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EXPANSION OF BUILDING INFORMATION MODEL FOR DISASTER MITIGATION
ABSTRACT

Information integration and exchange for the entwdglding life cycle is one of the most
important issues in the AEC industry. Although ®eilding Information Model (BIM) technology is
widely utilized to address them, BIM is mainly cented within the design and construction (D&C)
phases. In the operation and maintenance (O&M)ygiahowever, the information integration and
exchange issue becomes more complicated becauseasofpplications here require not only BIM but
other information outside of the AEC domain, edjsaster mitigation. Nowadays, most BIM-related
research focuses on the D&C phases and pays lassrooon the O&M phases, hence there is a research
need that can help seamlessly transfer the infaomaietween the D&C and O&M phases. In this
research, a software framework using ontology wessgmhed to deal with aforementioned problems. The
BIM data from the D&C phases were used as a foumadab generate new models for different software
applications for the O&M phases. The ontology teghe was employed to assist the model
transformation process between the original BIM #@mel models for applications. Finally, a disaster
mitigation example was chosen to validate the fraork, in order to make sure that the transformation
process is comprehensive and useful from domaieréxperspective.
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INTRODUCTION

Building Information Model (BIM) is a promising thnology that can provide a communication
and information exchange platform for all stakeleotdinvolved in a building, as well as create a 3D
display environment to clarify a building’s virtueépresentations. Many researchers study BIMadlat
topics, such as design and engineering, linkingnalysis tools, energy innovations, facility managaet,
and so on (Becerik-Gerber and Kensek, 2010). Hewawost studies are concerned with the design and
construction (D&C) phases of a building, few stedeal with issues pertaining to the operation and
maintenance (O&M) phases (Akcamete et al., 201@jarale et al., 2008). Because costs associatéd wit
the O&M phases of a building are always higher tthaose with the D&C phases (Gallaher et al., 2004),
and because BIM is becoming a mature software ¢aphble of supporting all kinds of information-
intensive activities, applying the BIM technologythe O&M phases is desired.

Although researchers have shown that a buildingstrootion project and its subsequent facility
maintenance projects are dissociated (Vanlandk, &0#8), it is obvious that the applications tie O&M
phases require the information from the D&C phaxfes building. In the D&C phases, BIM applications
are designed to use parametric and object-oriemedeling techniques to represent each individual
building element and help associated processeglicgtions in the O&M phases may require not only
original BIM-related information but the enhancetkdhat can be employed to record and manage gariou
activities during O&M. Example applications includfacility management systems and disaster
management systems. Current practices requirgamaots provide a building’s handover information
such as Construction-Operations Building informatexchange (COBie) for later usage in the O&M
phases, but they usually spend minimal effortssstw aatisfy the contract (Akcamete et al., 2018&nce,



a better information bridge may be needed in otdeprovide transformation and customization of the
handover information from the D&C phases to the OfNases.

Applications in the O&M phases possess severalumigquirements regarding interpretation of
BIM. Some BIM information should be accessed aaddted via an easier method while the other should
be further processed through use of a more contpticaterface. In other words, customization d¥Bs
needed for the O&M phases. In fact, the utilizatid BIM should follow the open/closed principle@®)
— “open for extension, but closed for modificatiqMeyer, 1988) as well. In the closed side, foaraple,
structural elements in a building will not be chedgluring their entire life cycle (Hassanain et28l01);
and thus, for application developers in the O&M g#® it may be a good way to operate such infoomati
at the class level, not at the metaclass levelvimdafuture modification. By operating BIM at the
metaclass level, we mean that O&M application davets regard the structural elements as objects and
use generalized classes such as Room, Column, aliddfccess each individual element. When fgcili
managers would like to query one specific room’smesance history, application developers need to
select all rooms’ maintenance objects and theerfdut the records not belonging to the room spetif It
is an indirect approach, and because the structleatents are constant, developers actually caardeg
each element as a distinct class in order to usEbpatt to represent the current condition of amant at
a specific time instance. In this way, all BIMI&C-related functions are encapsulated in one dtasan
element. Application developers can have a maonplsi data access interface to manipulate O&M-rdlate
information. The traditional approach regards #teictural elements or other elements infrequently
changed as objects regardless of the D&C or O&Mspbaand thus, such O&M applications may use
additional redundant codes to retrieve information.

In the open side of the OCP, current materials equipment information stored in BIM cannot
accommodate various needs during the O&M phases, gpare parts list management, which is an
essential function from the facility managementspective. An extension mechanism of BIM may be
needed and has been proposed by several studi€3, @R7). Among the O&M-related activities, the
concept of rooms and zones forms the central manageunit, which is just one of the derived atttésu
and is not the focus during D&C. Proper spatialttamment of related building elements is esseitial
the O&M phases (East et al., 2012). In the D&Cgalsa architects design the form or the placement of
each building element. But facility managers nezd#now the location of a specific device in order
perform maintenance work. A typical room consgdtsnany building elements, and in BIM tools such as
Revit, designers need to draw walls, windows, amarsl first, and then specify the boundary of a radom
link these building elements. Additional furnitweequipment elements may need to be attacheshte s
rooms during the O&M phases. The traditional apphoto transferring handover data requires manually
create “polylines” of a building instead of dirgctising the digital building information used iretb&C
phases. The traditional approach needs coupleatal/ss labor-intensive. Even if computerized $omn
be provided to assist in the transformation procgssh tools describe only the geometric informmatod
do not consider the integrity of each building edeftnas a room or zone in the O&M phases.

Finally, several studies have recognized the latk3D visualization capabilities in most
applications in the O&M phases (Akcamete et alL@0 BIM, like a spatial analysis engine (Akcamete
al., 2010), can assist facility management apptioatin analysis of spatial relationships betweese
building elements. The other issue is that the OgiMses consist of many different applicationshsag
disaster mitigation, security, community care, aadn. In these fields domain-specific requiremexist,
and BIM cannot cover all the fields which need 8¢y information as a possible input source.

In this research, the encapsulation of BIM (E-Blias designed following the model-driven
architecture (MDA) technique for automatic and coefgnsive transformation and customization of the
handover information from the D&C phases to the O&hkbhses. A metamodel hierarchy of a building
was constructed to encapsulate the building inféonanot simply transforming data into an opemiat,
but playing the role of an “interface” — users eaanipulate the building information through the rabd
instead of directly modifying it. Regarding to tdesigned metamodel hierarchy, we also attempted to



present spatial relationships to reshape datatstescof maintenance data. The proposed MDA aghroa
was utilized with the hierarchy to generate coaedurther applications of building information.

RELATED WORK

Nowadays, the software development process is dagiore and more complicated situations.
Not only requirements become more dynamic but diffe platforms can be selected as the working
environment. To solve these problems, MDA was psed by Object Management Group (OMG),
mainly for the purpose of integration and inter@dlity (Soley, 2000). This approach basically uise
series of formal models to help the software dguelent process.

To take an overview of MDA, at first the separatiminconcerns should be introduced. Three
MDA viewpoints of a system are described as follo{&$ Computation Independent Viewpoint (CIV), (2)
Platform Independent Viewpoint (PIV), and (3) Riath Specific Viewpoint (PSV). CIV contains none of
the computer-related processing details and ordyges on the business requirements; PIV dealstith
operations of a system but does not contain thalddbr a specific platform; PSV integrates Pl\tiwihe
details of using a particular platform as the depeient environment (Miller and Mukerji, 2003).

As shown in Figure 1, four layers and their transfation mechanisms are identified based on
these views. A computation independent model (Cidgonstructed from CIV. Based on the CIM a
platform independent model (PIM) is created. Wfth sufficiently complete and precise PIM, a platfo
specific model (PSM) can be generated by using frodmodel transformation mechanisms, and the
specific code model — which can be viewed as implaation — can be automatically transformed froen th
PSM.
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Skilled transformation @

Platform Independent Model (PIM)

Automated model-to- @
model transformation

Platform Specific| | Platform Specific

Model (PSM) Model (PSM)
Automated model-to-
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Specific Code Specific Code
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Figure 1 — MDA process

OMG defines a standard — Meta Object Facility priavide metadata management and modelling
language definitions. MOF is used with a metamdidklarchy shown in Figure 2. A run-time system ca
be interpreted by a UML model. Since the UML moidetlesigned by stakeholders, there can be many
UML models from different perspectives. To deser@dbUML model, we need to define UML descriptions
and notations as a communicating method. The Ubfinidions are also based on the definitions of MOF
With the descriptions of higher layers, the lowagrdr can be clearly explained.



RESEARCH APPROACH

Because of the wide use of BIM, building informatis available for stakeholders in the O&M

phases. However, the BIM data structure is noy éasbe used for users and needs extra efforts for
application developers to write programs for furthee of such information. In order to offer atbetvay

for the extended use, this research defines a noeelnhierarchy for a building to interpret theirieas
elements.
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Figure 2 - Metamodel hierarchy

Figure 3 shows the sample definitions of the metdhbierarchy of a residential building. This

hierarchy is designed as the basis of the propagprbach.

M3 layer: For different perspectives, the contantd3 layer should be viewed as different roles.
Inside this hierarchy, the M3 layer describes basimponents of a building, such as doors, walls,
windows, and so on. These components exist intgpg of building, in other words, they are
essential for a building; as a result they aregiexi to be in the M3 layer. Outside this hierarehy
which means extended applications without sufficiemderstanding of the building internal structure
and BIM programming — for them, the layers below #mse basic components are encapsulated due
to OCP. Building information is available for thehrough the “BuildingSuperObject” but its data
structure cannot be changed from the outside, ithdBuildingSuperObject” is an interface as a
communicating bridge.

M2 layer: This layer is instantiated from basic gaments from the M3 layer, as well as different
types of buildings and their basic units are désttihere. Different types of buildings may have
rooms/zones/spaces for different purposes, and s@m classified by purposes as a basic unit. For
example, an apartment is classified as one typesidential buildings. Bedrooms and living rooms
may only exist in a residential building, not ifeatory.

M1 layer: In the M1 layer, a “model” means a spiedifuilding and is constructed here. Most of the
static components are from higher layers. Alse, ¢bnstant spatial components of a building are
described here, since most of the time the floanf a building will not be changed after the D&C
phases.



® MO layer: Finally, the instances of M1's buildingeastretched by time as a timeline and record the
whole life cycle, which means the building inforioat covering the D&C phases to the O&M phases
exists in this layer.
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Figure 3 - Metamodel hierarchy of a building

Suppose BIM data of a specific building is avaiabFirst its spatial relationship and the usage of
spaces are re-drawn as the model shown in the Y&t &f Figure 3. The class library of this builginan
then be automatically generated by the model. eattributes are also predesigned to be contaméuki
model, extended applications can use data theytheedgh the model.

In Figure 4, the E-BIM process was designed refetoethe MDA process; the original BIM of
the specific building can be viewed as the CIM lgwend then it will be transferred to E-BIM form
preparing to be extended by different applicatiddigferent application domains are considered P8M i
MDA process; therefore, specific domain knowledg&sed to be the additional information and taken a
the foundation of the specific applications.

EXAMPLE

Since the more floors and rooms a building contaiine more complicated the problem is. A
three-floor apartment is presented in this sectisra simple example to show the contents in metaimod
hierarchy of an apartment building ‘B’. Some distaire also omitted for clearly interpreting thegosed
approach. The relationship between contents am@xpected application of the metamodel hierarchy a
also interpreted in this section.

Figure 5 presents a sample model constructed folpwthe metamodel hierarchy in previous
section. In apartment building ‘B’, there are thiftoors and an elevator. There are two househalds
each floor, and the rule of the address assignnsettie floor number, plus the serial number. Each
household is assumed to have three rooms, i.glioom, bedroom and toilet. In Figure 5, rooms i
address ‘02’ are omitted. These rooms definebaties from their designed usage respectively. In
addition, from the spatial perspective, ‘B’ canwiewed in two dimensions: horizontal and verticalhe



horizontal dimension is equivalent to the floor cept; the vertical dimension, named “slot” here, is
composed of rooms located on the same vertical lisually the floor plan of a household is the saam

its neighbour upstairs or downstairs in an apartpberefore, rooms of the same purpose belonfeo t
same slot. However, the elevator is independeatflafor or a slot since it is movable.
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Figure 4 - The E-BIM process referred to the MDAgEsS
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Figure 5 - The model of a specific apartment boddB’

The model described above becomes a basis for atitbovde generation; a class library of ‘B’
is constructed for extension. The extended apdics can use BIM data through this model — more



specifically, users of these applications accedd Bata through this model instead of directly opiara
with BIM. Since it is not easy to cross the thidhof the programming issues for BIM applicatioitss
believed that using this model will assist the depment of extended allocation for BIM.

CONCLUSIONS

This research has proposed the software architetitintegrate the static (BIM) information with
the dynamic, O&M-related data. The MDA techniquaswutilized to store and synthesize the data. The
BIM information is used to show the geometry asmpdd¢he building. MDA has been successfully applie
to other industries’ applications, including the @hdustry. Further enhancement of the systeneésiad
in order to integrate more dynamic information frdifferent facility management domains and/or other
BIM programs.
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