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AHHOTALMUA

BeedeHue. Ha npomsxxeHuu decamunemull ¢haza 3KCrlyamayuu U mexHu4eckozo obcryxusaHus ob6bekmos
ocmaseanack Haubonee npodomkumernbHoU, dopozocmosiuel u pecypcoémkol. OcobeHHO ocmpo ama npo-
briema nposieriiemcsi 8 pPas3guUBAKOULUXCS cmpaHax, 20e Mo-NPexHeMy NPUMeEHsItomcsi mpaduyuoHHbIe MoOXo0bl,
Xapakmepusyrowuecsi omcymcmeueM CO8PeMEHHbIX MexHomo2ull yrnpasieHuss pecypcamu U UcCrofb308aHUeM
ycmapeswux 3KCrlyamalyuoHHbIX MPOUeccos, Cesi3aHHbIX C 8bICOKUM 3HepaornompebneHuem. Obpasosamerisb-
Hble 06beKmMbI, maKue Kak WKosbl U yHugsepcumemsl, mpebyrom aghchekmugHOU opaaHu3ayuu 3Kcriayamayuu u
mexHuU4YecKoe2o obcryusaHusi ecriedcmaue Ux MoCMOosIHHO20 06WeCmMBeHHO20 UCMOIb308aHUS U 8aXHOU ponu 8
passumuu mMecmHbix coobwecms. O0Hako On1si mpaduyUOHHOZ0 yripaeneHus aKkcrayamayuel 30aHull 8 pa3su-
8aloOLUXCs1 cmpaHax, eKrodasi Mipak, xapakmepHbi ¢hpaeMeHmauyusi UHGhopMayUOHHbIX MOMOKO8, omcymcmeue
npogunakmuyeckoeo obcryxugaHusi U HeHadnexauwee yrpasneHue 0aHHbIMU 06 akmueax. VIHghopmayuoHHoe
modernuposaHue 30aHull (MM3), ocHogaHHOe Ha cmpyKmMypupo8aHHbIX OaHHbIX, 8U3yanu3ayuu u uHmeespayuu ¢
KOMIbomMepu3upo8aHHbIMU cuCmeMamMu yrpasieHuUs mexHuU4Yeckum obcryxueaHuem, obnadaem 3Ha4yumerbHbIM
romeHuyuanom 05151 CO8EPUIEHCMBOBaHUS MPOUECCO8 IKCIyamayuu U MmexHU4eckoao obcyXugaHus.
Mamepuanbl u MemoOsl. B uccnedosaHuu npednasaemcsi cmpykmypa pabodyeeo rpouecca Ha 0OCHO8e UHQOP-
MayuoHHo20 modenuposaHusi 30aHuli 0551 yrnpasneHusi obbekmamu obpasosamerbHOU UHGbpacmpyKkmypbl 8 pas-
gusaruuxcs cmpaHax. B pamkax memamuyeckoeo uccredogaHuUsi aHanu3upyemcs cyuwecmsyrowul rnpoyecc
ynpaeneHus obbekmamu 8 munu4yHoU wkosne eopoda Anb-Kym, pacrnonoxeHHo20 8 ueHmparneHoU Yacmu Vpaka.
B uccrniedosaHuu 8bIsiMSAOMCS OCHOBHbIE npernamemeus u pa3pabamsigaemcsi paboyuli Mpoyecc npuUMeHeHuUsi
UHGhopMayuoHHO20 ModernuposaHusi 30aHull Ha amarne yrnpaeneHus obbekmamu, 06beduHsIoWUl cmpoumersb-
HbIU KOHMPOIb, 0b6MeH uHgopmayuel o 30aHuU, Uugposoe hopMuUpPOBaHUE U 8bIMNOIIHEHUE 3as80K Ha pabombl, a
makxe nnaHuposaHue npoguIaKmMuU4ecKo2o mexHuU4YecKko2o 0bCyxueaHusl.

lMonyyeHHble pe3ynbmambl eMOHCMPUPYM, YMO MpUMeHeHUEe UHGOPMayUuoHHO20 ModeruposaHusi 30aHull 8
cucmeme ynpasneHusi ob6bekmamu nosbiwiaem 0ocmynHocmb 0aHHbIX U yriydwaem e3aumoodelicmeue Mexoy 3a-
UHMepecos8aHHbIMU cmopoHamu. Bmecme ¢ mem oHO 8bisigrisiem psid ogpaHuyeHUl, 8KIYast 8bICOKUE 3ampamab|
Ha 8HeOpeHue, HexeamKy KeanuguuyuposaHHbIX Kadpog U HedocmamoYyHO pa3gumyro uugposyto UHhpacmpyk-
mypy. B uccnedosaHuu npednazaemcsi Hogasi MemoQoosioausi, MpuMeHuUMasi 8 20cydapcmeeHHbIX obpa3osamerib-
HbIX y4pex0eHUsIX peauoHO8 C 02paHUYeHHbIMU pecypcamu. Ima Memodorioausi co30aém ocHosy 0115 BHEOPeHUs
ycmou4usbIx npakmuk yripasneHusi obpaszoeameribHbIMU 06bekmamu.

3aknroyeHue. B uccnedosaHuu Oenaemcs 8b18600 0 MOM, YmMoO 8HeOpeHUe UHhOpMayUOHHO20 MOJeupos8aHusi
30aHull 8 cucmeMy yrnpasneHusi 0bbekmamu 8 pa3eusaroUUXCsl cmpaHax CrlocoOHO Mo8bICUMb OnepayUOHHYH
aghgpekmusHocmb U HadéxHocmb akmueos. OOHaKo e20 peanusayuu Mpensmcemasyrom makue hakmopbl, Kak
Hexeamka KeanughuyuposaHHO20 repcoHasa, omcymcemeue cmaHO0apmos UHEOPMayUOHHO20 MOOenupo8aHus
30aHull U 8bICOKUE rnepeoHaqaribHble 3ampamabl Ha 8HEOPEHUE.

Hecmompsi Ha amu oepaHuYeHusi, npednazaemasi cucmema ripedcmaesrnsiem coboli cmpyKmypupoeaHHbIU Moo-
X00 K UHmMezpayuu UHGhopMayUuoHHO20 ModenuposaHusi 30aHull 8 yrpasrieHue obbekmamu C Uerbio ro8bILEHUS
ycmouyusocmu obpasosameribHOU UHgbpacmpykmypsbl. B 6ydyujux uccrnedosaHusix HeOb6X0O0UMO pacuiupuma
8bI6OPKY 3a CHEM BKITHHYEHUST HECKOMIbKUX 0bpasoeameribHbIX yupexx0eHul U rnpoaHanu3uposamse 005120CPOYHOEe
coomHouwieHue 3ampam u 8bi200.
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ABSTRACT

Introduction. For decades, operation and maintenance has been the longest, most costly, and most resource-in-
tensive phase of a project, especially in developing countries where traditional practices are still in place, which
include a lack of modern resource management technologies and a reliance on antiquated operating systems that
use a lot of energy. Educational projects like schools and universities require effective operation and maintenance
processes due to their continuous public usage and importance for community development. However, traditional
facility management in developing countries like Iraq is characterized by fragmented information flows, insufficient
preventative maintenance, and poor asset data management. Through the use of organized data, visualization, and
links to computerized maintenance management systems (CMMS), Building Information Modeling (BIM) has shown
potential for improving operation and maintenance practices.

Materials and Methods. This paper proposes a Building Information Modeling-Facility Management )BIM-FM(
workflow framework within the context of educational infrastructure in developing countries. Adopting a case study
approach, the study analyzes the existing FM process in a typical school in Kut city, central Iraq, highlights ob-
stacles, and develops a BIM-FM workflow that integrates Construction Operations Building information exchange
(COBie), digital work orders, and preventive maintenance planning.

The findings demonstrate that the BIM-enabled FM framework improves data availability and stakeholder collab-
oration, while also revealing limitations such as high implementation costs, lack of skilled labor, and insufficient
digital infrastructure. The study proposes a novel methodology that can be applied to public educational facilities in
resource-constrained environments, laying the groundwork for sustainable school management practices.
Conclusion. The study argues that a BIM-FM workflow during the operational phase of educational buildings in
developing countries can enhance operational efficiency and asset dependability; nevertheless, its implementation
is hindered by challenges including a shortage of qualified staff, a lack of BIM standards and high early expenses
for operations and maintenance. Notwithstanding these limitations, the framework provides a structured approach
for incorporating BIM into FM to increase the sustainability of educational infrastructure. Future research should
expand the scope to include several schools and analyze the long-term cost-benefit implications.
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INTRODUCTION

Facility management (FM) encompasses
planning, implementing and managing the opera-
tional stage of a constructed asset’s lifecycle, em-
phasizing maintenance, space management, risk
evaluation, and sustainability [1]. It is essential for
improving organizational efficiency and success-
fully resolving prevalent maintenance challenges
and defects [2][3]. FM still faces significant chal-
lenges related to information managementissues.
As a result, effective digital tools for the systemat-
ic storage, centralizing, retrieval, and continuous
updating of data from the building phase must be
developed [4][5]. Currently, a significant portion of
building maintenance data is still recorded in pa-
per-based formats, consisting of manuals, tech-
nical documents, and 2D drawings. Furthermore,
this critical information is frequently provided to
the facility owner several months after the com-
mencement of the facility’s operational phase
[6]. To conduct inspections and maintenance
effectively, FM personnel require access to geo-
spatial data that enables the precise localization
of building components during regular technical
inspections and maintenance [7]. Nevertheless,
FM technicians frequently encounter difficulties
when attempting to reference traditional two-di-
mensional computer-aided design-based on-site
information, which consequently results in inef-
ficient allocation of personnel resources [8]. For
building information modeling (BIM), data must
be precise, current, and tailored to the FM team’s
needs. The data is expected to be continuous-
ly collected, preserved, and utilized throughout
the entire life cycle. In a traditional approach, the
main contractor delivers all asset information to
the customer only upon construction completion
[9].

Ariffin (2023) asserts that a comprehensive
strategy is crucial for planning and running facili-
ties [9]. This entails having a carefully considered
strategy for both building construction and cur-
rent administration. The information derived from

building assets is essential for regular operations
controlled via specialized FM tools. Integrating
this crucial information into the building model
would eliminate the need for different asset man-
agement systems. Consequently, users could ob-
tain all relevant data from one database, simplify-
ing facility operations and enhancing operational
efficiency.

The novelty of this study lies in extending BIM
implementation from the design and construction
stages to the operation and maintenance stage
in the construction sectors of the developing
countries. The research fills a significant gap in
both academia and industry practice. Countries
such as Iraq still rely heavily on paper-based and
traditional methods of facility management tech-
niques. The proposed Building Information Mod-
eling-Facility Management) BIM-FM( architecture
offers an efficient way to integrate digital building
information into maintenance and operation pro-
cedures.

This paper presents a case study, delineat-
ing its contextual framework and the prevailing
conditions of conventional FM processes. The
study introduces BIM-FM workflow, meticulously
designed for the systematic acquisition and rep-
resentation of FM data. This methodology is pred-
icated upon leveraging BIM functionalities and
adhering to Lean principles, thereby providing ro-
bust support for the comprehensive FM domain.
Furthermore, a comparative analysis evaluates
the performance of the proposed BIM-FM frame-
work against traditional FM practices. Finally, the
paper outlines the challenges encountered during
the case study and discusses its conclusions.

LITERATURE REVIEW

Once design and construction stakeholders
hand over a building, FM is deployed to oversee
and administer the asset, thereby delivering sus-
tained value to the client for an extended period
subsequent to its handover [10][11]. BIM is rec-
ognized as a pivotal element in enhancing the ef-
ficacy of decision-making processes throughout
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the entire building lifespan [12], thereby mitigating
unnecessary costs and preventing redundant re-
work within a cooperative operational paradigm
[13].

Carbonari [14] developed a framework based
on two distinct case studies, demonstrating that
the graphical component in BIM-FM implementa-
tion for existing structures should be minimized.
Instead, the primary emphasis, as concluded,
should be directed towards the precise identifica-
tion of crucial data required for the construction of
comprehensive whole-life models.

From initial conceptualization to the comple-
tion of building operations, automated frame-
works were utilized to expedite the creation of as-
built BIMs, which incorporate onsite alterations
made by contractors to the original design [15].
Accurate incorporation of BIM data into a CMMS
is significant to optimizing its utilization through-
out the FM stage. This ensures that static infor-
mation is converted into dynamic inputs that raise
the standard of technological operation and main-
tenance efficiency.

By providing a framework for collecting and
exporting necessary asset data while ensuring
information integrity, the COBie standard bridges
the gap between design and implementation data
and facility operations needs [4][16]. Integrating
COBie data with various CMMS allows infrastruc-
ture managers easily access elements and their
characteristics [17]. International data standards
such as COBie, which facilitate collection and re-
cording of important data, must be followed at the
beginning of projects [18]. In order to obtain data
relevant to operations and maintenance, facility
managers are expected to be involved at an early
stage of the project [19][20].

MATERIALS AND METHODS

In this paper, a case study approach was used
to assess the effectiveness of BIM-supported pro-
cesses in improving maintenance and operations
at an educational facility in a developing country.
This methodology is suitable for evaluating con-
temporary FM techniques in their actual opera-
tional environment, particularly when the bound-
aries between the phenomenon and its context
are not clearly defined. In developing countries,
such as Iraq, digital transformation is still in its
early phases, and many public facilities — includ-
ing educational buildings — continue to rely on tra-
ditional, paper-based FM procedures. The case
study approach enables a more thorough anal-
ysis of the real-world challenges encountered
during the operations and maintenance )O&M(
stage, alongside an assessment of the prospec-
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tive enhancements offered by a BIM-driven work-
flow.

The chosen case study focuses on a typical
public-school building that represents the cur-
rent state of educational infrastructure in Iraq.
There were several maintenance issues within
the school facility. Most of them were repaired or
replaced during its operational phase by follow-
ing a corrective maintenance approach, without
the application of a preventive maintenance plan
and standard operating procedures. The FM staff
established tasks, carried them out using pa-
per-based documentation, and kept the ensuing
reports in either physical or electronic files as part
of a traditional preventive maintenance workflow.
As a result, when issues emerged, a significant
time was lost searching for manuals, previous
maintenance documents, or equipment details.

The study utilized observations, interviews
with employees, and documentation evaluation to
record the current FM procedure in order to iden-
tify this issue. Following this, the existing situation
was mapped into a workflow diagram that shows
how maintenance tasks are initiated, monitored,
executed, and stored under the conventional sys-
tem.

A BIM-enabled FM process was developed
to address the limitations identified during the
diagnostics. Two primary inputs that shaped the
workflow were (A) a BIM dataset that included all
essential school systems and equipment, and (B)
asset data that was collected and arranged us-
ing the COBie framework. These inputs served
as the foundation for a digital FM platform capa-
ble of centralizing data, generating maintenance
work orders, as well as supporting personnel in
executing both preventative and corrective main-
tenance tasks.

To ensure continuous information flow and
minimize inefficiencies, the BIM-FM workflow was
developed by aligning BIM functionality with FM
requirements and Lean principles. While the CO-
Bie database enabled centralization and retrieval
of equipment attributes, historical maintenance
data, warranties, and maintenance tasks, the
BIM model was utilized for visual identification of
building elements. Consequently, the traditional
reporting system was replaced with a computer-
ized work order framework designed to stream-
line maintenance operations.

Finally, a process for data sharing was estab-
lished to define the data exchange mechanism
among the FM platform, COBie spreadsheets,
and the BIM model. Preparing BIM parameters
within authoring tools, setting up spaces and
equipment locations, populating asset attributes,
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validating COBie data accuracy, and integrating
the compiled information into the FM system com-
prised all the steps in the process. This approach
made it possible to evaluate improvements in
data accessibility, task execution, and information
completeness by contrasting the suggested BIM-
FM process with the conventional FM practices.

1.1 CASE STUDY: SCHOOL BUILDING

The selection of the existing school building
for this study was driven by the observation that
the maintenance of government buildings in Iraq
frequently deviates from established manage-
ment systems. Furthermore, facility managers in
this sector face critical challenges such as aging
infrastructure, suboptimal energy efficiency, and
a pervasive lack of critical asset information, all of
which impede effective decision-making in main-
tenance operations.

The building selected for the study is Al-Rabab
Secondary School, located in the city center of
Kut, Wasit Governorate, Iraq. The school was
constructed as part of the National Program for
the Construction of 1,000 Model Schools, im-
plemented under an lIragi-Chinese agreement
by the Powerchina Company, and is owned and
administered by the Iraqgi Ministry of Education.
The project consists of three building models (a
12-classroom model, an 18-classroom model,
and a 24-classroom model). The selected case
study building follows the 24-classroom model,

representing one of the largest educational build-
ing models within the program. The structure
comprises three stories and incorporates a range
of academic, administrative, and auxiliary service
spaces.

The educational facility operates continuously,
experiencing high daily occupancy, which conse-
quently accelerates the wear and deterioration
of its various structural and mechanical compo-
nents. During the construction phase, a conven-
tional project delivery methodology was used,
lacking explicit BIM requirements for O&M lifecy-
cle. Consequently, the documentation provided
to the FM department consisted of a fragmented
collection of two-dimensional architectural draw-
ings, equipment manuals, and disparate reports.
An integrated digital model or a systematically or-
ganized asset database was notably absent.

Numerous operational incidents and sys-
tem malfunctions, including HVAC breakdowns,
plumbing deficiencies, lighting defects, and sewer
line blockages, were documented throughout the
operating stage. Maintenance operations were
often reactive, focusing mostly on fixing urgent
issues. Due to labor constraints and budget lim-
itations, preventive maintenance was carried out
intermittently. Following each activity, technicians
generated paper-based reports, shared via email
or kept in physical binders. Data duplication, in-
formation gaps, and documentation inaccuracies
were common consequences of this approach.

Figure 1 — A 3D Model for the case study
Source: compiled by the authors.
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Maintenance personnel lost a significant
amount of time navigating disjointed file systems
to verify past repair statuses, retrieve equipment
data, or locate components. The root cause of
this inefficiency was the lack of a centralized
data source and standardized procedures. Con-
sequently, to capture and document the current
state, this research employed a traditional ap-
proach as illustrated in figure 2.

Preventive
Maintenance Plan

Facility
Manager

Figure 2 — Traditional maintenance task process
Source: compiled by the authors.

1.2 BIM-FM FREMWORK METHODOLOGY
PROPOSAL

Given the constraints identified in the con-
ventional maintenance process, it was essential
to present an innovative approach supported by
BIM capabilities and structured data workflows.
The proposed BIM-FM workflow integrates CO-
Bie data with an electronic work order (WO)
framework linked to the BIM model. The main ob-
jectives are to reduce time loss, ensure access
to precise data, and facilitate effective planning
for both corrective and preventative maintenance.
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Figure 3 — BIM-based approach to maintenance planning
Source: compiled by the authors.
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The BIM-FM integration methodology relies
on data flows from two primary sources: the CO-
Bie standard for asset information and the as-built
spatial BIM model. In order to ensure operation-
al efficiency, synchronous connectivity between
these components is established, with the inte-
grated data exported to the EcoDomus cloud-
based common data environment. Given that the
COBie data provides significant maintenance-re-
lated information, only minimal modifications are
normally performed within Ecodomus. If it is es-
sential to add or delete components from the as-
built BIM model, a native modeling software, such
as Revit, can be used for further modification and
updating.

As required for information transmission, CO-
Bie format entails certain procedures to ensure

Figure 4 — Revit-to-FM platform-based data exchange process

Source: compiled by the authors.

data accuracy and reliability. This approach rep-
resents spatial layout and asset identification of
the project by consolidating various types of data.

The metadata in the BIM model is mapped to
the COBie format via the COBie extension in Re-
vit software. Thus, this extension exports the file
as the final output after transferring data from the
model elements to specific COBie attributes. The
COBie extension process includes several steps,
starting with project setup and defining contacts
and zones, proceeding to selecting elements,
maintenance data, and formatting adjustments,
and concluding with final data export to a COBie
Excel file via the Autodesk COBie extension. This
file is of crucial importance, as it serves as the pri-
mary reference for design and construction data
required for efficient FM.
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7 Class RO1@yahoo.com |nfa Room |Ground Floor|n/a |Autodesk Revit 2020, Build: 20190327 _2315(x64) |fcSpace |foch732a{AC A01_2 [n/a n/a 39
g Class RO1@yahoo.com |nfa Room _|Ground Floor|n/a |Autodesk Revit 2020, Build: 20190327 _2315(x64) |fcSpace |focb732a{AC A01_3 [n/a n/a 38.72
g [Class RO1@yahoo.com |nfa Room _|Ground Floor|n/a |Autodesk Revit 2020, Build: 20190327 Space |fbcb732a|AC A01_4 n/a n/a 38 82
10 Class RO1@yahoo.com |nfa Room _|Ground Floor|n/a |Autodesk Revit 2020, Build: 20190327 : Space |fbcb732a|AC A01_S [n/a n/a 3916
11 Class RO1@yahoo.com |nfa Room _|Ground Floor|n/a |Autodesk Revit 2020, Build: 20190327 : Space |fbcb732a|AC A01_6 [n/a n/a 38 82
12 Computer room | RO1@yahoo.com [nfa Room |Ground Floor|n/a |Autodesk Revit 2020, Build: 20190327 _: It Space |bcb732a|AC A01_7 [n/a n/a 37
13 |Librarian RO1@yahoo com |nfa Room |Ground Floor|n/a |Autodesk Revit 2020, Build: 20190327 _: Space |bcb732a|AC A01_8 [n/a n/a 37
14 | Teachers room  |RO1@yahoo com |nfa Room |Ground Floor|n/a |Autodesk Revit 2020, Build: 20190327 _: Space |fbcb732a|AD A01_1 [n/a n/a 15
15  Teachers room RO0@yahoo.com [n/a Room |Ground Floor|n/a |Autodesk Revit 2020, Build: 20190327 Space |fbcb732a|AD A01_2 [n/a n/a 15

16 Headmaster room RO1@yahoo.com |n/a Room |Ground Floor|n/a

|Autodesk Revit 2020, Build: 20190327_2315(x64) |ifcSpace |fbcb732a/AD A01_3 [n/a n/ia 15

17 |Assistant room  |RO1@yahoo.com [n/a Room |Ground Floor|n/a

|Autodesk Revit 2020, Build: 20190327_2315(x64) |IfcSpace |fbcb732a1AD A01_4 [n/a nia 11

18 |Accou. room RO1@yahoo.com [n/a Room _|Ground Floor|n/a

|Autodesk Revit 2020, Build: 20190327 _2315(x64) |ifcSpace |fbeb732a{AD A01_5 |n/a n/a

1 |BOOKS store RO1@yahoo.com [n/a Room _|Ground Floor|n/a

|Autodesk Revit 2020, Build®

20190327 _2315(x64) |fcSpace |bcb732a{AD A01 6 |n/a n/a 11
2

20 Toilet ROO@yahoo.com |nfa nia Ground Floor|n/a |Autodesk Revit 2020, Build: 20190327 : Space |fbcb732a|AD A01_7 [n/a n/a
21 Toilet ROO@yahoo.com |nfa nia Ground Floor|n/a |Autodesk Revit 2020, Build: 20190327 : Space |fbcb732a|AD A01_8 [n/a n/a 4
22 Toilet RO2@yahoo.com [nfa n/a Ground Floor|n/a |Autodesk Revit 2020, Build: 20190327 : Space |fbcb732a|CO A01_1|n/a n/ia 3
23 | Toilet RO2@yahoo com |nfa nia Ground Floor|n/a |Autodesk Revit 2020, Build: 20190327 _: Space |fbcb732a|CO A01_1[n/a n/a 3
24 |Entrance Hall RO2@yahoo com |nfa nia Ground Floor|n/a |Autodesk Revit 2020, Build: 20190327 _: Space |fbcb732a|CO A01_1[n/a n/a 3
25 Hall RO2@yahoo.com |nfa nia Ground Floor|nfa |Autodesk Revit 2020, Build: 20190327 _2315(x64) |fcSpace |foch732a{C0O A01_1[n/a n/a 140
26 Exch. room RO2@yahoo.com [n/a Room |Ground Floor|n/a |Autodesk Revit 2020, Build: 20190327_2315(x64) |IfcSpace |fbcb732a{C0O A01_1|n/a n/a 6
27 |Exch. room RO2@yanoo.com |nfa Room |Ground Floor|n/a |Autodesk Revit 2020, Build: 20190327_2315(x64) |IfcSpace |fhcb732a/CO A01_1[n/a nia @
28 Bath BR1@yaoo com |nfa Room _|Ground Floor|n/a |Autodesk Revit 2020, Build: 20190327 _2315(x64) |fcSpace |fbcb732a{CO A01_2[n/a n/a 3

1

2g | Guard room ROO@yahoo.com [n/a Room _|Ground Floor|n/a

|Autodesk Revit 2020, Build: 20190327 _2315(x64) |ifcSpace |fbcb732a{CO A01_2|n/a n/a

30 ELECTRIC ROOM RO1@yahoo.com nfa Room _|Ground Floor|n/a |Autodesk Revit 2020, Build: 20190327 : Space |fbcb732a|CO A01_7[n/a n/a 8

31 Class RO1@yahoo.com |nfa Room__|First Floor n‘a |Autodesk Revit 2020, Build: 20190327 : Space AC AD2 1 |n/a n/a 39

32 Class RO1@yahoo.com |nfa Room [First Floor _ |nfa |Autodesk Revit 2020, Build: 20190327 : IfcSpace AC AD2_2|n/a n/a 39

33 |Class RO1@yahoo com |nfa Room |First Floor _ |nfa |Autodesk Revit 2020, Build: 20190327 Space AC AD2_3 |n/a n/a 39
Cla nia B, Eirst Elnor

RESULTS AND DISCUSSION

With a set of fundamental BIM technology fea-
tures tailored to the practical constraints related
to educational facilities in developing countries,
the suggested BIM-enabled FM framework facili-
tates maintenance tasks. During both preventive
and corrective maintenance procedures, these
features are designed to improve decision-mak-
ing, reduce response times, while enhancing in-
formation accessibility.

1. Accurate Location and Identification
of Building Components

One of the primary problems with traditional

m. m nia it ot Ruild- 90100237 224 A/wRAV fr@nare [ARReINOA AT AN A Inia n/a 20
I L NN S AR v | Connecton [ Spore  Resource [ob it ] vocument [RURRE

Figure 5 — COBie file for the school building
Source: compiled by the authors.

maintenance procedures is locating building com-
ponents, particularly those concealed in service
tunnels or ceilings. Integrating the BIM model
within the FM system, allows technicians to visu-
ally find assets such as HVAC equipment, valves,
electrical panels, and plumbing connections.
Since COBie links each component to its relevant
attribute data, technicians can access equipment
specifications, installation dates, and mainte-
nance histories within the model. This function-
ality significantly reduces asset search time and
prevents redundant site checks.

[ MEP System

—

Figure 6 — Service document integration for indoor ventilation equipment via Ecodomus

Source: compiled by the authors.
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2. Improved Maintainability

All activities, including preventative and cor-
rective maintenance, must be documented us-
ing WOs as part of BIM-supported maintenance
management (MM) approach. Consequently, fa-
cility managers can precisely find and diagnose
issues as well as make best decisions based on
real-time data. Recurrent WOs for a specific com-
ponent indicate that the equipment is defective,
suggesting component replacement and a review
of its warranty status.

3. Prioritization and coordination of
maintenance

Preventive maintenance refers to systemat-
ically performed operations on components or
structures to minimize the likelihood of failure.
Conducted when the equipment or component
is still in service, this form of maintenance aims

to extend the lifecycle of the system or facility.
Within the facility management sector, deferred
maintenance severely impacts facilities and build-
ing structures, resulting in substantial long-term
financial and resource losses. According to a sur-
vey by the Council of Great City Schools [14], ev-
ery $1 spent on planned maintenance saves $5 in
deferred maintenance costs.

Building maintenance is a complex and in-
formation-intensive process. The Mechanical,
Electrical, and Plumbing (MEP) systems also in-
clude ventilation and fire protection systems, all
of which require routine preventive maintenance.
As the BIM database consolidates all the required
information to enable stakeholder access to crit-
ical building information, a specialized Dyna-
mo-based tool was developed in this study, which
allows managers to define operational priorities.

Table 1

Task execution time comparison: conventional FM vs. proposed BIM-FM process per incident

Source: compiled by the authors.

Task Conventional FM (min) Proposed BIM-FM (min) Time Savings (min)
Request Submission 10 3 7
Problem Identification 45 5 40
Information Search 25 5 20
Task Execution T T T
Data Registration 20 10 10
Total 100+T 23+T T7+T

VN

Cost ($)

Corrective Maintenance

Preventive Maintenance

Time (t)

Figure 7 — Corrective maintenance vs. preventive maintenance

Source: compiled by the authors.
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platform database

Data processing and export [

Preventive maintenance plan /

' Dynamo

Excel

Figure 8 — Exporting priorities for maintenance (preventive maintenance)

ecodomurs R
Rewvit
4. Dynamic visualization for preventive

maintenance

BIM can be integrated with advanced model-
ing and scheduling software to optimize mainte-
nance workflows. As a result, BIM facilitates 4D
sequencing operations.

The use of advanced modeling software for
generating procedural animations significantly im-
proves planning through advanced visualization.
This approach allows users to generate high-defi-
nition renderings and animations, as well as visu-

Source: compiled by the authors.

alize complex data within a virtual environment.

The suggested approach focuses on using
3D visualization to link component maintenance
plans, thus simplifying maintenance priority de-
termination. It involves color-coding of facility
elements within the project’'s 3D or 2D views to
reflect their current maintenance state.

Based on Revit database and maintenance
schedules, a script was developed in Dynamo
and Python. The script principle is illustrated in
figure 9.

HHH As-Built BIM

Extraction of Data ’

3 i

Data Analysis and Processing }

v

RVT

©

Long-Term Maintenance

Maintenance to Be
Completed Within the

Urgent Maintenance

R R RS

Current Year

Figure 9 — BIM-based advanced maintenance visualization process
Source: compiled by the authors.
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Data Analysis and Processing

Advanced visualization /

In Dynamo, the maintenance control parame-
ters are extracted along with the planned preven-
tive maintenance dates. The Python script is used
to process the data and assign a specific color
to each component based on the maintenance
schedule. Three scenarios are examined:

- Red: highlights components requiring urgent
maintenance;

- Yellow: highlights components requiring with-
in-year maintenance;

- Blue: highlights components requiring future
(long-term) maintenance.

Revit 2025 is utilized to generate the visual-
ization. The details for the script developed are
shown in Figure 10.

Figure 10 — Dynamo graph for 3D maintenance visualization
Source: compiled by the authors.

The 3D visualization of the scheduled 2025
maintenance for the school building’s water pump
shows that the water pump component within the
BIM model is highlighted in yellow to alert the op-
erator to required repairs during the current year
(Figure 11A). If the maintenance is not performed
by the deadline, the system displays the element
in red, as illustrated in Figure 11B. Regular main-
tenance is essential to prevent water pump fail-
ure. Figure 11C shows the water pump in blue, in-
dicating that correct maintenance was completed
and documented in the system.
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Figure 11 — 3D visualization results for the school building water pump maintenance

5. Recommendations for Addressing
Challenges in BIM Adoption for MM

There are several barriers in adopting BIM
technology for FM and MM within the public and
private construction sector in Iraq. They are relat-
ed to technology, people, and management, as
detailed below.

Technology-related challenges. The shortage
of tools and new hardware compatible with these
programs directly impedes BIM adoption. The ab-
sence of technical support from top management
and government in training engineers on BIM
tools delays further integration of BM technology
in construction sector. To address this issue, top
management and government should offer suit-
able BIM software and hardware as well as ade-
quate technical support.

Source: compiled by the authors.

People-related challenges. Adopting 6D BIM
in construction projects requires qualified manag-
ers and staff proficient in BIM tools. In Iraq, facility
managers and personnel often lack experience to
operate sophisticated software and hardware.

Management-related challenges. Top man-
agement plays a significant role in driving BIM
adoption within government projects by encour-
aging stakeholders to utilize BIM and supporting
managers in upgrading their skills in this field.
Furthermore, government should secure finan-
cial resources to provide the necessary tools and
hardware, while also offering training courses to
improve staff proficiency in this area.
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CONCLUSIONS

This study presented a BIM-enabled FM
framework tailored to the operational require-
ments of school buildings in developing countries.
By analyzing traditional maintenance workflow
and comparing it with a BIM-FM alternative, the
research demonstrates how BIM functionalities
and structured information exchange can en-
hance the efficiency and reliability of FM process-
es during the operation and maintenance phase.

The case study results indicate that the pro-
posed framework enhances access to accurate
asset data, reduces document retrieval time,
and facilitates systematic planning for preventive
maintenance. Integrating BIM models with COBie
datasets provides a centralized and standardized
data environment that strengthens collaboration
between FM staff and external contractors. These
advancements contribute to better decision-mak-
ing, reduced operational disruptions, and en-
hanced sustainability of educational facilities.

Notwithstanding these advantages, the re-
search identified several barriers to BIM im-
plementation in developing countries, such as
deficiencies in technical expertise, lack of BIM
standards for O&M, and financial constraints.
These factors emphasize the critical need for
progressive deployment techniques, prioritizing
high-impact technologies over early and compre-
hensive digital transformation.

To confirm its scalability across diverse organi-
zational contexts and facility types, the proposed
framework should be applied to a wider range of
school buildings in further studies. Quantitative
performance indicators, such as maintenance
time, cost savings, and operational disruptions,
can be monitored to evaluate long-term benefits.
To enhance data-driven FM at a broader institu-
tional level, future research may investigate in-
tegration with GIS platforms, remote inspection
tools, and CMMS.
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