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INDUSTRIAL APPLICATION

Development and Implementation of an Industry
Foundation Classes-Based Graphic Information
Model for Virtual Construction

lianping Zhang, Fanggiang Yu & Ding Li
Department of Civil Engineering, Tsinghua University, Beijing. Chinz

&

Zhenzhong Hu*

Department of Civil Engineering, Tsinghua University, Beffing, China; Graduate School at Shenzhen, Tsinghua
University, Shenzhen, Guangdong Province, China

bstract: Virieal  Consiruction  (VC)  applications
encaunter difficulty in sharing aud exchanging infornia-

th one another duc 10 the long periods of inierop-
rmbnhn limizatton. T address these issu
Foundation Classes-based grapiic information model
(IFC-GIM) is developed according 1o the exchange re-
quirement of VC. and using the representations of three
models in the [FC sciiena and its
the dynamic property set and properti
The tivee models include the physical object model,
the construction information model, and e realistic
model. An OpenGL-based VC plaform is
and applied 10 a 446-n1-high building 10 implement the
IFC-GIM. The resuhs demonsirate that the proposed
IFC-GIM lays the foundation for data sharing and
exchange among VC systems and other [FC-compliant
applications, which, in fum, significanily reduces the
madeling effort for VC and increases the valne of V€
results. Furthermore, animation s applied w simulate
cansiruction activities by the VC platform in addition to
calor and transparency, enhancing realistic feelings in 4D
applications.

1 INTRODUCTION
Virtual Construction (VC) is 4 computer-aided con-
struetion and management approach that allows partic-

o whom comspondecs houd b adlred B
nezheszhoi @t v

ded Civil and nfraseruciure Eni
Dot wuummw. 01200800

ipants 10 perform construction processes virtually us-
ing simulation technology (Lai and Kang, 2009). With
VC, practitioners can identify problems that may vc-
cur in actual construction processes, enabling them to
avoid these problems during actual construction (Ning
and Tsai, 2010). VC helps construction managers im-
prove efficiency, reduce costs and risks, and shorten
the construction period (Waly mndThmbﬂ mm How-
ever, due to s interoperabiliy (Lu et al, 2009), VC
i ficulty in ».ha(mg
with one another or with other applications archi-
tecture, engineering. construction, and fmmy manage-
ment (AEC/FM) industry. As such, massive and pro-
‘modeling efforts are a challenge of applying
W VC results be used directly in other

version interface that entails a heavy workload and is
difficult to extend to other applications. Thus, this ar-
licle proposes a neutral interface for information shar-
ing among VC platforms and other AECFM appli
ns based on the Industry Foundation Classes (IF
standard.

IFC is a neutral data format typically used within
\h\ AE('!FM mﬂ\lsl

dcl\l;!l!l\
AECTFM ..v\!u,.w,‘ cu[n
tion modeling (BIM) {Fu et al. 2006). IFC pus.dlli
huilding information by a set of predefined classes,
including entities and types. For example, physical

d Graphic Information Model
d Unified Information Model for st
d MEP Information Model

T —
Contents lists avadsble at ScanceDiect :k-"""‘
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web-based tools
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* Degartesen of il Exgivrrig,Tonghus ety Beiog. Chine
* Techaoto e st Tecsate ey, Meborcagh UK

ARTICLE INFO ABSTRACT

e ey "
e 2 arch 213 structual tcatins. These appi dthere
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Accepd §Feuary 2016 cirhotice] ot oses (P o Ui o
Avadibie el 5 March 2016 ekl onsd e
[rmm—re modelsand (b lyss model: round ipping). The pro-
e represen-
Dt Ml it gk and syotaxused in vt scetware )po\n.\u.)m
s The. s e
privioev The platforms were tested in four
four stnc-

et eate projects.
| b

rect lnks amang the involved tools; (c] the direct export from an IFC-based architectusal tool through the

Application Program b

face (APY). and (d) the comversion and visuakization of structural analyss resuits. Al

s were succestly perfomed and testednfous sgnican: casestdies I partkulr,the conver

shon

SAP2000, ANSYS

ed for al po
Project ). The frst four

"

S ks e o e i e Ak wn ot s

150402510 Pro-

Joct A and Project B, respectively, indicating an accurate conversion

1. Introduction

The multitude of disciplines. technologies and teams and the mult-
phased and temporary nature of project in the construction industry
make them very challenging environments for information manage-

©2016 Bsevier BY. All ights reserved

share very diverse set of information and data models.In the absence of
integration solutions between various structural analysis technologies,
this task is very challenging. time and resource consuming due to the
amount of manpower requited for re-modeling work and resolving in-
c herefor

ment and collabaration. Inadequate integration an

are still inflicting an economic burden and are often considered key

factors inhibiting the diffusion of innovation systems in the design, can-
industry.

tools that can provide an efficient
Conversion of data modelsbetwaea sech technologes withadequete
quality and fideliry levy

Sukding information Modeling/Model (BIM) technologies and

ing domain, typically in od

y. A BIM is 2 dig:
I

and software applications. Structural analysis processes require them to
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- ez berchemg@tsmghiachcn (22 W
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eserved

fcal nd funcions Sactateic of s Dollieg ot s soead

databuse for

1] Withthe emergence of I, open and neutraldta schemas were
2,

a key factor in streamiining information flows between different disc

plines and influencing the value proposition of BIM in industry |3}

ructural analysis
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Construction and facility management of large MEP projects using a @,W“M

multi-Scale building information model
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Several challenges have been found in the current applications of building information modeling/model
(BIM) technology in large-scale mechanical. electrical and plumbing (MEP) projects, such 3 the huge
modelling workioads of MEP models and decalls, untapped potential in supporting cooperative construc
tion management with multiple participants and insufficient functions for intelligent facility manage-
Al v e v Inoiltenles of 1 sk spolinices
magemen of L o T

provadye g gy yccant s g oo
Teqired nformation of the MEP components acoonin o the schemma of sl foundion i
Based on this model. the paper presents a BIM-bsed constroction management system (o provide vir
tual construction scenes with ppropriate scales for various patticipants to communicate and cooperate,
s well as 2 BIM-based facility management system 1 share information delivered from previ

and imprave the efficiency and safety of MEP management during the operation and maintenance per

participants. This paper propases 3 series of feasble models and techniques to promote BIM ap
plication in Large MEP projects.

1. Introduction

Mechanical, electrical and plumbing (MEP) engineering repre-
sent a substantial part of a building and directly influence oper-
ating efficiency, safety and energy utilisation [1]. MEP engineering
may consist of more than 10 subsystems. including heating. venti-
lation and air conditioning (HVAC). power distribution, telecommu-
nication, automatic control, fire protection. 2nd water supply and
drainage. Each system is a complex combination of several compo-
nents, such as equipment, pipes and wires, as well as  number of
logic relationships among these components.

Particularly for large public buildings such as airport terminals
and railway stations, the installation of MEP systems accounts for
20%-40% of the total construction cost and covers more than S0%
of the total duration during the construction process [2]. In addi
tion, MEP construction includes many interactive and parallel ac-
tivities of multiple participants: thus, smoath communication and
cooperation amang these participants are essential for construction
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management (CM). Compared with the construction process. the

yperation and maintenance period takes most of the time within
the lifecycle and consequently incurs the highest cost. Among the
maintenance tasks, the operation management of MEP components
has a critical role, and the cost could account for up to GO of the
total cost [3

Building information modelling/model (BIM) systems provide
all of the participants with a shared information source and several
visualisation platforms. BIM systems effectively assist managers in
conducting collaborative CM. Fusthermore. the application of BIM
can provide managers with structured nformation to support the
rapid querying of required information on MEP assets and 2D/3D
virtual scenes for facility management (FM) []

Although the BIM concept has been proposed for many years.
several studies on their applications to the CM and FM of large.
scale MEP projects point out some deficiencies in the current prac-
tices. For example, inconsistent/time-consuming manual modelling
s one of the deficiencies to limit BIM Model development [5] and
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