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ABSTRACT

Maintenance management has a major role in preserving service buildings and improving their performance. In this
research, Building Information Modeling (BIM) was applied to a university building to obtain detailed and accurate
information about its components and to link maintenance data to each building element through the capabilities and
flexibility of Revit. Parameters were added to the elements so that maintenance data could be sorted according to the
building components and modeled as information that can be extracted and analyzed using business-intelligence
techniques. This supports accurate maintenance decisions and helps achieve the best service quality at the lowest
cost.
Using a descriptive and analytical approach, the study describes maintenance management in the Maintenance
Department and the architectural maintenance work performed over five years (2019–2023). A detailed BIM model
was created for the Faculty of Mechanical and Electrical Engineering building. Maintenance parameters were linked
to architectural elements (doors, walls, windows, false ceilings, and floors), and Revit schedules were exported
through Excel to Power BI. The resulting dashboards identify major maintenance problems and costs, implemented
and unimplemented requests, reasons for non-implementation, and workshop performance. The model also provides
a spatial and visual link between problems and architectural spaces, predicts an approximate future maintenance
budget, evaluates door conditions, identifies periodic-maintenance items, estimates door-maintenance costs, and
determines materials required for the coming year.

Keywords: Maintenance Management Service Buildings Building Information Modeling (BIM) University
Business Intelligence (BI)

1. INTRODUCTION

Maintenance is the process that preserves buildings with all
their systems and ensures their continued effective perfor-
mance. Building Information Modeling allows a better un-
derstanding of a building and its components and supports
the documentation and archiving of building data. Within

an information-rich model, maintenance operations can be
improved, planned in advance, and prioritized. Because the
building model contains a large amount of data—which con-
tinues to increase during the investment and operation phase—
business intelligence (BI), as an artificial-intelligence tech-
nique, becomes important for extracting useful knowledge
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and supporting decisions.

2. RELATED WORK

Several studies have addressed the concept, types, and costs
of maintenance. Maintenance has been described as a continu-
ous process and a permanent activity for preserving buildings
and keeping equipment in the best condition; it is also consid-
ered the third major element after design and implementation
in determining the expected life of buildings [11, 25]. Mainte-
nance operations are implemented during the operating phase
of a building’s life cycle and include structural, architectural,
and sanitary systems [8]. Maintenance work is commonly
classified as planned or unplanned, which supports manage-
ment throughout its different stages [1, 19].

Maintenance costs constitute an important share of the ex-
penses incurred during a building’s life cycle [9]. Inef-
ficient maintenance, changes in building use, neglected
maintenance, implementation errors, and weak administra-
tive legislation can all increase costs and accelerate dete-
rioration [2, 3, 4, 6, 11]. Preventive maintenance and a
scientific approach to maintenance management are there-
fore essential during the operation phase [7, 14]. Previous
work has evaluated university and public buildings using
balanced-performance approaches, facility characteristics,
and functional, technical, and sanitary performance indica-
tors [10, 21, 24, 26, 30].

BIM is the process of generating and managing building data
throughout the building life cycle [15]. Its application is
important in the construction industry, particularly in opera-
tion and maintenance, although implementation remains diffi-
cult and adoption is below expectations [23, 25, 26, 33, 45].
The transition requires technical training, institutional sup-
port, and coordination among disciplines and stakehold-
ers [27, 34, 35, 37, 38, 39, 41, 46, 47]. BIM can provide
an operational model that serves as a repository for build-
ing documents and data [22]. Research has also examined
the use of BIM to record maintenance orders, create build-
ing databases, and integrate knowledge management with
maintenance decision support [12, 16, 20, 23, 29, 47].

With the development of the architecture, engineering, and
construction industry, the need to integrate artificial intel-
ligence with BIM has increased so that construction infor-
mation becomes more accurate and practical [40, 43, 44].

Business intelligence supports monitoring, prediction, clas-
sification, document storage, reporting, and implementation
follow-up [13, 18]. It can also extract knowledge from histor-
ical maintenance records [7]. Power BI provides an interac-
tive interface for reviewing, processing, and analyzing data
through reports linked to Revit via Excel [23, 28, 42].

3. RESEARCH PROBLEM

The traditional maintenance-management systems currently
used in university facilities lack an effective approach. The
research problem is summarized by the following questions:

1. Is maintenance information for university buildings
archived and stored electronically?

2. How can information from completed maintenance work
be used to improve future maintenance?

4. OBJECTIVE AND IMPORTANCE OF THE RE-
SEARCH

The importance of the research arises from the effect of main-
tenance on the life span of buildings. The study aims to
model the case-study building using BIM (Revit), one of the
most important tools for creating a building database capa-
ble of storing large amounts of data. This can be achieved
through existing parameters or through the flexibility to add
parameters to building elements and components that sup-
port maintenance operations. The available maintenance data
are then analyzed using Power BI to support more accurate
decisions.

5. RESEARCH METHODOLOGY

The study follows a descriptive analytical method:

A– In the first stage, the facility is modeled in Revit and
the existing condition of the building is documented in
detail. The technical and architectural specifications of
its elements are recorded, together with maintenance
work carried out over five years, to obtain a BIM model
enriched with maintenance data (Figure 1).

B– In the second stage, maintenance reports are exported
and analyzed using business-intelligence software to sup-
port decision-making (Figure 2).

Figure 1. Scheme of the first stage of obtaining a BIM model.
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Figure 2. Diagram of the second stage for reaching appropriate decisions.

6. CASE STUDY: CREATING A MAINTENANCE
MODEL FOR THE FACULTY BUILDING USING BIM

6.1 Identification of the Architectural Elements

The architectural elements include external, internal, and
bathroom walls; floors finished with 30×30×3 Bedrosian

marble; 60 × 60 tiles; false ceilings; wooden-veneer and
aluminum-veneer doors; and aluminum-veneer windows.

6.2 Parameters Required for Maintenance

The maintenance model uses the following parameters:

1. Applicant name 2. Request implementation date 3. Request submission date 4. Maintenance cost
5. Request number 6. Site number 7. Element location 8. Request status
9. Reasons for non-
implementation

10. Maintenance classification 11. Person responsible for im-
plementation

12. Problem description

6.3 Creating the Faculty Building Model

A model of the Faculty of Mechanical and Electrical Engi-
neering building was created as shown in Figures 3–5. Main-
tenance parameters were entered into the model by using
Revit’s Add Parameter function.

Figure 3. Southern elevation of the building.

Figure 4. Section A–A.

Figure 5. Detailed perspective of the Al-Hamak College building.

6.4 Creating a Maintenance Database in a BI Environment

6.4.1 Importing Maintenance Schedules from Excel

After the maintenance data are exported from the Revit model
to Excel, they are imported using Get Data, Excel Workbook,
and Connect. The required file is selected, and the Navigator
displays the Revit data tables saved in Excel, thereby forming
a database for building-maintenance work.

6.4.2 Defining Fact and Dimension Tables

The main and subsidiary tables are organized using a star
schema. The main table expresses the operational character-
istics of building elements (identity data), which are unique
and not duplicated, and is treated as the fact table. It contains
such fields as height, family and type, family, mark, cost, and
comments. The Mark field is the unique key used to connect
operational data to dimension tables, as shown in Figure 6.
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Figure 6. Linking the fact table with the dimension tables.

7. ANALYSIS OF MAINTENANCE DATA IN A BI ENVI-
RONMENT

7.1 Analysis at the Building-Element Level

Figure 7 presents the interactive Power BI interface for doors.
The number of maintenance requests generally ranges from

18 to 22 per year. In 2019, the number increased because
the Engineering Institute moved to the Al-Hamak building.
Bathroom-door maintenance accounts for 36% of door re-
quests because of plumbing problems, frequent use, insuffi-
cient continuous care, and inadequate paint insulation. Lock
problems account for 20% of requests. Wooden doors rep-
resent 50.3% of door-maintenance costs, while iron-door
installation represents 24%, mainly for security and asset pro-
tection. Requests are concentrated in bathrooms (35.38%),
followed by Student Affairs (21.68%) and the Engineering
Institute Department (approximately 9%).

Figure 7. Interactive interface for doors.

The same analysis was applied to walls, floors, false ceilings, and windows. Table 1 summarizes the principal findings.

Table 1. Maintenance data at the element level

Element Requests Maintenance cost Repeated problem Problem cost Problem by space Most affected space

Doors 86 34% 36% 50.30% 35% Bathroom
Walls 48 26% 50% 58.30% 58.30% Bathroom
Windows 23 12.49% 43% 32% 43% B.m
False ceilings 15 16.72% 31% 44% 24% Dean’s office
Floors 3 5.45% 100% 41% 100% Bathroom

7.2 Analysis at the Building Level

The percentage of completed work reached 88.57% (155 re-
quests), while 11.43% (20 requests) remained unimplemented
for financial reasons, such as lack of budget, or technical

reasons, such as the lack of workshops. Door maintenance
represents 34.35% of total maintenance cost, followed by
walls (26%), windows (17.4%), false ceilings (16.72%), and
floors (5.4%).

Figure 8. Ratio of implemented to non-implemented work. Figure 9. Distribution of maintenance costs among building ele-
ments.
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7.3 Identification of the Most Frequent Maintenance Prob-
lems

The Pareto principle (20/80) was used to identify the most
important maintenance problems. It states that approximately
80% of damage or loss can be caused by 20% of the prob-
lems or causes. Addressing this small group of influential

causes can therefore improve quality and economics. Fig-
ure 10 identifies the most frequent problems as wooden-door
maintenance, ceramic-wall maintenance, lock supply and in-
stallation, wall painting, false-ceiling installation, glass-panel
replacement, and iron-door supply and installation.

Figure 10. Maintenance-problem frequency chart.

7.4 Statistical Analysis of Maintenance Implementation
Time

The request execution time is calculated as

T (x) = t1 − t0,

where t1 is the request implementation date and t0 is the
request submission date. The mean implementation duration

for an item is

T =
1
n

n

∑
i=1

(t1,i − t0,i) .

The results show delays in implementing requests, especially
in carpentry and blacksmith workshops; workshop perfor-
mance should therefore be improved (Table 2).

Table 2. Implementation duration for the most frequent maintenance problems

Problem Glass panel Iron door False ceiling Wall paint Lock Wall ceramic Wooden door

Duration (days) 80 175 265 115 57 107 114

7.5 Statistical Analysis of Maintenance Costs

For the most important maintenance items, wooden-door
maintenance accounts for 27.85% of total costs, false-ceiling
installation for 26.5%, wall-ceramic maintenance for 24.5%,
iron-door installation for 13.5%, wall painting for 4%, and

glass-panel replacement for approximately 2%. Because
prices changed continually under the economic conditions
during the five-year study period, maintenance costs were
also analyzed separately for each year. The 2023 data cover
the period only through the end of May.

Figure 11. Cost of the principal maintenance items. Figure 12. Annual maintenance costs from 2019 to 2023.

7.6 Approximate Budget Forecast

Power BI can use the relationship between college-
maintenance cost and the number of students in the same year
to predict the approximate budget needed for a college with
a specified enrollment. The correlation coefficient between
maintenance cost and student count was strong (r = 0.93), as
shown in Figure 13.

If the number of students in the next academic year is 10,000,
the approximate expected budget is 16,000,000 SYP. This

value must be multiplied by the inflation factor for the year
in which the budget is calculated:

Inflation factor in year x =
USD exchange rate in year x

1800
,

where 1800 SYP/USD is the average exchange rate in 2019,
the year in which data collection began. Assuming a 2024
exchange rate of 12,600 SYP/USD, the inflation factor is
12,600/1,800 = 7, and the approximate 2024 maintenance
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budget is

16,000,000×7 = 112,000,000 SYP.

Figure 13. Approximate budget forecasting chart.

7.7 Evaluation of the Door Element

The condition of each door was evaluated using technical
indicators and the condition-rating approach described by

Choka [17]. Table 3 presents the evaluation categories,
counts, defect indicators, and corresponding maintenance-
cost components.

Table 3. Evaluation of doors
Maintenance type Count Score Locks Grips Paint Material Cladding X1 X2 X3 X4 X5 Final cost

Replacement 16 1 1 0 0 0 0 X1 X2 X3 X4 0 X1 +X2 +X3 +X4

Critical maintenance 22 2 1 1 0 0 0 X1 X2 X3 0 0 X1 +X2 +X3

Periodic maintenance 30 3 1 1 1 0 0 X1 X2 0 0 0 X1 +X2

Minor maintenance 27 4 1 1 1 1 0 X1 0 0 0 0 X1

The required budget for maintaining the door component in
the coming year is predicted by

Budget = n1(X1 +X2 +X3 +X4)+n2(X1 +X2 +X3)

+n3(X1 +X2)+n4X1,

where n1, n2, n3, and n4 are the numbers of doors with ratings
1, 2, 3, and 4, respectively; X1 is the cost of supplying and
installing a lock; X2 is the cost of supplying and installing a
grip; X3 is the cost of painting a door frame; and X4 is the
cost of supplying and installing wood.

8. RESULTS

• A BIM model was created for the Faculty of Mechanical
and Electrical Engineering building in Revit as a step to-
ward modeling the remaining faculties of Tishreen Univer-
sity that share similar building-component characteristics.
Maintenance parameters were created, and architectural-
maintenance data were entered for walls, doors, windows,
false ceilings, and floors.

• The ratio of implemented to unimplemented work was de-
termined, together with the financial and technical reasons
for non-implementation. Maintenance costs were analyzed
for doors, walls, windows, and false ceilings.

• The most important maintenance problems over five years
were identified using the Pareto principle: wooden-door
maintenance, ceramic-wall maintenance, lock supply and

installation, wall painting, false-ceiling installation, glass-
panel replacement, and iron-door supply and installation.

• Power BI was used to relate maintenance cost to the number
of students, predict an approximate budget for the next year,
and estimate the budget required for door maintenance.

9. RECOMMENDATIONS

The study recommends using BIM to improve building-
maintenance performance. All Tishreen University buildings
and their maintenance requests should be archived electron-
ically in Revit-based BIM models. Linking building and
maintenance data would provide a database for each build-
ing and enable visual links between drawings, spaces, and
maintenance requests.

Historical maintenance data should be used to identify the
most important and frequent defects and the spaces most in
need of maintenance, allowing periodic work to be priori-
tized. The same data can support annual maintenance-budget
forecasts for each university building, condition evaluation
of building components, identification of the maintenance
type required by each item, and advance determination of the
materials that must be supplied.
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