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ABSTRACT In recent years, Building Information Modelling (BIM) has been embraced as the most promising technology to promote the
digitalization of global architecture, engineering and construction (AEC) industry. Currently, BIM is mainly applied into the planning, design
and construction phase. However, its applications in operation and maintenance (O&M) is still limited due to the technical barriers in
heterogeneous data integration and platform-based collaboration. O&M is the longest and the most costly phase throughout the building
lifecycle, Particularly for Mechanical, Electrical and Plumbing (MEP) systems, which are frequently run in order to provide active services for
normal building operations, they are facing the challenges of system component aging and performance deterioration. Therefore, periodic
maintenance is required to ensure the normal performance of MEP systems. This study aims to propose a novel development idea of a BIM-
sensor integrated platform framework for the maintenance management of piping in building MEP systems. The development of the platform
not only can link the digital modelling with sensor-based data monitoring and collection to achieve high efficient maintenance for MEP systems,
but also can provide services including access, extract, storage, sharing and update of historic maintenance information about building piping.
It is hoped that this study can make a contribution to narrowing the gap between the theory of heterogeneous data integration and relevant
practical applications, meanwhile give a solution to help address the inconsistency of BIM adoptions in other project phases (such as design,

construction, etc.) and in facility management (FM).

1. Introduction

A case study from Becerik-Gerber et al. (2012) illustrated that
there was a large gap between the BIM application level in
design and construction stages and that in operation and
maintenance stage. As one of the results of this study, in three
different building lifecycle stage, there were 83% of BIM users
and 78% of non-BIM user were interested in BIM application
in design stage, 79% of BIM users and 70% of non-BIM users
were interested in construction stage, and only 42% of BIM
users and 78% non-BIM users were interested in operation and
maintenance stage. It revealed that only approximately half of
the BIM users paid attention on potential BIM application in
operation and maintenance stage (Becerik-Gerber et al., 2012).

In industry application, Facility Management (FM) was a
large-scale concept, which had been defined by International
Organization for Standardization in ISO 41011:2017 as
“organizational function which integrates people, place and
process within the built environment with the purpose of
improving the quality of life of people and the productivity of
the core business.” As a result, the detailed activities in FM
was often hard to study in the round. In general, a FM team
was combined by a group of Facility Managers, who were
responsible to different management objects or activities
(International Facility Management Association, 2018).
Rather than management activities in space management,
occupancy management, technology management and so on,
our study focused on the BIM implementation in MEP
Services Operation and Maintenance Management. Operation

and Maintenance (O&M) is a crucial process in equipment
lifecycle (Feng C. and Wu P., 2017). As concluded by Liu and
Issac in 2013, the cost in O&M phase contributed about 60%
in the whole facility lifecycle, which mainly consisted of
equipment and piping system maintenance and repair at that
moment.

2. Aim and objectives

This study aims to propose a novel development idea of a
BIM-sensor integrated platform framework for the
maintenance management of piping in building MEP systems.
Performance deterioration is a quite common issue on piping
due to material aging, corrosion and blockage. But usually it is
not easy for facility managers or inspectors to discover such
problems immediately through traditional maintenance way,
which can result in system failures. This developed platform
integrates BIM with sensors to implement real-time
deterioration monitoring and digital modelling. The BIM
application can realize a more intuitive representation of
piping and building information and make them visualized on
a digital model with accurate geometric information to achieve
the purpose of facility management. High-performance and
low-cost sensors are used in this study to achieve real-time
observation and in-time feedback for piping monitoring.
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3. Literature Reviews

3.1 Traditional Maintenance of piping

The common utilized maintenance methods should be based
on some reactive feedback from daily inspection and
emergency reports. In practice, these feedbacks are collected
from the following channels (Autodesk Ltd., 2019;
ARCHIBUS Inc., 2019):

(1) Predictive Maintenance - By sensor (real-time tracking)
(2) Preventive Maintenance - By Maintenance Staff or
technician (periodical regular inspection)

(3) Condition Assessment - By occupants surveys

(4) Reactive Maintenance - By occupants or staff (emergency
reports)

These maintenance feedbacks can be appropriately divided
into 2 types: Planned maintenance (includes the 2 and 3 above)

and Failures reacting maintenance (includes the 1 and 4 above).

Theoretically, a conventional MEP maintenance workflow can
be recognized as a process of information exchange and
treatment: the sensor-BIM integrated platform support FM
management to gather the information about the problem in
MEP operation (information input),this information can be
compared with original design (information treatment), after
the comparison result (information output), the member of
maintenance team would check source of the problem to get
onsite information (information input), the feedback was given
back to the FM manager to launch maintenance work
(information output), the on-site maintenance work should be
record(information input) and give back to the FM manager
for re-inspection(information output). This work flow let
Facility Manager is the information treatment center to

integrate all input information and make appropriate feedbacks.

3.2 BIM Platform

The traditional information storage and treatment were based
on hardcopy documents, which needed extra investment on
documents management and exchange. In order to increase the
information exchange and storage efficiency, a computer-
aided MEP maintenance workflow has been developed well
and universally utilized by Facility Management teams.
Recent developed FM information integration software are
described as CMMS  (Computerized Maintenance
Management System) (Fiix Inc., 2018), EAMS (Enterprise
Asset Management Software) (Fiix Inc., 2018), CAFM
(Computer-aided Facility Management) or IWMS (Integrated
Workplace Management System) (ARCHIBUS Inc., 2018).
Classifying by the functions, CAFM and IWMS are platforms
that integrate multiple functions of Facility Management
including space management, occupancy management, EAM,
operation and maintenance management and so on, when
CMMS focuses more on assets and equipment maintenance
workflow management (Drawbase Software., 2018). Typical
CMMS can function as a core maintenance information
storage and treatment center. For instance, one CMMS called
Fiix is able to achieve the targets of maintenance activities
management, maintenance team = management and
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assets/equipment management, including assign task and
activity to management team member, upload the details of
task such as equipment, location, contact of respond person
etc.

One advanced solution for MEP maintenance workflow
management is integrating BIM technology with computerized
management systems. The key advantages of BIM utilization
in MEP maintenance management can be concluded as follow.

(1) Eliminate the information gap between design &
construction phases and operation & maintenance phases:
Although the CMMS such as Fiix increased the information
exchange and treatment efficiency in maintenance phase, the
maintenance information database often need to be
individually created by O&M team. A BIM model with high
completion level (higher than LOD 350) should be able to
supply sufficient information for MEP maintenance works. In
other words, the database generated in design phase can be
directly delivered to maintenance phase.

(2) Reduce the time for information exchange and
maintenance staff training: Because of the visuality of the three
dimensional BIM model and the information sticking to the
objects in the model, the information pairing between the
assets/equipment in reality and objects’ data in documents is
no more necessary. In the meanwhile, the information
contained by a visualized BIM model can be easily understood
by untrained staff comparing with tables and written
documents. It means the time and manpower costs can both be
saved with the usage of BIM.

(3) Possibility of developing new generation of MEP
maintenance technologies and workflow: As long as the
information related to MEP facilities operation and
maintenance conditions is stored in a highly integrated BIM
platform, the digital database has the potential to be further
developed to build the foundation of smart facility
maintenance. For example, the data from the BIM integrated
platform can interact with the control signals in building
automation systems or building energy management systems
to monitor the operation condition of building services (Hu et
al., 2018). Moreover, some recent researches have revealed the
potential BIM optimization on MEP maintenance workflow
including facility maintainability and accessibilities estimating
in design phase (Liu R. and Issa R., 2014) and intelligent
automatic scheduling for maintenance work orders (Chen W.
et al., 2018).

Then, the reasons of why the BIM application in MEP
operation and maintenance has not been widely implemented
in practice should be analysed. Reorganizing the difficulties of
BIM implementation in O&M phase which listed by Feng and
Wu in 2017, the following three could be considered as the
crucial problems waiting for solutions:

(1) Unclear demand of information for facility operation and
maintenance in related BIM model.
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(2) Standardization difficulties in contract, FM software and
BIM deliverables.

(3) Lack of direct solution for information exchange between
BIM model and FM software such as CMMS or CAFM.

In these problems, the first two should be fundamentally
solved by public organizations or policy makers, when the
third problem is more technically based. One survey from DLT
partner, IMAGINIT Technologies in 2018 demonstrated that
the biggest challenge for BIM users in FM was the data
integration between the BIM model and FM platform (Bergen
G., 2018). In order to solve this problem, some CMMS and
CAFM software (BIM 360 OPS, ARCHIBUS, etc.) has
already been developed to be able to import the BIM model
with commonly used format such as IFC or Revit model.
Autodesk BIM 360 OPS is one of the BIM integrated CMMS
with best compatibility for Autodesk Revit model. In addition,
the function of sensor integrated predictive maintenance is
another crucial advantage of BIM 360 OPS (Autodesk Ltd.,
2019). Another available method for information exchange is
creating a Plugin that connects the objects data in Revit (or
other BIM software) and the assets/equipment data in CMMS
with MS Excel data sheets (Liu R. and Issa R., 2012).

3.3 Sensors

Wireless sensor including humidity sensor, flow sensor,
temperature sensor and pressure sensor. is used to send,
update, collect and save data under the Bluetooth, WiFi and
cellular networks. BIM is required to monitor wireless, wire,
simulated building performance data and to amend and
visualize the building models.

For sensor selection, there are four application domains of
interest sensors can be used: electrical, HAVC, facility
management and building controls.

Table 1. Sensor and detected value (Building smart,
2012)

Sensor type Detected Value Applied
CO2 sensor Concentration of NO
carbon emissions
Fire sensor Fire NO
Smoke sensor Smoke NO
Sound sensor Sound level NO
Light sensor Light NO
Humid sensor Humidity YES
Moisture sensor Moisture content YES
Temperature Temperature YES
sensor
Pressure sensor  Pressure YES
Gas sensor Gas amount NO
Movement Movement NO
sensor
Flow sensor Flow rate YES

Jing, Chen, Tang, Xiong and Wang

The logic chain of the linking between all MEP components
including HAVC system, plumping system, electrical and
security system and sensor is shown below.

Real-time monitoring data from the sensor can be recorded by
BIM graphically or statistically. The monitoring records based
on the sensor is converted into standard and uniform data that
are generated by the BIM system. For instance, the water flow
data can be monitored by water supply system and integrated
with BIM system and displayed graphically. Real-time
displayed data shows the different flow speed which are
colored differently seen in figure below.

Figure 1. Real-time display data shows the flow speed
of water (Hu et al., 2018)
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3.4 Data exchange

There are generally 6 data exchange standards in AEC Industry
provided by Autodesk (2011) shown below:

Table 2. Data exchange standards

Standard Application

IFC Construction and facilities
management

gbXML Energy

Land XML design and survey
measurement data

Dwg Exchange 2d design in
CAD

SAT 3D production for Revit
family

DGN Exchange it with Bentley

As this study focuses on the facility management, IFC
(Industry Foundation Classes) is an appropriate data format
that can be adopted in this study due to its advantages in open
global standard, multiple LOD, high geometric and semantic
supports for describing, sharing and exchanging information
about construction and facilities management (Chen and
Clarke, 2017). Currently IFC is supported by over 150
software venders and organizations all over the world (NBS,
2017).

The IFC is potential for representing the building performance.
Ifc Sensor defines an occurrence of sensor. The Ifc Sensor
Type is connected to other elements, such as, flow element for
water pipes and air flow pipes.
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The original IFC files should be uploaded on the BIM
platform. The objective of this step is to translate the IFC files
to the interactive web documents. The information gathered
from the monitoring of MEP system including pressure,
temperature, humidity and flow rate is obtained via sensors.
The IFC model can be used to upload the data on a BIMserver
which is associated with some small IFC files from sensor.
Therefore, the sensor data can be stored in relevant IFC objects
and handled by BIMserver.

Furthermore, there is a tool developed by Zhang et.al for
implementing 3D presentations and IFC parsing during the
process. IFC file data are parsed and then they are converted
into real-time dynamic data that are mapped to smart sensors
due to the insertion of adapter layer.

4. Methodology

Figure 2 shows the overall methodology for this study.
Through the literature reviews of traditional way in piping
maintenance operation, the existed BIM platforms for piping
maintenance management, find out the deficiencies and
improvement solution for them, and the work principle of
piping sensors, and the data transferring, The BIM tools Revit
and Navisworks were selected for providing the basic non-
clash model for the platform, then Data transforming principle
based on IFC was studies to be applied for transferring the
dynamic sensor data in the designed BIM platform. After the
platform is applied into real case studies for validation, it is
possible to determine whether such a BIM platform is feasible
for practical applications in FM.

Figure 2. Overall methodology for the study
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5. Development of platform

In theory, the BIM-sensor integrated platform should supply
appropriate and straightforward information for the Facility
Manager and all related maintenance staff. As a trial version
of platform, Figure 3 illustrates the operation condition and
maintenance information of a HVAC pipe) on an operation
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interface of the mobile version BIM-sensor integrated
platform. It means the compressed 3D-BIM model and its
information, which are needed for maintenance workflow
management, can be reviewed and amended (if with proper
access authorization) on mobile terminals. The trial version of
platform can achieve the functions as listed below:

(1) Searching for the target equipment or room: Press the
“Show Rooms” button and select the required elements from
the BIM database.

(2) Real-time tracking the operation conditions of the target
elements: In the module of “Facility Operation Data”, related
operation parameters that monitored by sensors will be
automatically refreshed once per 30 seconds, so that the
Facility Manager and related staff can immediately gather the
abnormal signals and make feedbacks as soon as possible.

(3) Reviewing the previous error logs: All recent errors
happened in the target equipment and pipes will be stored in
“Error Log” documents.

(4) Checking the degree of completion of todays’ maintenance
work: The work schedule for today’s maintenance plan will be
uploaded by the Facility Manager. Then, the maintenance staff
can check to complete each work according to the schedule
plan.

Figure 3. Operation interface of mobile version BIM-
sensor integrated platform (draw by author)
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NO ‘ Sound 38 db

6. Conclusion

In conclusion, based on the comparison of existing BIM data
platforms and the study of traditional MEP management, the
existing sensor researches and data exchange principles on the
market, this study provides an innovative idea to real-time
monitoring framework for operations and maintenance based
on a heterogeneous data integration of BIM with sensors for
FM purpose of traditional MEP systems.

However, there are still some limitations in this study. From
the economic point of view, this framework is limited by the
cost of the sensor, the cost of the workstation data manager and
the daily sensor maintenance of the platform. As for standard
perspective, it is necessary to apply a relevant consistent data
standard or implement regulations manuals to ensure
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consistency of future operations. Additionally, the
interoperability between different data systems and the
integration of data is one of the limitations. Although the IFC
standard was selected in this paper, the instruction manual of
relevant industry standard is needed. Furthermore, localization
is also a problem worth exploring due to the differences in the
needs of different countries and regions requires a local guide
to adapt to specific conditions.

But it cannot be denied that this study still makes a significant
contribution to narrowing the gap between the theory of
heterogeneous data integration and relevant practical
applications, meanwhile give a solution to help address the
inconsistency of BIM adoptions in other project phases (such
as design, construction, etc.) and in facility management (FM).
The developed integration platform can be further improved
through technical simplifications and empirical data
collections from more relevant case studies.
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