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Abstract
Building Information Model (BIM) is a full-fledged digital framework that models building
components and their relationships. As a subset module of BIM, a sub-BIM focuses on a certain field
or objective and provides all related building information. Aiming at the unsolved problems of
establishing the complete BIM at the beginning of a project, this paper presents a feasible and
necessary method for the implementation of BIM applications by combining various sub-BIMs. The
research took the National Stadium of the 2008 Olympic Games as a case study in which a sub-BIM,
the 4D Structural Information Model, was developed by combining three smaller sub-BIMs to support
the 4D structural safety analysis during construction, so that time-dependent structural analysis could
be carried out precisely following the construction activities. The case study shows that the proposed
method is rational and feasible, and the work load is remarkably reduced.
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Introduction

Building information model (BIM) contains precise geometry and relevant data needed to support the
construction, fabrication, and procurement activities to realize a building (Eastman 2009). It is a
complete representation of the building under construction and can be shared by different participants
such as architects, civil engineers, and contractors, to improve the efficiency and accuracy of building
decisions (Marshall-Ponting et al. 2005). In brief, BIM can support all information on the
management of a building, that is, for the different phases of the lifecycle that includes planning,
design, construction, and maintenance (Graphisoft 2003). It can also sustain information exchange
and sharing so that information during different phases or among participants is not loss.
Hardin (2009) suggested ten steps for successfully implementing the BIM framework. However,
the complete BIM cannot be established at the initial stage of a project because it involves wide areas,
a long time span, numerous miscellaneous data, and other complicated factors. Therefore, it is
necessary to extract kernel information and build some smaller information models aimed at specific
fields/objectives/processes, which is referred to as “sub-BIMs” by us. Subsequently, following the
“bottom-up” logical structure, it is feasible to cover a wider spectrum by using sub-BIMs for specific
purposes or the full BIM with the combination of different sub-BIMs.
BIM provides us with the ability to test the performance of materials and components, and to
determine how they work together. Thus, as an application of BIM, the 4D structural safety analysis
during construction based on sub-BIMs was proposed and applied to the National Stadium project,

which is the main stadium of the Beijing Olympic Games, 2008 (Lu et al. 2009). The case study
shows that this research proposed a feasible method for building the complete BIM with sub-BIMs in
future. This study also shows that further researches on building lifecycle management can be made
by combining architectural design, structural calculation, and construction management.
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Literature review of BIM

The goal for a single BIM has existed for at least 30 years and various standards have been published
leading up to the 10-year development of the Industrial Foundation Class (IFC) (Howard et al. 2008).
Existing literatures provide individual aspects of BIMs such as the need for data exchange standards,
the future potential of BIMs and interorganizational usage of BIMs (Fox et al. 2007). For example,
Campbell (2007) describes and illustrates the various innovative ways that designers and contractors
are applying BIM and Web3D tools in the building industry. The concept of BIM was also adopted by
most of the commercial CAD software including Autodesk Architecture Desktop’s (ADT) interface
(Goldberg 2004), Autodesk Revit Serious, Bentley Architecture’s interface, GraphiSoft ArchiCAD,
Nemetschek AllPlan, etc. Each software targets a specific field such as architectural design, Heating,
Ventilation and Air Conditioning (HVAC) design, structural design, and so on.
Nevertheless, Howard Rob (2008) has pointed out that BIM solutions seems to be too complicated
which results in limited applications of BIM in the initial stages. On the other hand, Patrick assessed
perceptions about the impact of the implementation of BIM on construction projects. The results
(Suermann 2007) showed that only 46% of the respondents thought that construction safety was
improved through BIM. The reason for such limitations is the incomplete BIM data, especially the
lack of safety analysis information. In fact, few of the researches established a complete BIM for an
object from planning to facility management within the lifecycle. The researches focus on particular
stages of a building, thus, the information collected is only part of complete BIM, a sub-BIM. As a
result, there is the need to reconsider the traditional aspects on BIM which includes all building
information. A clear presentation of sub-BIMs and their integration strategy for applications spanning
from stages are instantly required.
In the following part of the paper, the 4D Structural Information Model is established by
combining three smaller sub-BIMs to support a 4D structural safety analysis during construction.

3

The 4D Structural Information Model

During the construction process, the structure changes from time to time. Therefore, it is named as
“time-dependent structure”. Because of its “geometric model + time” mode, which is also the main
characteristic of 4D technology, the 4D Structural Information Model was proposed particularly for
safety analysis during construction. This model covers a wider spectrum of the building processes and
consists of three sub-BIMs: Basic Information Model, 4D Information Model, and Structural
Information Model. Basic Information Model, which presents the fundamental 3D geometric
information and some basic project information, may be used in any application. Then 4D
Information Model and Structural Information Model embody and enrich Basic Information Model
for different objectives and applications. Figure 1 describes how the 4D Structural Information Model
works: Basic Information Model provides 3D geometric representations for a system to produce a 3D
viewer and creator of the building. 4D Information Model can support 4D simulation and construction
management. Subsequently, Structural Information Model can be applied to generate a structural
model, which includes the boundary and loading conditions for stress and strain calculations
according to construction activities at any time point. In another publication by the authors of this
paper, the methodology for automatic generation of structural models was further discussed (Hu et al.
2008).

Figure 1, Structural safety analysis based on the 4D structural information model

The contents of each sub-BIM member are introduced as follows.
As the basic applications have to meet the needs of the construction process, each sub-BIM should
include at least a kernel content of information, which is referred to as Basic Information Model. It
usually includes precise 3D geometric information and basic project properties (e.g. project
information and construction purpose). This Basic Information Model forms the base for the
application of information model and plays a central role among the three sub-BIMs proposed in this
study.
4D is an information technology that introduces time dimension to the Basic Information Model
(besides 3D geometric information) and is mainly applied to computer-aided design and construction
management domain (Kam et al. 2003; Adjei-Kumi et al. 1997; McKinney et al. 1996). 4D
Information Model is a sub-BIM based on 4D technology. Besides containing Basic Information
Model introduced in previous section, it also includes other information such as resources, processes,
and so on. As a result, it can be treated as an extension of Basic Information Model with additional
time information (such as planned schedule or actual schedule).
Structural Information Model is another important sub-BIM for 4D structural safety analysis. It
includes the types of structural elements, profiles (including area, centroid, inertia moment, etc.), local
axes, materials, loading conditions, and so on. This enables computer programs to automatically
identify and extract such structural information and then build a structural model and load conditions
for structural analysis.
Figure 2 illustrates the integration strategy for sub-BIMs to generate the 4D Structural Information
Model. Following Weise’s idea (2003), building elements are used as the conjunction of building
objects with geometric and structural representations, along with the schedule and resource relations.
They represent all physical objects of the virtual building being designed and constructed, including

their 3D geometric properties, construction schedules, material properties, structural properties, and so
on.

Figure 2, Integration strategy to generate 4d structural information model
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A case study of the National Stadium

4.1

Overview of the National Stadium project

The National Stadium occupies an area of 258,000 m2. Thousands of steel elements form the saddleshaped roof of the stadium and are united to form a shape of bird’s nest, which gives the nickname of
the stadium. Inside the stadium, a 7-floor bowl-shaped concrete grandstand, which consists of a giant
in-situ concrete framework and many precast concrete stands, accommodates up to 91,000 spectators.

4.2

3D and 4D building information modelling

On the basis of the design concept, 3D modelling of the stadium was carried out in an IFC-modelling
platform by China Academy of Building Research. The original IFC file contains 40 types of IFC
entities including the most commonly used entities.
Referring to the detailed construction schedule arranged by the contractor, a Work Breakdown
Structure (WBS) with 2459 nodes (including 1806 nodes of activities) was created. According to the
“4D site management model+” (4DSMM+) proposed in our former researches (Zhang et al. 2002),
building elements, resources, and process models are connected to WBS nodes with time information.
The 4D modelling process was greatly simplified by user friendly interfaces.

4.3

4D construction simulation and structural safety analysis

When performing 4D simulation, the visualization controller searches the appropriate activities for
each element. On the graphic platform, different colours represent for different construction states.
Figure 3 illustrates how the National Stadium was constructed in the form of a vivid 3D environment.

Figure 3, 4D construction simulation in a 3D graphic environment to support decision making

Structural safety analysis during construction is conducted with exporting the 4D construction
models to the structural analysis model. For each critical time point, by checking current states
according to WBS and time, the constructed elements are exported to structural model together with
corresponding temporary supports, whereas unfinished elements are not included in the structural
model. The constructed elements are then assigned with materials according to corresponding material
properties. Finally, loadings and boundary conditions are added to the structural model. With
continuously importing the structural analysis model from 4D simulation, the structural parameters at
each time point are calculated for safety analysis in the general purpose finite element software,
ANSYS. Figure 4 shows the calculation results at four typical time points where maximum displacement
of 114 mm and maximum axial stress of 14.6 MPa happens at stage 3. It also suggests that uneven
displacements distribute on slabs relatively distant from the elevator walls during stage 3 and stage 4.
Thus construction managers should pay more attention to those slabs to avoid safety issues.

Figure 4, Structural calculations at typical time points

4.4

Efficiency discussion

A comparative survey between the traditional method and proposed method on workloads is
illustrated in Table 1. The results show that the 4D Structural Information Model significantly
simplifies the process of modelling and analysis, especially in information sharing and dynamic
generation.
Table 1. Workloads comparison on the two methods

Works

Traditional method
(person · day)

Integration method via
sub-BIMs (person · day)

3D architectural modeling

8 (in CATIA)

10 (IFC-based parametric
modeling method)

8 (in AutoCAD)

0 (by IFC files created above)

3D modeling for
construction management
4D modeling (including schedule
arrangement and resources linkage)
Material data preparation
Structural modeling
Re-calculation caused by
schedule alternation (per time)

5

3
3 (in ANSYS)
9 (in ANSYS)
3 (adjusting structural model
according to new schedule)

4 (more detailed information
about activities)
1 (in safety analysis system)
0.5 (automatically generated)
0.5 (automatically generated)

Conclusions

Because of the difficulties of building up a complete BIM at an early stage of a project, the concept of
sub-BIM for particular field/objective/process is proposed in this paper providing the foundation of a
complete BIM with the combination of various sub-BIMs. The 4D Structural Information Model is
presented in detail in this paper. The 4D construction structural safety analysis of the main stadium of
the Beijing Olympics, 2008 was introduced as a typical example of the sub-BIM. The results show
that the work load is remarkably reduced, and the proposed method provides an integrated and
intelligent direction for building lifecycle management.
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