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Abstract

The construction of supertall mixed-use projects is a complex and integrated activity which

has been a big challenge to construction management due to its wide interdisciplinary
collaborations, branch system complexities, and strict quality requirements. Using the
Shanghai Tower as a case study, this paper introduces how BIM information technology

breaks down traditional barriers among design, construction, and operation to realistically
exemplify information sharing and exchange. These are done to solve the problems such as

the “information gap” caused by various information exchange based on paper media and the
“information island” among application systems while trying to effectively control engineering
information collection, processing, storage, and exchange at every construction phrase in order
to ultimately optimize technical and economic indicators in the project lifecycle.
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BIM Applications in the Shanghai Tower
Construction

The construction of supertall mixed-use
projects is a complex and integrated

activity which has been a big challenge to
construction management based on its wide
interdisciplinary collaborations, branch system
complexities, and strict quality requirements.
Architectural information sharing and
exchange is one of the main activities in
project management. Information technology
application and popularization is the key to
promoting architectural industrialization.

As an extra-large, multi-functional supertall
building, the Shanghai Tower is attempting
to achieve not only its building height but
also a new level of building concept and
management in order to display a leading
and exemplary role in the industry. To build a
respectable vertical city, a full consideration
of market demands and improvements

of functioning configurations is required.
This also brings great challenges to the
construction teams:

Extremely Complex Subsystems

The complexity of building systems are
determined by their massive volumes,
extraordinary height, various functions, and
unique characteristics. Eight different patterns
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of mixed-use complex building systems require seven structural
systems, over 30 electrical and mechanical subsystems, and more than
30 intelligent subsystems. These are all correlated but independent
from each other to some extent. They also complement each other yet
propose conflicts with each other quite frequently.

A Large Quantity of Project Participants

The complexity of building systems directly determines the diversity
of disciplines involved in the project. Currently, the design team itself
consists of over 30 consulting units in architectural structure, electrical
& mechanical engineering, fire protection, and curtain walls. Within
the general contractor’s management, the construction participants
include a dozen of subcontracting teams in foundation, structure,
and machinery. In addition, the amount of electrical and mechanical
material purchases in large-sized buildings determines the necessity
of management for various suppliers through the entire construction
process.

A Large Quantity of Innovative Design Concepts and Applications
In pursuit of a goal toward vertical cities and green supertall building
construction, the project must apply many advanced design concepts.
These concepts include rotation, taper, rising curtain wall system, wind
power generation facilities on the tower crown, and public atriums

in various areas. Although these technologies are relatively mature

on its own, these extensive applications in such tall buildings still lack
experience. Engineering design, construction, and management brings
great challenges.

Difficulties of the Effective Transmission of Vast Amounts of
Information

Diverse disciplines, complex systems, large quantity of construction
participants, and each component of the building will be expressed
through drawings. It is extremely difficult to preserve, classify, update,
and manage such a large number of drawings and mountains of data.

Cost Control Difficulties

The total investment budget of the project is 14.8 billion RMB. Such
a huge investment must be protected through accurate calculation
models and management approaches especially the combination

of the carrying amount of investment to the actual progress of
construction in order to grasp the real-time and actual process of the
project to ensure the achievement of the ultimate control goals.

All of these challenges in project management require administrators
to utilize a series of project management models provided by an
effective information technology that can coordinate operations
such as design, construction, management, and investment controls
through the same platform in order to effectively solve various
management problems in the construction process.

BIM, an acronym for Building Information Modeling, is a new three-
dimensional digital technology for building information integration.
It is one of most powerful tools for supporting project information
management. Since BIM can integrate all of the building information
such as design, processing, construction, and project management
into one unified database, it can create one platform to deliver the
building DNA for the full lifecycle management from design and
construction to operation coordination.

According to a large number in actual domestic and international
project applications along with the McGraw-Hill 2007, 2008, and 2009
reports published for three consecutive years, BIM has been proven to
be the futuristic core technology to enhance the architectural industry
and real estate technology and management through the practical
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Figure 1. Development of pre-BIM technology of various countries and regions (Source:
Research Report on Chinese Building Information Modeling Standard Framework )
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allocations and research in global construction industry in the first
decade of the 21st century (see Figure 1).

The project has planned and implemented BIM technology since it
began at the end of 2008. By building digital information models, the
project breaks down traditional barriers among design, construction,
and operation to realistically illustrate information sharing and
exchange. It solves the fundamental problems such as the “information
gap” caused by various information exchange based on paper media
and the “information island”among application systems. It enhances
the visual control over the cost, schedule, and quality through BIM
based three-dimensional visual communications. It coordinates all
kinds of design, technologies, and strategies in green buildings by
building a BIM information platform. A comprehensive implementation
of BIM technology during design, construction, operation, and
maintenance phases can effectively control engineering information
collection, processing, storage, and exchange at every construction
phrase in order to ultimately optimize technical and economic
indicators in the project lifecycle.

In the project planning stage, there is a working emphasis on BIM
project managements and applications of BIM technology. In the BIM
project management phase, in order to ensure a full application and
effective run, a set of BIM workflow, BIM technology standard, and BIM
code is established. To further ensure a full application of BIM in every
phase, extra BIM technology requirements are added in the formal
bidding contract. In the application of BIM technology, a framework of
BIM technology is set in different stages such as design, construction,
and operation to meet various requirements in the project through
applications of different software technologies. In the overall
implementation process of the project, professional collaborative
management platform effectively controls all kinds of technical data
to achieve the effectiveness, uniqueness, and integrity of the technical
data and application; and to achieve data synchronicity in different
departments simultaneously (see Figure 2).

Through BIM parametric designs in the design stage, the designers use
algorithm variable parameters throughout the entire design process by
the setting and judging the rules to modify the proposed design (see
Figure 3). BIM and related software plug-ins can analyze and evaluate
the building’s physical environmental performances such as cooling
and heating loads, sunshine effects, energy consumption, and indoor
lighting. BIM can quickly and conveniently obtain visual and accurate
feedback on the building energy performance. According to analysis
results, designers can further adjust and improve the proposed designs
to formulate more conductive choices to architectural sustainability
and to improve sustainable designs in the overall performance of

the building. In addition, different project participants can intuitively
understand the designers'intents within the virtual 3D environment

to illustrate a unified understanding of the project, to eliminate
misunderstanding, and to improve the communication efficiency
significantly (see Figure 4). The software can automatically detect the
positions and quantity of the conflicting points caused between the
components of different professional models. In this case, adjusting
and optimizing the design of these conflicting points can not only
timely exclude the conflicts caused in the construction process, but it
can also significantly diminish the related design changes to greatly
improve the comprehensive design capability and work efficiency to
decrease the cost growth and schedule delays caused by construction
coordinations.

In the construction phase, BIM applications of on-site simulations
of construction, deepened designs of construction drawings, 4D
construction simulations, and spatial simulation of large-scale

Figure 2. BIM technology framework (Source: Shanghai Tower Construction and Devel-
opment Co,, Ltd.)
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Figure 3. Parametric design (Source: Shanghai Tower Construction and Development
Co, Ltd)
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Figure 4. Visualization design (Source: Shanghai Tower Construction and Development Co., Ltd.)
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machinery operations can attain an efficient monitoring and
management of construction quality, safety, cost, and schedule. For
instance, given the limited operating space on the construction site
with the comparison between the BIM model and construction site,

an available vacant space can be quickly located and its geometric size
can be checked to optimally plan and employ the site. At the same
time, actual construction can be directly understood through real-time
updates of the model (see Figure 5). In addition, BIM models, consistent
with the actual situation of the site and construction, combined with
the 4D simulations based on the preset schedule of construction can
successively illustrate the collaborative working environment which
embraces concrete construction, steel structure erection, system
operations of steel platforms, and large-scale cranes among many
other components so that conflicts can be visually observed among
multiple processes. Therefore, appropriately addressing these problems
can elude unnecessary financial and time losses caused in practice (see
Figure 6).

Currently, in the operation phase, BIM applications have been
increasingly administered in research and explorations of data storage
and exchange, spatial management, asset management, maintenance

=0

Figure 5. Simulation of the construction site (Source: Shanghai Tower Construction and
Development Co., Ltd.)
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Figure 6. Simulation of the construction site in 4D (Source: Shanghai Tower Construc-
tion and Development Co., Ltd.)
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Figure 7. Device spatial orientation (Source: Shanghai Tower Construction and Development Co., Ltd.)
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management of later operations and maintenances (see Figure 7). BIME AT E # BN\, “RMUTAMMNEE L. Rt
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revolution in work approaches, workflows, and management patterns. ~ Information Model (E#fg &M A ) @Building Information
Within the in-depth exploration of the BIM applications, a step-by-step ~ Manufacturer (3 fz & #li#) . F|Building Information
transformation will be ultimately recognized starting from Building Management (ZHE R EE) WAEREE,

Information Modeling to Building Information Manufacturing to

Building Information Management.
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