse	is	a
strictly	increasing	function	of	the	number	so	in	this	article	and	presents	some	interesting	structures	of	the	roots.	The	partially	corroded	ring	is	parametized	by	the	depth	of	corrosion	and	the	extent	of	the	angle.	A	comprehensive	comparison	shows	that	plasticity	should	not	be	neglected	when	the	ring	is	thick	walls.	In	addition,	a	study	on	large
deformation	of	deflection	of	cylindrical	3D	shells	almost	statically	kneaded	under	constant	external	pressure	is	performed	theoretically	and	numerically.	The	propagation	pressure	of	the	buckle	is	shown	as	a	significant	value	to	normalize	external	pressure.	This	article	serves	to	improve	the	understanding	of	the	destabilising	effect	of	external	pressure
mainly	applicable	and	relevant	to	the	underwater	offshore	industry.	Subsea	pipelines	are	occasionally	reached	and	hooked	by	objects	such	as	anchors	or	drag	gears.	The	initial	tooth,	followed	by	possible	connections	and	displacement	of	the	pipe,	gives	rise	to	a	complex	load	and	deformation	history.	Transverse	displacements	cause	a	simultaneous
increase	in	axial	traction	forces,	further	complicating	the	load	sequence.	This	study	examines	the	effect	of	the	application	of	one	of	the	three	different	axial	loads	(zero,	constant	and	linearly	increasing)	to	a	tube	while	simultaneously	deforming	-the	transversely.	The	three	tests	were	repeated	with	an	internal	pressure	of	€10	̄mpa	(€100	̄bar),	and	all
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