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Abstract.	Building	Information	Modeling	(BIM)	was	developed	as	a	transformative	methodology,	
particularly	 in	 the	 field	 of	 civil	 engineering,	making	 it	 possible	 to	harmonize	and	manage	all	
projects	involving	buildings	with	3D	modeling.	When	compared	to	traditional	2D	drawings,	BIM	
is	 capable	 of	 reducing	 errors	 and	 improving	 decision-making,	 in	 addition	 to	 the	 automatic	
extraction	of	quantities,	visual	simulation	of	construction	stages	and	the	management	of	time	and	
cost	parameters,	thus	impacting	the	quality	and	management	of	the	project.	This	article	seeks	to	
explore	the	conceptual	foundations	of	BIM,	showing	a	comparative	analysis	with	the	traditional	
CAD	 system,	 focusing	 on	 the	 differences	 in	 project	 coordination,	 documentation	 and	 data	
integration	throughout	the	life	cycle	of	buildings.	The	research	is	based	on	a	qualitative	review	of	
recent	academic	literature	and	case	studies.	The	results	show	that,	despite	the	challenges	of	its	
implementation,	such	as	high	 initial	costs,	software	acquisition	and	the	need	for	specific	team	
training,	its	long-term	benefits	are	widely	recognized	by	professionals	and	academics.	The	aim	of	
this	 article	 is	 to	 support	 the	 wider	 adoption	 of	 BIM	 in	 civil	 engineering	 as	 a	modernization	
strategy	in	view	of	the	increasing	complexity	of	projects.	
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1. Introduction 
The	 adoption	 of	 new	 digital	 technologies	 has	
significantly	 transformed	the	construction	 industry	
in	 recent	 decades.	 Building	 Information	 Modeling	
(BIM)	has	stood	out	as	an	 innovative	methodology,	
going	 beyond	 simple	 graphic	 representations	 of	
projects,	enabling	the	compatibility	of	all	information	
throughout	the	life	cycle	of	buildings.		

Comparing	 it	 to	 the	 traditional	 2D	 drawing	model,	
such	 as	 the	CAD	 (Computer-Aided	Design)	 system,	
used	 since	 the	 1980s,	 it	 presents	 numerous	
limitations	 regarding	 spatial	 visualization	 and	
efficiency	in	construction	processes.		

This	article	aims	to	analyze	the	impacts	of	BIM	in	civil	
engineering	 when	 compared	 to	 CAD,	 presenting	
advantages,	 challenges	 and	 its	 contributions	 to	 the	
modernization	of	the	sector.	

2. BIM Methodology vs. 2D 
Representation 

2.1 CAD: Traditional 2D Design Systems 
Computer-Aided	Design	(CAD)	systems	began	to	gain	
popularity	in	the	1980s	and	have	played	an	essential	
role	in	replacing	manual	drafting	in	engineering	and	

architecture.	 They	 allow	 professionals	 to	 digitally	
create	 and	modify	 two-dimensional	 (2D)	 or	 three-
dimensional	 (3D)	 technical	 drawings,	 such	 as	 floor	
plans,	sections,	and	construction	details	[1].	

CAD	improved	accuracy	and	efficiency	compared	to	
hand-drawing,	and	also	made	it	easier	to	reuse	and	
adjust	elements	during	the	design	process.	However,	
in	 traditional	 2D	 workflows,	 each	 drawing—like	 a	
floor	 plan	 or	 a	 section—needs	 to	 be	 updated	
manually	 when	 changes	 occur.	 That	 means	
inconsistencies	 can	 appear	 easily,	 especially	 in	
multidisciplinary	projects	where	coordination	is	key.	

Unlike	 BIM,	 CAD	 does	 not	 include	 embedded	
information	about	building	components.	It’s	mostly	a	
visual	and	geometric	tool.	Because	of	that,	it	does	not	
support	 things	 like	 cost	 estimation,	 construction	
sequencing,	 or	 building	maintenance	 data	 [2].	 Still,	
CAD	remains	widely	used,	particularly	in	smaller	or	
less	complex	projects,	or	in	public	offices	where	BIM	
implementation	is	not	yet	common.	

For	 example,	 many	 municipal	 engineering	
departments	 still	 rely	 heavily	 on	 CAD	 to	 produce	
urban	 infrastructure	 layouts	 and	 official	
documentation,	 even	 if	 newer	 technologies	 are	
available.	 In	 that	 sense,	 CAD	 continues	 to	 be	 a	
practical	 tool,	 though	 it	 does	 not	 meet	 the	 full	



	

 

information	needs	of	modern	construction	projects.	

While	CAD	was	a	revolution	in	its	time,	it	no	longer	
meets	the	demands	of	integrated,	data-driven	project	
management.	 Understanding	 its	 limitations	 helps	
explain	why	BIM	is	becoming	the	preferred	approach	
for	complex	and	multidisciplinary	works.	

2.2 BIM: Concept and Fundamentals 
Building	 Information	Modeling	 (BIM)	 is	more	 than	
just	 a	 software	 tool	 —	 it	 is	 a	 methodology	 that	
transforms	how	construction	projects	are	conceived,	
developed,	 and	 managed,	 going	 beyond	 the	
limitations	of	two-dimensional	drawings.	

BIM	can	be	defined	as	a	digital	representation	of	the	
physical	 and	 functional	 characteristics	 of	 a	 facility,	
creating	 a	 shared	 knowledge	 resource	 for	
information	 throughout	 its	 lifecycle	 [3].	 This	
approach	 allows	 all	 project	 stakeholders,	 such	 as	
architects,	engineers,	and	contractors,	to	collaborate	
using	 a	 single	 common	 platform,	 reducing	
misunderstandings	 and	 design	 errors.	 As	 Succar	
points	out,	“BIM	is	not	a	single	software	application,	
but	 a	 paradigm	 shift	 in	 the	 way	 information	 is	
created,	 managed,	 and	 exchanged	 in	 the	 AEC	
industry”	[4].	

Implementing	 BIM	 improves	 coordination	 at	 all	
stages	 of	 design	 and	 construction,	 helping	 identify	
potential	conflicts	early	and	providing	more	accurate	
time	and	cost	estimations.	These	benefits	make	BIM	
a	 more	 efficient	 and	 integrated	 alternative	 to	
traditional	 2D	 practices.	 According	 to	 Azhar,	 BIM	
brings	 “increased	 productivity,	 improved	 quality,	
reduced	 costs,	 and	 shorter	 project	 delivery	 times”	
[5].	

In	addition	to	design,	BIM	is	also	used	in	construction	
management	and	building	operations.	It	has	become	
increasingly	 relevant	 for	 existing	 buildings,	 though	
one	 of	 the	 main	 challenges	 remains	 the	 lack	 of	
reliable	and	structured	data	 [6].	This	highlights	the	
need	 for	 accurate	 information	 and	 robust	 data	
management	strategies	for	effective	long-term	use.	

In	 summary,	 BIM	 offers	 a	 comprehensive	 and	
collaborative	 approach	 to	 construction,	 enhancing	
project	 efficiency	 and	 supporting	 better	 decision-
making	from	design	through	operation.	

2.3 BIM and CAD in civil engineering 
practice 

The	 transition	 from	 Computer-Aided	Design	 (CAD)	
to	 Building	 Information	 Modeling	 (BIM)	 marks	 a	
significant	 shift	 in	 how	 construction	 projects	 are	
planned	 and	managed.	While	 both	 tools	 are	 digital	
and	 support	 technical	 drawing,	 their	 structures,	
capabilities,	and	purposes	differ	greatly.	

CAD	focuses	primarily	on	geometric	representation.	
In	2D	workflows,	plans,	sections,	and	elevations	are	
created	 separately	 and	 require	 manual	 updates	
when	 design	 changes	 occur.	 This	 often	 leads	 to	
inconsistencies,	especially	 in	complex	projects	with	

multiple	 disciplines.	 In	 contrast,	 BIM	 uses	 a	
centralized	3D	model	where	all	project	elements	are	
interconnected.	Any	 change	 in	 geometry	 or	 data	 is	
automatically	 reflected	 across	 all	 views	 and	
disciplines,	improving	consistency	and	collaboration	
[7].	

Another	key	difference	lies	in	the	level	of	information	
embedded	 in	 the	 models.	 CAD	 drawings	 contain	
mostly	visual	and	geometric	data,	while	BIM	includes	
semantic	 information	 such	 as	 material	 properties,	
quantities,	 cost	 data,	 and	 construction	 sequencing.	
This	allows	BIM	to	be	used	not	only	during	design,	
but	 also	 in	 construction	 planning	 (4D),	 budgeting	
(5D),	and	facility	management	(6D)	[8].	

For	 example,	 in	 a	 traditional	 CAD-based	workflow,	
quantity	take-offs	must	be	performed	manually	and	
updated	 after	 every	 modification.	 With	 BIM,	 this	
process	 is	 automated,	 saving	 time	 and	 reducing	
human	error.	 In	practice,	 this	means	more	 reliable	
cost	 estimation	 and	 better	 control	 of	 resources	
throughout	the	project	lifecycle.	

Although	both	systems	require	technical	knowledge,	
the	adoption	of	BIM	demands	broader	training,	as	it	
integrates	 design,	 data	 management,	 and	
collaborative	 workflows.	 Many	 companies	 still	 use	
CAD	 for	 specific	 tasks	 or	as	a	 starting	point	 before	
migrating	 to	 BIM	 environments.	 Understanding	
these	 differences	 helps	 professionals	 choose	 the	
right	 tool	 based	 on	 the	 project’s	 complexity,	 scale,	
and	goals.	

3. Impacts of BIM on Project 
Coordination and Design 
Visualization 

3.1 Overview and Advantages 
One	of	 the	most	 transformative	aspects	 of	Building	
Information	Modeling	(BIM)	is	its	ability	to	enhance	
coordination	 between	 disciplines	 involved	 in	 a	
construction	 project.	 In	 traditional	 2D	 workflows,	
architects,	 structural	 engineers,	 and	 MEP	
professionals	 typically	 work	 in	 separate	
environments,	 which	 increases	 the	 risk	 of	 design	
conflicts	 and	 inconsistencies.	 BIM	 resolves	 this	
fragmentation	 by	 enabling	 all	 project	 data	 to	 be	
integrated	into	a	single,	coordinated	3D	model.	This	
central	 model	 allows	 simultaneous	 collaboration,	
where	design	decisions	made	by	one	discipline	are	
immediately	 visible	 to	 others,	 reducing	 the	 risk	 of	
overlap,	omissions,	and	misunderstandings	[9].	

The	 clash	 detection	 feature	 is	 one	 of	 BIM's	 most	
powerful	tools	for	coordination.	Software	platforms	
like	 Autodesk	 Revit	 and	 Navisworks	 can	
automatically	 identify	 spatial	 conflicts	 between	
systems—such	 as	 a	 duct	 intersecting	 a	 beam	 or	 a	
pipe	 clashing	 with	 a	 column—well	 before	 the	
construction	phase.	This	preemptive	detection	helps	
avoid	costly	rework	and	delays	on	site.	For	instance,	
in	large-scale	hospital	or	airport	projects,	where	the	
density	of	systems	is	extremely	high,	clash	detection	



	

 

can	 reveal	 hundreds	 of	 issues	 during	 the	 design	
phase	 that	 would	 be	 nearly	 impossible	 to	 detect	
manually	[9].	

Another	 advantage	 is	 the	 improvement	 in	 design	
visualization.	 BIM	 models	 allow	 stakeholders	 to	
navigate	 the	 building	 virtually,	 using	 real-time	 3D	
walkthroughs,	exploded	diagrams,	and	section	cuts.	
This	 helps	 clients	 better	 understand	 spatial	
relationships,	material	selections,	and	design	intent,	
even	 if	 they	 are	 not	 technically	 trained.	 Architects	
and	designers	benefit	from	the	ability	to	test	multiple	
design	 options	 and	 receive	 immediate	 visual	
feedback.	Eastman	et	al.	emphasize	that	 interactive	
visualization	 plays	 a	 crucial	 role	 in	 improving	
communication	 and	 design	 validation	 in	
multidisciplinary	teams	[7].	

Moreover,	 BIM	 facilitates	 scenario	 analysis	 and	
option	 comparison.	 For	 example,	 designers	 can	
simulate	 alternative	 structural	 layouts,	 HVAC	
systems,	 or	 window	 placements	 and	 immediately	
assess	 their	 impact	 on	 space,	 aesthetics,	 and	 even	
energy	 efficiency.	 This	 kind	 of	 rapid	 iteration	 and	
comparison	 is	 far	 less	 feasible	 in	 traditional	 2D	
environments.	BIM	not	only	supports	visualization	of	
form	but	also	of	function—by	linking	geometry	with	
performance	 data	 like	 lighting	 levels,	 air	 flow,	 and	
material	behavior	under	load	[7].	

From	 a	 project	 management	 perspective,	 BIM	 also	
allows	 the	 generation	 of	 consistent	 and	up-to-date	
documentation,	 such	 as	 plans,	 sections,	 schedules,	
and	3D	views,	all	derived	from	a	single	model.	This	
ensures	alignment	across	disciplines	and	reduces	the	
time	spent	revising	documents	after	design	updates.	

3.2 Challenges and Limitations 
Despite	 the	 clear	advantages,	 implementing	BIM	 in	
project	coordination	 is	not	without	challenges.	One	
of	the	main	barriers	is	the	interoperability	between	
different	 software	 tools	 used	 by	 various	
stakeholders.	 While	 some	 teams	 may	 use	 Revit,	
others	 may	 rely	 on	 ArchiCAD,	 Tekla	 Structures,	 or	
other	 platforms.	 Even	when	 open	 formats	 like	 IFC	
(Industry	Foundation	Classes)	are	used	to	 facilitate	
file	 exchange,	 inconsistencies	 in	 translation	 can	
occur,	 leading	 to	 data	 loss	 or	 misalignment.	
According	 to	 Succar,	 achieving	 seamless	 BIM	
collaboration	requires	not	only	compatible	software	
but	 also	 a	 shared	 understanding	 of	 modeling	
protocols,	 naming	 conventions,	 and	 object	
hierarchies	[10].	

Another	significant	issue	is	the	varying	levels	of	BIM	
maturity	 among	 project	 participants.	 While	 some	
firms	operate	at	a	high	level	of	model	detail	(LOD	300	
or	 above),	 others	 may	 still	 use	 basic	 geometric	
representations	 with	 minimal	 data.	 This	 disparity	
complicates	the	integration	process	and	often	leads	
to	confusion	over	model	responsibilities	and	scope.	
For	example,	 in	 a	design-build	project,	a	 structural	
engineer	 may	 expect	 the	 architectural	 model	 to	
contain	certain	annotations	or	dimensions	that	were	
never	 included	 due	 to	 mismatched	 expectations.	

Without	 a	 well-defined	 BIM	 Execution	 Plan	 (BEP),	
these	conflicts	become	more	frequent	[11].	

The	human	factor	also	plays	a	crucial	role.	Adopting	
BIM	 requires	 not	 only	 investment	 in	 software,	 but	
also	training,	time,	and	a	cultural	shift	in	how	teams	
collaborate.	 Coordinating	 models	 in	 a	 BIM	
environment	 involves	 understanding	 model	
structure,	 object	 data,	 shared	parameters,	and	how	
changes	 affect	 other	 disciplines.	 In	 organizations	
where	 professionals	 are	 accustomed	 to	working	 in	
isolated	silos,	this	transition	can	be	difficult.	As	Volk	
et	al.	observe,	the	absence	of	structured	training	and	
institutional	 support	 continues	 to	 hinder	 full	 BIM	
integration,	particularly	in	small	and	mid-sized	firms	
that	 lack	 internal	 BIM	 managers	 or	 resources	 for	
continuous	learning	[11].	

Furthermore,	 the	 initial	 implementation	 phase	 of	
BIM	can	be	time-consuming.	Setting	up	models	with	
accurate	 shared	 coordinates,	 developing	
standardized	 families,	 and	 configuring	 clash	
detection	 parameters	 requires	 experience	 and	
planning.	If	done	improperly,	the	model	can	become	
a	 source	 of	 confusion	 rather	 than	 clarity.	 For	 this	
reason,	 many	 firms	 start	 by	 applying	 BIM	 only	 to	
certain	 phases	 or	 disciplines,	 limiting	 its	 full	
coordination	potential.	

4. Conclusions 
The	 adoption	 of	 Building	 Information	 Modeling	
(BIM)	 represents	 a	 paradigm	 shift	 in	 civil	
engineering,	 offering	 a	 more	 integrated,	 accurate,	
and	 collaborative	 approach	 to	 the	 design,	
construction,	 and	 management	 of	 built	
environments.	 Compared	 to	 traditional	 CAD-based	
methods,	 BIM	 provides	 substantial	 advantages	 by	
consolidating	 multidisciplinary	 information	 into	 a	
single,	intelligent	model.	This	enhances	coordination	
between	 stakeholders,	 enables	 real-time	 clash	
detection,	 and	 improves	 design	 quality	 and	
visualization,	 thereby	reducing	 errors,	 rework,	and	
cost	overruns	throughout	the	project	lifecycle.	

As	discussed,	BIM's	capacity	to	simulate	construction	
sequences,	 estimate	 quantities	 and	 costs,	 and	
manage	data	across	phases	makes	it	a	powerful	tool	
not	only	for	technical	execution	but	also	for	strategic	
project	planning.	From	early	design	stages	to	facility	
management,	 its	 application	 supports	 better-
informed	 decisions	 and	 long-term	 asset	
performance.	Particularly	in	large-scale	and	complex	
projects—such	 as	 hospitals,	 airports,	 or	
infrastructure	 networks—BIM	 facilitates	 a	 level	 of	
control	 and	 foresight	 that	 would	 be	 difficult	 to	
achieve	using	2D	methods	alone	[7].	

However,	to	fully	realize	these	benefits,	it	is	essential	
to	 address	 existing	 challenges.	 These	 include	
software	 interoperability,	 varying	 levels	 of	 BIM	
maturity	 among	 collaborators,	 and	 the	 need	 for	
continuous	 training	 and	 organizational	 adaptation.	
Without	clear	implementation	protocols	and	cultural	
readiness,	 BIM	 risks	 being	 underutilized	 or	
inconsistently	 applied.	 As	 noted	 by	 Khosrowshahi	



	

 

and	 Arayici,	 successful	 BIM	 adoption	 requires	 not	
only	 technological	 investment	 but	 also	 strategic	
change	 management	 at	 all	 levels	 of	 the	 project	
organization	[12].	

In	conclusion,	BIM	should	not	be	viewed	merely	as	a	
software	upgrade	but	as	a	holistic	transformation	in	
how	 civil	 engineering	 projects	 are	 conceived,	
communicated,	 and	 executed.	 As	 the	 construction	
industry	 faces	 increasing	 pressure	 for	 efficiency,	
sustainability,	 and	 accountability,	 the	 use	 of	 BIM	
emerges	 as	 a	 necessary	 evolution—one	 that	 aligns	
technical	precision	with	collaborative	intelligence.	
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