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Abstract—This paper is dedicated to one part of the building
lifecycle automation problem. The article is focused at the data
structure development for digital representation of building
model. We have suggested separate invariant meta-database and
core of digital representation model of building.
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I. INTRODUCTION

HE problem of building lifecycle modeling automation
Tstill is relevant. Nowadays there are lots of different

solutions in this field, but all of them do not provide
exhaustive solution of the problem.

Today, the generation and management of digital
representation of buildings called Building Information
Modeling (BIM). In fact BIM is the subtype of the Project
Lifecycle Management (PLM) in construction. The BIM term
includes processes which arise during planning, designing,
constructing, operating and maintaining diverse physical
infrastructures [3]. In addition, the BIM term includes
software  solutions used for  building lifecycle
automation (Fig. 1).

One of the common problems in BIM is developing of
effective data structure for storing digital information about
building. To handle this problem, firstly we need to do a deep
research of a building lifecycle. Such kind of research has
been done in some previous woks, thus we just do quick
survey of its. And in this paper we concentrate our attention at
implementation of the data structure for digital representation
of a building.
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Fig. 1. Building Information Modeling (BIM)

Il. PREVIOUS WORK

There are several works related to building lifecycle
modeling in general.

The works [1], [2] are related to Computer Aided Design
(CAD) and are considered as predecessors of the BIM term.

The paper [5] presents building model conception which
describes basic stages of building lifecycle and their common
parts.

The paper [6] is considering possible data structure
architecture for storing digital information about building
representation model at each stage of its lifecycle.

The article [9] is dedicated to problem of PLM in
construction and describes main stages of building lifecycle,
corresponding tools and executors for each stage.

I1l. DIGITAL REPRESENTATION OF A BUILDING

The digital representation of a building should consist of
several clusters. Each of clusters describes a part of building
lifecycle information. The common information clusters are:
geometry, topology, time and finance. The fragment of a data
structure core is presented at Fig. 2.

The base data structure of BIM core is describes building
object as digital model. At the top of hierarchy we have table
with all stories of a building (Stories). Each story consists of
construction elements (table Elements) either directly or as
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part of zones (table Zones). In fact, between construction
elements we have direct connection (inclusion) and between
elements and zones we have reference connection (link).

Each construction element should have structure (table
Structures) — it can be simple or complex material (table
Materials) or group of materials.

The tables which describe elements geometry is the most
important. All of them are connected with table Geometries
that is aggregator of different geometric structures and have
direct connection to elements.

The Fig. 2 contains only several 2D and 3D geometry
shapes. The 2D shapes are: lines, triangles, polygons, nets and
triangular irregular networks (TIN). The prism is only one
presented 3D shape but the list of 3D shapes can be
significantly extended.

Zones
Stories Triangles
PK,FK2 | cdZone ;
PK | cdStorey PK | cdTriangle itz
Nl description PK | cdline
elevation square FK1 | cdP1 —
height volume FK2 | cdP2 — 1 | cdrype
ry FK1 | cdStorey FK3 | cdP3 KL | cdpP1
square — FK2 | cdP2
*—, A length

A
Zone-Elm

PK | cdZEl

cdZone

cdElm AA 4
A TINs Points
PK | cdTIN PK | cdPoint
<
<
11 |cdType x
FK1 | cdTriangle y
square z
perimeter
Elements

A

PK,FK2 | cdElement

description Polygons
x_min Nets
X_max PK | cdPolygon

C-Sections

¥ PK | cdNet PK | cdCSect
- 1 |cdType
y_max
2 min FK1 | cdPoint 11 |cdType in_diameter
2 max P square FK1 | cdLine out_diameter
Fk1 | castorey < perimeter A FK1 | cdPoint
type A A A
cdComponent
A
Geometries
Structures PK
PK | cdStructure description \ 4
type i
FK1 | cdComponent FK2,FK3,FK4,FK5,FK6 | cdType Sections
name FK1 cdElement PK cdSection
FK2 | cdMaterial name
thickness description
type
v FK1,FK2,FK3 | cdType
Pirisms P
Materials -
KL - L-Sections
PK i K1 | cdprism A-Sections
o PK | cdLsect
eight cdAsect
name volume width ™
description side_square i i
density — height P
thickl height
thick2 thick1

Fig. 2. The fragment of data structure

We should emphasize that lines have additional attribute —
section type. We depict only three types of sections at Fig. 2:
circle, angle and L-section.

The presented fragment of data structure is base version and
it should be extended during developing process. But even
base version is applicable for complex building describing.

In case of adding new element or section types it is enough

to create new tables and connect them with related

aggregators.

IV. INVARIANT META-DATABASE

Many building objects have a similar set of construction
elements. That is meaning that some components of their
digital representation will be the same. For this reason we
need to have invariant meta-database with typical building
elements, section types and financial information about it.

Invariant meta-database can have several implementations
as the set of physical databases using different database
management system (DBMS).

The common model of invariant meta-database consists of
next references: typical construction elements; typical
geometric shapes; list of common materials; measurement

units; list of prices for materials, machines and jobs
etc. (Fig. 3).
Types of Types of Measurement
construction geometric units
elements shapes
List of prices - Materials
Invariant Meta-
Database
Time rates Scripts of Estimated
automatic standards
connection

Fig. 3. Typical structure of invariant meta-database

From implementation point of view, it is logical to separate
estimated standards, list of prices, time rates and scripts of
automatic connection into single databases. It allows to create
model of each building object very flexible and with option to
have a several final implementations based at the same
architectural solution.

The suggested typical structure of invariant meta-database
is not full, but only common part. For each specific BIM
system it needs to add new features, entities and attributes
inherent to specific stage of building lifecycle.

For instance, possible structure of invariant meta-database
for estimation system can be designed like presented at Fig. 4.
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Chapters Books Paragraphs

PK | cdChapter PK | cdBook PK | cdParagraph

A

A

alias name name
description description description
cdChapter FK1 | cdBook

A A

FK:

a

Jobs Resources

PK | cdlob PK | cdResource

type Job-Res name

name type
description PK | cdIR description
price price
duration quantity definer

FK1 | cdUnit FK1 | cdlob FK1 | cdUnit

FK2 | cdParagraph FK2 | cdResource FK2 | cdParagraph

A
A

Units

PK | cdUnit

A 4
A

name
description
koef

Fig. 4. Example of typical invariant meta-database for estimation system

Typical invariant meta-database for estimation system
consists of chapters. Each chapter includes books, and each
book consists of paragraphs. Such structure currently used in
our home country.

The paragraphs consist of jobs and resources. Material,
equipment or machine/mechanism can be treated as resource.
Each resource has measurement units and price.

Job is kind of complex resource that consists of simple
resources and employees salary. Different jobs can consist of
the same resources, thus they have relation type many-to-
many. To handle this there is table “Job-Res” is added to
invariant meta-database structure.

V. CONCLUSIONS

This work describes the basics of building lifecycle
modeling. We have suggested implementation of a building
digital representation data structure. We have separated
invariant meta-database and core structure of digital
representation model of building.

Our future work is creating conceptual model for data
structure at each stage of building lifecycle and to research the
common methods for data structure optimization for the sake
of effective data usage during building modeling.
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