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Students	and	educators:	Use	Archicad	to	its	full	potential!	Free	1-year	license	can	be	extended	while	your	student/educator	status	lasts.	(For	faster	approval,	please	use	your	school	email	address	to	sign	up.)Schools:	Deploy	Archicad	throughout	your	computer	lab	–	network	installation	makes	it	easy.	Free	30-day	Archicad	Collaborate	trialNo	credit
card	neededConverts	automatically	to	paid	license*Full	modeling	capabilitiesNo	watermark	on	projects	and	documentsIncludes	Teamwork	(BIMcloud)	functionalityChoose	one-seat	or	multi-seat	trial	*	if	you	gave	us	your	credit	card	information.	Cancel	any	time.	The	Duke	Ellington	School	of	the	Arts,	USALen	Lye	Centre,	New	ZealandSzervita	Square
Building,	HungaryYunshan	Town	Complex,	China	Video	highlights	Video	highlights	of	Graphisoftsolutions	Browse	the	basics	Get	familiar	with	the	essentials!	Find	your	learning	path	New	to	Archicad?	These	self-paced	courses	will	get	youstarted.	Foundation	courses	Visit	Graphisoft	Learn	to	choosethe	foundation-level	coursethat’s	right	for	you.	We
have	suspended	the	Trial	Program	as	of	January	25,	2024,	so	the	options	and	processes	described	below	are	currently	unavailable.	We	still	want	to	encourage	you	to	try	Archicad,	though.	To	learn	more,	please	get	in	touch	with	your	local	Graphisoft	representative.	They	are	glad	to	assist	you	to	get	started	with	Archicad	and	other	Graphisoft	products.
Thanks	for	your	interest	in	exploring	Graphisoft	solutions!	This	article	explains	how	to	start	your	trial	journey	with	us.	Step	1:	Register	for	Trial	Use	the	trial	license*	to	try	out	the	full	functionality	of	Archicad	for	up	to	1	month	on	a	single	computer,	free.	Get	the	trial	license	by	registering	at	.	We	automatically	detect	your	current	location,	but	you	can
also	manually	select	a	different	country,	using	the	list	at	the	top	left	corner	of	our	website.	*In	your	region,	the	trial	version	is	currently	available	with	key-based	licensing.	Select	‘Try	now’	to	start	your	trial	registration.	Select	‘Free	trial’.	Read	about	our	trial	license	types,	then	select	‘Professional	user’.	For	the	free	trial,	you	must	create	a	Graphisoft
account	and	ID	for	yourself.	For	more	information,	please	read	Graphisoft	ID	Frequently	Asked	Questions.	Sign	in	to	your	Graphisoft	account.	Fill	out	the	form,	read	and	accept	our	Privacy	Policy,	and	select	‘Request	Trial	License’.	Once	you	have	signed	up	for	your	Archicad	trial	license,	we	will	email	you	with	a	coupon	code	for	your	trial	license.	Step
2:	Download	and	install	Archicad	Follow	the	instructions	in	the	email	and	visit	.	We	will	guide	you	through	the	purchase	process	for	your	free	trial	license.	Select	the	Archicad	subscription	and	click	Next.	Select	‘Monthly’	as	your	billing	period	and	enter	the	coupon	code	you	received	by	email.	Proceed	by	filling	out	the	form.	You	can	also	learn	more
about	your	local	Graphisoft	service	partner.	Configure	your	payment	method	and	place	your	order.	Select	‘Download	now’.	Select	the	Archicad	version	based	on	your	operating	system.	Download	the	Archicad	installer	and	run	it	to	install	Archicad.	See	the	step-by-step	installation	description	here.	Step	3:	Sign	in	with	your	Graphisoft	ID	in	Archicad
When	you	first	launch	Archicad,	the	start-up	dialog	prompts	you	to	to	sign	in	with	your	Graphisoft	ID.	Once	you	sign	in,	your	1	month	trial	license	is	automatically	downloaded	to	your	computer,	in	the	background.		For	further	information,	please	read	our	article	about	Graphisoft	ID	Authentication	in	Archicad.	After	your	Trial	expires	Trial	licenses	are
valid	for	1	month.	Please	note	that	trial	licenses	cannot	be	renewed.	Once	the	trial	license	has	expired,	it	is	automatically	converted	to	a	monthly	subscription	for	a	full	commercial	license	of	Archicadif	the	credit	card	information	was	provided	during	the	activation.	You	can	cancel	your	subscription	any	time.	Metropol	Parasol,	Sevilla	|	J.	Mayer	H.
Architects	jmayerh.de	|	Photo	©	David	Franck	Design,	visualize,	document,	and	deliver	projects	of	all	sizes	with	Archicad’s	powerful	set	of	built-in	tools	and	easy-to-use	interface	that	make	it	the	most	efficient	and	intuitive	BIM	software	on	the	market.	With	Archicad,	you	can	focus	on	what	you	do	best:	design	great	buildings.	Watch	this	video	to	learn
how	Graphisoft’s	industry-leading	solutions	and	services	help	you	stay	focused	on	your	design.	What’s	New	in	Archicad	Unleash	your	creativity	with	the	leading	BIM	software	developed	by	architects	like	you.	Focus	on	what	you	do	best	—	designing	great	architecture	—	thanks	to	powerful	algorithmic	design	tools	and	large	model	support.	Archicad’s
professional	architectural	visualization	tools	translate	your	conceptual	designs	into	compelling	imagery	of	future	buildings.	Bring	your	models	to	life,	inspire	the	audience,	and	invite	stakeholders	to	engage	with	your	designs.	Work	with	your	team	and	other	disciplines	around	the	corner	or	around	the	world	on	projects	of	any	size	and	complexity.	Open
standards	and	workflows	mean	collaboration	is	guaranteed	—	regardless	of	what	software	other	team	members	are	using.	Complete,	out-of-the-box	documentation	tools	combined	with	a	powerful	publishing	workflow	that	complies	with	local	BIM	requirements	means	you	can	focus	on	your	designs,	not	the	paperwork.	www.nikken.co.jp	Firm	website	©
Harunori	Noda	[Gankosha]	Photo	Archicad	is	very	simple	to	learn,	yet	the	product	itself	is	profound.	Tomohiko	Yamanashi	Client	Chief	Design	Officer,	Senior	Executive	Officer	Title	Nikken	Sekkei,	Japan	Company	Design	Unleash	your	creativity	with	the	leading	BIM	software	developed	by	architects	like	you.	Focus	on	what	you	do	best	—	designing
great	architecture	—	thanks	to	powerful	algorithmic	design	tools	and	large	model	support.	www.artechnic.jp	Firm	website	©	Nacasa	&	Partners	Inc.	Photo	A	picture	is	worth	more	than	a	thousand	words	and	Archicad	is	worth	more	than	a	million	pictures.	Artechnic	Architects,	Japan	Company	Elevate	your	designs	with	the	use	of	free-form	tools	that
turn	the	ordinary	into	extraordinary.	Model	your	project	at	any	level	—	from	conceptual	volume	model	to	a	full	Building	Information	Model.	Design	in	both	2D	and	3D	model	views	with	a	toolkit	that	lets	you	feel	at	home	with	the	familiar	terminology	and	functionality	that	you’ve	come	to	expect	from	a	BIM	application	—	favorites	and	layers	to	support
your	design	process;	building	stories	and	tools	that	reflect	real-life	structures	and	construction.	Start	with	a	basic	element	and	add	details	as	your	design	evolves.	Use	tools	that	represent	real	building	elements	—	like	Walls,	Beams,	and	Slabs	—	that	make	modeling	as	easy	as	drawing	a	line.	Explore	ideas	and	design	alternatives,	leaving	no	stone
unturned.	Model	and	submit	ideas	for	review	by	your	team.	When	accepted,	they’ll	immediately	become	part	of	the	project.	Aidea,	Philippines	Reduce	eye	strain	in	low-light	conditions	by	switching	to	Dark	Mode.	Archicad	will	adapt	its	appearance	with	carefully	re-designed	icons	and	interface	colors	that	are	easier	on	your	eyes	in	low-light	conditions.
Take	advantage	of	Archicad’s	flexible	modeling	systems.	Enjoy	a	creative	and	productive	design	experience	with	intuitive	modeling	tools	like	the	Curtain	Wall	and	Stair	Tool.	Charles	Perkins	Centre,	Australia	|	FJMT	|	Photo	©	Keira	Yang	Zhang	Built-in	MEP	design	tools	further	extend	Archicad’s	integrated	design	approach.	Access	intelligent	MEP
equipment	inside	the	architectural	model.	Integrate	MEP	systems	correctly	in	the	BIM	model	without	the	need	for	a	federated	approach.	Read	more	>	Image	modeled	and	rendered	in	Archicad,	©	Bimes,	Dubai	Design	Automation	Unleash	your	creativity	using	algorithmic	design	tools	and	workflows,	create	your	own	smart,	parametric	building
components,	and	manage	the	functional	requirements	of	large	projects	–	all	thanks	to	Archicad’s	design	automation	tool	sets.	www.weareenzyme.com	Firm	website	©	Nacasa	&	Partners	Inc.	Photo	We	use	BIM	and	Archicad	and	computational	tools	for	design	and	to	help	other	firms	to	work	smarter,	not	harder.	Managing	Director,	Co-Founder	Title
Enzyme,	Hong	Kong	Company	Leverage	the	strengths	of	three	unique	design	environments	—	Archicad,	Grasshopper,	and	Rhino	—	to	create	forms	and	shapes	that	otherwise	would	be	nearly	impossible!	This	‘live’	bi-directional	connection	pairs	Archicad	with	the	industry’s	leading	algorithmic	design	tools	in	a	smooth,	professional	workflow.	Explore
design	variations	and	create	and	fine-tune	building	details	and	structures	using	algorithms	without	exchanging	files.	Read	more	>	Quickly	create	custom	parametric	library	objects	and	building	elements	—	without	writing	a	single	line	of	GDL	code	or	script	—	with	PARAM-O,	a	built-in	parametric	design	tool	available	for	SSA	and	Graphisoft	Forward
subscribers	on	both	Windows	and	macOS.	Read	more	>	Easily	manage	the	functional	requirements	derived	from	the	building	program	for	maximum	compliance	with	the	client’s	needs	even	on	large	and	complex	buildings	—	like	hospitals	and	airports	—	with	the	Archicad-dRofus	connection	tool.	Read	more	>	Visualize	Archicad’s	professional
architectural	visualization	tools	translate	your	conceptual	designs	into	compelling	imagery	of	future	buildings.	Bring	your	models	to	life,	inspire	the	audience,	and	invite	stakeholders	to	engage	with	your	designs.	Guggenhill	Residence	Building	ka-designworks.com	Firm	website	We	can	use	Archicad	to	pre-visualize	the	project	at	a	very	early	stage	with
a	minimal	amount	of	time	input.	KA	Designworks,	United	States	Company	Present	your	3D	model	as	an	image	by	producing	non-photorealistic	renderings	with	Sketch	Render—	best	suited	for	early	project	phases	—	using	different	free-hand	effects,	like	felt	tip,	pencil,	graphite,	or	marker.	Read	more	>	Focus	on	the	model,	its	shapes	and	spaces,
without	going	into	details	using	the	White	Render	function.	Short	on	time?	White	Render	is	perfect	for	communicating	design	intent	and	other	aspects	of	the	building	typically	discussed	in	the	early	phases	for	quick	client	feedback	and	coordination.	Read	more	>	Boost	the	look	of	your	renderings	quickly	and	easily	with	MAXON’s	CineRender	/
Redshift*,	built	right	in	to	Archicad.	Based	on	Maxon’s	highly	acclaimed	high-end	render	engine,	Redshift’s	/	CineRender’s	basic	settings	create	quality	renderings	suitable	for	most	projects.	Customize	the	settings	and	advance	your	rendering	skills	to	even	greater	heights.	Available	for	SSA	and	Graphisoft	Forward	subscribers	only.	Read	more	>
Scenario	Architects,	UK	Create	compelling	presentations	to	communicate	design	intent	and	construction	techniques	with	fly-through	and	construction	sequence	animations.	Create	high-end	visualizations	quickly	and	easily	with	new	and	updated	surfaces	in	the	Additional	Surface	Catalog*.	More	than	500+	surface	materials,	including	new	wallpaper
and	realistic	metal	surfaces,	result	in	stunning	photo-realistic	renderings.	Read	more	>	Add	a	more	contemporary	look	and	feel	to	your	2D	and	3D	views	with	brand-new	objects	from	the	updated	library.	D5	Render	enhances	AEC	design	workflows	with	top-tier	speed	and	quality.	Watch	this	webinar	to	discover	how	the	live	sync,	integrated	with
Archicad’s	intuitive	UX	and	BIM	environment,	empowers	designers	to	deliver	stunning,	realistic	concepts	on	time.	See	the	Archicad-D5	Render	workflow	in	action	presented	by	Forum	Phi	Architects.	Watch	now	Enscape™	is	the	fastest	and	easiest	way	to	ideate,	communicate,	and	showcase	designs	in	real-time	at	every	step	of	the	design	process.	It’s
the	only	real-time	rendering	solution	that	plugs	directly	into	Archicad	and	provides	a	bi-directional	data	exchange	between	modeling	and	visualization.	Any	changes	made	on	either	tool	are	synchronized,	maintaining	one	single	source	of	truth.	Enscape	is	available	for	both	Windows	and	macOS	and	offers	a	variety	of	export	modalities.	VR	support,	web
standalone,	local	standalone,	panorama	tours,	and	video	paths	help	clients	understand	the	true	scale	of	design	projects	through	an	immersive	environment.	Buy	one	year,	get	one	free!	Graphisoft	Forward	subscribers	can	get	a	two-year	Enscape	subscription	for	the	price	of	one.	Get	offer	>	Modeled	in	Graphisoft	Archicad,	rendered	in	Enscape.	Image
courtesy	of	Enscape.	A	picture	is	worth	a	thousand	words.	An	experience	is	worth	a	million.	Take	your	client	on	a	journey	to	experience	the	design	you	imagined	for	them	with	technology	that	makes	it	all	possible.	Create	your	design	in	Archicad	and	easily	export	the	model	to	your	favorite	AR	or	VR	solution.	Read	more	>	Aidea,	Philippines	Award-
winning	BIMx	helps	anyone	easily	explore	and	understand	the	building	model.	Drive	the	design	narrative	right	on	the	building	site	for	fast,	specific	client	feedback.	Make	design	decisions	and	update	your	building	model	on	the	go	—	there’s	no	need	to	head	back	to	the	office	to	make	changes.	Run	BIMx	on	any	mobile	device	without	special	hardware
or	software.	Toss	a	Google	Cardboard	into	your	bag	to	let	clients	immerse	themselves	in	the	Archicad	model	in	virtual	reality.	BIMx	is	the	most	powerful	way	to	engage	stakeholders	in	your	projects,	and	Google	Cardboard	makes	it	easy	and	affordable.	Present	projects	of	any	size	right	on	your	mobile	device	thanks	to	the	powerful	BIMx	3D	engine.	Get
the	full	experience	of	BIMx	on	your	desktop,	too!	Read	more	>	Archimatika,	Ukraine	Easily	convert	and	import	your	3D	scenes	directly	into	Unreal	Engine	5	for	high-end	visualizations	with	the	Archicad	—	Datasmith	Exporter	–	available	on	both	Windows	and	macOS.	Download	Datasmith	Exporter.	Available	for	SSA	and	Graphisoft	Forward
subscribers	only.Please	contact	your	local	reseller	for	terms	and	conditions.	Read	more	>	Nordre	Jarlsberg	Brygge,	Norway	|	Rift	Architects	|	www.rift.no	Collaborate	Work	with	your	team	and	other	disciplines	around	the	corner	or	around	the	world	on	projects	of	any	size	and	complexity.	Open	standards	and	workflows	mean	collaboration	is
guaranteed	—	regardless	of	what	software	other	team	members	are	using.	Kuala	Lumpur,	Malaysia	Location	Teamwork	made	us	really	excited	about	the	prospect	of	what	it	meant	for	us	as	an	organization.	Fender	Katsalidis,	Austria	Company	Use	Archicad	to	detect	and	visualize	the	changes	between	models	and	revisions	in	a	more	intuitive	way
thanks	to	smart	change	monitoring	and	real-time	notifications.	Find	out	more	about	Revision	Management	>	Laney	LA,	USA	|	Riverstone	Structural	Concepts,	USA	Use	Archicad	to	resolve	issues	faster	and	reduce	the	risk	of	unsolved	issues	thanks	to	clear	organization	and	real-time	notifications	of	BIM	model	changes.	Integrate	issues	from	third
parties	based	on	compatibility	with	industry	standard	issue	management	solutions.	Review	issue	history	faster	and	highlight	the	changes	thanks	to	better	issue	management	and	sorting.	Find	out	more	about	Issue	Management	>	With	multiple	stakeholders	on	each	project,	the	job	of	following,	understanding,	and	adapting	ongoing	design	changes	is	a
significant	task.	Compare	two	3D	models	or	versions	and	visualize	and	filter	the	differences	between	them	with	Archicad’s	Model	Compare.	Keep	track	of	design	changes	accurately	and	even	evaluate	design	variants	to	get	to	the	best	possible	design.	Assign	openings	to	issues	thanks	to	more	accurate	change	detection.	Find	out	more	about	Model
Compare	>	Upload	and	refresh	content	in	the	model	regardless	of	each	team	members’	location	thanks	to	our	fast	and	simple	publishing	workflow	and	BIMcloud.	Save	time,	avoid	mistakes,	and	share	files	with	confidence,	knowing	everything’s	up	to	date.	Real-time	access	to	the	shared	model	throughout	the	design	process	means	all	team	members
are	in	sync	at	all	times.	Find	out	more	about	Graphisoft	BIMcloud	>	Open	BIM	Work	with	architects	and	engineers	around	the	corner	or	around	the	world	on	projects	of	any	size	or	complexity.	Open	standards	and	workflows	mean	collaboration	is	guaranteed	regardless	of	what	software	team	members	are	using.	The	Nuclear	Advanced	Manufacturing
Research	Centre	Building	www.bondbryan.com	Firm	website	Given	the	plethora	of	software	available,	the	most	logical	way	to	deliver	data	is	using	Open	BIM.	BIM	Manager	and	Associate	Director	Title	Bond	Bryan	Architects,	United	Kingdom	Company	Open	BIM	is	a	modern	approach	to	collaboration	that	welcomes	all	software	vendors,	AEC	practices
(designers,	engineers	and	builders)	as	well	as	building	owners.	Find	out	more	about	Open	BIM	>	Open	to	working	with	the	best	partners	for	the	job	regardless	of	their	software	choices.	Open	to	future-proof	solutions,	transparency,	quality	assurance,	and	accessible	data.	Communicate	with	other	stakeholders	and	coordinate	a	building	project	entirely
in	3D	thanks	to	IFC.	Check	out	Archicad	add-ons	>	Deliver	better	buildings	and	increase	your	competitive	edge	thanks	to	an	integrated	solution	that	empowers	architects	and	engineers	to	work	together	seamlessly	based	on	informed	decisions.	Experience	the	power	of	One	>	Terraced	Tower,	Rotterdam,	Netherlands	|	Besix	Rotterdam,	Netherlands	|
scia.net	Get	direct	access	to	the	most	commonly	used	features	during	the	PDF	review	process	with	Archicad’s	Bluebeam	Connection	palette.	Thanks	to	the	bi-directional	connection,	all	mark-ups	created	in	Bluebeam	Revu	will	be	imported	as	native	Archicad	Issues	entries,	and	will	appear	in	the	correct	location	on	the	design	layouts,	without	the	need
for	any	manual	interaction.	Get	the	Archicad	–	Bluebeam	Connection	>	Márkus	Engineering,	Photo:	©2020	Ugur	Ceylan	Photography,	ugurceylan.com	Get	fast	and	automated	code-	and	constructability	checking	with	the	Archicad-Solibri	connection	add-on	that	uses	Solibri’s	industry	leading	quality	control	technologies.	Simply	design,	check,	and
amend	as	necessary.	Get	the	Archicad	–	Solibri	Connection	>	Exchange	design	information	with	team	members	using	Autodesk	Revit,	directly	“out-of-the-box.”	Import	and	export	elements	with	their	precise	geometry	and	parameters	from	Revit	(RVT)	files	for	coordination	and	model	referencing	purposes.	Access	RVT	files	locally	or	via	BIMcloud,	using
Hotlink	or	Publish	functions.	Find	out	more	about	RFA	and	RVT	Geometry	Exchange	>	Improve	IFC	Model	Exchange	with	Archicad	using	this	free	Add-In	for	Autodesk	Revit.	Get	it	now	>	Construction	Operations	Building	information	exchange	(COBie)	is	a	specification	used	in	the	handover	of	Facility	Management	information.	Our	robust	IFC	data
exchange	capabilities	produce	data	output	that	is	easily	converted	into	COBie	documentation.	Find	out	more	about	Archicad	and	COBie	>	Document	Complete,	out-of-the-box	documentation	tools	combined	with	a	powerful	publishing	workflow	that	complies	with	local	BIM	requirements	means	you	can	focus	on	your	designs,	not	the	paperwork.	©
Toshihide	Kajihara	Photo	If	it	wasn’t	for	Archicad,	maybe	we	wouldn’t	have	completed	the	project	in	time.	Analog	Inc,	Japan	Company	Get	‘out-of-the-box’	documentation	sets	straight	from	the	BIM	model.	Fine-tune	the	look	and	feel	of	your	documentation	to	match	your	audience.	Extend	your	design	services	with	quantity	takeoffs	with	virtually	no
extra	effort.	Easily	create	schedules	and	sheets	with	accurate	information	coming	from	the	BIM	model	—	no	more	mistakes	or	miscalculations.	Focus	on	your	designs,	not	the	paperwork.	Intuitive	features	provide	the	flexibility	you	need	to	create	graphic	documentation	straight	from	the	3D	model.	Whether	you	need	to	produce	2D	or	3D
documentation,	Archicad	makes	it	easy	and	fast,	ensuring	the	best	visual	quality	of	your	documents.	Take	full	control	of	the	display	of	your	documentation	sets	with	Archicad’s	built-in	tools.	Get	accurate	displays	of	all	the	information	—	both	graphical	and	numerical	—	straight	from	the	BIM	model.	Produce	high-quality	deliverables	that	meet	local
standards	easily	and	quickly	with	Archicad’s	localized	templates	and	built-in	libraries.	Inches	or	centimeters?	Single-swing	or	folding?	Prefabricated	or	on-site?	We’ve	got	you	covered.	Irene	Kristiner,	Gangoly	&	Kristiner,	Austria	Access	to	BIM	data	templates	makes	it	easy	to	comply	with	local	standards,	while	access	to	standard	detail	libraries	makes
it	easy	to	incorporate	existing	localized	standards	information	into	your	project	documentation.	Create	automation	scripts	in	Archicad	and	complete	command	chains	using	high-level	programming	languages	like	Python.	Access	general	element,	property	information,	and	element	listing	information,	and	modify	these	and	other	Archicad	element
classifications	as	necessary.	Find	out	more	about	Archicad	and	Python	>	Publish	projects	from	Archicad	to	shared	online	locations	with	ease	thanks	to	a	streamlined	submission	process.	There’s	no	need	to	stay	glued	to	the	screen	to	watch	for	the	publishing	to	finish,	or	additional	manual	uploads.	Archicad	takes	care	of	it	all.	Connect	to	industry-
leading	CDE	solutions	such	as	Aconex	via	buildingSMART-defined	“open”	protocols.	Read	more	>	Szervita	Square	Building	Building	Budapest,	Hungary	Location	dvmgroup.com	Firm	website	Architectural	visualization	is	an	art	form.	With	Archicad	and	all	the	connected	offline	and	real-time	rendering	tools,	the	sky’s	the	limit.	DVM	Group,	Hungary
Company	Your	best	design	option	–	A	brand	new	design	option	solution,	professional	visualization	tools,	improved	project	management	workflows,	open,	multidisciplinary	design	collaboration	and	exclusive	subscription	offerings	make	Archicad	your	best	design	option.	Learn	about	all	the	features	in	Archicad	over	at	Graphisoft	Community	–	or	get
expert	help	through	a	state-of-the-art,	user-friendly	experience	that	combines	Archicad	Talk	and	Help	Center	into	one,	easy-to-search	resource.	Graphisoft	Forward	—	our	global	Service	and	Benefits	program	—	maximizes	value	and	productivity	while	lowering	the	overall	cost	of	software	through	exclusive	tools,	learning,	support,	and	services.	Product
updates	are	included.	Subscribe	today!	System	requirements	Check	out	the	minimum	and	recommended	system	requirements	your	hardware	must	meet	for	a	great	experience	using	our	solutions	and	services.	Starting	from	€179	+	tax	/	month	with	upfront	payment	of	€2,151	+	tax	/	1-year	Subscription	Term	/	seat	Products:	Archicad	BIMx	Pro
BIMcloud	Basic	Features:	Model,	Document	3D	architectural	modeling	and	documentation	tools	Building	information	management	Out-of-the-box	object	library	with	powerful	tools	to	create	custom	objects	(PARAM-O,	Library	Part	Maker)	MEP	Designer	(included	until	October	2025)	Visualize,	Present	Cineware	and	Redshift	by	Maxon	for	realistic
image	renders	Archicad	AI	Visualizer	Collaborate	Local	teamworking	with	BIMcloud	Basic	OPEN	BIM	interoperability,	including	BCF	import	and	linked	modules	BIMx	Pro	(without	Teamwork	functions)	BIMx	Model	Transfer	Service	Localized	language	version	MFA	for	IT	security	Flexible	licensing	(including	floating	licenses)	Starting	from	€211	+	tax
/	month	with	upfront	payment	of	€2,530	+	tax	/	1-year	Subscription	Term	/	seat	Products:	Archicad	BIMx	Pro	BIMcloud	Software	as	a	Service	Features:	Model,	Document	3D	architectural	modeling	and	documentation	tools	Building	information	management	Out-of-the-box	object	library	with	powerful	tools	to	create	custom	objects	(PARAM-O,	Library
Part	Maker)	MEP	Designer	Visualize,	Present	Cineware	and	Redshift	by	Maxon	for	realistic	image	renders	Archicad	AI	Visualizer	Collaborate	Your	own	private	BIMcloud	server	hosted	by	Graphisoft	OPEN	BIM	interoperability,	including	BCF	import	and	linked	modules	BIMx	Pro	(with	Teamwork	functions)	BIMx	Model	Transfer	Service	Localized	and
International	(INT)	language	versions.	MFA	for	IT	security	Flexible	licensing	(including	floating	licenses	and	portable	cloud	licenses)	*The	prices	are	for	information	only.	Final	price	depends	on	your	billing	country,	and	may	differ	from	the	prices	shown	here.	Free	Archicad	EDU	license	Architectural	design	Studying	or	teaching	architecture?	Get	full
access	to	our	complete	software	solution.	Request	free	EDU	license	Share	—	copy	and	redistribute	the	material	in	any	medium	or	format	for	any	purpose,	even	commercially.	Adapt	—	remix,	transform,	and	build	upon	the	material	for	any	purpose,	even	commercially.	The	licensor	cannot	revoke	these	freedoms	as	long	as	you	follow	the	license	terms.
Attribution	—	You	must	give	appropriate	credit	,	provide	a	link	to	the	license,	and	indicate	if	changes	were	made	.	You	may	do	so	in	any	reasonable	manner,	but	not	in	any	way	that	suggests	the	licensor	endorses	you	or	your	use.	ShareAlike	—	If	you	remix,	transform,	or	build	upon	the	material,	you	must	distribute	your	contributions	under	the	same
license	as	the	original.	No	additional	restrictions	—	You	may	not	apply	legal	terms	or	technological	measures	that	legally	restrict	others	from	doing	anything	the	license	permits.	You	do	not	have	to	comply	with	the	license	for	elements	of	the	material	in	the	public	domain	or	where	your	use	is	permitted	by	an	applicable	exception	or	limitation	.	No
warranties	are	given.	The	license	may	not	give	you	all	of	the	permissions	necessary	for	your	intended	use.	For	example,	other	rights	such	as	publicity,	privacy,	or	moral	rights	may	limit	how	you	use	the	material.	Subscription	Purchase	Trial	process	I	do	not	know	Archicad	and	BIMcloud	products	very	well.	Can	I	try	them	before	purchase?	Archicad	and
BIMcloud	products	in	a	bundle	product	called	Archicad	Collaborate	can	be	easily	tried	for	a	30	days	long	period.	You	only	need	to	register	or	sign	in,	follow	ad	process	and	enjoy	a	free	trial	-	even	together	with	your	colleagues.	The	free	trial	convinced	me.	How	can	I	continue	to	use	the	products?	You	will	receive	automatic	email	during	the	trial	period
to	inform	you	on	the	next	steps.	Simply	provide	few	more	billing	and	payment	data	to	arrange	subscription.	I	want	to	try	another	product	and	not	Archicad	Collaborate.	Can	I	do	that?	Currently	only	Archicad	Collaborate	can	be	tried	but	we	are	working	on	offering	free	trial	for	other	products.	Get	unlimited	access	to	three	products	for	30	days.
Archicad	–	standalone	desktop	app	turns	your	vision	into	reality	BIMcloud	–	cloud	server	for	real-time	team	collaboration	BIMx	Pro	–	mobile	app	(with	premium	features)	to	showcase	your	project	anytime	Sign	up	for	a	30-day	trial	and	get	up	to	10	free	seats.	Invite	yourteam	members	to	try	this	powerful	3D	design	BIM	software	solution.	Enjoy	free
access	to	New	to	Archicad,	a	structured	learning	experience	designed	specifically	for	trial	users	Entry	level	recommendation	and	minimum	hardware	requirements:	Recommended	Minimum	RAM	16GB	8GB	DISK	SATA	SSD	Disk	5+	GB	of	free	space	PC	CPU	Intel	Core	i5	AMD	Ryzen	5	Intel/AMD	x64	multi-core	processor	MAC	CPU	Apple	M1	Intel	x64
multi-core	processor	Delivering	an	inspiring	and	intuitive	3D	design	experience	with	our	innovative	BIM	solutions:	Boost	your	productivity	with	automated	workflows	Collaborate	in	real-time,	even	with	Revit	or	other	design	software	users	Bring	your	concepts	to	life	with	our	powerful	visualization	tools	Easily	document	in	2D	and	3D	Graphisoft	product
overview	Our	BIM	software	solution	evolves	with	your	vision	–	regardless	of	the	size	or	complexity	of	your	project.	he	trial	provides	unlimited	access	to	three	powerful	tools	–	Archicad,	BIMcloud	SaaS	(Software	as	a	Service),	and	BIMx—	for	30	days.	Explore	all	their	features	to	evaluate	how	they	fit	your	workflow.	The	trial	provides	10	free	seats,	so
you	can	experience	seamless	collaboration	together	with	your	whole	team.			Instead	of	the	trial,	students	and	educators	can	get	the	free,	fully	functional	education	version	of	Archicad.	Use	your	school	email	address	to	sign	up.		You	can	use	your	trial	license	for	30	days.	We’ll	send	you	a	reminder	two	weeks	before	the	trial	expires.		No	difference!	The
trial	provides	the	same	features	as	the	full	version,	so	you	can	experience	the	software	in	the	same	way	as	a	paying	customer.			Yes!	When	you	sign	in	with	your	Graphisoft	ID	on	the	second	device,	Archicad	will	notify	you	that	your	license	is	in	use	elsewhere.	Release	your	license	from	the	first	device,	then	click	Refresh	to	transfer	your	license	to	the
second	one.		Visit	our	Support	Site	for	additional	help	and	assistance.		Naturally!	Graphisoft	Learn	offers	a	wide	range	of	free	courses	designed	to	get	you	started	with	our	solutions	and	help	you	use	them	more	effectively.	In	addition,	you	are	free	to	browse	our	Knowledge	Base,	join	conversations,	and	learn	from	others	on	Graphisoft	Community.		We
Invite	You	to	Work	Smarter,	Not	Harder	Architecture	and	building	professionals	as	well	as	students	can	take	Archicad	for	a	test	drive.	GRAPHISOFT®,	the	developers	of	Archicad,	offers	a	30-Day	Trial	and	an	educational	version	for	students,	teachers	and	schools.	This	download	can	be	used	by	any	professional	for	30	days	or	by	a	student	or	professor
for	a	period	of	one	year	(renewable	annually)	if	they	meet	the	academic	requirements.	After	you	activate	your	trial	explore	Archicad	with	short	tutorials.	Archicad	is	used	by	architects,	designers	and	builders	throughout	the	world.	This	leading	solution	provides	a	native	building	information	modeling	platform	for	design	professionals	to	create	realistic
digital	representations	of	their	vision.	Combining	ease	of	use	with	advanced	modeling	capabilities,	Archicad	integrates	the	architecture	process,	from	the	initial	concept	to	documentation.	We	invite	you	to	give	Archicad	a	try!	You	can	use	a	free	trial	to	discover	Archicad's	full	potential.	This	assessment	is	available	to	students,	teachers	or	educational
institutions	(Educational),	and	professionals	(Commercial).	In	this	article,	we'll	show	you	how	professionals	can	request	a	free	commercial	trial	of	Archicad.	If	you	are	a	student,	teacher,	or	want	to	apply	for	licenses	for	educational	institutions,	read	this	article	and	our	FAQ.	Note:	We	offer	trial	only	for	subscription.	That	means	it	will	run	the	most	up-
to-date	version	of	the	software	and	all	the	others	our	licensing	solution	(10duke)	is	able	to	manage.	Currently	it	runs	only	Archicad	27.	The	availability	of	trial	for	Archicad	26	is	expected	from	April	10,	2024,	and	for	Archicad	28,	from	October	4,	2024.	Use	the	trial	to	experiment	all	Archicad	features	for	free.	To	request	a	free	trial,	go	to	the	Graphisoft
website.	We	automatically	detect	your	location,	but	you	can	manually	select	a	different	country	using	the	list	at	the	top	right	(globe	icon).	Register	1.	In	Commercial	click	on	"Free	trial";	2.	Add	"Archicad	Collaborate	Trial"	to	your	cart;	3.	Click	on	"View	cart"	and	"Check	out";	4.	Enter	the	company	information.	It	is	not	compulsory	to	enter	credit	card
details.	If	you	don't	want	to	enter	the	data,	uncheck	the	item	"I	would	like	to	add	my	payment	details	now";	5.	Finish	your	order	by	clicking	on	"Place	order".	Download	and	start	using	our	products	6.	Once	done	with	the	process	above,	click	on	the	"Start"	button;	7.	At	the	beginning	of	the	product	configuration,	click	on	"I'm	just	trying	a	product";	8.
Download	Archicad	according	to	your	operating	system;	9.	Open	Archicad	and	enter	your	Graphisoft	ID.	That's	it!	Now	you	can	test	our	features.	Frequently	asked	questions		Questions	may	arise	when	requesting	a	free	assessment.	We've	put	together	some	frequently	asked	questions	and	hope	the	answers	will	help	when	using	your	trial	Archicad
license.	Who	can	access	a	free	trial?	Any	professional	can	request	a	free	evaluation	with	a	Graphisoft	ID.	With	the	free	trial	you	can	try	Archicad	Collaborate	for	30	days.	You	don't	need	a	credit	card	to	use	the	trial.	Which	Archicad	features	will	I	have	access	to?	You	will	have	access	to	the	full	modeling	capabilities	and	the	Teamwork
functionality	(BIMcloud).	Projects	will	not	have	watermarks	on	documents.	When	requesting	a	free	trial,	you	can	choose	one	or	multiple	licenses.	What	happens	after	the	license	expires?	Free	trials	cannot	be	renewed.	After	30	days,	it	will	automatically	be	converted	into	an	annual	subscription	for	a	full	Archicad	commercial	license	if	credit	card
information	was	provided	during	activation.	You	can	cancel	your	subscription	at	any	time.	Do	you	have	any	other	queries?		Create	a	new	topic	in	our	Licensing	forum.		Students	and	educators:	Use	Archicad	to	its	full	potential!	Free	1-year	license	can	be	extended	while	your	student/educator	status	lasts.	(For	faster	approval,	please	use	your	school
email	address	to	sign	up.)Schools:	Deploy	Archicad	throughout	your	computer	lab	–	network	installation	makes	it	easy.	Free	30-day	Archicad	Collaborate	trialNo	credit	card	neededConverts	automatically	to	paid	license*Full	modeling	capabilitiesNo	watermark	on	projects	and	documentsIncludes	Teamwork	(BIMcloud)	functionalityChoose	one-seat	or
multi-seat	trial	*	if	you	gave	us	your	credit	card	information.	Cancel	any	time.	The	Duke	Ellington	School	of	the	Arts,	USALen	Lye	Centre,	New	ZealandSzervita	Square	Building,	HungaryYunshan	Town	Complex,	China	Video	highlights	Video	highlights	of	Graphisoftsolutions	Browse	the	basics	Get	familiar	with	the	essentials!	Find	your	learning	path
New	to	Archicad?	These	self-paced	courses	will	get	youstarted.	Foundation	courses	Visit	Graphisoft	Learn	to	choosethe	foundation-level	coursethat’s	right	for	you.	Computer-aided	design	software	for	architecture	This	article	needs	additional	citations	for	verification.	Please	help	improve	this	article	by	adding	citations	to	reliable	sources.	Unsourced
material	may	be	challenged	and	removed.Find	sources:	"Archicad"	–	news	·	newspapers	·	books	·	scholar	·	JSTOR	(December	2010)	(Learn	how	and	when	to	remove	this	message)	ArchicadA	3D	render	of	a	house	designed	in	ArchicadDeveloper(s)GraphisoftStable	release28	/	October	2,	2024;	7	months	ago	(2024-10-02)	Operating	systemWindows,
macOSTypeBuilding	information	modeling,	CADLicenseProprietaryWebsitegraphisoft.com/archicad	Archicad	is	an	architectural	building	information	modeling	(BIM)	computer-aided	design	(CAD)	software	for	Mac	and	Windows	developed	by	the	Hungarian	company	Graphisoft.	Archicad	offers	computer	aided	solutions	for	common	aspects	of
aesthetics	and	engineering	during	the	design	process	of	the	built	environment:	buildings,	interiors,	urban	areas,	etc.[citation	needed]	Development	of	Archicad	began	in	1982	for	the	Apple	Lisa,	the	predecessor	of	the	original	Apple	Macintosh.	Following	its	launch	in	1987,	with	Graphisoft's	"Virtual	Building"	concept,	Archicad	became	regarded	by
some	as	the	first	implementation	of	BIM.[1][2]	However,	Archicad	founder	Gábor	Bojár	has	acknowledged	to	Jonathan	Ingram	in	an	open	letter	that	Sonata	"was	more	advanced	in	1986	than	Archicad	at	that	time",	adding	that	it	"surpassed	already	the	matured	definition	of	'BIM'	specified	only	about	one	and	a	half	decade	later".[3]	Archicad	has	been
recognized	as	the	first	CAD	product	on	a	personal	computer	able	to	create	both	2D	and	3D	geometry,	as	well	as	the	first	commercial	BIM	product	for	personal	computers[1][4][5]	and	considered	"revolutionary"	for	the	ability	to	store	large	amounts	of	information	within	the	3D	model.[6]	Archicad	is	a	complete	design	suite	with	2D	and	3D	drafting,
visualization	and	other	building	information	modeling	functions	for	architects,	designers	and	planners.	A	wide	range	of	software	applications	are	integrated	in	Archicad	to	cover	most	of	the	design	needs	of	an	architectural	office:	2D	modeling	CAD	software	–	drawing	tools	for	creating	accurate	and	detailed	technical	drawings	3D	Modeling	software	–	a
3D	CAD	interface	specially	developed	for	architects	capable	of	creating	various	kind	of	building	forms	Architectural	rendering	and	Visualization	software	–	a	high	performance	rendering	tool	to	produce	photo-realistic	pictures	or	videos	Desktop	publishing	software	–	with	similar	features	to	mainstream	DTP	software	to	compose	printed	materials	using
technical	drawings	pixel-based	images	and	texts	Document	management	tool	–	a	central	data	storage	server	with	remote	access,	versioning	tool	with	backup	and	restore	features	Building	information	modeling	software	–	not	just	a	collection	of	the	above-mentioned	applications	with	an	integrated	user	interface	but	a	novel	approach	to	building	design
called	BIM[citation	needed]	Archicad	allows	the	user	to	work	with	data-enhanced	parametric	objects,	often	called	smart	objects	by	users.	This	differs	from	the	operational	style	of	other	CAD	programs	created	in	the	1980s.	The	product	allows	the	user	to	create	a	virtual	building	with	virtual	structural	elements	like	walls,	slabs,	roofs,	doors,	windows
and	furniture.	A	large	variety	of	pre-designed,	customizable	objects	come	with	the	program.[citation	needed]	Archicad	software	offers	the	flexibility	to	work	with	a	2D	or	3D	representation	on	the	screen.	Although	the	program's	database	stores	data	in	three	dimensions,	2D	drawings	can	be	exported	at	any	time.	Plans,	elevations,	and	sections	are
generated	from	the	3D	virtual	building	model	and	can	be	updated	constantly	by	rebuilding	the	view.	Detail	drawings	are	based	on	enlarged	portions	of	the	model,	with	2D	detail	added	in.[citation	needed]	Archicad	released	its	first	file	exchange	based	Teamwork	solution	in	its	version	5.1	in	1997,	which	allowed	more	architects	to	work	on	the	same
building	model	simultaneously.	A	fully	rewritten	Teamwork	2.0	solution	with	a	new	database	approach	came	out	in	version	13	in	2009	named	Graphisoft	BIM	Server.	Since	only	the	changes	and	differences	are	sent	to	the	central	storage,	this	system	allows	remote	access	to	the	same	project	over	the	Internet,	thus	allowing	worldwide	project
collaboration	and	coordination.	In	2014,	with	the	introduction	of	the	BIMcloud,	better	integration	is	provided	with	standard	IT	solutions:	browser-based	management,	LDAP	connection,	and	HTTP/HTTPS	based	communication.	Also,	new	scalability	options	are	available,	by	allowing	multi-server	layouts	to	be	created,	with	optional	caching	servers.
Third-party	vendors	and	some	manufacturers	of	architectural	products	have	compiled	libraries	of	architectural	components	for	use	in	Archicad.	The	program	includes	Geometric	Description	Language	(GDL)	used	to	create	new	components.	Also,	API	(Application	Programming	Interface)	and	ODBC	database	connections	are	supported	for	third	party
Add-On	developers.	Via	direct	API	links	to	4D	and	5D	software	such	as	Vico	Office	Suite	or	Tocoman	iLink,	the	Archicad	model	can	be	exported	to	BIM-based	cost	estimation	and	scheduling.	Archicad	is	also	directly	linked	via	API	to	Solibri's	Model	checking	and	quality	assurance	tools.	In	addition,	Graphisoft	provides	a	direct	link	to	Grasshopper	3D
enabling	a	visual	programming	environment	for	parametric	modelling	and	design.	Archicad	can	import	and	export	DWG,	DXF,	Industry	Foundation	Classes	(IFC)	and	BIM	Collaboration	Format	(BCF)	files	among	others.	Graphisoft	is	an	active	member	of	BuildingSMART	(formerly	the	International	Alliance	for	Interoperability,	IAI),	an	industry
organization	that	publishes	standards	for	file	and	data	interoperability	for	built	environment	software.	Graphisoft	was	one	of	the	founders	of	the	Open	BIM	concept,	which	supports	3D	BIM	data	exchange	between	the	different	design	disciplines	on	open-source	platforms.	Archicad	can	also	export	the	3D	model	and	its	corresponding	2D	drawings	to
BIMx	format	which	can	be	viewed	on	several	desktop	and	mobile	platforms	with	native	BIMx	viewers.	Commercial,	educational	and	fully	functional	30-day	trial	versions	can	be	installed	with	the	same	installer.	As	long	as	no	hardware	protection	is	present	or	the	software	is	not	activated	with	a	trial	or	an	educational	serial	number,	Archicad	can	be
launched	in	demo	mode.	The	installer	files	can	not	be	downloaded	without	registration.	The	educational	or	trial	serial	numbers	can	be	obtained	after	registration.	Commercial	version	is	protected	by	either	a	hardware	protection	key	or	a	software	key.	If	no	key	is	present,	Archicad	switches	to	Demo	mode	where	Save,	Copy	and	Teamwork	features	are
disabled	(printing/plotting	is	still	enabled,	even	in	case	the	project	file	has	been	modified	since	opening).	START	Edition	is	a	streamlined	version	of	Archicad	for	smaller	practices	or	offices	who	don't	need	collaboration	and	advanced	rendering	functionality.	Educational	versions	are	protected	by	serial	numbers.	Saved	files	in	Archicad	educational
versions	are	compatible	with	commercial	Archicad	versions,	but	carry	a	watermark	identifying	the	license	type.	Once	a	project	has	been	edited	with	an	Educational	version,	the	watermark	will	persist	in	the	file.	Trial	version	is	a	30-day	fully	functional	version	in	which	you	can	save,	print	and	publish	projects.	File	formats	are	fully	compatible	with	the
commercial	version	once	the	copy	of	Archicad	is	used	with	a	commercial	license.	Otherwise	the	files	created	by	a	trial	version	are	only	readable	by	the	same	Archicad	instance	with	which	they	were	created.	The	trial	version	is	protected	by	a	serial	number.	Archicad	is	available	in	many	localized	versions.	In	addition	to	a	translated	user	interface	and
documentation,	these	versions	have	a	set	of	parametric	objects	(object	libraries)	developed	considering	the	specific	requirements	of	the	regional	market,	and	different	default	values	for	object	properties,	menu	arrangements,	etc.	Australian	(AUS)	Austrian	(AUT)	Brazilian	Portuguese	(BRA)	Czech	(CZE)	Danish	(DEN)	Dutch	(NED)	Finnish	(FIN)
French	(FRA)	German	(GER)	Greek	(GRE)	Hungarian	(HUN)	International	(INT)	(metric)	Italian	(ITA)	Japanese	(JPN)	Korean	(KOR)	Mexico	(MEX)	New	Zealand	(NZE)	Norwegian	(NOR)	Polish	(POL)	Portuguese	(POR)	Russian	(RUS)	Simplified	Chinese	(CHI)	Spanish	(SPA)	Swedish	(SWE)	Swiss	(CHE)	Traditional	Chinese	(TAI)	Turkish	(TUR)
Ukrainian	(UKR)	United	Kingdom	&	Ireland	(UKI)	US	(USA)	(imperial)	Various	free	and	commercial	add-on	products	and	extensions	add	extra	functionality	to	Archicad	or	provide	further	data	exchange	possibilities	with	other	software	applications.	Some	of	these	extensions	are	developed	by	Graphisoft,	such	as	the	freely	available	Trimble	SketchUp,
Google	Earth	or	Maxon's	Cinema	4D	import/export	add-ons	or	other	extensions	sold	separately	such	as	Graphisoft	MEP	Modeler,	Graphisoft	EcoDesigner	or	Graphisoft	Virtual	Building	Explorer;	while	there	are	several	add-ons	provided	by	third-party	vendors,	such	as	Cigraph	or	Cadimage.	For	a	detailed	version	history	see	the	help	center	article.
1984	-	Radar	CH	(Archicad	1.0)	1986	–	2.0	1987	–	3.0	1988	–	3.1	1991	–	4.0	1992	–	4.1	1993	–	4.16	1994	–	4.5	1995	–	4.55	1996	–	5.0	1997	–	5.1	1998	–	6.0	1999	–	6.5	2001	–	7.0	2002	–	8	2003	–	8.1	2004	–	9	2006	–	10	2007	–	11	2008	–	12	2009	–	13	2010	–	14	2011	–	15	2012	–	16	2013	–	17	2014	–	18	2015	–	19	2016	–	20	2017	–	21[7]	2018	–	22[8]	2019
–	23	2020	–	24	2021	–	25[9]	2022	–	26[10]	2023	–	27	2024	–	28	Autodesk	Revit	List	of	BIM	software	^	a	b	Lincoln	H.	Forbes,	Syed	M.	Ahmed,	(2010)	Modern	Construction:	Lean	Project	Delivery	and	Integrated	Practices,	CRC	Press.	^	Cinti	Luciani,	S.	Garagnani,	R.	Mingucci	(2012)	"BIM	tools	and	design	intent.	Limitations	and	opportunities",	in	K.
Kensek,	J.	Peng,	Practical	BIM	2012	-	Management,	Implementation,	Coordination	and	Evaluation,	Los	Angeles	^	In	Appendix	6:	Letter	to	the	author,	p.	281,	Ingram,	Jonathan	(2020).	Understanding	BIM:	The	Past,	Present	and	Future.	Abingdon:	Routledge.	ISBN	9780367244187..	^	Quirk,	Vanessa	(7	December	2012).	"A	Brief	History	of	BIM".	Arch
Daily.	Retrieved	14	July	2015.	^	M.	Dobelis	(2013),	“Drawbacks	of	BIM	concept	adoption”,	in	the	12th	International	Conference	on	Engineering	Graphics,	BALTGRAF	2013,	June	5–7,	2013,	Riga,	Latvia	^	G.	Aouad,	S.	Wu,	A.	Lee	&	T.	Onyenobi	(2012)	Computer	Aided	Design	Guide	for	Architecture,	Engineering	and	Construction,	Spon	Press	^	Frausto-
Robledo,	Anthony	(May	2,	2017).	"Graphisoft	introduces	Archicad	21—With	New	Patent-Pending	Technology".	^	"Archicad	22	–	BIM	inside	and	out!".	www.graphisoft.com.	^	"Archicad	25	Basics	–	Drafting,	Modelling	&	Documentation".	^	"Archicad	26	–	Stay	focused,	design	more".	www.graphisoft.com.	Official	website,	Graphisoft	Archicad	installer
downloads	Graphisoft	Help	Center	GDL	/	BIM	developer	for	Archicad	Lachmi	Khemlani	wrote	a	review	of	Archicad	17	for	AEC	bytes	Facility	management	software	for	Archicad	Retrieved	from	"	2	Approach	used	to	design	and	document	building	and	infrastructure	designs	"BIM"	redirects	here.	For	other	uses,	see	Bim	(disambiguation).	Building
information	model	of	a	mechanical	room	developed	from	lidar	data	Building	information	modeling	(BIM)	is	an	approach	involving	the	generation	and	management	of	digital	representations	of	the	physical	and	functional	characteristics	of	buildings	or	other	physical	assets	and	facilities.	BIM	is	supported	by	various	tools,	processes,	technologies	and
contracts.	Building	information	models	(BIMs)	are	computer	files	(often	but	not	always	in	proprietary	formats	and	containing	proprietary	data)	which	can	be	extracted,	exchanged	or	networked	to	support	decision-making	regarding	a	built	asset.	BIM	software	is	used	by	individuals,	businesses	and	government	agencies	who	plan,	design,	construct,
operate	and	maintain	buildings	and	diverse	physical	infrastructures,	such	as	water,	refuse,	electricity,	gas,	communication	utilities,	roads,	railways,	bridges,	ports	and	tunnels.	The	concept	of	BIM	has	been	in	development	since	the	1970s,	but	it	only	became	an	agreed	term	in	the	early	2000s.	The	development	of	standards	and	the	adoption	of	BIM	has
progressed	at	different	speeds	in	different	countries.	Developed	by	buildingSMART,	Industry	Foundation	Classes	(IFCs)	–	data	structures	for	representing	information	–	became	an	international	standard,	ISO	16739,	in	2013,	and	BIM	process	standards	developed	in	the	United	Kingdom	from	2007	onwards	formed	the	basis	of	an	international	standard,
ISO	19650,	launched	in	January	2019.	The	concept	of	BIM	has	existed	since	the	1970s.	The	first	software	tools	developed	for	modeling	buildings	emerged	in	the	late	1970s	and	early	1980s,	and	included	workstation	products	such	as	Chuck	Eastman's	Building	Description	System[1]	and	GLIDE,	RUCAPS,	Sonata,	Reflex	and	Gable	4D	Series.[2][3]	The
early	applications,	and	the	hardware	needed	to	run	them,	were	expensive,	which	limited	widespread	adoption.[4]	The	pioneering	role	of	applications	such	as	RUCAPS,	Sonata	and	Reflex	has	been	recognized	by	Laiserin[5][unreliable	source?]	as	well	as	the	UK's	Royal	Academy	of	Engineering;[6]	former	GMW	employee	Jonathan	Ingram	worked	on	all
three	products.[4]	What	became	known	as	BIM	products	differed	from	architectural	drafting	tools	such	as	AutoCAD	by	allowing	the	addition	of	further	information	(time,	cost,	manufacturers'	details,	sustainability,	and	maintenance	information,	etc.)	to	the	building	model.[citation	needed]	As	Graphisoft	had	been	developing	such	solutions	for	longer
than	its	competitors,	Laiserin	regarded	its	ArchiCAD	application	as	then	"one	of	the	most	mature	BIM	solutions	on	the	market."[7][unreliable	source?]	Following	its	launch	in	1987,	ArchiCAD	became	regarded	by	some	as	the	first	implementation	of	BIM,[8][9]	as	it	was	the	first	CAD	product	on	a	personal	computer	able	to	create	both	2D	and	3D
geometry,	as	well	as	the	first	commercial	BIM	product	for	personal	computers.[8][10][11]	However,	Graphisoft	founder	Gábor	Bojár	has	acknowledged	to	Jonathan	Ingram	in	an	open	letter,	that	Sonata	"was	more	advanced	in	1986	than	ArchiCAD	at	that	time",	adding	that	it	"surpassed	already	the	matured	definition	of	'BIM'	specified	only	about	one
and	a	half	decade	later".[12]	The	term	'building	model'	(in	the	sense	of	BIM	as	used	today)	was	first	used	in	papers	in	the	mid-1980s:	in	a	1985	paper	by	Simon	Ruffle	eventually	published	in	1986,[13]	and	later	in	a	1986	paper	by	Robert	Aish[14]	–	then	at	GMW	Computers	Ltd,	developer	of	RUCAPS	software	–	referring	to	the	software's	use	at
London's	Heathrow	Airport.[15]	The	term	'Building	Information	Model'	first	appeared	in	a	1992	paper	by	G.A.	van	Nederveen	and	F.	P.	Tolman.[16]	However,	the	terms	'Building	Information	Model'	and	'Building	Information	Modeling'	(including	the	acronym	"BIM")	did	not	become	popularly	used	until	some	10	years	later.	Facilitating	exchange	and
interoperability	of	information	in	digital	format	was	variously	with	differing	terminology:	by	Graphisoft	as	"Virtual	Building"	or	"Single	Building	Model",[17]	Bentley	Systems	as	"Integrated	Project	Models",	and	by	Autodesk	or	Vectorworks	as	"Building	Information	Modeling".[17]	In	2002,	Autodesk	released	a	white	paper	entitled	"Building	Information
Modeling,"[18]	and	other	software	vendors	also	started	to	assert	their	involvement	in	the	field.[19][unreliable	source?]	By	hosting	contributions	from	Autodesk,	Bentley	Systems	and	Graphisoft,	plus	other	industry	observers,	in	2003,[20][unreliable	source?]	Jerry	Laiserin	helped	popularize	and	standardize	the	term	as	a	common	name	for	the	digital
representation	of	the	building	process.[21]	As	some	BIM	software	developers	have	created	proprietary	data	structures	in	their	software,	data	and	files	created	by	one	vendor's	applications	may	not	work	in	other	vendor	solutions.	To	achieve	interoperability	between	applications,	neutral,	non-proprietary	or	open	standards	for	sharing	BIM	data	among
different	software	applications	have	been	developed.	Poor	software	interoperability	has	long	been	regarded	as	an	obstacle	to	industry	efficiency	in	general	and	to	BIM	adoption	in	particular.	In	August	2004	a	US	National	Institute	of	Standards	and	Technology	(NIST)	report	conservatively	estimated	that	$15.8	billion	was	lost	annually	by	the	U.S.
capital	facilities	industry	due	to	inadequate	interoperability	arising	from	"the	highly	fragmented	nature	of	the	industry,	the	industry’s	continued	paper-based	business	practices,	a	lack	of	standardization,	and	inconsistent	technology	adoption	among	stakeholders".[22]	An	early	BIM	standard	was	the	CIMSteel	Integration	Standard,	CIS/2,	a	product
model	and	data	exchange	file	format	for	structural	steel	project	information	(CIMsteel:	Computer	Integrated	Manufacturing	of	Constructional	Steelwork).	CIS/2	enables	seamless	and	integrated	information	exchange	during	the	design	and	construction	of	steel	framed	structures.	It	was	developed	by	the	University	of	Leeds	and	the	UK's	Steel
Construction	Institute	in	the	late	1990s,	with	inputs	from	Georgia	Tech,	and	was	approved	by	the	American	Institute	of	Steel	Construction	as	its	data	exchange	format	for	structural	steel	in	2000.[23]	BIM	is	often	associated	with	Industry	Foundation	Classes	(IFCs)	and	aecXML	–	data	structures	for	representing	information	–	developed	by
buildingSMART.	IFC	is	recognised	by	the	ISO	and	has	been	an	international	standard,	ISO	16739,	since	2013.[24]	OpenBIM	is	an	initiative	by	buildingSMART	that	promotes	open	standards	and	interoperability.	Based	on	the	IFC	standard,	it	allows	vendor-neutral	BIM	data	exchange.	OpenBIM	standards	also	include	BIM	Collaboration	Format	(BCF)
for	issue	tracking	and	Information	Delivery	Specification	(IDS)	for	defining	model	requirements.[25]	Construction	Operations	Building	information	exchange	(COBie)	is	also	associated	with	BIM.	COBie	was	devised	by	Bill	East	of	the	United	States	Army	Corps	of	Engineers	in	2007,[26]	and	helps	capture	and	record	equipment	lists,	product	data	sheets,
warranties,	spare	parts	lists,	and	preventive	maintenance	schedules.	This	information	is	used	to	support	operations,	maintenance	and	asset	management	once	a	built	asset	is	in	service.[27]	In	December	2011,	it	was	approved	by	the	US-based	National	Institute	of	Building	Sciences	as	part	of	its	National	Building	Information	Model	(NBIMS-US)
standard.[28]	COBie	has	been	incorporated	into	software,	and	may	take	several	forms	including	spreadsheet,	IFC,	and	ifcXML.	In	early	2013	BuildingSMART	was	working	on	a	lightweight	XML	format,	COBieLite,	which	became	available	for	review	in	April	2013.[29]	In	September	2014,	a	code	of	practice	regarding	COBie	was	issued	as	a	British
Standard:	BS	1192-4.[30]	In	January	2019,	ISO	published	the	first	two	parts	of	ISO	19650,	providing	a	framework	for	building	information	modelling,	based	on	process	standards	developed	in	the	United	Kingdom.	UK	BS	and	PAS	1192	specifications	form	the	basis	of	further	parts	of	the	ISO	19650	series,	with	parts	on	asset	management	(Part	3)	and
security	management	(Part	5)	published	in	2020.[31]	The	IEC/ISO	81346	series	for	reference	designation	has	published	81346-12:2018,[32]	also	known	as	RDS-CW	(Reference	Designation	System	for	Construction	Works).	The	use	of	RDS-CW	offers	the	prospect	of	integrating	BIM	with	complementary	international	standards	based	classification
systems	being	developed	for	the	Power	Plant	sector.[33]	ISO	19650-1:2018	defines	BIM	as:	Use	of	a	shared	digital	representation	of	a	built	asset	to	facilitate	design,	construction	and	operation	processes	to	form	a	reliable	basis	for	decisions.[34]	The	US	National	Building	Information	Model	Standard	Project	Committee	has	the	following	definition:
Building	Information	Modeling	(BIM)	is	a	digital	representation	of	physical	and	functional	characteristics	of	a	facility.	A	BIM	is	a	shared	knowledge	resource	for	information	about	a	facility	forming	a	reliable	basis	for	decisions	during	its	life-cycle;	defined	as	existing	from	earliest	conception	to	demolition.[35]	Traditional	building	design	was	largely
reliant	upon	two-dimensional	technical	drawings	(plans,	elevations,	sections,	etc.).	Building	information	modeling	extends	the	three	primary	spatial	dimensions	(width,	height	and	depth),	incorporating	information	about	time	(so-called	4D	BIM),[36]	cost	(5D	BIM),[37]	asset	management,	sustainability,	etc.	BIM	therefore	covers	more	than	just
geometry.	It	also	covers	spatial	relationships,	geospatial	information,	quantities	and	properties	of	building	components	(for	example,	manufacturers'	details),	and	enables	a	wide	range	of	collaborative	processes	relating	to	the	built	asset	from	initial	planning	through	to	construction	and	then	throughout	its	operational	life.	BIM	authoring	tools	present	a
design	as	combinations	of	"objects"	–	vague	and	undefined,	generic	or	product-specific,	solid	shapes	or	void-space	oriented	(like	the	shape	of	a	room),	that	carry	their	geometry,	relations,	and	attributes.	BIM	applications	allow	extraction	of	different	views	from	a	building	model	for	drawing	production	and	other	uses.	These	different	views	are
automatically	consistent,	being	based	on	a	single	definition	of	each	object	instance.[38]	BIM	software	also	defines	objects	parametrically;	that	is,	the	objects	are	defined	as	parameters	and	relations	to	other	objects	so	that	if	a	related	object	is	amended,	dependent	ones	will	automatically	also	change.[38]	Each	model	element	can	carry	attributes	for
selecting	and	ordering	them	automatically,	providing	cost	estimates	as	well	as	material	tracking	and	ordering.[38]	For	the	professionals	involved	in	a	project,	BIM	enables	a	virtual	information	model	to	be	shared	by	the	design	team	(architects,	landscape	architects,	surveyors,	civil,	structural	and	building	services	engineers,	etc.),	the	main	contractor
and	subcontractors,	and	the	owner/operator.	Each	professional	adds	discipline-specific	data	to	the	shared	model	–	commonly,	a	'federated'	model	which	combines	several	different	disciplines'	models	into	one.[39]	Combining	models	enables	visualisation	of	all	models	in	a	single	environment,	better	coordination	and	development	of	designs,	enhanced
clash	avoidance	and	detection,	and	improved	time	and	cost	decision-making.[39]	"BIM	wash"	or	"BIM	washing"	is	a	term	sometimes	used	to	describe	inflated,	and/or	deceptive,	claims	of	using	or	delivering	BIM	services	or	products.[40][41][42]	Use	of	BIM	goes	beyond	the	planning	and	design	phase	of	a	project,	extending	throughout	the	life	cycle	of
the	asset.	The	supporting	processes	of	building	lifecycle	management	include	cost	management,	construction	management,	project	management,	facility	operation	and	application	in	green	building.	A	'Common	Data	Environment'	(CDE)	is	defined	in	ISO	19650	as	an:	Agreed	source	of	information	for	any	given	project	or	asset,	for	collecting,	managing
and	disseminating	each	information	container	through	a	managed	process.[43]	A	CDE	workflow	describes	the	processes	to	be	used	while	a	CDE	solution	can	provide	the	underlying	technologies.	A	CDE	is	used	to	share	data	across	a	project	or	asset	lifecycle,	supporting	collaboration	across	a	whole	project	team.	The	concept	of	a	CDE	overlaps	with
enterprise	content	management,	ECM,	but	with	a	greater	focus	on	BIM	issues.	Building	information	models	span	the	whole	concept-to-occupation	time-span.	To	ensure	efficient	management	of	information	processes	throughout	this	span,	a	BIM	manager	might	be	appointed.	The	BIM	manager	is	retained	by	a	design	build	team	on	the	client's	behalf
from	the	pre-design	phase	onwards	to	develop	and	to	track	the	object-oriented	BIM	against	predicted	and	measured	performance	objectives,	supporting	multi-disciplinary	building	information	models	that	drive	analysis,	schedules,	take-off	and	logistics.[44][45]	Companies	are	also	now	considering	developing	BIMs	in	various	levels	of	detail,	since
depending	on	the	application	of	BIM,	more	or	less	detail	is	needed,	and	there	is	varying	modeling	effort	associated	with	generating	building	information	models	at	different	levels	of	detail.[46]	Participants	in	the	building	process	are	constantly	challenged	to	deliver	successful	projects	despite	tight	budgets,	limited	staffing,	accelerated	schedules,	and
limited	or	conflicting	information.	The	significant	disciplines	such	as	architectural,	structural	and	MEP	designs	should	be	well-coordinated,	as	two	things	can't	take	place	at	the	same	place	and	time.	BIM	additionally	is	able	to	aid	in	collision	detection,	identifying	the	exact	location	of	discrepancies.	The	BIM	concept	envisages	virtual	construction	of	a
facility	prior	to	its	actual	physical	construction,	in	order	to	reduce	uncertainty,	improve	safety,	work	out	problems,	and	simulate	and	analyze	potential	impacts.[47][unreliable	source?]	Sub-contractors	from	every	trade	can	input	critical	information	into	the	model	before	beginning	construction,	with	opportunities	to	pre-fabricate	or	pre-assemble	some
systems	off-site.	Waste	can	be	minimised	on-site	and	products	delivered	on	a	just-in-time	basis	rather	than	being	stock-piled	on-site.[47]	Quantities	and	shared	properties	of	materials	can	be	extracted	easily.	Scopes	of	work	can	be	isolated	and	defined.	Systems,	assemblies	and	sequences	can	be	shown	in	a	relative	scale	with	the	entire	facility	or	group
of	facilities.	BIM	also	prevents	errors	by	enabling	conflict	or	'clash	detection'	whereby	the	computer	model	visually	highlights	to	the	team	where	parts	of	the	building	(e.g.:structural	frame	and	building	services	pipes	or	ducts)	may	wrongly	intersect.	BIM	can	bridge	the	information	loss	associated	with	handing	a	project	from	design	team,	to
construction	team	and	to	building	owner/operator,	by	allowing	each	group	to	add	to	and	reference	back	to	all	information	they	acquire	during	their	period	of	contribution	to	the	BIM	model.	Enabling	an	effective	handover	of	information	from	design	and	construction	(including	via	IFC	or	COBie)	can	thus	yield	benefits	to	the	facility	owner	or	operator.
[48]	BIM-related	processes	relating	to	longer-term	asset	management	are	also	covered	in	ISO-19650	Part	3.[31]	For	example,	a	building	owner	may	find	evidence	of	a	water	leak	in	a	building.	Rather	than	exploring	the	physical	building,	the	owner	may	turn	to	the	model	and	see	that	a	water	valve	is	located	in	the	suspect	location.	The	owner	could	also
have	in	the	model	the	specific	valve	size,	manufacturer,	part	number,	and	any	other	information	ever	researched	in	the	past,	pending	adequate	computing	power.	Such	problems	were	initially	addressed	by	Leite	and	Akinci	when	developing	a	vulnerability	representation	of	facility	contents	and	threats	for	supporting	the	identification	of	vulnerabilities
in	building	emergencies.[49]	Operational	BIM	2D	floor	plan	view	in	a	mobile	device	Dynamic	information	about	the	building,	such	as	sensor	measurements	and	control	signals	from	the	building	systems,	can	also	be	incorporated	within	software	to	support	analysis	of	building	operation	and	maintenance.[50]	As	such,	BIM	in	facility	operation	can	be



related	to	internet	of	things	approaches;[51]	rapid	access	to	data	may	also	be	aided	by	use	of	mobile	devices	(smartphones,	tablets)	and	machine-readable	RFID	tags	or	barcodes;[52]	while	integration	and	interoperability	with	other	business	systems	-	CAFM,	ERP,	BMS,	IWMS,	etc	-	can	aid	operational	reuse	of	data.	There	have	been	attempts	at
creating	information	models	for	older,	pre-existing	facilities.	Approaches	include	referencing	key	metrics	such	as	the	Facility	Condition	Index	(FCI),	or	using	3D	laser-scanning	surveys	and	photogrammetry	techniques	(separately	or	in	combination)	or	digitizing	traditional	building	surveying	methodologies	by	using	mobile	technology	to	capture
accurate	measurements	and	operation-related	information	about	the	asset	that	can	be	used	as	the	basis	for	a	model.	Trying	to	retrospectively	model	a	building	constructed	in,	say	1927,	requires	numerous	assumptions	about	design	standards,	building	codes,	construction	methods,	materials,	etc,	and	is,	therefore,	more	complex	than	building	a	model
during	design.	One	of	the	challenges	to	the	proper	maintenance	and	management	of	existing	facilities	is	understanding	how	BIM	can	be	utilized	to	support	a	holistic	understanding	and	implementation	of	building	management	practices	and	"cost	of	ownership"	principles	that	support	the	full	product	lifecycle	of	a	building.		An	American	National
Standard	entitled	APPA	1000	–	Total	Cost	of	Ownership	for	Facilities	Asset	Management	incorporates	BIM	to	factor	in	a	variety	of	critical	requirements	and	costs	over	the	life-cycle	of	the	building,	including	but	not	limited	to:	replacement	of	energy,	utility,	and	safety	systems;	continual	maintenance	of	the	building	exterior	and	interior	and	replacement
of	materials;	updates	to	design	and	functionality;	and	recapitalization	costs.[53]	Main	article:	Building	information	modeling	in	green	building	BIM	in	green	building,	or	"green	BIM",	is	a	process	that	can	help	architecture,	engineering	and	construction	firms	to	improve	sustainability	in	the	built	environment.	It	can	allow	architects	and	engineers	to
integrate	and	analyze	environmental	issues	in	their	design	over	the	life	cycle	of	the	asset.[54]	In	the	ERANet	projects	EPC4SES	[55]	and	FinSESCo	projects	worked	on	the	digital	representation	of	the	energy	demand	of	the	building.	The	nucleus	is	the	XML	from	issuing	Energy	Performance	Certificates,	amended	by	roof	data	to	be	able	to	retrieve	the
position	and	size	of	PV	or	PV/T.	This	section	needs	to	be	updated.	Please	help	update	this	article	to	reflect	recent	events	or	newly	available	information.	(January	2022)	China	began	its	exploration	on	informatisation	in	2001.	The	Ministry	of	Construction	announced	BIM	was	as	the	key	application	technology	of	informatisation	in	"Ten	new	technologies
of	construction	industry"	(by	2010).[56]	The	Ministry	of	Science	and	Technology	(MOST)	clearly	announced	BIM	technology	as	a	national	key	research	and	application	project	in	"12th	Five-Year"	Science	and	Technology	Development	Planning.	Therefore,	the	year	2011	was	described	as	"The	First	Year	of	China's	BIM".[57]	In	2006	the	Hong	Kong
Housing	Authority	introduced	BIM,[58]	and	then	set	a	target	of	full	BIM	implementation	in	2014/2015.	BuildingSmart	Hong	Kong	was	inaugurated	in	Hong	Kong	SAR	in	late	April	2012.[59]	The	Government	of	Hong	Kong	mandates	the	use	of	BIM	for	all	government	projects	over	HK$30M	since	1	January	2018.[60]	India	Building	Information	Modelling
Association	(IBIMA)	is	a	national-level	society	that	represents	the	entire	Indian	BIM	community.[61]	In	India	BIM	is	also	known	as	VDC:	Virtual	Design	and	Construction.	Due	to	its	population	and	economic	growth,	India	has	an	expanding	construction	market.	In	spite	of	this,	BIM	usage	was	reported	by	only	22%	of	respondents	in	a	2014	survey.[62]	In
2019,	government	officials	said	BIM	could	help	save	up	to	20%	by	shortening	construction	time,	and	urged	wider	adoption	by	infrastructure	ministries.[63]	The	Iran	Building	Information	Modeling	Association	(IBIMA)	was	founded	in	2012	by	professional	engineers	from	five	universities	in	Iran,	including	the	Civil	and	Environmental	Engineering
Department	at	Amirkabir	University	of	Technology.[64]	While	it	is	not	currently	active,	IBIMA	aims	to	share	knowledge	resources	to	support	construction	engineering	management	decision-making.[65][66]	BIM	implementation	is	targeted	towards	BIM	Stage	2	by	the	year	2020	led	by	the	Construction	Industry	Development	Board	(CIDB	Malaysia).
Under	the	Construction	Industry	Transformation	Plan	(CITP	2016–2020),[67]	it	is	hoped	more	emphasis	on	technology	adoption	across	the	project	life-cycle	will	induce	higher	productivity.	The	Building	and	Construction	Authority	(BCA)	has	announced	that	BIM	would	be	introduced	for	architectural	submission	(by	2013),	structural	and	M&E
submissions	(by	2014)	and	eventually	for	plan	submissions	of	all	projects	with	gross	floor	area	of	more	than	5,000	square	meters	by	2015.	The	BCA	Academy	is	training	students	in	BIM.[68]	The	Ministry	of	Land,	Infrastructure	and	Transport	(MLIT)	has	announced	"Start	of	BIM	pilot	project	in	government	building	and	repairs"	(by	2010).[69]	Japan
Institute	of	Architects	(JIA)	released	the	BIM	guidelines	(by	2012),	which	showed	the	agenda	and	expected	effect	of	BIM	to	architects.[70]	MLIT	announced	"	BIM	will	be	mandated	for	all	of	its	public	works	from	the	fiscal	year	of	2023,	except	those	having	particular	reasons".	The	works	subject	to	WTO	Government	Procurement	Agreement	shall
comply	with	the	published	ISO	standards	related	to	BIM	such	as	ISO19650	series	as	determined	by	the	Article	10	(Technical	Specification)	of	the	Agreement.	Small	BIM-related	seminars	and	independent	BIM	effort	existed	in	South	Korea	even	in	the	1990s.	However,	it	was	not	until	the	late	2000s	that	the	Korean	industry	paid	attention	to	BIM.	The
first	industry-level	BIM	conference	was	held	in	April	2008,	after	which,	BIM	has	been	spread	very	rapidly.	Since	2010,	the	Korean	government	has	been	gradually	increasing	the	scope	of	BIM-mandated	projects.	McGraw	Hill	published	a	detailed	report	in	2012	on	the	status	of	BIM	adoption	and	implementation	in	South	Korea.[71]	Dubai	Municipality
issued	a	circular	(196)	in	2014	mandating	BIM	use	for	buildings	of	a	certain	size,	height	or	type.	The	one	page	circular	initiated	strong	interest	in	BIM	and	the	market	responded	in	preparation	for	more	guidelines	and	direction.	In	2015	the	Municipality	issued	another	circular	(207)	titled	'Regarding	the	expansion	of	applying	the	(BIM)	on	buildings
and	facilities	in	the	emirate	of	Dubai'	which	made	BIM	mandatory	on	more	projects	by	reducing	the	minimum	size	and	height	requirement	for	projects	requiring	BIM.	This	second	circular	drove	BIM	adoption	further	with	several	projects	and	organizations	adopting	UK	BIM	standards	as	best	practice.	In	2016,	the	UAE's	Quality	and	Conformity
Commission	set	up	a	BIM	steering	group	to	investigate	statewide	adoption	of	BIM.[72]	Austrian	standards	for	digital	modeling	are	summarized	in	the	ÖNORM	A	6241,	published	on	15	March	2015.	The	ÖNORM	A	6241-1	(BIM	Level	2),	which	replaced	the	ÖNORM	A	6240-4,	has	been	extended	in	the	detailed	and	executive	design	stages,	and	corrected
in	the	lack	of	definitions.	The	ÖNORM	A	6241-2	(BIM	Level	3)	includes	all	the	requirements	for	the	BIM	Level	3	(iBIM).[73]	The	Czech	BIM	Council,	established	in	May	2011,	aims	to	implement	BIM	methodologies	into	the	Czech	building	and	designing	processes,	education,	standards	and	legislation.[74]	In	Estonia	digital	construction	cluster
(Digitaalehituse	Klaster)	was	formed	in	2015	to	develop	BIM	solutions	for	the	whole	life-cycle	of	construction.[75]	The	strategic	objective	of	the	cluster	is	to	develop	an	innovative	digital	construction	environment	as	well	as	VDC	new	product	development,	Grid	and	e-construction	portal	to	increase	the	international	competitiveness	and	sales	of
Estonian	businesses	in	the	construction	field.	The	cluster	is	equally	co-funded	by	European	Structural	and	Investment	Funds	through	Enterprise	Estonia	and	by	the	members	of	the	cluster	with	a	total	budget	of	600	000	euros	for	the	period	2016–2018.	The	French	arm	of	buildingSMART,	called	Mediaconstruct	(existing	since	1989),	is	supporting
digital	transformation	in	France.	A	building	transition	digital	plan	–	French	acronym	PTNB	–	was	created	in	2013	(mandated	since	2015	to	2017	and	under	several	ministries).	A	2013	survey	of	European	BIM	practice	showed	France	in	last	place,	but,	with	government	support,	in	2017	it	had	risen	to	third	place	with	more	than	30%	of	real	estate
projects	carried	out	using	BIM.[76]	PTNB	was	superseded	in	2018	by	Plan	BIM	2022,[77]	administered	by	an	industry	body,	the	Association	for	the	Development	of	Digital	in	Construction	(AND	Construction),	founded	in	2017,	and	supported	by	a	digital	platform,	KROQI,[78]	developed	and	launched	in	2017	by	CSTB	(France's	Scientific	and	Technical
Centre	for	Building).[79]	In	December	2015,	the	German	minister	for	transport	Alexander	Dobrindt	announced	a	timetable	for	the	introduction	of	mandatory	BIM	for	German	road	and	rail	projects	from	the	end	of	2020.[80]	Speaking	in	April	2016,	he	said	digital	design	and	construction	must	become	standard	for	construction	projects	in	Germany,	with
Germany	two	to	three	years	behind	The	Netherlands	and	the	UK	in	aspects	of	implementing	BIM.[81]	BIM	was	piloted	in	many	areas	of	German	infrastructure	delivery	and	in	July	2022	Volker	Wissing,	Federal	Minister	for	Digital	and	Transport,	announced	that,	from	2025,	BIM	will	be	used	as	standard	in	the	construction	of	federal	trunk	roads	in
addition	to	the	rail	sector.[82]	In	November	2017,	Ireland's	Department	for	Public	Expenditure	and	Reform	launched	a	strategy	to	increase	use	of	digital	technology	in	delivery	of	key	public	works	projects,	requiring	the	use	of	BIM	to	be	phased	in	over	the	next	four	years.[83]	Through	the	new	D.l.	50,	in	April	2016	Italy	has	included	into	its	own
legislation	several	European	directives	including	2014/24/EU	on	Public	Procurement.	The	decree	states	among	the	main	goals	of	public	procurement	the	"rationalization	of	designing	activities	and	of	all	connected	verification	processes,	through	the	progressive	adoption	of	digital	methods	and	electronic	instruments	such	as	Building	and	Infrastructure
Information	Modelling".[84][85]	A	norm	in	8	parts	is	also	being	written	to	support	the	transition:	UNI	11337-1,	UNI	11337-4	and	UNI	11337-5	were	published	in	January	2017,	with	five	further	chapters	to	follow	within	a	year.	In	early	2018	the	Italian	Ministry	of	Infrastructure	and	Transport	issued	a	decree	(DM	01/12/17)	creating	a	governmental	BIM
Mandate	compelling	public	client	organisations	to	adopt	a	digital	approach	by	2025,	with	an	incremental	obligation	which	will	start	on	1	January	2019.[86][87]	Lithuania	is	moving	towards	adoption	of	BIM	infrastructure	by	founding	a	public	body	"Skaitmeninė	statyba"	(Digital	Construction),	which	is	managed	by	13	associations.	Also,	there	is	a	BIM
work	group	established	by	Lietuvos	Architektų	Sąjunga	(a	Lithuanian	architects	body).	The	initiative	intends	Lithuania	to	adopt	BIM,	Industry	Foundation	Classes	(IFC)	and	National	Construction	Classification	as	standard.	An	international	conference	"Skaitmeninė	statyba	Lietuvoje"	(Digital	Construction	in	Lithuania)	has	been	held	annually	since
2012.	On	1	November	2011,	the	Rijksgebouwendienst,	the	agency	within	the	Dutch	Ministry	of	Housing,	Spatial	Planning	and	the	Environment	that	manages	government	buildings,	introduced	the	Rgd	BIM	Standard,[88]	which	it	updated	on	1	July	2012.	In	Norway	BIM	has	been	used	increasingly	since	2008.	Several	large	public	clients	require	use	of
BIM	in	open	formats	(IFC)	in	most	or	all	of	their	projects.	The	Government	Building	Authority	bases	its	processes	on	BIM	in	open	formats	to	increase	process	speed	and	quality,	and	all	large	and	several	small	and	medium-sized	contractors	use	BIM.	National	BIM	development	is	centred	around	the	local	organisation,	buildingSMART	Norway	which
represents	25%	of	the	Norwegian	construction	industry.[citation	needed]	BIMKlaster	(BIM	Cluster)	is	a	non-governmental,	non-profit	organisation	established	in	2012	with	the	aim	of	promoting	BIM	development	in	Poland.[89]	In	September	2016,	the	Ministry	of	Infrastructure	and	Construction	began	a	series	of	expert	meetings	concerning	the
application	of	BIM	methodologies	in	the	construction	industry.[90]	Created	in	2015	to	promote	the	adoption	of	BIM	in	Portugal	and	its	normalisation,	the	Technical	Committee	for	BIM	Standardisation,	CT197-BIM,	has	created	the	first	strategic	document	for	construction	4.0	in	Portugal,	aiming	to	align	the	country's	industry	around	a	common	vision,
integrated	and	more	ambitious	than	a	simple	technology	change.[91]	The	Russian	government	has	approved	a	list	of	the	regulations	that	provide	the	creation	of	a	legal	framework	for	the	use	of	information	modeling	of	buildings	in	construction	and	encourages	the	use	of	BIM	in	government	projects.[92]	The	BIM	Association	of	Slovakia,	"BIMaS",	was
established	in	January	2013	as	the	first	Slovak	professional	organisation	focused	on	BIM.	Although	there	are	neither	standards	nor	legislative	requirements	to	deliver	projects	in	BIM,	many	architects,	structural	engineers	and	contractors,	plus	a	few	investors	are	already	applying	BIM.	A	Slovak	implementation	strategy	created	by	BIMaS	and
supported	by	the	Chamber	of	Civil	Engineers	and	Chamber	of	Architects	has	yet	to	be	approved	by	Slovak	authorities	due	to	their	low	interest	in	such	innovation.[93]	A	July	2015	meeting	at	Spain's	Ministry	of	Infrastructure	[Ministerio	de	Fomento]	launched	the	country's	national	BIM	strategy,	making	BIM	a	mandatory	requirement	on	public	sector
projects	with	a	possible	starting	date	of	2018.[94]	Following	a	February	2015	BIM	summit	in	Barcelona,	professionals	in	Spain	established	a	BIM	commission	(ITeC)	to	drive	the	adoption	of	BIM	in	Catalonia.[95]	Since	2009	through	the	initiative	of	buildingSmart	Switzerland,	then	2013,	BIM	awareness	among	a	broader	community	of	engineers	and
architects	was	raised	due	to	the	open	competition	for	Basel's	Felix	Platter	Hospital[96]	where	a	BIM	coordinator	was	sought.	BIM	has	also	been	a	subject	of	events	by	the	Swiss	Society	for	Engineers	and	Architects,	SIA.[97]	In	May	2011	UK	Government	Chief	Construction	Adviser	Paul	Morrell	called	for	BIM	adoption	on	UK	government	construction
projects.[98]	Morrell	also	told	construction	professionals	to	adopt	BIM	or	be	"Betamaxed	out".[99]	In	June	2011	the	UK	government	published	its	BIM	strategy,[100]	announcing	its	intention	to	require	collaborative	3D	BIM	(with	all	project	and	asset	information,	documentation	and	data	being	electronic)	on	its	projects	by	2016.	Initially,	compliance
would	require	building	data	to	be	delivered	in	a	vendor-neutral	'COBie'	format,	thus	overcoming	the	limited	interoperability	of	BIM	software	suites	available	on	the	market.	The	UK	Government	BIM	Task	Group	led	the	government's	BIM	programme	and	requirements,[101]	including	a	free-to-use	set	of	UK	standards	and	tools	that	defined	'level	2	BIM'.
[102]	In	April	2016,	the	UK	Government	published	a	new	central	web	portal	as	a	point	of	reference	for	the	industry	for	'level	2	BIM'.[103]	The	work	of	the	BIM	Task	Group	then	continued	under	the	stewardship	of	the	Cambridge-based	Centre	for	Digital	Built	Britain	(CDBB),[104]	announced	in	December	2017	and	formally	launched	in	early	2018.
[105]	Outside	of	government,	industry	adoption	of	BIM	since	2016	has	been	led	by	the	UK	BIM	Alliance,[106]	an	independent,	not-for-profit,	collaboratively-based	organisation	formed	to	champion	and	enable	the	implementation	of	BIM,	and	to	connect	and	represent	organisations,	groups	and	individuals	working	towards	digital	transformation	of	the
UK's	built	environment	industry.	In	November	2017,	the	UK	BIM	Alliance	merged	with	the	UK	and	Ireland	chapter	of	BuildingSMART.[107]	In	October	2019,	CDBB,	the	UK	BIM	Alliance[a]	and	the	BSI	Group	launched	the	UK	BIM	Framework.	Superseding	the	BIM	levels	approach,	the	framework	describes	an	overarching	approach	to	implementing
BIM	in	the	UK,	giving	free	guidance	on	integrating	the	international	ISO	19650	series	of	standards	into	UK	processes	and	practice.[109]	National	Building	Specification	(NBS)	has	published	research	into	BIM	adoption	in	the	UK	since	2011,	and	in	2020	published	its	10th	annual	BIM	report.[110]	In	2011,	43%	of	respondents	had	not	heard	of	BIM;	in
2020	73%	said	they	were	using	BIM.[110]	BIM	is	not	mandatory	in	Canada.[111]	Several	organizations	support	BIM	adoption	and	implementation	in	Canada:	the	Canada	BIM	Council	(CANBIM,	founded	in	2008),[112]	the	Institute	for	BIM	in	Canada,[113]	and	buildingSMART	Canada	(the	Canadian	chapter	of	buildingSMART	International).[114]
Public	Services	and	Procurement	Canada	(formerly	Public	Works	and	Government	Services	Canada)	is	committed	to	using	non-proprietary	or	"OpenBIM"	BIM	standards	and	avoids	specifying	any	specific	proprietary	BIM	format.	Designers	are	required	to	use	the	international	standards	of	interoperability	for	BIM	(IFC).[115]	Architectural	BIM
Modeling	of	Clinton	Public	Library,	USA	The	Associated	General	Contractors	of	America	and	US	contracting	firms	have	developed	various	working	definitions	of	BIM	that	describe	it	generally	as:	an	object-oriented	building	development	tool	that	utilizes	5-D	modeling	concepts,	information	technology	and	software	interoperability	to	design,	construct
and	operate	a	building	project,	as	well	as	communicate	its	details.[116]	Although	the	concept	of	BIM	and	relevant	processes	are	being	explored	by	contractors,	architects	and	developers	alike,	the	term	itself	has	been	questioned	and	debated[117]	with	alternatives	including	Virtual	Building	Environment	(VBE)	also	considered.	Unlike	some	countries
such	as	the	UK,	the	US	has	not	adopted	a	set	of	national	BIM	guidelines,	allowing	different	systems	to	remain	in	competition.[118]	In	2021,	the	National	Institute	of	Building	Sciences	(NIBS)	looked	at	applying	UK	BIM	experiences	to	developing	shared	US	BIM	standards	and	processes.	The	US	National	BIM	Standard	had	largely	been	developed
through	volunteer	efforts;	NIBS	aimed	to	create	a	national	BIM	programme	to	drive	effective	adoption	at	a	national	scale.[119]	BIM	is	seen	to	be	closely	related	to	Integrated	Project	Delivery	(IPD)	where	the	primary	motive	is	to	bring	the	teams	together	early	on	in	the	project.[120]	A	full	implementation	of	BIM	also	requires	the	project	teams	to
collaborate	from	the	inception	stage	and	formulate	model	sharing	and	ownership	contract	documents.	The	American	Institute	of	Architects	has	defined	BIM	as	"a	model-based	technology	linked	with	a	database	of	project	information",[3]	and	this	reflects	the	general	reliance	on	database	technology	as	the	foundation.	In	the	future,	structured	text
documents	such	as	specifications	may	be	able	to	be	searched	and	linked	to	regional,	national,	and	international	standards.	BIM	has	the	potential	to	play	a	vital	role	in	the	Nigerian	AEC	sector.	In	addition	to	its	potential	clarity	and	transparency,	it	may	help	promote	standardization	across	the	industry.	For	instance,	Utiome[121]	suggests	that,	in
conceptualizing	a	BIM-based	knowledge	transfer	framework	from	industrialized	economies	to	urban	construction	projects	in	developing	nations,	generic	BIM	objects	can	benefit	from	rich	building	information	within	specification	parameters	in	product	libraries,	and	used	for	efficient,	streamlined	design	and	construction.	Similarly,	an	assessment	of
the	current	'state	of	the	art'	by	Kori[122]	found	that	medium	and	large	firms	were	leading	the	adoption	of	BIM	in	the	industry.	Smaller	firms	were	less	advanced	with	respect	to	process	and	policy	adherence.	There	has	been	little	adoption	of	BIM	in	the	built	environment	due	to	construction	industry	resistance	to	changes	or	new	ways	of	doing	things.
The	industry	is	still	working	with	conventional	2D	CAD	systems	in	services	and	structural	designs,	although	production	could	be	in	3D	systems.	There	is	virtually	no	utilisation	of	4D	and	5D	systems.	BIM	Africa	Initiative,	primarily	based	in	Nigeria,	is	a	non-profit	institute	advocating	the	adoption	of	BIM	across	Africa.[123]	Since	2018,	it	has	been
engaging	with	professionals	and	the	government	towards	the	digital	transformation	of	the	built	industry.[124][125]	Produced	annually	by	its	research	and	development	committee,	the	African	BIM	Report	gives	an	overview	of	BIM	adoption	across	the	African	continent.[126]	The	South	African	BIM	Institute,	established	in	May	2015,	aims	to	enable
technical	experts	to	discuss	digital	construction	solutions	that	can	be	adopted	by	professionals	working	within	the	construction	sector.	Its	initial	task	was	to	promote	the	SA	BIM	Protocol.[127]	There	are	no	mandated	or	national	best	practice	BIM	standards	or	protocols	in	South	Africa.	Organisations	implement	company-specific	BIM	standards	and
protocols	at	best	(there	are	isolated	examples	of	cross-industry	alliances).[citation	needed]	In	February	2016,	Infrastructure	Australia	recommended:	"Governments	should	make	the	use	of	Building	Information	Modelling	(BIM)	mandatory	for	the	design	of	large-scale	complex	infrastructure	projects.	In	support	of	a	mandatory	rollout,	the	Australian
Government	should	commission	the	Australasian	Procurement	and	Construction	Council,	working	with	industry,	to	develop	appropriate	guidance	around	the	adoption	and	use	of	BIM;	and	common	standards	and	protocols	to	be	applied	when	using	BIM".[128]	In	2015,	many	projects	in	the	rebuilding	of	Christchurch	were	being	assembled	in	detail	on	a
computer	using	BIM	well	before	workers	set	foot	on	the	site.	The	New	Zealand	government	started	a	BIM	acceleration	committee,	as	part	of	a	productivity	partnership	with	the	goal	of	20	per	cent	more	efficiency	in	the	construction	industry	by	2020.[129]	Today,	BIM	use	is	still	not	mandated	in	the	country	while	several	challenges	have	been	identified
for	its	implementation	in	the	country.[130]	However,	members	of	the	AEC	industry	and	academia	have	developed	a	national	BIM	handbook	providing	definitions,	case	studies	and	templates.[131]	Some	purposes	or	uses	of	BIM	may	be	described	as	'dimensions'.	However,	there	is	little	consensus	on	definitions	beyond	5D.	Some	organisations	dismiss
the	term;	for	example,	the	UK	Institution	of	Structural	Engineers	does	not	recommend	using	nD	modelling	terms	beyond	4D,	adding	"cost	(5D)	is	not	really	a	'dimension'."[132][133]	3D	BIM,	an	acronym	for	three-dimensional	building	information	modeling,	refers	to	the	graphical	representation	of	an	asset's	geometric	design,	augmented	by
information	describing	attributes	of	individual	components.	3D	BIM	work	may	be	undertaken	by	professional	disciplines	such	as	architectural,	structural,	and	MEP,[134][135]	and	the	use	of	3D	models	enhances	coordination	and	collaboration	between	disciplines.	A	3D	virtual	model	can	also	be	created	by	creating	a	point	cloud	of	the	building	or
facility	using	laser	scanning	technology.[136][137]	4D	BIM	Construction	Simulation	4D	BIM,	an	acronym	for	4-dimensional	building	information	modeling,	refers	to	the	intelligent	linking	of	individual	3D	CAD	components	or	assemblies	with	time-	or	scheduling-related	information.[36][138]	The	term	4D	refers	to	the	fourth	dimension:	time,	i.e.	3D	plus
time.[37]	4D	modelling	enables	project	participants	(architects,	designers,	contractors,	clients)	to	plan,	sequence	the	physical	activities,	visualise	the	critical	path	of	a	series	of	events,	mitigate	the	risks,	report	and	monitor	progress	of	activities	through	the	lifetime	of	the	project.[139][140][141]	4D	BIM	enables	a	sequence	of	events	to	be	depicted
visually	on	a	time	line	that	has	been	populated	by	a	3D	model,	augmenting	traditional	Gantt	charts	and	critical	path	(CPM)	schedules	often	used	in	project	management.[142][143][144][145][146][147][148][149]	Construction	sequences	can	be	reviewed	as	a	series	of	problems	using	4D	BIM,	enabling	users	to	explore	options,	manage	solutions	and
optimize	results.	As	an	advanced	construction	management	technique,	it	has	been	used	by	project	delivery	teams	working	on	larger	projects.[150][151][152]	4D	BIM	has	traditionally	been	used	for	higher	end	projects	due	to	the	associated	costs,	but	technologies	are	now	emerging	that	allow	the	process	to	be	used	by	laymen	or	to	drive	processes	such
as	manufacture.[153][154][155][2][156]	5D	BIM,	an	acronym	for	5-dimensional	building	information	modeling	refers	to	the	intelligent	linking	of	individual	3D	components	or	assemblies	with	time	schedule	(4D	BIM)	constraints[141]	and	then	with	cost-related	information.[157]	5D	models	enable	participants	to	visualise	construction	progress	and
related	costs	over	time.[139][158]	This	BIM-centric	project	management	technique	has	potential	to	improve	management	and	delivery	of	projects	of	any	size	or	complexity.[159]	In	June	2016,	McKinsey	&	Company	identified	5D	BIM	technology	as	one	of	five	big	ideas	poised	to	disrupt	construction.	It	defined	5D	BIM	as	"a	five-dimensional
representation	of	the	physical	and	functional	characteristics	of	any	project.	It	considers	a	project’s	time	schedule	and	cost	in	addition	to	the	standard	spatial	design	parameters	in	3-D."[160]	6D	BIM,	an	acronym	for	6-dimensional	building	information	modeling,	is	sometimes	used	to	refer	to	the	intelligent	linking	of	individual	3D	components	or
assemblies	with	all	aspects	of	project	life-cycle	management	information.[161][162][163]	However,	there	is	less	consensus	about	the	definition	of	6D	BIM;	it	is	also	sometimes	used	to	cover	use	of	BIM	for	sustainability	purposes.[133]	In	the	project	life	cycle	context,	a	6D	model	is	usually	delivered	to	the	owner	when	a	construction	project	is	finished.
The	"As-Built"	BIM	model	is	populated	with	relevant	building	component	information	such	as	product	data	and	details,	maintenance/operation	manuals,	cut	sheet	specifications,	photos,	warranty	data,	web	links	to	product	online	sources,	manufacturer	information	and	contacts,	etc.	This	database	is	made	accessible	to	the	users/owners	through	a
customized	proprietary	web-based	environment.	This	is	intended	to	aid	facilities	managers	in	the	operation	and	maintenance	of	the	facility.[164]	The	term	is	less	commonly	used	in	the	UK	and	has	been	replaced	with	reference	to	the	Asset	Information	Requirements	(AIR)	and	an	Asset	Information	Model	(AIM)	as	specified	in	BS	EN	ISO	19650-3:2020.
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design	and	document	building	and	infrastructure	designs	"BIM"	redirects	here.	For	other	uses,	see	Bim	(disambiguation).	Building	information	model	of	a	mechanical	room	developed	from	lidar	data	Building	information	modeling	(BIM)	is	an	approach	involving	the	generation	and	management	of	digital	representations	of	the	physical	and	functional
characteristics	of	buildings	or	other	physical	assets	and	facilities.	BIM	is	supported	by	various	tools,	processes,	technologies	and	contracts.	Building	information	models	(BIMs)	are	computer	files	(often	but	not	always	in	proprietary	formats	and	containing	proprietary	data)	which	can	be	extracted,	exchanged	or	networked	to	support	decision-making
regarding	a	built	asset.	BIM	software	is	used	by	individuals,	businesses	and	government	agencies	who	plan,	design,	construct,	operate	and	maintain	buildings	and	diverse	physical	infrastructures,	such	as	water,	refuse,	electricity,	gas,	communication	utilities,	roads,	railways,	bridges,	ports	and	tunnels.	The	concept	of	BIM	has	been	in	development
since	the	1970s,	but	it	only	became	an	agreed	term	in	the	early	2000s.	The	development	of	standards	and	the	adoption	of	BIM	has	progressed	at	different	speeds	in	different	countries.	Developed	by	buildingSMART,	Industry	Foundation	Classes	(IFCs)	–	data	structures	for	representing	information	–	became	an	international	standard,	ISO	16739,	in
2013,	and	BIM	process	standards	developed	in	the	United	Kingdom	from	2007	onwards	formed	the	basis	of	an	international	standard,	ISO	19650,	launched	in	January	2019.	The	concept	of	BIM	has	existed	since	the	1970s.	The	first	software	tools	developed	for	modeling	buildings	emerged	in	the	late	1970s	and	early	1980s,	and	included	workstation
products	such	as	Chuck	Eastman's	Building	Description	System[1]	and	GLIDE,	RUCAPS,	Sonata,	Reflex	and	Gable	4D	Series.[2][3]	The	early	applications,	and	the	hardware	needed	to	run	them,	were	expensive,	which	limited	widespread	adoption.[4]	The	pioneering	role	of	applications	such	as	RUCAPS,	Sonata	and	Reflex	has	been	recognized	by
Laiserin[5][unreliable	source?]	as	well	as	the	UK's	Royal	Academy	of	Engineering;[6]	former	GMW	employee	Jonathan	Ingram	worked	on	all	three	products.[4]	What	became	known	as	BIM	products	differed	from	architectural	drafting	tools	such	as	AutoCAD	by	allowing	the	addition	of	further	information	(time,	cost,	manufacturers'	details,
sustainability,	and	maintenance	information,	etc.)	to	the	building	model.[citation	needed]	As	Graphisoft	had	been	developing	such	solutions	for	longer	than	its	competitors,	Laiserin	regarded	its	ArchiCAD	application	as	then	"one	of	the	most	mature	BIM	solutions	on	the	market."[7][unreliable	source?]	Following	its	launch	in	1987,	ArchiCAD	became
regarded	by	some	as	the	first	implementation	of	BIM,[8][9]	as	it	was	the	first	CAD	product	on	a	personal	computer	able	to	create	both	2D	and	3D	geometry,	as	well	as	the	first	commercial	BIM	product	for	personal	computers.[8][10][11]	However,	Graphisoft	founder	Gábor	Bojár	has	acknowledged	to	Jonathan	Ingram	in	an	open	letter,	that	Sonata
"was	more	advanced	in	1986	than	ArchiCAD	at	that	time",	adding	that	it	"surpassed	already	the	matured	definition	of	'BIM'	specified	only	about	one	and	a	half	decade	later".[12]	The	term	'building	model'	(in	the	sense	of	BIM	as	used	today)	was	first	used	in	papers	in	the	mid-1980s:	in	a	1985	paper	by	Simon	Ruffle	eventually	published	in	1986,[13]
and	later	in	a	1986	paper	by	Robert	Aish[14]	–	then	at	GMW	Computers	Ltd,	developer	of	RUCAPS	software	–	referring	to	the	software's	use	at	London's	Heathrow	Airport.[15]	The	term	'Building	Information	Model'	first	appeared	in	a	1992	paper	by	G.A.	van	Nederveen	and	F.	P.	Tolman.[16]	However,	the	terms	'Building	Information	Model'	and
'Building	Information	Modeling'	(including	the	acronym	"BIM")	did	not	become	popularly	used	until	some	10	years	later.	Facilitating	exchange	and	interoperability	of	information	in	digital	format	was	variously	with	differing	terminology:	by	Graphisoft	as	"Virtual	Building"	or	"Single	Building	Model",[17]	Bentley	Systems	as	"Integrated	Project	Models",
and	by	Autodesk	or	Vectorworks	as	"Building	Information	Modeling".[17]	In	2002,	Autodesk	released	a	white	paper	entitled	"Building	Information	Modeling,"[18]	and	other	software	vendors	also	started	to	assert	their	involvement	in	the	field.[19][unreliable	source?]	By	hosting	contributions	from	Autodesk,	Bentley	Systems	and	Graphisoft,	plus	other
industry	observers,	in	2003,[20][unreliable	source?]	Jerry	Laiserin	helped	popularize	and	standardize	the	term	as	a	common	name	for	the	digital	representation	of	the	building	process.[21]	As	some	BIM	software	developers	have	created	proprietary	data	structures	in	their	software,	data	and	files	created	by	one	vendor's	applications	may	not	work	in
other	vendor	solutions.	To	achieve	interoperability	between	applications,	neutral,	non-proprietary	or	open	standards	for	sharing	BIM	data	among	different	software	applications	have	been	developed.	Poor	software	interoperability	has	long	been	regarded	as	an	obstacle	to	industry	efficiency	in	general	and	to	BIM	adoption	in	particular.	In	August	2004
a	US	National	Institute	of	Standards	and	Technology	(NIST)	report	conservatively	estimated	that	$15.8	billion	was	lost	annually	by	the	U.S.	capital	facilities	industry	due	to	inadequate	interoperability	arising	from	"the	highly	fragmented	nature	of	the	industry,	the	industry’s	continued	paper-based	business	practices,	a	lack	of	standardization,	and
inconsistent	technology	adoption	among	stakeholders".[22]	An	early	BIM	standard	was	the	CIMSteel	Integration	Standard,	CIS/2,	a	product	model	and	data	exchange	file	format	for	structural	steel	project	information	(CIMsteel:	Computer	Integrated	Manufacturing	of	Constructional	Steelwork).	CIS/2	enables	seamless	and	integrated	information
exchange	during	the	design	and	construction	of	steel	framed	structures.	It	was	developed	by	the	University	of	Leeds	and	the	UK's	Steel	Construction	Institute	in	the	late	1990s,	with	inputs	from	Georgia	Tech,	and	was	approved	by	the	American	Institute	of	Steel	Construction	as	its	data	exchange	format	for	structural	steel	in	2000.[23]	BIM	is	often
associated	with	Industry	Foundation	Classes	(IFCs)	and	aecXML	–	data	structures	for	representing	information	–	developed	by	buildingSMART.	IFC	is	recognised	by	the	ISO	and	has	been	an	international	standard,	ISO	16739,	since	2013.[24]	OpenBIM	is	an	initiative	by	buildingSMART	that	promotes	open	standards	and	interoperability.	Based	on	the
IFC	standard,	it	allows	vendor-neutral	BIM	data	exchange.	OpenBIM	standards	also	include	BIM	Collaboration	Format	(BCF)	for	issue	tracking	and	Information	Delivery	Specification	(IDS)	for	defining	model	requirements.[25]	Construction	Operations	Building	information	exchange	(COBie)	is	also	associated	with	BIM.	COBie	was	devised	by	Bill	East
of	the	United	States	Army	Corps	of	Engineers	in	2007,[26]	and	helps	capture	and	record	equipment	lists,	product	data	sheets,	warranties,	spare	parts	lists,	and	preventive	maintenance	schedules.	This	information	is	used	to	support	operations,	maintenance	and	asset	management	once	a	built	asset	is	in	service.[27]	In	December	2011,	it	was	approved
by	the	US-based	National	Institute	of	Building	Sciences	as	part	of	its	National	Building	Information	Model	(NBIMS-US)	standard.[28]	COBie	has	been	incorporated	into	software,	and	may	take	several	forms	including	spreadsheet,	IFC,	and	ifcXML.	In	early	2013	BuildingSMART	was	working	on	a	lightweight	XML	format,	COBieLite,	which	became
available	for	review	in	April	2013.[29]	In	September	2014,	a	code	of	practice	regarding	COBie	was	issued	as	a	British	Standard:	BS	1192-4.[30]	In	January	2019,	ISO	published	the	first	two	parts	of	ISO	19650,	providing	a	framework	for	building	information	modelling,	based	on	process	standards	developed	in	the	United	Kingdom.	UK	BS	and	PAS	1192
specifications	form	the	basis	of	further	parts	of	the	ISO	19650	series,	with	parts	on	asset	management	(Part	3)	and	security	management	(Part	5)	published	in	2020.[31]	The	IEC/ISO	81346	series	for	reference	designation	has	published	81346-12:2018,[32]	also	known	as	RDS-CW	(Reference	Designation	System	for	Construction	Works).	The	use	of
RDS-CW	offers	the	prospect	of	integrating	BIM	with	complementary	international	standards	based	classification	systems	being	developed	for	the	Power	Plant	sector.[33]	ISO	19650-1:2018	defines	BIM	as:	Use	of	a	shared	digital	representation	of	a	built	asset	to	facilitate	design,	construction	and	operation	processes	to	form	a	reliable	basis	for
decisions.[34]	The	US	National	Building	Information	Model	Standard	Project	Committee	has	the	following	definition:	Building	Information	Modeling	(BIM)	is	a	digital	representation	of	physical	and	functional	characteristics	of	a	facility.	A	BIM	is	a	shared	knowledge	resource	for	information	about	a	facility	forming	a	reliable	basis	for	decisions	during
its	life-cycle;	defined	as	existing	from	earliest	conception	to	demolition.[35]	Traditional	building	design	was	largely	reliant	upon	two-dimensional	technical	drawings	(plans,	elevations,	sections,	etc.).	Building	information	modeling	extends	the	three	primary	spatial	dimensions	(width,	height	and	depth),	incorporating	information	about	time	(so-called
4D	BIM),[36]	cost	(5D	BIM),[37]	asset	management,	sustainability,	etc.	BIM	therefore	covers	more	than	just	geometry.	It	also	covers	spatial	relationships,	geospatial	information,	quantities	and	properties	of	building	components	(for	example,	manufacturers'	details),	and	enables	a	wide	range	of	collaborative	processes	relating	to	the	built	asset	from
initial	planning	through	to	construction	and	then	throughout	its	operational	life.	BIM	authoring	tools	present	a	design	as	combinations	of	"objects"	–	vague	and	undefined,	generic	or	product-specific,	solid	shapes	or	void-space	oriented	(like	the	shape	of	a	room),	that	carry	their	geometry,	relations,	and	attributes.	BIM	applications	allow	extraction	of
different	views	from	a	building	model	for	drawing	production	and	other	uses.	These	different	views	are	automatically	consistent,	being	based	on	a	single	definition	of	each	object	instance.[38]	BIM	software	also	defines	objects	parametrically;	that	is,	the	objects	are	defined	as	parameters	and	relations	to	other	objects	so	that	if	a	related	object	is
amended,	dependent	ones	will	automatically	also	change.[38]	Each	model	element	can	carry	attributes	for	selecting	and	ordering	them	automatically,	providing	cost	estimates	as	well	as	material	tracking	and	ordering.[38]	For	the	professionals	involved	in	a	project,	BIM	enables	a	virtual	information	model	to	be	shared	by	the	design	team	(architects,
landscape	architects,	surveyors,	civil,	structural	and	building	services	engineers,	etc.),	the	main	contractor	and	subcontractors,	and	the	owner/operator.	Each	professional	adds	discipline-specific	data	to	the	shared	model	–	commonly,	a	'federated'	model	which	combines	several	different	disciplines'	models	into	one.[39]	Combining	models	enables
visualisation	of	all	models	in	a	single	environment,	better	coordination	and	development	of	designs,	enhanced	clash	avoidance	and	detection,	and	improved	time	and	cost	decision-making.[39]	"BIM	wash"	or	"BIM	washing"	is	a	term	sometimes	used	to	describe	inflated,	and/or	deceptive,	claims	of	using	or	delivering	BIM	services	or	products.[40][41]
[42]	Use	of	BIM	goes	beyond	the	planning	and	design	phase	of	a	project,	extending	throughout	the	life	cycle	of	the	asset.	The	supporting	processes	of	building	lifecycle	management	include	cost	management,	construction	management,	project	management,	facility	operation	and	application	in	green	building.	A	'Common	Data	Environment'	(CDE)	is
defined	in	ISO	19650	as	an:	Agreed	source	of	information	for	any	given	project	or	asset,	for	collecting,	managing	and	disseminating	each	information	container	through	a	managed	process.[43]	A	CDE	workflow	describes	the	processes	to	be	used	while	a	CDE	solution	can	provide	the	underlying	technologies.	A	CDE	is	used	to	share	data	across	a
project	or	asset	lifecycle,	supporting	collaboration	across	a	whole	project	team.	The	concept	of	a	CDE	overlaps	with	enterprise	content	management,	ECM,	but	with	a	greater	focus	on	BIM	issues.	Building	information	models	span	the	whole	concept-to-occupation	time-span.	To	ensure	efficient	management	of	information	processes	throughout	this
span,	a	BIM	manager	might	be	appointed.	The	BIM	manager	is	retained	by	a	design	build	team	on	the	client's	behalf	from	the	pre-design	phase	onwards	to	develop	and	to	track	the	object-oriented	BIM	against	predicted	and	measured	performance	objectives,	supporting	multi-disciplinary	building	information	models	that	drive	analysis,	schedules,
take-off	and	logistics.[44][45]	Companies	are	also	now	considering	developing	BIMs	in	various	levels	of	detail,	since	depending	on	the	application	of	BIM,	more	or	less	detail	is	needed,	and	there	is	varying	modeling	effort	associated	with	generating	building	information	models	at	different	levels	of	detail.[46]	Participants	in	the	building	process	are
constantly	challenged	to	deliver	successful	projects	despite	tight	budgets,	limited	staffing,	accelerated	schedules,	and	limited	or	conflicting	information.	The	significant	disciplines	such	as	architectural,	structural	and	MEP	designs	should	be	well-coordinated,	as	two	things	can't	take	place	at	the	same	place	and	time.	BIM	additionally	is	able	to	aid	in
collision	detection,	identifying	the	exact	location	of	discrepancies.	The	BIM	concept	envisages	virtual	construction	of	a	facility	prior	to	its	actual	physical	construction,	in	order	to	reduce	uncertainty,	improve	safety,	work	out	problems,	and	simulate	and	analyze	potential	impacts.[47][unreliable	source?]	Sub-contractors	from	every	trade	can	input
critical	information	into	the	model	before	beginning	construction,	with	opportunities	to	pre-fabricate	or	pre-assemble	some	systems	off-site.	Waste	can	be	minimised	on-site	and	products	delivered	on	a	just-in-time	basis	rather	than	being	stock-piled	on-site.[47]	Quantities	and	shared	properties	of	materials	can	be	extracted	easily.	Scopes	of	work	can
be	isolated	and	defined.	Systems,	assemblies	and	sequences	can	be	shown	in	a	relative	scale	with	the	entire	facility	or	group	of	facilities.	BIM	also	prevents	errors	by	enabling	conflict	or	'clash	detection'	whereby	the	computer	model	visually	highlights	to	the	team	where	parts	of	the	building	(e.g.:structural	frame	and	building	services	pipes	or	ducts)
may	wrongly	intersect.	BIM	can	bridge	the	information	loss	associated	with	handing	a	project	from	design	team,	to	construction	team	and	to	building	owner/operator,	by	allowing	each	group	to	add	to	and	reference	back	to	all	information	they	acquire	during	their	period	of	contribution	to	the	BIM	model.	Enabling	an	effective	handover	of	information
from	design	and	construction	(including	via	IFC	or	COBie)	can	thus	yield	benefits	to	the	facility	owner	or	operator.[48]	BIM-related	processes	relating	to	longer-term	asset	management	are	also	covered	in	ISO-19650	Part	3.[31]	For	example,	a	building	owner	may	find	evidence	of	a	water	leak	in	a	building.	Rather	than	exploring	the	physical	building,
the	owner	may	turn	to	the	model	and	see	that	a	water	valve	is	located	in	the	suspect	location.	The	owner	could	also	have	in	the	model	the	specific	valve	size,	manufacturer,	part	number,	and	any	other	information	ever	researched	in	the	past,	pending	adequate	computing	power.	Such	problems	were	initially	addressed	by	Leite	and	Akinci	when
developing	a	vulnerability	representation	of	facility	contents	and	threats	for	supporting	the	identification	of	vulnerabilities	in	building	emergencies.[49]	Operational	BIM	2D	floor	plan	view	in	a	mobile	device	Dynamic	information	about	the	building,	such	as	sensor	measurements	and	control	signals	from	the	building	systems,	can	also	be	incorporated
within	software	to	support	analysis	of	building	operation	and	maintenance.[50]	As	such,	BIM	in	facility	operation	can	be	related	to	internet	of	things	approaches;[51]	rapid	access	to	data	may	also	be	aided	by	use	of	mobile	devices	(smartphones,	tablets)	and	machine-readable	RFID	tags	or	barcodes;[52]	while	integration	and	interoperability	with	other
business	systems	-	CAFM,	ERP,	BMS,	IWMS,	etc	-	can	aid	operational	reuse	of	data.	There	have	been	attempts	at	creating	information	models	for	older,	pre-existing	facilities.	Approaches	include	referencing	key	metrics	such	as	the	Facility	Condition	Index	(FCI),	or	using	3D	laser-scanning	surveys	and	photogrammetry	techniques	(separately	or	in
combination)	or	digitizing	traditional	building	surveying	methodologies	by	using	mobile	technology	to	capture	accurate	measurements	and	operation-related	information	about	the	asset	that	can	be	used	as	the	basis	for	a	model.	Trying	to	retrospectively	model	a	building	constructed	in,	say	1927,	requires	numerous	assumptions	about	design
standards,	building	codes,	construction	methods,	materials,	etc,	and	is,	therefore,	more	complex	than	building	a	model	during	design.	One	of	the	challenges	to	the	proper	maintenance	and	management	of	existing	facilities	is	understanding	how	BIM	can	be	utilized	to	support	a	holistic	understanding	and	implementation	of	building	management
practices	and	"cost	of	ownership"	principles	that	support	the	full	product	lifecycle	of	a	building.		An	American	National	Standard	entitled	APPA	1000	–	Total	Cost	of	Ownership	for	Facilities	Asset	Management	incorporates	BIM	to	factor	in	a	variety	of	critical	requirements	and	costs	over	the	life-cycle	of	the	building,	including	but	not	limited	to:
replacement	of	energy,	utility,	and	safety	systems;	continual	maintenance	of	the	building	exterior	and	interior	and	replacement	of	materials;	updates	to	design	and	functionality;	and	recapitalization	costs.[53]	Main	article:	Building	information	modeling	in	green	building	BIM	in	green	building,	or	"green	BIM",	is	a	process	that	can	help	architecture,
engineering	and	construction	firms	to	improve	sustainability	in	the	built	environment.	It	can	allow	architects	and	engineers	to	integrate	and	analyze	environmental	issues	in	their	design	over	the	life	cycle	of	the	asset.[54]	In	the	ERANet	projects	EPC4SES	[55]	and	FinSESCo	projects	worked	on	the	digital	representation	of	the	energy	demand	of	the
building.	The	nucleus	is	the	XML	from	issuing	Energy	Performance	Certificates,	amended	by	roof	data	to	be	able	to	retrieve	the	position	and	size	of	PV	or	PV/T.	This	section	needs	to	be	updated.	Please	help	update	this	article	to	reflect	recent	events	or	newly	available	information.	(January	2022)	China	began	its	exploration	on	informatisation	in	2001.



The	Ministry	of	Construction	announced	BIM	was	as	the	key	application	technology	of	informatisation	in	"Ten	new	technologies	of	construction	industry"	(by	2010).[56]	The	Ministry	of	Science	and	Technology	(MOST)	clearly	announced	BIM	technology	as	a	national	key	research	and	application	project	in	"12th	Five-Year"	Science	and	Technology
Development	Planning.	Therefore,	the	year	2011	was	described	as	"The	First	Year	of	China's	BIM".[57]	In	2006	the	Hong	Kong	Housing	Authority	introduced	BIM,[58]	and	then	set	a	target	of	full	BIM	implementation	in	2014/2015.	BuildingSmart	Hong	Kong	was	inaugurated	in	Hong	Kong	SAR	in	late	April	2012.[59]	The	Government	of	Hong	Kong
mandates	the	use	of	BIM	for	all	government	projects	over	HK$30M	since	1	January	2018.[60]	India	Building	Information	Modelling	Association	(IBIMA)	is	a	national-level	society	that	represents	the	entire	Indian	BIM	community.[61]	In	India	BIM	is	also	known	as	VDC:	Virtual	Design	and	Construction.	Due	to	its	population	and	economic	growth,	India
has	an	expanding	construction	market.	In	spite	of	this,	BIM	usage	was	reported	by	only	22%	of	respondents	in	a	2014	survey.[62]	In	2019,	government	officials	said	BIM	could	help	save	up	to	20%	by	shortening	construction	time,	and	urged	wider	adoption	by	infrastructure	ministries.[63]	The	Iran	Building	Information	Modeling	Association	(IBIMA)
was	founded	in	2012	by	professional	engineers	from	five	universities	in	Iran,	including	the	Civil	and	Environmental	Engineering	Department	at	Amirkabir	University	of	Technology.[64]	While	it	is	not	currently	active,	IBIMA	aims	to	share	knowledge	resources	to	support	construction	engineering	management	decision-making.[65][66]	BIM
implementation	is	targeted	towards	BIM	Stage	2	by	the	year	2020	led	by	the	Construction	Industry	Development	Board	(CIDB	Malaysia).	Under	the	Construction	Industry	Transformation	Plan	(CITP	2016–2020),[67]	it	is	hoped	more	emphasis	on	technology	adoption	across	the	project	life-cycle	will	induce	higher	productivity.	The	Building	and
Construction	Authority	(BCA)	has	announced	that	BIM	would	be	introduced	for	architectural	submission	(by	2013),	structural	and	M&E	submissions	(by	2014)	and	eventually	for	plan	submissions	of	all	projects	with	gross	floor	area	of	more	than	5,000	square	meters	by	2015.	The	BCA	Academy	is	training	students	in	BIM.[68]	The	Ministry	of	Land,
Infrastructure	and	Transport	(MLIT)	has	announced	"Start	of	BIM	pilot	project	in	government	building	and	repairs"	(by	2010).[69]	Japan	Institute	of	Architects	(JIA)	released	the	BIM	guidelines	(by	2012),	which	showed	the	agenda	and	expected	effect	of	BIM	to	architects.[70]	MLIT	announced	"	BIM	will	be	mandated	for	all	of	its	public	works	from	the
fiscal	year	of	2023,	except	those	having	particular	reasons".	The	works	subject	to	WTO	Government	Procurement	Agreement	shall	comply	with	the	published	ISO	standards	related	to	BIM	such	as	ISO19650	series	as	determined	by	the	Article	10	(Technical	Specification)	of	the	Agreement.	Small	BIM-related	seminars	and	independent	BIM	effort
existed	in	South	Korea	even	in	the	1990s.	However,	it	was	not	until	the	late	2000s	that	the	Korean	industry	paid	attention	to	BIM.	The	first	industry-level	BIM	conference	was	held	in	April	2008,	after	which,	BIM	has	been	spread	very	rapidly.	Since	2010,	the	Korean	government	has	been	gradually	increasing	the	scope	of	BIM-mandated	projects.
McGraw	Hill	published	a	detailed	report	in	2012	on	the	status	of	BIM	adoption	and	implementation	in	South	Korea.[71]	Dubai	Municipality	issued	a	circular	(196)	in	2014	mandating	BIM	use	for	buildings	of	a	certain	size,	height	or	type.	The	one	page	circular	initiated	strong	interest	in	BIM	and	the	market	responded	in	preparation	for	more	guidelines
and	direction.	In	2015	the	Municipality	issued	another	circular	(207)	titled	'Regarding	the	expansion	of	applying	the	(BIM)	on	buildings	and	facilities	in	the	emirate	of	Dubai'	which	made	BIM	mandatory	on	more	projects	by	reducing	the	minimum	size	and	height	requirement	for	projects	requiring	BIM.	This	second	circular	drove	BIM	adoption	further
with	several	projects	and	organizations	adopting	UK	BIM	standards	as	best	practice.	In	2016,	the	UAE's	Quality	and	Conformity	Commission	set	up	a	BIM	steering	group	to	investigate	statewide	adoption	of	BIM.[72]	Austrian	standards	for	digital	modeling	are	summarized	in	the	ÖNORM	A	6241,	published	on	15	March	2015.	The	ÖNORM	A	6241-1
(BIM	Level	2),	which	replaced	the	ÖNORM	A	6240-4,	has	been	extended	in	the	detailed	and	executive	design	stages,	and	corrected	in	the	lack	of	definitions.	The	ÖNORM	A	6241-2	(BIM	Level	3)	includes	all	the	requirements	for	the	BIM	Level	3	(iBIM).[73]	The	Czech	BIM	Council,	established	in	May	2011,	aims	to	implement	BIM	methodologies	into
the	Czech	building	and	designing	processes,	education,	standards	and	legislation.[74]	In	Estonia	digital	construction	cluster	(Digitaalehituse	Klaster)	was	formed	in	2015	to	develop	BIM	solutions	for	the	whole	life-cycle	of	construction.[75]	The	strategic	objective	of	the	cluster	is	to	develop	an	innovative	digital	construction	environment	as	well	as	VDC
new	product	development,	Grid	and	e-construction	portal	to	increase	the	international	competitiveness	and	sales	of	Estonian	businesses	in	the	construction	field.	The	cluster	is	equally	co-funded	by	European	Structural	and	Investment	Funds	through	Enterprise	Estonia	and	by	the	members	of	the	cluster	with	a	total	budget	of	600	000	euros	for	the
period	2016–2018.	The	French	arm	of	buildingSMART,	called	Mediaconstruct	(existing	since	1989),	is	supporting	digital	transformation	in	France.	A	building	transition	digital	plan	–	French	acronym	PTNB	–	was	created	in	2013	(mandated	since	2015	to	2017	and	under	several	ministries).	A	2013	survey	of	European	BIM	practice	showed	France	in	last
place,	but,	with	government	support,	in	2017	it	had	risen	to	third	place	with	more	than	30%	of	real	estate	projects	carried	out	using	BIM.[76]	PTNB	was	superseded	in	2018	by	Plan	BIM	2022,[77]	administered	by	an	industry	body,	the	Association	for	the	Development	of	Digital	in	Construction	(AND	Construction),	founded	in	2017,	and	supported	by	a
digital	platform,	KROQI,[78]	developed	and	launched	in	2017	by	CSTB	(France's	Scientific	and	Technical	Centre	for	Building).[79]	In	December	2015,	the	German	minister	for	transport	Alexander	Dobrindt	announced	a	timetable	for	the	introduction	of	mandatory	BIM	for	German	road	and	rail	projects	from	the	end	of	2020.[80]	Speaking	in	April	2016,
he	said	digital	design	and	construction	must	become	standard	for	construction	projects	in	Germany,	with	Germany	two	to	three	years	behind	The	Netherlands	and	the	UK	in	aspects	of	implementing	BIM.[81]	BIM	was	piloted	in	many	areas	of	German	infrastructure	delivery	and	in	July	2022	Volker	Wissing,	Federal	Minister	for	Digital	and	Transport,
announced	that,	from	2025,	BIM	will	be	used	as	standard	in	the	construction	of	federal	trunk	roads	in	addition	to	the	rail	sector.[82]	In	November	2017,	Ireland's	Department	for	Public	Expenditure	and	Reform	launched	a	strategy	to	increase	use	of	digital	technology	in	delivery	of	key	public	works	projects,	requiring	the	use	of	BIM	to	be	phased	in
over	the	next	four	years.[83]	Through	the	new	D.l.	50,	in	April	2016	Italy	has	included	into	its	own	legislation	several	European	directives	including	2014/24/EU	on	Public	Procurement.	The	decree	states	among	the	main	goals	of	public	procurement	the	"rationalization	of	designing	activities	and	of	all	connected	verification	processes,	through	the
progressive	adoption	of	digital	methods	and	electronic	instruments	such	as	Building	and	Infrastructure	Information	Modelling".[84][85]	A	norm	in	8	parts	is	also	being	written	to	support	the	transition:	UNI	11337-1,	UNI	11337-4	and	UNI	11337-5	were	published	in	January	2017,	with	five	further	chapters	to	follow	within	a	year.	In	early	2018	the
Italian	Ministry	of	Infrastructure	and	Transport	issued	a	decree	(DM	01/12/17)	creating	a	governmental	BIM	Mandate	compelling	public	client	organisations	to	adopt	a	digital	approach	by	2025,	with	an	incremental	obligation	which	will	start	on	1	January	2019.[86][87]	Lithuania	is	moving	towards	adoption	of	BIM	infrastructure	by	founding	a	public
body	"Skaitmeninė	statyba"	(Digital	Construction),	which	is	managed	by	13	associations.	Also,	there	is	a	BIM	work	group	established	by	Lietuvos	Architektų	Sąjunga	(a	Lithuanian	architects	body).	The	initiative	intends	Lithuania	to	adopt	BIM,	Industry	Foundation	Classes	(IFC)	and	National	Construction	Classification	as	standard.	An	international
conference	"Skaitmeninė	statyba	Lietuvoje"	(Digital	Construction	in	Lithuania)	has	been	held	annually	since	2012.	On	1	November	2011,	the	Rijksgebouwendienst,	the	agency	within	the	Dutch	Ministry	of	Housing,	Spatial	Planning	and	the	Environment	that	manages	government	buildings,	introduced	the	Rgd	BIM	Standard,[88]	which	it	updated	on	1
July	2012.	In	Norway	BIM	has	been	used	increasingly	since	2008.	Several	large	public	clients	require	use	of	BIM	in	open	formats	(IFC)	in	most	or	all	of	their	projects.	The	Government	Building	Authority	bases	its	processes	on	BIM	in	open	formats	to	increase	process	speed	and	quality,	and	all	large	and	several	small	and	medium-sized	contractors	use
BIM.	National	BIM	development	is	centred	around	the	local	organisation,	buildingSMART	Norway	which	represents	25%	of	the	Norwegian	construction	industry.[citation	needed]	BIMKlaster	(BIM	Cluster)	is	a	non-governmental,	non-profit	organisation	established	in	2012	with	the	aim	of	promoting	BIM	development	in	Poland.[89]	In	September	2016,
the	Ministry	of	Infrastructure	and	Construction	began	a	series	of	expert	meetings	concerning	the	application	of	BIM	methodologies	in	the	construction	industry.[90]	Created	in	2015	to	promote	the	adoption	of	BIM	in	Portugal	and	its	normalisation,	the	Technical	Committee	for	BIM	Standardisation,	CT197-BIM,	has	created	the	first	strategic	document
for	construction	4.0	in	Portugal,	aiming	to	align	the	country's	industry	around	a	common	vision,	integrated	and	more	ambitious	than	a	simple	technology	change.[91]	The	Russian	government	has	approved	a	list	of	the	regulations	that	provide	the	creation	of	a	legal	framework	for	the	use	of	information	modeling	of	buildings	in	construction	and
encourages	the	use	of	BIM	in	government	projects.[92]	The	BIM	Association	of	Slovakia,	"BIMaS",	was	established	in	January	2013	as	the	first	Slovak	professional	organisation	focused	on	BIM.	Although	there	are	neither	standards	nor	legislative	requirements	to	deliver	projects	in	BIM,	many	architects,	structural	engineers	and	contractors,	plus	a	few
investors	are	already	applying	BIM.	A	Slovak	implementation	strategy	created	by	BIMaS	and	supported	by	the	Chamber	of	Civil	Engineers	and	Chamber	of	Architects	has	yet	to	be	approved	by	Slovak	authorities	due	to	their	low	interest	in	such	innovation.[93]	A	July	2015	meeting	at	Spain's	Ministry	of	Infrastructure	[Ministerio	de	Fomento]	launched
the	country's	national	BIM	strategy,	making	BIM	a	mandatory	requirement	on	public	sector	projects	with	a	possible	starting	date	of	2018.[94]	Following	a	February	2015	BIM	summit	in	Barcelona,	professionals	in	Spain	established	a	BIM	commission	(ITeC)	to	drive	the	adoption	of	BIM	in	Catalonia.[95]	Since	2009	through	the	initiative	of
buildingSmart	Switzerland,	then	2013,	BIM	awareness	among	a	broader	community	of	engineers	and	architects	was	raised	due	to	the	open	competition	for	Basel's	Felix	Platter	Hospital[96]	where	a	BIM	coordinator	was	sought.	BIM	has	also	been	a	subject	of	events	by	the	Swiss	Society	for	Engineers	and	Architects,	SIA.[97]	In	May	2011	UK
Government	Chief	Construction	Adviser	Paul	Morrell	called	for	BIM	adoption	on	UK	government	construction	projects.[98]	Morrell	also	told	construction	professionals	to	adopt	BIM	or	be	"Betamaxed	out".[99]	In	June	2011	the	UK	government	published	its	BIM	strategy,[100]	announcing	its	intention	to	require	collaborative	3D	BIM	(with	all	project
and	asset	information,	documentation	and	data	being	electronic)	on	its	projects	by	2016.	Initially,	compliance	would	require	building	data	to	be	delivered	in	a	vendor-neutral	'COBie'	format,	thus	overcoming	the	limited	interoperability	of	BIM	software	suites	available	on	the	market.	The	UK	Government	BIM	Task	Group	led	the	government's	BIM
programme	and	requirements,[101]	including	a	free-to-use	set	of	UK	standards	and	tools	that	defined	'level	2	BIM'.[102]	In	April	2016,	the	UK	Government	published	a	new	central	web	portal	as	a	point	of	reference	for	the	industry	for	'level	2	BIM'.[103]	The	work	of	the	BIM	Task	Group	then	continued	under	the	stewardship	of	the	Cambridge-based
Centre	for	Digital	Built	Britain	(CDBB),[104]	announced	in	December	2017	and	formally	launched	in	early	2018.[105]	Outside	of	government,	industry	adoption	of	BIM	since	2016	has	been	led	by	the	UK	BIM	Alliance,[106]	an	independent,	not-for-profit,	collaboratively-based	organisation	formed	to	champion	and	enable	the	implementation	of	BIM,	and
to	connect	and	represent	organisations,	groups	and	individuals	working	towards	digital	transformation	of	the	UK's	built	environment	industry.	In	November	2017,	the	UK	BIM	Alliance	merged	with	the	UK	and	Ireland	chapter	of	BuildingSMART.[107]	In	October	2019,	CDBB,	the	UK	BIM	Alliance[a]	and	the	BSI	Group	launched	the	UK	BIM	Framework.
Superseding	the	BIM	levels	approach,	the	framework	describes	an	overarching	approach	to	implementing	BIM	in	the	UK,	giving	free	guidance	on	integrating	the	international	ISO	19650	series	of	standards	into	UK	processes	and	practice.[109]	National	Building	Specification	(NBS)	has	published	research	into	BIM	adoption	in	the	UK	since	2011,	and
in	2020	published	its	10th	annual	BIM	report.[110]	In	2011,	43%	of	respondents	had	not	heard	of	BIM;	in	2020	73%	said	they	were	using	BIM.[110]	BIM	is	not	mandatory	in	Canada.[111]	Several	organizations	support	BIM	adoption	and	implementation	in	Canada:	the	Canada	BIM	Council	(CANBIM,	founded	in	2008),[112]	the	Institute	for	BIM	in
Canada,[113]	and	buildingSMART	Canada	(the	Canadian	chapter	of	buildingSMART	International).[114]	Public	Services	and	Procurement	Canada	(formerly	Public	Works	and	Government	Services	Canada)	is	committed	to	using	non-proprietary	or	"OpenBIM"	BIM	standards	and	avoids	specifying	any	specific	proprietary	BIM	format.	Designers	are
required	to	use	the	international	standards	of	interoperability	for	BIM	(IFC).[115]	Architectural	BIM	Modeling	of	Clinton	Public	Library,	USA	The	Associated	General	Contractors	of	America	and	US	contracting	firms	have	developed	various	working	definitions	of	BIM	that	describe	it	generally	as:	an	object-oriented	building	development	tool	that
utilizes	5-D	modeling	concepts,	information	technology	and	software	interoperability	to	design,	construct	and	operate	a	building	project,	as	well	as	communicate	its	details.[116]	Although	the	concept	of	BIM	and	relevant	processes	are	being	explored	by	contractors,	architects	and	developers	alike,	the	term	itself	has	been	questioned	and	debated[117]
with	alternatives	including	Virtual	Building	Environment	(VBE)	also	considered.	Unlike	some	countries	such	as	the	UK,	the	US	has	not	adopted	a	set	of	national	BIM	guidelines,	allowing	different	systems	to	remain	in	competition.[118]	In	2021,	the	National	Institute	of	Building	Sciences	(NIBS)	looked	at	applying	UK	BIM	experiences	to	developing
shared	US	BIM	standards	and	processes.	The	US	National	BIM	Standard	had	largely	been	developed	through	volunteer	efforts;	NIBS	aimed	to	create	a	national	BIM	programme	to	drive	effective	adoption	at	a	national	scale.[119]	BIM	is	seen	to	be	closely	related	to	Integrated	Project	Delivery	(IPD)	where	the	primary	motive	is	to	bring	the	teams
together	early	on	in	the	project.[120]	A	full	implementation	of	BIM	also	requires	the	project	teams	to	collaborate	from	the	inception	stage	and	formulate	model	sharing	and	ownership	contract	documents.	The	American	Institute	of	Architects	has	defined	BIM	as	"a	model-based	technology	linked	with	a	database	of	project	information",[3]	and	this
reflects	the	general	reliance	on	database	technology	as	the	foundation.	In	the	future,	structured	text	documents	such	as	specifications	may	be	able	to	be	searched	and	linked	to	regional,	national,	and	international	standards.	BIM	has	the	potential	to	play	a	vital	role	in	the	Nigerian	AEC	sector.	In	addition	to	its	potential	clarity	and	transparency,	it	may
help	promote	standardization	across	the	industry.	For	instance,	Utiome[121]	suggests	that,	in	conceptualizing	a	BIM-based	knowledge	transfer	framework	from	industrialized	economies	to	urban	construction	projects	in	developing	nations,	generic	BIM	objects	can	benefit	from	rich	building	information	within	specification	parameters	in	product
libraries,	and	used	for	efficient,	streamlined	design	and	construction.	Similarly,	an	assessment	of	the	current	'state	of	the	art'	by	Kori[122]	found	that	medium	and	large	firms	were	leading	the	adoption	of	BIM	in	the	industry.	Smaller	firms	were	less	advanced	with	respect	to	process	and	policy	adherence.	There	has	been	little	adoption	of	BIM	in	the
built	environment	due	to	construction	industry	resistance	to	changes	or	new	ways	of	doing	things.	The	industry	is	still	working	with	conventional	2D	CAD	systems	in	services	and	structural	designs,	although	production	could	be	in	3D	systems.	There	is	virtually	no	utilisation	of	4D	and	5D	systems.	BIM	Africa	Initiative,	primarily	based	in	Nigeria,	is	a
non-profit	institute	advocating	the	adoption	of	BIM	across	Africa.[123]	Since	2018,	it	has	been	engaging	with	professionals	and	the	government	towards	the	digital	transformation	of	the	built	industry.[124][125]	Produced	annually	by	its	research	and	development	committee,	the	African	BIM	Report	gives	an	overview	of	BIM	adoption	across	the	African
continent.[126]	The	South	African	BIM	Institute,	established	in	May	2015,	aims	to	enable	technical	experts	to	discuss	digital	construction	solutions	that	can	be	adopted	by	professionals	working	within	the	construction	sector.	Its	initial	task	was	to	promote	the	SA	BIM	Protocol.[127]	There	are	no	mandated	or	national	best	practice	BIM	standards	or
protocols	in	South	Africa.	Organisations	implement	company-specific	BIM	standards	and	protocols	at	best	(there	are	isolated	examples	of	cross-industry	alliances).[citation	needed]	In	February	2016,	Infrastructure	Australia	recommended:	"Governments	should	make	the	use	of	Building	Information	Modelling	(BIM)	mandatory	for	the	design	of	large-
scale	complex	infrastructure	projects.	In	support	of	a	mandatory	rollout,	the	Australian	Government	should	commission	the	Australasian	Procurement	and	Construction	Council,	working	with	industry,	to	develop	appropriate	guidance	around	the	adoption	and	use	of	BIM;	and	common	standards	and	protocols	to	be	applied	when	using	BIM".[128]	In
2015,	many	projects	in	the	rebuilding	of	Christchurch	were	being	assembled	in	detail	on	a	computer	using	BIM	well	before	workers	set	foot	on	the	site.	The	New	Zealand	government	started	a	BIM	acceleration	committee,	as	part	of	a	productivity	partnership	with	the	goal	of	20	per	cent	more	efficiency	in	the	construction	industry	by	2020.[129]
Today,	BIM	use	is	still	not	mandated	in	the	country	while	several	challenges	have	been	identified	for	its	implementation	in	the	country.[130]	However,	members	of	the	AEC	industry	and	academia	have	developed	a	national	BIM	handbook	providing	definitions,	case	studies	and	templates.[131]	Some	purposes	or	uses	of	BIM	may	be	described	as
'dimensions'.	However,	there	is	little	consensus	on	definitions	beyond	5D.	Some	organisations	dismiss	the	term;	for	example,	the	UK	Institution	of	Structural	Engineers	does	not	recommend	using	nD	modelling	terms	beyond	4D,	adding	"cost	(5D)	is	not	really	a	'dimension'."[132][133]	3D	BIM,	an	acronym	for	three-dimensional	building	information
modeling,	refers	to	the	graphical	representation	of	an	asset's	geometric	design,	augmented	by	information	describing	attributes	of	individual	components.	3D	BIM	work	may	be	undertaken	by	professional	disciplines	such	as	architectural,	structural,	and	MEP,[134][135]	and	the	use	of	3D	models	enhances	coordination	and	collaboration	between
disciplines.	A	3D	virtual	model	can	also	be	created	by	creating	a	point	cloud	of	the	building	or	facility	using	laser	scanning	technology.[136][137]	4D	BIM	Construction	Simulation	4D	BIM,	an	acronym	for	4-dimensional	building	information	modeling,	refers	to	the	intelligent	linking	of	individual	3D	CAD	components	or	assemblies	with	time-	or
scheduling-related	information.[36][138]	The	term	4D	refers	to	the	fourth	dimension:	time,	i.e.	3D	plus	time.[37]	4D	modelling	enables	project	participants	(architects,	designers,	contractors,	clients)	to	plan,	sequence	the	physical	activities,	visualise	the	critical	path	of	a	series	of	events,	mitigate	the	risks,	report	and	monitor	progress	of	activities
through	the	lifetime	of	the	project.[139][140][141]	4D	BIM	enables	a	sequence	of	events	to	be	depicted	visually	on	a	time	line	that	has	been	populated	by	a	3D	model,	augmenting	traditional	Gantt	charts	and	critical	path	(CPM)	schedules	often	used	in	project	management.[142][143][144][145][146][147][148][149]	Construction	sequences	can	be
reviewed	as	a	series	of	problems	using	4D	BIM,	enabling	users	to	explore	options,	manage	solutions	and	optimize	results.	As	an	advanced	construction	management	technique,	it	has	been	used	by	project	delivery	teams	working	on	larger	projects.[150][151][152]	4D	BIM	has	traditionally	been	used	for	higher	end	projects	due	to	the	associated	costs,
but	technologies	are	now	emerging	that	allow	the	process	to	be	used	by	laymen	or	to	drive	processes	such	as	manufacture.[153][154][155][2][156]	5D	BIM,	an	acronym	for	5-dimensional	building	information	modeling	refers	to	the	intelligent	linking	of	individual	3D	components	or	assemblies	with	time	schedule	(4D	BIM)	constraints[141]	and	then
with	cost-related	information.[157]	5D	models	enable	participants	to	visualise	construction	progress	and	related	costs	over	time.[139][158]	This	BIM-centric	project	management	technique	has	potential	to	improve	management	and	delivery	of	projects	of	any	size	or	complexity.[159]	In	June	2016,	McKinsey	&	Company	identified	5D	BIM	technology	as
one	of	five	big	ideas	poised	to	disrupt	construction.	It	defined	5D	BIM	as	"a	five-dimensional	representation	of	the	physical	and	functional	characteristics	of	any	project.	It	considers	a	project’s	time	schedule	and	cost	in	addition	to	the	standard	spatial	design	parameters	in	3-D."[160]	6D	BIM,	an	acronym	for	6-dimensional	building	information
modeling,	is	sometimes	used	to	refer	to	the	intelligent	linking	of	individual	3D	components	or	assemblies	with	all	aspects	of	project	life-cycle	management	information.[161][162][163]	However,	there	is	less	consensus	about	the	definition	of	6D	BIM;	it	is	also	sometimes	used	to	cover	use	of	BIM	for	sustainability	purposes.[133]	In	the	project	life	cycle
context,	a	6D	model	is	usually	delivered	to	the	owner	when	a	construction	project	is	finished.	The	"As-Built"	BIM	model	is	populated	with	relevant	building	component	information	such	as	product	data	and	details,	maintenance/operation	manuals,	cut	sheet	specifications,	photos,	warranty	data,	web	links	to	product	online	sources,	manufacturer
information	and	contacts,	etc.	This	database	is	made	accessible	to	the	users/owners	through	a	customized	proprietary	web-based	environment.	This	is	intended	to	aid	facilities	managers	in	the	operation	and	maintenance	of	the	facility.[164]	The	term	is	less	commonly	used	in	the	UK	and	has	been	replaced	with	reference	to	the	Asset	Information
Requirements	(AIR)	and	an	Asset	Information	Model	(AIM)	as	specified	in	BS	EN	ISO	19650-3:2020.[165]	Data	model	Design	computing	Digital	twin	(the	physical	manifestation	instrumented	and	connected	to	the	model)	BCF	GIS	Digital	Building	Logbook	Landscape	design	software	Lean	construction	List	of	BIM	software	Macro	BIM	Open-source	3D
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representing	information	–	became	an	international	standard,	ISO	16739,	in	2013,	and	BIM	process	standards	developed	in	the	United	Kingdom	from	2007	onwards	formed	the	basis	of	an	international	standard,	ISO	19650,	launched	in	January	2019.	The	concept	of	BIM	has	existed	since	the	1970s.	The	first	software	tools	developed	for	modeling
buildings	emerged	in	the	late	1970s	and	early	1980s,	and	included	workstation	products	such	as	Chuck	Eastman's	Building	Description	System[1]	and	GLIDE,	RUCAPS,	Sonata,	Reflex	and	Gable	4D	Series.[2][3]	The	early	applications,	and	the	hardware	needed	to	run	them,	were	expensive,	which	limited	widespread	adoption.[4]	The	pioneering	role	of
applications	such	as	RUCAPS,	Sonata	and	Reflex	has	been	recognized	by	Laiserin[5][unreliable	source?]	as	well	as	the	UK's	Royal	Academy	of	Engineering;[6]	former	GMW	employee	Jonathan	Ingram	worked	on	all	three	products.[4]	What	became	known	as	BIM	products	differed	from	architectural	drafting	tools	such	as	AutoCAD	by	allowing	the
addition	of	further	information	(time,	cost,	manufacturers'	details,	sustainability,	and	maintenance	information,	etc.)	to	the	building	model.[citation	needed]	As	Graphisoft	had	been	developing	such	solutions	for	longer	than	its	competitors,	Laiserin	regarded	its	ArchiCAD	application	as	then	"one	of	the	most	mature	BIM	solutions	on	the	market."[7]
[unreliable	source?]	Following	its	launch	in	1987,	ArchiCAD	became	regarded	by	some	as	the	first	implementation	of	BIM,[8][9]	as	it	was	the	first	CAD	product	on	a	personal	computer	able	to	create	both	2D	and	3D	geometry,	as	well	as	the	first	commercial	BIM	product	for	personal	computers.[8][10][11]	However,	Graphisoft	founder	Gábor	Bojár	has
acknowledged	to	Jonathan	Ingram	in	an	open	letter,	that	Sonata	"was	more	advanced	in	1986	than	ArchiCAD	at	that	time",	adding	that	it	"surpassed	already	the	matured	definition	of	'BIM'	specified	only	about	one	and	a	half	decade	later".[12]	The	term	'building	model'	(in	the	sense	of	BIM	as	used	today)	was	first	used	in	papers	in	the	mid-1980s:	in	a
1985	paper	by	Simon	Ruffle	eventually	published	in	1986,[13]	and	later	in	a	1986	paper	by	Robert	Aish[14]	–	then	at	GMW	Computers	Ltd,	developer	of	RUCAPS	software	–	referring	to	the	software's	use	at	London's	Heathrow	Airport.[15]	The	term	'Building	Information	Model'	first	appeared	in	a	1992	paper	by	G.A.	van	Nederveen	and	F.	P.	Tolman.
[16]	However,	the	terms	'Building	Information	Model'	and	'Building	Information	Modeling'	(including	the	acronym	"BIM")	did	not	become	popularly	used	until	some	10	years	later.	Facilitating	exchange	and	interoperability	of	information	in	digital	format	was	variously	with	differing	terminology:	by	Graphisoft	as	"Virtual	Building"	or	"Single	Building
Model",[17]	Bentley	Systems	as	"Integrated	Project	Models",	and	by	Autodesk	or	Vectorworks	as	"Building	Information	Modeling".[17]	In	2002,	Autodesk	released	a	white	paper	entitled	"Building	Information	Modeling,"[18]	and	other	software	vendors	also	started	to	assert	their	involvement	in	the	field.[19][unreliable	source?]	By	hosting	contributions
from	Autodesk,	Bentley	Systems	and	Graphisoft,	plus	other	industry	observers,	in	2003,[20][unreliable	source?]	Jerry	Laiserin	helped	popularize	and	standardize	the	term	as	a	common	name	for	the	digital	representation	of	the	building	process.[21]	As	some	BIM	software	developers	have	created	proprietary	data	structures	in	their	software,	data	and
files	created	by	one	vendor's	applications	may	not	work	in	other	vendor	solutions.	To	achieve	interoperability	between	applications,	neutral,	non-proprietary	or	open	standards	for	sharing	BIM	data	among	different	software	applications	have	been	developed.	Poor	software	interoperability	has	long	been	regarded	as	an	obstacle	to	industry	efficiency	in
general	and	to	BIM	adoption	in	particular.	In	August	2004	a	US	National	Institute	of	Standards	and	Technology	(NIST)	report	conservatively	estimated	that	$15.8	billion	was	lost	annually	by	the	U.S.	capital	facilities	industry	due	to	inadequate	interoperability	arising	from	"the	highly	fragmented	nature	of	the	industry,	the	industry’s	continued	paper-
based	business	practices,	a	lack	of	standardization,	and	inconsistent	technology	adoption	among	stakeholders".[22]	An	early	BIM	standard	was	the	CIMSteel	Integration	Standard,	CIS/2,	a	product	model	and	data	exchange	file	format	for	structural	steel	project	information	(CIMsteel:	Computer	Integrated	Manufacturing	of	Constructional	Steelwork).
CIS/2	enables	seamless	and	integrated	information	exchange	during	the	design	and	construction	of	steel	framed	structures.	It	was	developed	by	the	University	of	Leeds	and	the	UK's	Steel	Construction	Institute	in	the	late	1990s,	with	inputs	from	Georgia	Tech,	and	was	approved	by	the	American	Institute	of	Steel	Construction	as	its	data	exchange
format	for	structural	steel	in	2000.[23]	BIM	is	often	associated	with	Industry	Foundation	Classes	(IFCs)	and	aecXML	–	data	structures	for	representing	information	–	developed	by	buildingSMART.	IFC	is	recognised	by	the	ISO	and	has	been	an	international	standard,	ISO	16739,	since	2013.[24]	OpenBIM	is	an	initiative	by	buildingSMART	that	promotes
open	standards	and	interoperability.	Based	on	the	IFC	standard,	it	allows	vendor-neutral	BIM	data	exchange.	OpenBIM	standards	also	include	BIM	Collaboration	Format	(BCF)	for	issue	tracking	and	Information	Delivery	Specification	(IDS)	for	defining	model	requirements.[25]	Construction	Operations	Building	information	exchange	(COBie)	is	also
associated	with	BIM.	COBie	was	devised	by	Bill	East	of	the	United	States	Army	Corps	of	Engineers	in	2007,[26]	and	helps	capture	and	record	equipment	lists,	product	data	sheets,	warranties,	spare	parts	lists,	and	preventive	maintenance	schedules.	This	information	is	used	to	support	operations,	maintenance	and	asset	management	once	a	built	asset
is	in	service.[27]	In	December	2011,	it	was	approved	by	the	US-based	National	Institute	of	Building	Sciences	as	part	of	its	National	Building	Information	Model	(NBIMS-US)	standard.[28]	COBie	has	been	incorporated	into	software,	and	may	take	several	forms	including	spreadsheet,	IFC,	and	ifcXML.	In	early	2013	BuildingSMART	was	working	on	a
lightweight	XML	format,	COBieLite,	which	became	available	for	review	in	April	2013.[29]	In	September	2014,	a	code	of	practice	regarding	COBie	was	issued	as	a	British	Standard:	BS	1192-4.[30]	In	January	2019,	ISO	published	the	first	two	parts	of	ISO	19650,	providing	a	framework	for	building	information	modelling,	based	on	process	standards
developed	in	the	United	Kingdom.	UK	BS	and	PAS	1192	specifications	form	the	basis	of	further	parts	of	the	ISO	19650	series,	with	parts	on	asset	management	(Part	3)	and	security	management	(Part	5)	published	in	2020.[31]	The	IEC/ISO	81346	series	for	reference	designation	has	published	81346-12:2018,[32]	also	known	as	RDS-CW	(Reference
Designation	System	for	Construction	Works).	The	use	of	RDS-CW	offers	the	prospect	of	integrating	BIM	with	complementary	international	standards	based	classification	systems	being	developed	for	the	Power	Plant	sector.[33]	ISO	19650-1:2018	defines	BIM	as:	Use	of	a	shared	digital	representation	of	a	built	asset	to	facilitate	design,	construction	and
operation	processes	to	form	a	reliable	basis	for	decisions.[34]	The	US	National	Building	Information	Model	Standard	Project	Committee	has	the	following	definition:	Building	Information	Modeling	(BIM)	is	a	digital	representation	of	physical	and	functional	characteristics	of	a	facility.	A	BIM	is	a	shared	knowledge	resource	for	information	about	a
facility	forming	a	reliable	basis	for	decisions	during	its	life-cycle;	defined	as	existing	from	earliest	conception	to	demolition.[35]	Traditional	building	design	was	largely	reliant	upon	two-dimensional	technical	drawings	(plans,	elevations,	sections,	etc.).	Building	information	modeling	extends	the	three	primary	spatial	dimensions	(width,	height	and
depth),	incorporating	information	about	time	(so-called	4D	BIM),[36]	cost	(5D	BIM),[37]	asset	management,	sustainability,	etc.	BIM	therefore	covers	more	than	just	geometry.	It	also	covers	spatial	relationships,	geospatial	information,	quantities	and	properties	of	building	components	(for	example,	manufacturers'	details),	and	enables	a	wide	range	of
collaborative	processes	relating	to	the	built	asset	from	initial	planning	through	to	construction	and	then	throughout	its	operational	life.	BIM	authoring	tools	present	a	design	as	combinations	of	"objects"	–	vague	and	undefined,	generic	or	product-specific,	solid	shapes	or	void-space	oriented	(like	the	shape	of	a	room),	that	carry	their	geometry,
relations,	and	attributes.	BIM	applications	allow	extraction	of	different	views	from	a	building	model	for	drawing	production	and	other	uses.	These	different	views	are	automatically	consistent,	being	based	on	a	single	definition	of	each	object	instance.[38]	BIM	software	also	defines	objects	parametrically;	that	is,	the	objects	are	defined	as	parameters
and	relations	to	other	objects	so	that	if	a	related	object	is	amended,	dependent	ones	will	automatically	also	change.[38]	Each	model	element	can	carry	attributes	for	selecting	and	ordering	them	automatically,	providing	cost	estimates	as	well	as	material	tracking	and	ordering.[38]	For	the	professionals	involved	in	a	project,	BIM	enables	a	virtual
information	model	to	be	shared	by	the	design	team	(architects,	landscape	architects,	surveyors,	civil,	structural	and	building	services	engineers,	etc.),	the	main	contractor	and	subcontractors,	and	the	owner/operator.	Each	professional	adds	discipline-specific	data	to	the	shared	model	–	commonly,	a	'federated'	model	which	combines	several	different
disciplines'	models	into	one.[39]	Combining	models	enables	visualisation	of	all	models	in	a	single	environment,	better	coordination	and	development	of	designs,	enhanced	clash	avoidance	and	detection,	and	improved	time	and	cost	decision-making.[39]	"BIM	wash"	or	"BIM	washing"	is	a	term	sometimes	used	to	describe	inflated,	and/or	deceptive,
claims	of	using	or	delivering	BIM	services	or	products.[40][41][42]	Use	of	BIM	goes	beyond	the	planning	and	design	phase	of	a	project,	extending	throughout	the	life	cycle	of	the	asset.	The	supporting	processes	of	building	lifecycle	management	include	cost	management,	construction	management,	project	management,	facility	operation	and
application	in	green	building.	A	'Common	Data	Environment'	(CDE)	is	defined	in	ISO	19650	as	an:	Agreed	source	of	information	for	any	given	project	or	asset,	for	collecting,	managing	and	disseminating	each	information	container	through	a	managed	process.[43]	A	CDE	workflow	describes	the	processes	to	be	used	while	a	CDE	solution	can	provide
the	underlying	technologies.	A	CDE	is	used	to	share	data	across	a	project	or	asset	lifecycle,	supporting	collaboration	across	a	whole	project	team.	The	concept	of	a	CDE	overlaps	with	enterprise	content	management,	ECM,	but	with	a	greater	focus	on	BIM	issues.	Building	information	models	span	the	whole	concept-to-occupation	time-span.	To	ensure
efficient	management	of	information	processes	throughout	this	span,	a	BIM	manager	might	be	appointed.	The	BIM	manager	is	retained	by	a	design	build	team	on	the	client's	behalf	from	the	pre-design	phase	onwards	to	develop	and	to	track	the	object-oriented	BIM	against	predicted	and	measured	performance	objectives,	supporting	multi-disciplinary
building	information	models	that	drive	analysis,	schedules,	take-off	and	logistics.[44][45]	Companies	are	also	now	considering	developing	BIMs	in	various	levels	of	detail,	since	depending	on	the	application	of	BIM,	more	or	less	detail	is	needed,	and	there	is	varying	modeling	effort	associated	with	generating	building	information	models	at	different
levels	of	detail.[46]	Participants	in	the	building	process	are	constantly	challenged	to	deliver	successful	projects	despite	tight	budgets,	limited	staffing,	accelerated	schedules,	and	limited	or	conflicting	information.	The	significant	disciplines	such	as	architectural,	structural	and	MEP	designs	should	be	well-coordinated,	as	two	things	can't	take	place	at
the	same	place	and	time.	BIM	additionally	is	able	to	aid	in	collision	detection,	identifying	the	exact	location	of	discrepancies.	The	BIM	concept	envisages	virtual	construction	of	a	facility	prior	to	its	actual	physical	construction,	in	order	to	reduce	uncertainty,	improve	safety,	work	out	problems,	and	simulate	and	analyze	potential	impacts.[47][unreliable
source?]	Sub-contractors	from	every	trade	can	input	critical	information	into	the	model	before	beginning	construction,	with	opportunities	to	pre-fabricate	or	pre-assemble	some	systems	off-site.	Waste	can	be	minimised	on-site	and	products	delivered	on	a	just-in-time	basis	rather	than	being	stock-piled	on-site.[47]	Quantities	and	shared	properties	of
materials	can	be	extracted	easily.	Scopes	of	work	can	be	isolated	and	defined.	Systems,	assemblies	and	sequences	can	be	shown	in	a	relative	scale	with	the	entire	facility	or	group	of	facilities.	BIM	also	prevents	errors	by	enabling	conflict	or	'clash	detection'	whereby	the	computer	model	visually	highlights	to	the	team	where	parts	of	the	building
(e.g.:structural	frame	and	building	services	pipes	or	ducts)	may	wrongly	intersect.	BIM	can	bridge	the	information	loss	associated	with	handing	a	project	from	design	team,	to	construction	team	and	to	building	owner/operator,	by	allowing	each	group	to	add	to	and	reference	back	to	all	information	they	acquire	during	their	period	of	contribution	to	the
BIM	model.	Enabling	an	effective	handover	of	information	from	design	and	construction	(including	via	IFC	or	COBie)	can	thus	yield	benefits	to	the	facility	owner	or	operator.[48]	BIM-related	processes	relating	to	longer-term	asset	management	are	also	covered	in	ISO-19650	Part	3.[31]	For	example,	a	building	owner	may	find	evidence	of	a	water	leak
in	a	building.	Rather	than	exploring	the	physical	building,	the	owner	may	turn	to	the	model	and	see	that	a	water	valve	is	located	in	the	suspect	location.	The	owner	could	also	have	in	the	model	the	specific	valve	size,	manufacturer,	part	number,	and	any	other	information	ever	researched	in	the	past,	pending	adequate	computing	power.	Such	problems
were	initially	addressed	by	Leite	and	Akinci	when	developing	a	vulnerability	representation	of	facility	contents	and	threats	for	supporting	the	identification	of	vulnerabilities	in	building	emergencies.[49]	Operational	BIM	2D	floor	plan	view	in	a	mobile	device	Dynamic	information	about	the	building,	such	as	sensor	measurements	and	control	signals
from	the	building	systems,	can	also	be	incorporated	within	software	to	support	analysis	of	building	operation	and	maintenance.[50]	As	such,	BIM	in	facility	operation	can	be	related	to	internet	of	things	approaches;[51]	rapid	access	to	data	may	also	be	aided	by	use	of	mobile	devices	(smartphones,	tablets)	and	machine-readable	RFID	tags	or	barcodes;
[52]	while	integration	and	interoperability	with	other	business	systems	-	CAFM,	ERP,	BMS,	IWMS,	etc	-	can	aid	operational	reuse	of	data.	There	have	been	attempts	at	creating	information	models	for	older,	pre-existing	facilities.	Approaches	include	referencing	key	metrics	such	as	the	Facility	Condition	Index	(FCI),	or	using	3D	laser-scanning	surveys
and	photogrammetry	techniques	(separately	or	in	combination)	or	digitizing	traditional	building	surveying	methodologies	by	using	mobile	technology	to	capture	accurate	measurements	and	operation-related	information	about	the	asset	that	can	be	used	as	the	basis	for	a	model.	Trying	to	retrospectively	model	a	building	constructed	in,	say	1927,
requires	numerous	assumptions	about	design	standards,	building	codes,	construction	methods,	materials,	etc,	and	is,	therefore,	more	complex	than	building	a	model	during	design.	One	of	the	challenges	to	the	proper	maintenance	and	management	of	existing	facilities	is	understanding	how	BIM	can	be	utilized	to	support	a	holistic	understanding	and
implementation	of	building	management	practices	and	"cost	of	ownership"	principles	that	support	the	full	product	lifecycle	of	a	building.		An	American	National	Standard	entitled	APPA	1000	–	Total	Cost	of	Ownership	for	Facilities	Asset	Management	incorporates	BIM	to	factor	in	a	variety	of	critical	requirements	and	costs	over	the	life-cycle	of	the
building,	including	but	not	limited	to:	replacement	of	energy,	utility,	and	safety	systems;	continual	maintenance	of	the	building	exterior	and	interior	and	replacement	of	materials;	updates	to	design	and	functionality;	and	recapitalization	costs.[53]	Main	article:	Building	information	modeling	in	green	building	BIM	in	green	building,	or	"green	BIM",	is	a
process	that	can	help	architecture,	engineering	and	construction	firms	to	improve	sustainability	in	the	built	environment.	It	can	allow	architects	and	engineers	to	integrate	and	analyze	environmental	issues	in	their	design	over	the	life	cycle	of	the	asset.[54]	In	the	ERANet	projects	EPC4SES	[55]	and	FinSESCo	projects	worked	on	the	digital
representation	of	the	energy	demand	of	the	building.	The	nucleus	is	the	XML	from	issuing	Energy	Performance	Certificates,	amended	by	roof	data	to	be	able	to	retrieve	the	position	and	size	of	PV	or	PV/T.	This	section	needs	to	be	updated.	Please	help	update	this	article	to	reflect	recent	events	or	newly	available	information.	(January	2022)	China
began	its	exploration	on	informatisation	in	2001.	The	Ministry	of	Construction	announced	BIM	was	as	the	key	application	technology	of	informatisation	in	"Ten	new	technologies	of	construction	industry"	(by	2010).[56]	The	Ministry	of	Science	and	Technology	(MOST)	clearly	announced	BIM	technology	as	a	national	key	research	and	application	project
in	"12th	Five-Year"	Science	and	Technology	Development	Planning.	Therefore,	the	year	2011	was	described	as	"The	First	Year	of	China's	BIM".[57]	In	2006	the	Hong	Kong	Housing	Authority	introduced	BIM,[58]	and	then	set	a	target	of	full	BIM	implementation	in	2014/2015.	BuildingSmart	Hong	Kong	was	inaugurated	in	Hong	Kong	SAR	in	late	April
2012.[59]	The	Government	of	Hong	Kong	mandates	the	use	of	BIM	for	all	government	projects	over	HK$30M	since	1	January	2018.[60]	India	Building	Information	Modelling	Association	(IBIMA)	is	a	national-level	society	that	represents	the	entire	Indian	BIM	community.[61]	In	India	BIM	is	also	known	as	VDC:	Virtual	Design	and	Construction.	Due	to
its	population	and	economic	growth,	India	has	an	expanding	construction	market.	In	spite	of	this,	BIM	usage	was	reported	by	only	22%	of	respondents	in	a	2014	survey.[62]	In	2019,	government	officials	said	BIM	could	help	save	up	to	20%	by	shortening	construction	time,	and	urged	wider	adoption	by	infrastructure	ministries.[63]	The	Iran	Building
Information	Modeling	Association	(IBIMA)	was	founded	in	2012	by	professional	engineers	from	five	universities	in	Iran,	including	the	Civil	and	Environmental	Engineering	Department	at	Amirkabir	University	of	Technology.[64]	While	it	is	not	currently	active,	IBIMA	aims	to	share	knowledge	resources	to	support	construction	engineering	management
decision-making.[65][66]	BIM	implementation	is	targeted	towards	BIM	Stage	2	by	the	year	2020	led	by	the	Construction	Industry	Development	Board	(CIDB	Malaysia).	Under	the	Construction	Industry	Transformation	Plan	(CITP	2016–2020),[67]	it	is	hoped	more	emphasis	on	technology	adoption	across	the	project	life-cycle	will	induce	higher
productivity.	The	Building	and	Construction	Authority	(BCA)	has	announced	that	BIM	would	be	introduced	for	architectural	submission	(by	2013),	structural	and	M&E	submissions	(by	2014)	and	eventually	for	plan	submissions	of	all	projects	with	gross	floor	area	of	more	than	5,000	square	meters	by	2015.	The	BCA	Academy	is	training	students	in	BIM.
[68]	The	Ministry	of	Land,	Infrastructure	and	Transport	(MLIT)	has	announced	"Start	of	BIM	pilot	project	in	government	building	and	repairs"	(by	2010).[69]	Japan	Institute	of	Architects	(JIA)	released	the	BIM	guidelines	(by	2012),	which	showed	the	agenda	and	expected	effect	of	BIM	to	architects.[70]	MLIT	announced	"	BIM	will	be	mandated	for	all



of	its	public	works	from	the	fiscal	year	of	2023,	except	those	having	particular	reasons".	The	works	subject	to	WTO	Government	Procurement	Agreement	shall	comply	with	the	published	ISO	standards	related	to	BIM	such	as	ISO19650	series	as	determined	by	the	Article	10	(Technical	Specification)	of	the	Agreement.	Small	BIM-related	seminars	and
independent	BIM	effort	existed	in	South	Korea	even	in	the	1990s.	However,	it	was	not	until	the	late	2000s	that	the	Korean	industry	paid	attention	to	BIM.	The	first	industry-level	BIM	conference	was	held	in	April	2008,	after	which,	BIM	has	been	spread	very	rapidly.	Since	2010,	the	Korean	government	has	been	gradually	increasing	the	scope	of	BIM-
mandated	projects.	McGraw	Hill	published	a	detailed	report	in	2012	on	the	status	of	BIM	adoption	and	implementation	in	South	Korea.[71]	Dubai	Municipality	issued	a	circular	(196)	in	2014	mandating	BIM	use	for	buildings	of	a	certain	size,	height	or	type.	The	one	page	circular	initiated	strong	interest	in	BIM	and	the	market	responded	in	preparation
for	more	guidelines	and	direction.	In	2015	the	Municipality	issued	another	circular	(207)	titled	'Regarding	the	expansion	of	applying	the	(BIM)	on	buildings	and	facilities	in	the	emirate	of	Dubai'	which	made	BIM	mandatory	on	more	projects	by	reducing	the	minimum	size	and	height	requirement	for	projects	requiring	BIM.	This	second	circular	drove
BIM	adoption	further	with	several	projects	and	organizations	adopting	UK	BIM	standards	as	best	practice.	In	2016,	the	UAE's	Quality	and	Conformity	Commission	set	up	a	BIM	steering	group	to	investigate	statewide	adoption	of	BIM.[72]	Austrian	standards	for	digital	modeling	are	summarized	in	the	ÖNORM	A	6241,	published	on	15	March	2015.	The
ÖNORM	A	6241-1	(BIM	Level	2),	which	replaced	the	ÖNORM	A	6240-4,	has	been	extended	in	the	detailed	and	executive	design	stages,	and	corrected	in	the	lack	of	definitions.	The	ÖNORM	A	6241-2	(BIM	Level	3)	includes	all	the	requirements	for	the	BIM	Level	3	(iBIM).[73]	The	Czech	BIM	Council,	established	in	May	2011,	aims	to	implement	BIM
methodologies	into	the	Czech	building	and	designing	processes,	education,	standards	and	legislation.[74]	In	Estonia	digital	construction	cluster	(Digitaalehituse	Klaster)	was	formed	in	2015	to	develop	BIM	solutions	for	the	whole	life-cycle	of	construction.[75]	The	strategic	objective	of	the	cluster	is	to	develop	an	innovative	digital	construction
environment	as	well	as	VDC	new	product	development,	Grid	and	e-construction	portal	to	increase	the	international	competitiveness	and	sales	of	Estonian	businesses	in	the	construction	field.	The	cluster	is	equally	co-funded	by	European	Structural	and	Investment	Funds	through	Enterprise	Estonia	and	by	the	members	of	the	cluster	with	a	total	budget
of	600	000	euros	for	the	period	2016–2018.	The	French	arm	of	buildingSMART,	called	Mediaconstruct	(existing	since	1989),	is	supporting	digital	transformation	in	France.	A	building	transition	digital	plan	–	French	acronym	PTNB	–	was	created	in	2013	(mandated	since	2015	to	2017	and	under	several	ministries).	A	2013	survey	of	European	BIM
practice	showed	France	in	last	place,	but,	with	government	support,	in	2017	it	had	risen	to	third	place	with	more	than	30%	of	real	estate	projects	carried	out	using	BIM.[76]	PTNB	was	superseded	in	2018	by	Plan	BIM	2022,[77]	administered	by	an	industry	body,	the	Association	for	the	Development	of	Digital	in	Construction	(AND	Construction),
founded	in	2017,	and	supported	by	a	digital	platform,	KROQI,[78]	developed	and	launched	in	2017	by	CSTB	(France's	Scientific	and	Technical	Centre	for	Building).[79]	In	December	2015,	the	German	minister	for	transport	Alexander	Dobrindt	announced	a	timetable	for	the	introduction	of	mandatory	BIM	for	German	road	and	rail	projects	from	the	end
of	2020.[80]	Speaking	in	April	2016,	he	said	digital	design	and	construction	must	become	standard	for	construction	projects	in	Germany,	with	Germany	two	to	three	years	behind	The	Netherlands	and	the	UK	in	aspects	of	implementing	BIM.[81]	BIM	was	piloted	in	many	areas	of	German	infrastructure	delivery	and	in	July	2022	Volker	Wissing,	Federal
Minister	for	Digital	and	Transport,	announced	that,	from	2025,	BIM	will	be	used	as	standard	in	the	construction	of	federal	trunk	roads	in	addition	to	the	rail	sector.[82]	In	November	2017,	Ireland's	Department	for	Public	Expenditure	and	Reform	launched	a	strategy	to	increase	use	of	digital	technology	in	delivery	of	key	public	works	projects,
requiring	the	use	of	BIM	to	be	phased	in	over	the	next	four	years.[83]	Through	the	new	D.l.	50,	in	April	2016	Italy	has	included	into	its	own	legislation	several	European	directives	including	2014/24/EU	on	Public	Procurement.	The	decree	states	among	the	main	goals	of	public	procurement	the	"rationalization	of	designing	activities	and	of	all	connected
verification	processes,	through	the	progressive	adoption	of	digital	methods	and	electronic	instruments	such	as	Building	and	Infrastructure	Information	Modelling".[84][85]	A	norm	in	8	parts	is	also	being	written	to	support	the	transition:	UNI	11337-1,	UNI	11337-4	and	UNI	11337-5	were	published	in	January	2017,	with	five	further	chapters	to	follow
within	a	year.	In	early	2018	the	Italian	Ministry	of	Infrastructure	and	Transport	issued	a	decree	(DM	01/12/17)	creating	a	governmental	BIM	Mandate	compelling	public	client	organisations	to	adopt	a	digital	approach	by	2025,	with	an	incremental	obligation	which	will	start	on	1	January	2019.[86][87]	Lithuania	is	moving	towards	adoption	of	BIM
infrastructure	by	founding	a	public	body	"Skaitmeninė	statyba"	(Digital	Construction),	which	is	managed	by	13	associations.	Also,	there	is	a	BIM	work	group	established	by	Lietuvos	Architektų	Sąjunga	(a	Lithuanian	architects	body).	The	initiative	intends	Lithuania	to	adopt	BIM,	Industry	Foundation	Classes	(IFC)	and	National	Construction
Classification	as	standard.	An	international	conference	"Skaitmeninė	statyba	Lietuvoje"	(Digital	Construction	in	Lithuania)	has	been	held	annually	since	2012.	On	1	November	2011,	the	Rijksgebouwendienst,	the	agency	within	the	Dutch	Ministry	of	Housing,	Spatial	Planning	and	the	Environment	that	manages	government	buildings,	introduced	the
Rgd	BIM	Standard,[88]	which	it	updated	on	1	July	2012.	In	Norway	BIM	has	been	used	increasingly	since	2008.	Several	large	public	clients	require	use	of	BIM	in	open	formats	(IFC)	in	most	or	all	of	their	projects.	The	Government	Building	Authority	bases	its	processes	on	BIM	in	open	formats	to	increase	process	speed	and	quality,	and	all	large	and
several	small	and	medium-sized	contractors	use	BIM.	National	BIM	development	is	centred	around	the	local	organisation,	buildingSMART	Norway	which	represents	25%	of	the	Norwegian	construction	industry.[citation	needed]	BIMKlaster	(BIM	Cluster)	is	a	non-governmental,	non-profit	organisation	established	in	2012	with	the	aim	of	promoting	BIM
development	in	Poland.[89]	In	September	2016,	the	Ministry	of	Infrastructure	and	Construction	began	a	series	of	expert	meetings	concerning	the	application	of	BIM	methodologies	in	the	construction	industry.[90]	Created	in	2015	to	promote	the	adoption	of	BIM	in	Portugal	and	its	normalisation,	the	Technical	Committee	for	BIM	Standardisation,
CT197-BIM,	has	created	the	first	strategic	document	for	construction	4.0	in	Portugal,	aiming	to	align	the	country's	industry	around	a	common	vision,	integrated	and	more	ambitious	than	a	simple	technology	change.[91]	The	Russian	government	has	approved	a	list	of	the	regulations	that	provide	the	creation	of	a	legal	framework	for	the	use	of
information	modeling	of	buildings	in	construction	and	encourages	the	use	of	BIM	in	government	projects.[92]	The	BIM	Association	of	Slovakia,	"BIMaS",	was	established	in	January	2013	as	the	first	Slovak	professional	organisation	focused	on	BIM.	Although	there	are	neither	standards	nor	legislative	requirements	to	deliver	projects	in	BIM,	many
architects,	structural	engineers	and	contractors,	plus	a	few	investors	are	already	applying	BIM.	A	Slovak	implementation	strategy	created	by	BIMaS	and	supported	by	the	Chamber	of	Civil	Engineers	and	Chamber	of	Architects	has	yet	to	be	approved	by	Slovak	authorities	due	to	their	low	interest	in	such	innovation.[93]	A	July	2015	meeting	at	Spain's
Ministry	of	Infrastructure	[Ministerio	de	Fomento]	launched	the	country's	national	BIM	strategy,	making	BIM	a	mandatory	requirement	on	public	sector	projects	with	a	possible	starting	date	of	2018.[94]	Following	a	February	2015	BIM	summit	in	Barcelona,	professionals	in	Spain	established	a	BIM	commission	(ITeC)	to	drive	the	adoption	of	BIM	in
Catalonia.[95]	Since	2009	through	the	initiative	of	buildingSmart	Switzerland,	then	2013,	BIM	awareness	among	a	broader	community	of	engineers	and	architects	was	raised	due	to	the	open	competition	for	Basel's	Felix	Platter	Hospital[96]	where	a	BIM	coordinator	was	sought.	BIM	has	also	been	a	subject	of	events	by	the	Swiss	Society	for	Engineers
and	Architects,	SIA.[97]	In	May	2011	UK	Government	Chief	Construction	Adviser	Paul	Morrell	called	for	BIM	adoption	on	UK	government	construction	projects.[98]	Morrell	also	told	construction	professionals	to	adopt	BIM	or	be	"Betamaxed	out".[99]	In	June	2011	the	UK	government	published	its	BIM	strategy,[100]	announcing	its	intention	to	require
collaborative	3D	BIM	(with	all	project	and	asset	information,	documentation	and	data	being	electronic)	on	its	projects	by	2016.	Initially,	compliance	would	require	building	data	to	be	delivered	in	a	vendor-neutral	'COBie'	format,	thus	overcoming	the	limited	interoperability	of	BIM	software	suites	available	on	the	market.	The	UK	Government	BIM	Task
Group	led	the	government's	BIM	programme	and	requirements,[101]	including	a	free-to-use	set	of	UK	standards	and	tools	that	defined	'level	2	BIM'.[102]	In	April	2016,	the	UK	Government	published	a	new	central	web	portal	as	a	point	of	reference	for	the	industry	for	'level	2	BIM'.[103]	The	work	of	the	BIM	Task	Group	then	continued	under	the
stewardship	of	the	Cambridge-based	Centre	for	Digital	Built	Britain	(CDBB),[104]	announced	in	December	2017	and	formally	launched	in	early	2018.[105]	Outside	of	government,	industry	adoption	of	BIM	since	2016	has	been	led	by	the	UK	BIM	Alliance,[106]	an	independent,	not-for-profit,	collaboratively-based	organisation	formed	to	champion	and
enable	the	implementation	of	BIM,	and	to	connect	and	represent	organisations,	groups	and	individuals	working	towards	digital	transformation	of	the	UK's	built	environment	industry.	In	November	2017,	the	UK	BIM	Alliance	merged	with	the	UK	and	Ireland	chapter	of	BuildingSMART.[107]	In	October	2019,	CDBB,	the	UK	BIM	Alliance[a]	and	the	BSI
Group	launched	the	UK	BIM	Framework.	Superseding	the	BIM	levels	approach,	the	framework	describes	an	overarching	approach	to	implementing	BIM	in	the	UK,	giving	free	guidance	on	integrating	the	international	ISO	19650	series	of	standards	into	UK	processes	and	practice.[109]	National	Building	Specification	(NBS)	has	published	research	into
BIM	adoption	in	the	UK	since	2011,	and	in	2020	published	its	10th	annual	BIM	report.[110]	In	2011,	43%	of	respondents	had	not	heard	of	BIM;	in	2020	73%	said	they	were	using	BIM.[110]	BIM	is	not	mandatory	in	Canada.[111]	Several	organizations	support	BIM	adoption	and	implementation	in	Canada:	the	Canada	BIM	Council	(CANBIM,	founded	in
2008),[112]	the	Institute	for	BIM	in	Canada,[113]	and	buildingSMART	Canada	(the	Canadian	chapter	of	buildingSMART	International).[114]	Public	Services	and	Procurement	Canada	(formerly	Public	Works	and	Government	Services	Canada)	is	committed	to	using	non-proprietary	or	"OpenBIM"	BIM	standards	and	avoids	specifying	any	specific
proprietary	BIM	format.	Designers	are	required	to	use	the	international	standards	of	interoperability	for	BIM	(IFC).[115]	Architectural	BIM	Modeling	of	Clinton	Public	Library,	USA	The	Associated	General	Contractors	of	America	and	US	contracting	firms	have	developed	various	working	definitions	of	BIM	that	describe	it	generally	as:	an	object-
oriented	building	development	tool	that	utilizes	5-D	modeling	concepts,	information	technology	and	software	interoperability	to	design,	construct	and	operate	a	building	project,	as	well	as	communicate	its	details.[116]	Although	the	concept	of	BIM	and	relevant	processes	are	being	explored	by	contractors,	architects	and	developers	alike,	the	term
itself	has	been	questioned	and	debated[117]	with	alternatives	including	Virtual	Building	Environment	(VBE)	also	considered.	Unlike	some	countries	such	as	the	UK,	the	US	has	not	adopted	a	set	of	national	BIM	guidelines,	allowing	different	systems	to	remain	in	competition.[118]	In	2021,	the	National	Institute	of	Building	Sciences	(NIBS)	looked	at
applying	UK	BIM	experiences	to	developing	shared	US	BIM	standards	and	processes.	The	US	National	BIM	Standard	had	largely	been	developed	through	volunteer	efforts;	NIBS	aimed	to	create	a	national	BIM	programme	to	drive	effective	adoption	at	a	national	scale.[119]	BIM	is	seen	to	be	closely	related	to	Integrated	Project	Delivery	(IPD)	where
the	primary	motive	is	to	bring	the	teams	together	early	on	in	the	project.[120]	A	full	implementation	of	BIM	also	requires	the	project	teams	to	collaborate	from	the	inception	stage	and	formulate	model	sharing	and	ownership	contract	documents.	The	American	Institute	of	Architects	has	defined	BIM	as	"a	model-based	technology	linked	with	a	database
of	project	information",[3]	and	this	reflects	the	general	reliance	on	database	technology	as	the	foundation.	In	the	future,	structured	text	documents	such	as	specifications	may	be	able	to	be	searched	and	linked	to	regional,	national,	and	international	standards.	BIM	has	the	potential	to	play	a	vital	role	in	the	Nigerian	AEC	sector.	In	addition	to	its
potential	clarity	and	transparency,	it	may	help	promote	standardization	across	the	industry.	For	instance,	Utiome[121]	suggests	that,	in	conceptualizing	a	BIM-based	knowledge	transfer	framework	from	industrialized	economies	to	urban	construction	projects	in	developing	nations,	generic	BIM	objects	can	benefit	from	rich	building	information	within
specification	parameters	in	product	libraries,	and	used	for	efficient,	streamlined	design	and	construction.	Similarly,	an	assessment	of	the	current	'state	of	the	art'	by	Kori[122]	found	that	medium	and	large	firms	were	leading	the	adoption	of	BIM	in	the	industry.	Smaller	firms	were	less	advanced	with	respect	to	process	and	policy	adherence.	There	has
been	little	adoption	of	BIM	in	the	built	environment	due	to	construction	industry	resistance	to	changes	or	new	ways	of	doing	things.	The	industry	is	still	working	with	conventional	2D	CAD	systems	in	services	and	structural	designs,	although	production	could	be	in	3D	systems.	There	is	virtually	no	utilisation	of	4D	and	5D	systems.	BIM	Africa	Initiative,
primarily	based	in	Nigeria,	is	a	non-profit	institute	advocating	the	adoption	of	BIM	across	Africa.[123]	Since	2018,	it	has	been	engaging	with	professionals	and	the	government	towards	the	digital	transformation	of	the	built	industry.[124][125]	Produced	annually	by	its	research	and	development	committee,	the	African	BIM	Report	gives	an	overview	of
BIM	adoption	across	the	African	continent.[126]	The	South	African	BIM	Institute,	established	in	May	2015,	aims	to	enable	technical	experts	to	discuss	digital	construction	solutions	that	can	be	adopted	by	professionals	working	within	the	construction	sector.	Its	initial	task	was	to	promote	the	SA	BIM	Protocol.[127]	There	are	no	mandated	or	national
best	practice	BIM	standards	or	protocols	in	South	Africa.	Organisations	implement	company-specific	BIM	standards	and	protocols	at	best	(there	are	isolated	examples	of	cross-industry	alliances).[citation	needed]	In	February	2016,	Infrastructure	Australia	recommended:	"Governments	should	make	the	use	of	Building	Information	Modelling	(BIM)
mandatory	for	the	design	of	large-scale	complex	infrastructure	projects.	In	support	of	a	mandatory	rollout,	the	Australian	Government	should	commission	the	Australasian	Procurement	and	Construction	Council,	working	with	industry,	to	develop	appropriate	guidance	around	the	adoption	and	use	of	BIM;	and	common	standards	and	protocols	to	be
applied	when	using	BIM".[128]	In	2015,	many	projects	in	the	rebuilding	of	Christchurch	were	being	assembled	in	detail	on	a	computer	using	BIM	well	before	workers	set	foot	on	the	site.	The	New	Zealand	government	started	a	BIM	acceleration	committee,	as	part	of	a	productivity	partnership	with	the	goal	of	20	per	cent	more	efficiency	in	the
construction	industry	by	2020.[129]	Today,	BIM	use	is	still	not	mandated	in	the	country	while	several	challenges	have	been	identified	for	its	implementation	in	the	country.[130]	However,	members	of	the	AEC	industry	and	academia	have	developed	a	national	BIM	handbook	providing	definitions,	case	studies	and	templates.[131]	Some	purposes	or
uses	of	BIM	may	be	described	as	'dimensions'.	However,	there	is	little	consensus	on	definitions	beyond	5D.	Some	organisations	dismiss	the	term;	for	example,	the	UK	Institution	of	Structural	Engineers	does	not	recommend	using	nD	modelling	terms	beyond	4D,	adding	"cost	(5D)	is	not	really	a	'dimension'."[132][133]	3D	BIM,	an	acronym	for	three-
dimensional	building	information	modeling,	refers	to	the	graphical	representation	of	an	asset's	geometric	design,	augmented	by	information	describing	attributes	of	individual	components.	3D	BIM	work	may	be	undertaken	by	professional	disciplines	such	as	architectural,	structural,	and	MEP,[134][135]	and	the	use	of	3D	models	enhances	coordination
and	collaboration	between	disciplines.	A	3D	virtual	model	can	also	be	created	by	creating	a	point	cloud	of	the	building	or	facility	using	laser	scanning	technology.[136][137]	4D	BIM	Construction	Simulation	4D	BIM,	an	acronym	for	4-dimensional	building	information	modeling,	refers	to	the	intelligent	linking	of	individual	3D	CAD	components	or
assemblies	with	time-	or	scheduling-related	information.[36][138]	The	term	4D	refers	to	the	fourth	dimension:	time,	i.e.	3D	plus	time.[37]	4D	modelling	enables	project	participants	(architects,	designers,	contractors,	clients)	to	plan,	sequence	the	physical	activities,	visualise	the	critical	path	of	a	series	of	events,	mitigate	the	risks,	report	and	monitor
progress	of	activities	through	the	lifetime	of	the	project.[139][140][141]	4D	BIM	enables	a	sequence	of	events	to	be	depicted	visually	on	a	time	line	that	has	been	populated	by	a	3D	model,	augmenting	traditional	Gantt	charts	and	critical	path	(CPM)	schedules	often	used	in	project	management.[142][143][144][145][146][147][148][149]	Construction
sequences	can	be	reviewed	as	a	series	of	problems	using	4D	BIM,	enabling	users	to	explore	options,	manage	solutions	and	optimize	results.	As	an	advanced	construction	management	technique,	it	has	been	used	by	project	delivery	teams	working	on	larger	projects.[150][151][152]	4D	BIM	has	traditionally	been	used	for	higher	end	projects	due	to	the
associated	costs,	but	technologies	are	now	emerging	that	allow	the	process	to	be	used	by	laymen	or	to	drive	processes	such	as	manufacture.[153][154][155][2][156]	5D	BIM,	an	acronym	for	5-dimensional	building	information	modeling	refers	to	the	intelligent	linking	of	individual	3D	components	or	assemblies	with	time	schedule	(4D	BIM)
constraints[141]	and	then	with	cost-related	information.[157]	5D	models	enable	participants	to	visualise	construction	progress	and	related	costs	over	time.[139][158]	This	BIM-centric	project	management	technique	has	potential	to	improve	management	and	delivery	of	projects	of	any	size	or	complexity.[159]	In	June	2016,	McKinsey	&	Company
identified	5D	BIM	technology	as	one	of	five	big	ideas	poised	to	disrupt	construction.	It	defined	5D	BIM	as	"a	five-dimensional	representation	of	the	physical	and	functional	characteristics	of	any	project.	It	considers	a	project’s	time	schedule	and	cost	in	addition	to	the	standard	spatial	design	parameters	in	3-D."[160]	6D	BIM,	an	acronym	for	6-
dimensional	building	information	modeling,	is	sometimes	used	to	refer	to	the	intelligent	linking	of	individual	3D	components	or	assemblies	with	all	aspects	of	project	life-cycle	management	information.[161][162][163]	However,	there	is	less	consensus	about	the	definition	of	6D	BIM;	it	is	also	sometimes	used	to	cover	use	of	BIM	for	sustainability
purposes.[133]	In	the	project	life	cycle	context,	a	6D	model	is	usually	delivered	to	the	owner	when	a	construction	project	is	finished.	The	"As-Built"	BIM	model	is	populated	with	relevant	building	component	information	such	as	product	data	and	details,	maintenance/operation	manuals,	cut	sheet	specifications,	photos,	warranty	data,	web	links	to
product	online	sources,	manufacturer	information	and	contacts,	etc.	This	database	is	made	accessible	to	the	users/owners	through	a	customized	proprietary	web-based	environment.	This	is	intended	to	aid	facilities	managers	in	the	operation	and	maintenance	of	the	facility.[164]	The	term	is	less	commonly	used	in	the	UK	and	has	been	replaced	with
reference	to	the	Asset	Information	Requirements	(AIR)	and	an	Asset	Information	Model	(AIM)	as	specified	in	BS	EN	ISO	19650-3:2020.[165]	Data	model	Design	computing	Digital	twin	(the	physical	manifestation	instrumented	and	connected	to	the	model)	BCF	GIS	Digital	Building	Logbook	Landscape	design	software	Lean	construction	List	of	BIM
software	Macro	BIM	Open-source	3D	file	formats	OpenStreetMap	Pre-fire	planning	System	information	modelling	Whole	Building	Design	Guide	Facility	management	(or	Building	management)	Building	automation	(and	Building	management	systems)	^	In	October	2022,	the	UK	BIM	Alliance	rebranded	as	'nima'.[108]	^	Eastman,	Charles;	Fisher,
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07-149453-3	Jernigan,	Finith	(2007).	BIG	BIM	little	bim.	4Site	Press.	ISBN	978-0-9795699-0-6.	Retrieved	from	"	5Form	of	computer-aided	engineering	This	article	is	about	computer	modeling	within	an	artistic	medium.	For	scientific	usage,	see	Computer	simulation.	Three-dimensional	(3D)computer	graphics	Fundamentals	Modeling	Scanning
Rendering	Printing	Primary	uses	3D	models	Computer-aided	design	Graphic	design	Video	games	Visual	effects	Visualization	Virtual	engineering	Virtual	reality	Virtual	cinematography	Related	topics	Computer-generated	imagery	(CGI)	Animation	computer	skeletal	3D	display	Wire-frame	model	Texture	mapping	Motion	capture	Crowd	simulation	Global
illumination	Volume	rendering	vte	In	3D	computer	graphics,	3D	modeling	is	the	process	of	developing	a	mathematical	coordinate-based	representation	of	a	surface	of	an	object	(inanimate	or	living)	in	three	dimensions	via	specialized	software	by	manipulating	edges,	vertices,	and	polygons	in	a	simulated	3D	space.[1][2][3]	Three-dimensional	(3D)
models	represent	a	physical	body	using	a	collection	of	points	in	3D	space,	connected	by	various	geometric	entities	such	as	triangles,	lines,	curved	surfaces,	etc.[4]	Being	a	collection	of	data	(points	and	other	information),	3D	models	can	be	created	manually,	algorithmically	(procedural	modeling),	or	by	scanning.[5][6]	Their	surfaces	may	be	further
defined	with	texture	mapping.	See	also:	Environment	artist	The	product	is	called	a	3D	model,	while	someone	who	works	with	3D	models	may	be	referred	to	as	a	3D	artist	or	a	3D	modeler.	A	3D	model	can	also	be	displayed	as	a	two-dimensional	image	through	a	process	called	3D	rendering	or	used	in	a	computer	simulation	of	physical	phenomena.	3D
models	may	be	created	automatically	or	manually.	The	manual	modeling	process	of	preparing	geometric	data	for	3D	computer	graphics	is	similar	to	plastic	arts	such	as	sculpting.	The	3D	model	can	be	physically	created	using	3D	printing	devices	that	form	2D	layers	of	the	model	with	three-dimensional	material,	one	layer	at	a	time.	Without	a	3D	model,
a	3D	print	is	not	possible.	3D	modeling	software	is	a	class	of	3D	computer	graphics	software	used	to	produce	3D	models.	Individual	programs	of	this	class	are	called	modeling	applications.[7]	Three-dimensional	model	of	a	spectrograph[8]	Rotating	3D	video-game	model	3D	selfie	models	are	generated	from	2D	pictures	taken	at	the	Fantasitron	3D
photo	booth	at	Madurodam.	3D	models	are	now	widely	used	anywhere	in	3D	graphics	and	CAD	but	their	history	predates	the	widespread	use	of	3D	graphics	on	personal	computers.[9]	In	the	past,	many	computer	games	used	pre-rendered	images	of	3D	models	as	sprites	before	computers	could	render	them	in	real-time.	The	designer	can	then	see	the
model	in	various	directions	and	views,	this	can	help	the	designer	see	if	the	object	is	created	as	intended	to	compared	to	their	original	vision.	Seeing	the	design	this	way	can	help	the	designer	or	company	figure	out	changes	or	improvements	needed	to	the	product.[10]	A	modern	render	of	the	iconic	Utah	teapot	model	developed	by	Martin	Newell
(1975).	The	Utah	teapot	is	one	of	the	most	common	models	used	in	3D	graphics	education.	Almost	all	3D	models	can	be	divided	into	two	categories:	Solid	–	These	models	define	the	volume	of	the	object	they	represent	(like	a	rock).	Solid	models	are	mostly	used	for	engineering	and	medical	simulations,	and	are	usually	built	with	constructive	solid
geometry	Shell	or	boundary	–	These	models	represent	the	surface,	i.e.,	the	boundary	of	the	object,	not	its	volume	(like	an	infinitesimally	thin	eggshell).	Almost	all	visual	models	used	in	games	and	film	are	shell	models.	Solid	and	shell	modeling	can	create	functionally	identical	objects.	Differences	between	them	are	mostly	variations	in	the	way	they	are
created	and	edited	and	conventions	of	use	in	various	fields	and	differences	in	types	of	approximations	between	the	model	and	reality.	Shell	models	must	be	manifold	(having	no	holes	or	cracks	in	the	shell)	to	be	meaningful	as	a	real	object.	In	a	shell	model	of	a	cube,	the	bottom	and	top	surfaces	of	the	cube	must	have	a	uniform	thickness	with	no	holes
or	cracks	in	the	first	and	last	layers	printed.	Polygonal	meshes	(and	to	a	lesser	extent,	subdivision	surfaces)	are	by	far	the	most	common	representation.	Level	sets	are	a	useful	representation	for	deforming	surfaces	that	undergo	many	topological	changes,	such	as	fluids.	The	process	of	transforming	representations	of	objects,	such	as	the	middle	point
coordinate	of	a	sphere	and	a	point	on	its	circumference,	into	a	polygon	representation	of	a	sphere	is	called	tessellation.	This	step	is	used	in	polygon-based	rendering,	where	objects	are	broken	down	from	abstract	representations	("primitives")	such	as	spheres,	cones	etc.,	to	so-called	meshes,	which	are	nets	of	interconnected	triangles.	Meshes	of
triangles	(instead	of	e.g.,	squares)	are	popular	as	they	have	proven	to	be	easy	to	rasterize	(the	surface	described	by	each	triangle	is	planar,	so	the	projection	is	always	convex).[11]	Polygon	representations	are	not	used	in	all	rendering	techniques,	and	in	these	cases	the	tessellation	step	is	not	included	in	the	transition	from	abstract	representation	to
rendered	scene.	There	are	three	popular	ways	to	represent	a	model:	Polygonal	modeling	–	Points	in	3D	space,	called	vertices,	are	connected	by	line	segments	to	form	a	polygon	mesh.	The	vast	majority	of	3D	models	today	are	built	as	textured	polygonal	models	because	they	are	flexible	and	because	computers	can	render	them	so	quickly.	However,
polygons	are	planar	and	can	only	approximate	curved	surfaces	using	many	polygons.	Curve	modeling	–	Surfaces	are	defined	by	curves,	which	are	influenced	by	weighted	control	points.	The	curve	follows	(but	does	not	necessarily	interpolate)	the	points.	Increasing	the	weight	for	a	point	pulls	the	curve	closer	to	that	point.	Curve	types	include
nonuniform	rational	B-spline	(NURBS),	splines,	patches,	and	geometric	primitives	Digital	sculpting	–	There	are	three	types	of	digital	sculpting:	Displacement,	which	is	the	most	widely	used	among	applications	at	this	moment,	uses	a	dense	model	(often	generated	by	subdivision	surfaces	of	a	polygon	control	mesh)	and	stores	new	locations	for	the	vertex
positions	through	use	of	an	image	map	that	stores	the	adjusted	locations.	Volumetric,	loosely	based	on	voxels,	has	similar	capabilities	as	displacement	but	does	not	suffer	from	polygon	stretching	when	there	are	not	enough	polygons	in	a	region	to	achieve	a	deformation.	Dynamic	tessellation,	which	is	similar	to	voxel,	divides	the	surface	using
triangulation	to	maintain	a	smooth	surface	and	allow	finer	details.	These	methods	allow	for	artistic	exploration	as	the	model	has	new	topology	created	over	it	once	the	models	form	and	possibly	details	have	been	sculpted.	The	new	mesh	usually	has	the	original	high-resolution	mesh	information	transferred	into	displacement	data	or	normal	map	data	if
it	is	for	a	game	engine.	A	3D	fantasy	fish	composed	of	organic	surfaces	generated	using	LAI4D.	The	modeling	stage	consists	of	shaping	individual	objects	that	are	later	used	in	the	scene.	There	are	a	number	of	modeling	techniques,	including:	Constructive	solid	geometry	Implicit	surfaces	Subdivision	surfaces	Modeling	can	be	performed	by	means	of	a
dedicated	program	(e.g.,	3D	modeling	software	like	Adobe	Substance,	Blender,	Cinema	4D,	LightWave,	Maya,	Modo,	3ds	Max,	SketchUp,	Rhinoceros	3D,	and	others)	or	an	application	component	(Shaper,	Lofter	in	3ds	Max)	or	some	scene	description	language	(as	in	POV-Ray).	In	some	cases,	there	is	no	strict	distinction	between	these	phases;	in	such
cases,	modeling	is	just	part	of	the	scene	creation	process	(this	is	the	case,	for	example,	with	Caligari	trueSpace	and	Realsoft	3D).	3D	models	can	also	be	created	using	the	technique	of	Photogrammetry	with	dedicated	programs	such	as	RealityCapture,	Metashape	and	3DF	Zephyr.	Cleanup	and	further	processing	can	be	performed	with	applications
such	as	MeshLab,	the	GigaMesh	Software	Framework,	netfabb	or	MeshMixer.	Photogrammetry	creates	models	using	algorithms	to	interpret	the	shape	and	texture	of	real-world	objects	and	environments	based	on	photographs	taken	from	many	angles	of	the	subject.	Complex	materials	such	as	blowing	sand,	clouds,	and	liquid	sprays	are	modeled	with
particle	systems,	and	are	a	mass	of	3D	coordinates	which	have	either	points,	polygons,	texture	splats	or	sprites	assigned	to	them.	Main	article:	List	of	3D	modeling	software	There	are	a	variety	of	3D	modeling	programs	that	can	be	used	in	the	industries	of	engineering,	interior	design,	film	and	others.	Each	3D	modeling	software	has	specific
capabilities	and	can	be	utilized	to	fulfill	demands	for	the	industry.	Many	programs	include	export	options	to	form	a	g-code,	applicable	to	additive	or	subtractive	manufacturing	machinery.	G-code	(computer	numerical	control)	works	with	automated	technology	to	form	a	real-world	rendition	of	3D	models.	This	code	is	a	specific	set	of	instructions	to
carry	out	steps	of	a	product's	manufacturing.[12]	Main	article:	Virtual	actor	The	first	widely	available	commercial	application	of	human	virtual	models	appeared	in	1998	on	the	Lands'	End	web	site.	The	human	virtual	models	were	created	by	the	company	My	Virtual	Mode	Inc.	and	enabled	users	to	create	a	model	of	themselves	and	try	on	3D	clothing.
There	are	several	modern	programs	that	allow	for	the	creation	of	virtual	human	models	(Poser	being	one	example).	Dynamic	3D	clothing	model	made	in	Marvelous	Designer	The	development	of	cloth	simulation	software	such	as	Marvelous	Designer,	CLO3D	and	Optitex,	has	enabled	artists	and	fashion	designers	to	model	dynamic	3D	clothing	on	the
computer.[13]	Dynamic	3D	clothing	is	used	for	virtual	fashion	catalogs,	as	well	as	for	dressing	3D	characters	for	video	games,	3D	animation	movies,	for	digital	doubles	in	movies,[14]	as	a	creation	tool	for	digital	fashion	brands,	as	well	as	for	making	clothes	for	avatars	in	virtual	worlds	such	as	SecondLife.	3D	photorealistic	effects	are	often	achieved
without	wire-frame	modeling	and	are	sometimes	indistinguishable	in	the	final	form.	Some	graphic	art	software	includes	filters	that	can	be	applied	to	2D	vector	graphics	or	2D	raster	graphics	on	transparent	layers.	Advantages	of	wireframe	3D	modeling	over	exclusively	2D	methods	include:	Flexibility,	ability	to	change	angles	or	animate	images	with
quicker	rendering	of	the	changes;	Ease	of	rendering,	automatic	calculation	and	rendering	photorealistic	effects	rather	than	mentally	visualizing	or	estimating;	Accurate	photorealism,	less	chance	of	human	error	in	misplacing,	overdoing,	or	forgetting	to	include	a	visual	effect.	Disadvantages	compared	to	2D	photorealistic	rendering	may	include	a
software	learning	curve	and	difficulty	achieving	certain	photorealistic	effects.	Some	photorealistic	effects	may	be	achieved	with	special	rendering	filters	included	in	the	3D	modeling	software.	For	the	best	of	both	worlds,	some	artists	use	a	combination	of	3D	modeling	followed	by	editing	the	2D	computer-rendered	images	from	the	3D	model.	A	large
market	for	3D	models	(as	well	as	3D-related	content,	such	as	textures,	scripts,	etc.)	exists—either	for	individual	models	or	large	collections.	Several	online	marketplaces	for	3D	content	allow	individual	artists	to	sell	content	that	they	have	created,	including	TurboSquid,	MyMiniFactory,	Sketchfab,	CGTrader,	and	Cults.	Often,	the	artists'	goal	is	to	get
additional	value	out	of	assets	they	have	previously	created	for	projects.	By	doing	so,	artists	can	earn	more	money	out	of	their	old	content,	and	companies	can	save	money	by	buying	pre-made	models	instead	of	paying	an	employee	to	create	one	from	scratch.	These	marketplaces	typically	split	the	sale	between	themselves	and	the	artist	that	created	the
asset,	artists	get	40%	to	95%	of	the	sales	according	to	the	marketplace.	In	most	cases,	the	artist	retains	ownership	of	the	3d	model	while	the	customer	only	buys	the	right	to	use	and	present	the	model.	Some	artists	sell	their	products	directly	in	their	own	stores,	offering	their	products	at	a	lower	price	by	not	using	intermediaries.	The	architecture,
engineering	and	construction	(AEC)	industry	is	the	biggest	market	for	3D	modeling,	with	an	estimated	value	of	$12.13	billion	by	2028.[15]	This	is	due	to	the	increasing	adoption	of	3D	modeling	in	the	AEC	industry,	which	helps	to	improve	design	accuracy,	reduce	errors	and	omissions	and	facilitate	collaboration	among	project	stakeholders.[16][17]
Over	the	last	several	years	numerous	marketplaces	specializing	in	3D	rendering	and	printing	models	have	emerged.	Some	of	the	3D	printing	marketplaces	are	a	combination	of	models	sharing	sites,	with	or	without	a	built	in	e-com	capability.	Some	of	those	platforms	also	offer	3D	printing	services	on	demand,	software	for	model	rendering	and	dynamic
viewing	of	items.	Main	articles:	3D	printing	and	Rapid	prototyping	The	term	3D	printing	or	three-dimensional	printing	is	a	form	of	additive	manufacturing	technology	where	a	three-dimensional	object	is	created	from	successive	layers	of	material.[18]	Objects	can	be	created	without	the	need	for	complex	expensive	molds	or	assembly	with	multiple
parts.	3D	printing	allows	ideas	to	be	prototyped	and	tested	without	having	to	go	through	a	production	process.[18][19]	3D	models	can	be	purchased	from	online	markets	and	printed	by	individuals	or	companies	using	commercially	available	3D	printers,	enabling	the	home-production	of	objects	such	as	spare	parts	and	even	medical	equipment.[20][21]
Steps	of	forensic	facial	reconstruction	of	a	mummy	made	in	Blender	by	the	Brazilian	3D	designer	Cícero	Moraes	3D	modeling	is	used	in	many	industries.[22]	The	medical	industry	uses	detailed	models	of	organs	created	from	multiple	two-dimensional	image	slices	from	an	MRI	or	CT	scan.	[23]	Other	scientific	fields	can	use	3D	models	to	visualize	and
communicate	information	such	as	models	of	chemical	compounds.[24]	The	movie	industry	uses	3D	models	for	computer-generated	characters	and	objects	in	animated	and	real-life	motion	pictures.	Similarly,	the	video	game	industry	uses	3D	models	as	assets	for	computer	and	video	games.	The	source	of	the	geometry	for	the	shape	of	an	object	can	be	a
designer,	industrial	engineer,	or	artist	using	a	3D	CAD	system;	an	existing	object	that	has	been	reverse	engineered	or	copied	using	a	3D	shape	digitizer	or	scanner;	or	mathematical	data	based	on	a	numerical	description	or	calculation	of	the	object.[18]	The	architecture	industry	uses	3D	models	to	demonstrate	proposed	buildings	and	landscapes	in	lieu
of	traditional,	physical	architectural	models.	Additionally,	the	use	of	Level	of	Detail	(LOD)	in	3D	models	is	becoming	increasingly	important	in	architecture,	engineering,	and	construction.[25][26]	Archeologists	create	3D	models	of	cultural	heritage	items	for	research	and	visualization.[27][28]	For	example,	the	International	Institute	of
MetaNumismatics	(INIMEN)	studies	the	applications	of	3D	modeling	for	the	digitization	and	preservation	of	numismatic	artifacts.[29]	In	recent	decades,	the	earth	science	community	has	started	to	construct	3D	geological	models	as	a	standard	practice.	3D	models	are	also	used	in	constructing	digital	representations	of	mechanical	parts	before	they	are
manufactured.	Using	CAD-	and	CAM-related	software,	an	engineer	can	test	the	functionality	of	assemblies	of	parts	then	use	the	same	data	to	create	toolpaths	for	CNC	machining	or	3D	printing.	3D	modeling	is	used	in	industrial	design,	wherein	products	are	3D	modeled[30]	before	representing	them	to	the	clients.	In	media	and	event	industries,	3D
modeling	is	used	in	stage	and	set	design.[31]	The	OWL	2	translation	of	the	vocabulary	of	X3D	can	be	used	to	provide	semantic	descriptions	for	3D	models,	which	is	suitable	for	indexing	and	retrieval	of	3D	models	by	features	such	as	geometry,	dimensions,	material,	texture,	diffuse	reflection,	transmission	spectra,	transparency,	reflectivity,
opalescence,	glazes,	varnishes	and	enamels	(as	opposed	to	unstructured	textual	descriptions	or	2.5D	virtual	museums	and	exhibitions	using	Google	Street	View	on	Google	Arts	&	Culture,	for	example).[32]	The	RDF	representation	of	3D	models	can	be	used	in	reasoning,	which	enables	intelligent	3D	applications	which,	for	example,	can	automatically
compare	two	3D	models	by	volume.[33]	List	of	3D	modeling	software	List	of	common	3D	test	models	List	of	file	formats#3D	graphics	3D	city	model	3D	computer	graphics	software	3D	figure	3D	printing	3D	scanner	3D	scanning	Additive	manufacturing	file	format	Building	information	modeling	CG	artist	Cloth	modeling	Computer	facial	animation
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596.	doi:10.1260/2047-4970.3.3.579.	Look	up	modeler	in	Wiktionary,	the	free	dictionary.	Media	related	to	3D	modeling	at	Wikimedia	Commons	Retrieved	from	"	6Form	of	computer-aided	engineering	This	article	is	about	computer	modeling	within	an	artistic	medium.	For	scientific	usage,	see	Computer	simulation.	Three-dimensional	(3D)computer
graphics	Fundamentals	Modeling	Scanning	Rendering	Printing	Primary	uses	3D	models	Computer-aided	design	Graphic	design	Video	games	Visual	effects	Visualization	Virtual	engineering	Virtual	reality	Virtual	cinematography	Related	topics	Computer-generated	imagery	(CGI)	Animation	computer	skeletal	3D	display	Wire-frame	model	Texture
mapping	Motion	capture	Crowd	simulation	Global	illumination	Volume	rendering	vte	In	3D	computer	graphics,	3D	modeling	is	the	process	of	developing	a	mathematical	coordinate-based	representation	of	a	surface	of	an	object	(inanimate	or	living)	in	three	dimensions	via	specialized	software	by	manipulating	edges,	vertices,	and	polygons	in	a
simulated	3D	space.[1][2][3]	Three-dimensional	(3D)	models	represent	a	physical	body	using	a	collection	of	points	in	3D	space,	connected	by	various	geometric	entities	such	as	triangles,	lines,	curved	surfaces,	etc.[4]	Being	a	collection	of	data	(points	and	other	information),	3D	models	can	be	created	manually,	algorithmically	(procedural	modeling),	or
by	scanning.[5][6]	Their	surfaces	may	be	further	defined	with	texture	mapping.	See	also:	Environment	artist	The	product	is	called	a	3D	model,	while	someone	who	works	with	3D	models	may	be	referred	to	as	a	3D	artist	or	a	3D	modeler.	A	3D	model	can	also	be	displayed	as	a	two-dimensional	image	through	a	process	called	3D	rendering	or	used	in	a
computer	simulation	of	physical	phenomena.	3D	models	may	be	created	automatically	or	manually.	The	manual	modeling	process	of	preparing	geometric	data	for	3D	computer	graphics	is	similar	to	plastic	arts	such	as	sculpting.	The	3D	model	can	be	physically	created	using	3D	printing	devices	that	form	2D	layers	of	the	model	with	three-dimensional
material,	one	layer	at	a	time.	Without	a	3D	model,	a	3D	print	is	not	possible.	3D	modeling	software	is	a	class	of	3D	computer	graphics	software	used	to	produce	3D	models.	Individual	programs	of	this	class	are	called	modeling	applications.[7]	Three-dimensional	model	of	a	spectrograph[8]	Rotating	3D	video-game	model	3D	selfie	models	are	generated



from	2D	pictures	taken	at	the	Fantasitron	3D	photo	booth	at	Madurodam.	3D	models	are	now	widely	used	anywhere	in	3D	graphics	and	CAD	but	their	history	predates	the	widespread	use	of	3D	graphics	on	personal	computers.[9]	In	the	past,	many	computer	games	used	pre-rendered	images	of	3D	models	as	sprites	before	computers	could	render
them	in	real-time.	The	designer	can	then	see	the	model	in	various	directions	and	views,	this	can	help	the	designer	see	if	the	object	is	created	as	intended	to	compared	to	their	original	vision.	Seeing	the	design	this	way	can	help	the	designer	or	company	figure	out	changes	or	improvements	needed	to	the	product.[10]	A	modern	render	of	the	iconic	Utah
teapot	model	developed	by	Martin	Newell	(1975).	The	Utah	teapot	is	one	of	the	most	common	models	used	in	3D	graphics	education.	Almost	all	3D	models	can	be	divided	into	two	categories:	Solid	–	These	models	define	the	volume	of	the	object	they	represent	(like	a	rock).	Solid	models	are	mostly	used	for	engineering	and	medical	simulations,	and	are
usually	built	with	constructive	solid	geometry	Shell	or	boundary	–	These	models	represent	the	surface,	i.e.,	the	boundary	of	the	object,	not	its	volume	(like	an	infinitesimally	thin	eggshell).	Almost	all	visual	models	used	in	games	and	film	are	shell	models.	Solid	and	shell	modeling	can	create	functionally	identical	objects.	Differences	between	them	are
mostly	variations	in	the	way	they	are	created	and	edited	and	conventions	of	use	in	various	fields	and	differences	in	types	of	approximations	between	the	model	and	reality.	Shell	models	must	be	manifold	(having	no	holes	or	cracks	in	the	shell)	to	be	meaningful	as	a	real	object.	In	a	shell	model	of	a	cube,	the	bottom	and	top	surfaces	of	the	cube	must
have	a	uniform	thickness	with	no	holes	or	cracks	in	the	first	and	last	layers	printed.	Polygonal	meshes	(and	to	a	lesser	extent,	subdivision	surfaces)	are	by	far	the	most	common	representation.	Level	sets	are	a	useful	representation	for	deforming	surfaces	that	undergo	many	topological	changes,	such	as	fluids.	The	process	of	transforming
representations	of	objects,	such	as	the	middle	point	coordinate	of	a	sphere	and	a	point	on	its	circumference,	into	a	polygon	representation	of	a	sphere	is	called	tessellation.	This	step	is	used	in	polygon-based	rendering,	where	objects	are	broken	down	from	abstract	representations	("primitives")	such	as	spheres,	cones	etc.,	to	so-called	meshes,	which
are	nets	of	interconnected	triangles.	Meshes	of	triangles	(instead	of	e.g.,	squares)	are	popular	as	they	have	proven	to	be	easy	to	rasterize	(the	surface	described	by	each	triangle	is	planar,	so	the	projection	is	always	convex).[11]	Polygon	representations	are	not	used	in	all	rendering	techniques,	and	in	these	cases	the	tessellation	step	is	not	included	in
the	transition	from	abstract	representation	to	rendered	scene.	There	are	three	popular	ways	to	represent	a	model:	Polygonal	modeling	–	Points	in	3D	space,	called	vertices,	are	connected	by	line	segments	to	form	a	polygon	mesh.	The	vast	majority	of	3D	models	today	are	built	as	textured	polygonal	models	because	they	are	flexible	and	because
computers	can	render	them	so	quickly.	However,	polygons	are	planar	and	can	only	approximate	curved	surfaces	using	many	polygons.	Curve	modeling	–	Surfaces	are	defined	by	curves,	which	are	influenced	by	weighted	control	points.	The	curve	follows	(but	does	not	necessarily	interpolate)	the	points.	Increasing	the	weight	for	a	point	pulls	the	curve
closer	to	that	point.	Curve	types	include	nonuniform	rational	B-spline	(NURBS),	splines,	patches,	and	geometric	primitives	Digital	sculpting	–	There	are	three	types	of	digital	sculpting:	Displacement,	which	is	the	most	widely	used	among	applications	at	this	moment,	uses	a	dense	model	(often	generated	by	subdivision	surfaces	of	a	polygon	control
mesh)	and	stores	new	locations	for	the	vertex	positions	through	use	of	an	image	map	that	stores	the	adjusted	locations.	Volumetric,	loosely	based	on	voxels,	has	similar	capabilities	as	displacement	but	does	not	suffer	from	polygon	stretching	when	there	are	not	enough	polygons	in	a	region	to	achieve	a	deformation.	Dynamic	tessellation,	which	is
similar	to	voxel,	divides	the	surface	using	triangulation	to	maintain	a	smooth	surface	and	allow	finer	details.	These	methods	allow	for	artistic	exploration	as	the	model	has	new	topology	created	over	it	once	the	models	form	and	possibly	details	have	been	sculpted.	The	new	mesh	usually	has	the	original	high-resolution	mesh	information	transferred	into
displacement	data	or	normal	map	data	if	it	is	for	a	game	engine.	A	3D	fantasy	fish	composed	of	organic	surfaces	generated	using	LAI4D.	The	modeling	stage	consists	of	shaping	individual	objects	that	are	later	used	in	the	scene.	There	are	a	number	of	modeling	techniques,	including:	Constructive	solid	geometry	Implicit	surfaces	Subdivision	surfaces
Modeling	can	be	performed	by	means	of	a	dedicated	program	(e.g.,	3D	modeling	software	like	Adobe	Substance,	Blender,	Cinema	4D,	LightWave,	Maya,	Modo,	3ds	Max,	SketchUp,	Rhinoceros	3D,	and	others)	or	an	application	component	(Shaper,	Lofter	in	3ds	Max)	or	some	scene	description	language	(as	in	POV-Ray).	In	some	cases,	there	is	no	strict
distinction	between	these	phases;	in	such	cases,	modeling	is	just	part	of	the	scene	creation	process	(this	is	the	case,	for	example,	with	Caligari	trueSpace	and	Realsoft	3D).	3D	models	can	also	be	created	using	the	technique	of	Photogrammetry	with	dedicated	programs	such	as	RealityCapture,	Metashape	and	3DF	Zephyr.	Cleanup	and	further
processing	can	be	performed	with	applications	such	as	MeshLab,	the	GigaMesh	Software	Framework,	netfabb	or	MeshMixer.	Photogrammetry	creates	models	using	algorithms	to	interpret	the	shape	and	texture	of	real-world	objects	and	environments	based	on	photographs	taken	from	many	angles	of	the	subject.	Complex	materials	such	as	blowing
sand,	clouds,	and	liquid	sprays	are	modeled	with	particle	systems,	and	are	a	mass	of	3D	coordinates	which	have	either	points,	polygons,	texture	splats	or	sprites	assigned	to	them.	Main	article:	List	of	3D	modeling	software	There	are	a	variety	of	3D	modeling	programs	that	can	be	used	in	the	industries	of	engineering,	interior	design,	film	and	others.
Each	3D	modeling	software	has	specific	capabilities	and	can	be	utilized	to	fulfill	demands	for	the	industry.	Many	programs	include	export	options	to	form	a	g-code,	applicable	to	additive	or	subtractive	manufacturing	machinery.	G-code	(computer	numerical	control)	works	with	automated	technology	to	form	a	real-world	rendition	of	3D	models.	This
code	is	a	specific	set	of	instructions	to	carry	out	steps	of	a	product's	manufacturing.[12]	Main	article:	Virtual	actor	The	first	widely	available	commercial	application	of	human	virtual	models	appeared	in	1998	on	the	Lands'	End	web	site.	The	human	virtual	models	were	created	by	the	company	My	Virtual	Mode	Inc.	and	enabled	users	to	create	a	model
of	themselves	and	try	on	3D	clothing.	There	are	several	modern	programs	that	allow	for	the	creation	of	virtual	human	models	(Poser	being	one	example).	Dynamic	3D	clothing	model	made	in	Marvelous	Designer	The	development	of	cloth	simulation	software	such	as	Marvelous	Designer,	CLO3D	and	Optitex,	has	enabled	artists	and	fashion	designers	to
model	dynamic	3D	clothing	on	the	computer.[13]	Dynamic	3D	clothing	is	used	for	virtual	fashion	catalogs,	as	well	as	for	dressing	3D	characters	for	video	games,	3D	animation	movies,	for	digital	doubles	in	movies,[14]	as	a	creation	tool	for	digital	fashion	brands,	as	well	as	for	making	clothes	for	avatars	in	virtual	worlds	such	as	SecondLife.	3D
photorealistic	effects	are	often	achieved	without	wire-frame	modeling	and	are	sometimes	indistinguishable	in	the	final	form.	Some	graphic	art	software	includes	filters	that	can	be	applied	to	2D	vector	graphics	or	2D	raster	graphics	on	transparent	layers.	Advantages	of	wireframe	3D	modeling	over	exclusively	2D	methods	include:	Flexibility,	ability	to
change	angles	or	animate	images	with	quicker	rendering	of	the	changes;	Ease	of	rendering,	automatic	calculation	and	rendering	photorealistic	effects	rather	than	mentally	visualizing	or	estimating;	Accurate	photorealism,	less	chance	of	human	error	in	misplacing,	overdoing,	or	forgetting	to	include	a	visual	effect.	Disadvantages	compared	to	2D
photorealistic	rendering	may	include	a	software	learning	curve	and	difficulty	achieving	certain	photorealistic	effects.	Some	photorealistic	effects	may	be	achieved	with	special	rendering	filters	included	in	the	3D	modeling	software.	For	the	best	of	both	worlds,	some	artists	use	a	combination	of	3D	modeling	followed	by	editing	the	2D	computer-
rendered	images	from	the	3D	model.	A	large	market	for	3D	models	(as	well	as	3D-related	content,	such	as	textures,	scripts,	etc.)	exists—either	for	individual	models	or	large	collections.	Several	online	marketplaces	for	3D	content	allow	individual	artists	to	sell	content	that	they	have	created,	including	TurboSquid,	MyMiniFactory,	Sketchfab,
CGTrader,	and	Cults.	Often,	the	artists'	goal	is	to	get	additional	value	out	of	assets	they	have	previously	created	for	projects.	By	doing	so,	artists	can	earn	more	money	out	of	their	old	content,	and	companies	can	save	money	by	buying	pre-made	models	instead	of	paying	an	employee	to	create	one	from	scratch.	These	marketplaces	typically	split	the
sale	between	themselves	and	the	artist	that	created	the	asset,	artists	get	40%	to	95%	of	the	sales	according	to	the	marketplace.	In	most	cases,	the	artist	retains	ownership	of	the	3d	model	while	the	customer	only	buys	the	right	to	use	and	present	the	model.	Some	artists	sell	their	products	directly	in	their	own	stores,	offering	their	products	at	a	lower
price	by	not	using	intermediaries.	The	architecture,	engineering	and	construction	(AEC)	industry	is	the	biggest	market	for	3D	modeling,	with	an	estimated	value	of	$12.13	billion	by	2028.[15]	This	is	due	to	the	increasing	adoption	of	3D	modeling	in	the	AEC	industry,	which	helps	to	improve	design	accuracy,	reduce	errors	and	omissions	and	facilitate
collaboration	among	project	stakeholders.[16][17]	Over	the	last	several	years	numerous	marketplaces	specializing	in	3D	rendering	and	printing	models	have	emerged.	Some	of	the	3D	printing	marketplaces	are	a	combination	of	models	sharing	sites,	with	or	without	a	built	in	e-com	capability.	Some	of	those	platforms	also	offer	3D	printing	services	on
demand,	software	for	model	rendering	and	dynamic	viewing	of	items.	Main	articles:	3D	printing	and	Rapid	prototyping	The	term	3D	printing	or	three-dimensional	printing	is	a	form	of	additive	manufacturing	technology	where	a	three-dimensional	object	is	created	from	successive	layers	of	material.[18]	Objects	can	be	created	without	the	need	for
complex	expensive	molds	or	assembly	with	multiple	parts.	3D	printing	allows	ideas	to	be	prototyped	and	tested	without	having	to	go	through	a	production	process.[18][19]	3D	models	can	be	purchased	from	online	markets	and	printed	by	individuals	or	companies	using	commercially	available	3D	printers,	enabling	the	home-production	of	objects	such
as	spare	parts	and	even	medical	equipment.[20][21]	Steps	of	forensic	facial	reconstruction	of	a	mummy	made	in	Blender	by	the	Brazilian	3D	designer	Cícero	Moraes	3D	modeling	is	used	in	many	industries.[22]	The	medical	industry	uses	detailed	models	of	organs	created	from	multiple	two-dimensional	image	slices	from	an	MRI	or	CT	scan.	[23]	Other
scientific	fields	can	use	3D	models	to	visualize	and	communicate	information	such	as	models	of	chemical	compounds.[24]	The	movie	industry	uses	3D	models	for	computer-generated	characters	and	objects	in	animated	and	real-life	motion	pictures.	Similarly,	the	video	game	industry	uses	3D	models	as	assets	for	computer	and	video	games.	The	source
of	the	geometry	for	the	shape	of	an	object	can	be	a	designer,	industrial	engineer,	or	artist	using	a	3D	CAD	system;	an	existing	object	that	has	been	reverse	engineered	or	copied	using	a	3D	shape	digitizer	or	scanner;	or	mathematical	data	based	on	a	numerical	description	or	calculation	of	the	object.[18]	The	architecture	industry	uses	3D	models	to
demonstrate	proposed	buildings	and	landscapes	in	lieu	of	traditional,	physical	architectural	models.	Additionally,	the	use	of	Level	of	Detail	(LOD)	in	3D	models	is	becoming	increasingly	important	in	architecture,	engineering,	and	construction.[25][26]	Archeologists	create	3D	models	of	cultural	heritage	items	for	research	and	visualization.[27][28]	For
example,	the	International	Institute	of	MetaNumismatics	(INIMEN)	studies	the	applications	of	3D	modeling	for	the	digitization	and	preservation	of	numismatic	artifacts.[29]	In	recent	decades,	the	earth	science	community	has	started	to	construct	3D	geological	models	as	a	standard	practice.	3D	models	are	also	used	in	constructing	digital
representations	of	mechanical	parts	before	they	are	manufactured.	Using	CAD-	and	CAM-related	software,	an	engineer	can	test	the	functionality	of	assemblies	of	parts	then	use	the	same	data	to	create	toolpaths	for	CNC	machining	or	3D	printing.	3D	modeling	is	used	in	industrial	design,	wherein	products	are	3D	modeled[30]	before	representing	them
to	the	clients.	In	media	and	event	industries,	3D	modeling	is	used	in	stage	and	set	design.[31]	The	OWL	2	translation	of	the	vocabulary	of	X3D	can	be	used	to	provide	semantic	descriptions	for	3D	models,	which	is	suitable	for	indexing	and	retrieval	of	3D	models	by	features	such	as	geometry,	dimensions,	material,	texture,	diffuse	reflection,
transmission	spectra,	transparency,	reflectivity,	opalescence,	glazes,	varnishes	and	enamels	(as	opposed	to	unstructured	textual	descriptions	or	2.5D	virtual	museums	and	exhibitions	using	Google	Street	View	on	Google	Arts	&	Culture,	for	example).[32]	The	RDF	representation	of	3D	models	can	be	used	in	reasoning,	which	enables	intelligent	3D
applications	which,	for	example,	can	automatically	compare	two	3D	models	by	volume.[33]	List	of	3D	modeling	software	List	of	common	3D	test	models	List	of	file	formats#3D	graphics	3D	city	model	3D	computer	graphics	software	3D	figure	3D	printing	3D	scanner	3D	scanning	Additive	manufacturing	file	format	Building	information	modeling	CG
artist	Cloth	modeling	Computer	facial	animation	Cornell	box	Digital	geometry	Edge	loop	Environment	artist	Geological	modeling	Holography	Industrial	CT	scanning	Marching	cubes	Open	CASCADE	Polygon	mesh	Polygonal	modeling	Ray	tracing	(graphics)	Scaling	(geometry)	SIGGRAPH	Stanford	bunny	Triangle	mesh	Utah	teapot	Voxel	B-rep	^	"What
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