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Mesh generation plays an important role in determining the result quality of finite element modeling and structural analysis.
Building informationmodeling provides the geometry and semantic information of a building, which can be utilized to support an
efficient mesh generation. In this paper, a method based on BRep entity transformation is proposed to realize the finite element
analysis using the geometric model in the IFC standard. *e h-p version of the finite element analysis method can effectively deal
with the refined expression of the model of bending complex components. By meshing the connection model, it is suggested to
adopt the method of scanning to generate hexahedron, which improves the geometric adaptability of the mesh model and the
quality and efficiency of mesh generation. Based on the extension and expression of IFC information, the effective finite element
structure information is extracted and extended into the IFC standard mode. *e information is analyzed, and finally the
visualization of finite element analysis in the building model can be realized.

1. Introduction

*ere is a global trend in evaluating the overall performance
of buildings by means of the building information model
(BIM) among structural design participants, such as de-
signers, fabricators, and construction managers. However,
the building models store the complete geometry of a
construction, and they are not directly adequate for nu-
merical simulation, as they only implicitly describe the to-
pology and the mutual connections of different structural
components [1]. In order to make the semantic data as well
as the connection explicit and elaborate interoperability
among building design participants, initiatives are put
forward by extending the Industry Foundation Classes (IFC)
model, which represent a promising approach toward en-
suring software interoperability in the building industry. IFC
standard extensions to the data model provide three ex-
tension mechanisms: extensions based on adding entity
definitions, extensions based on IfcProxy entities, and ex-
tensions based on attribute sets. Users can refer to the model

architecture of the IFC standard system and extend the IFC
data model according to their actual needs. Treeck and Rank
[2] developed an algorithm based on the graph theory for
analyzing and interpreting building model-based geometry
in order to support CAD (computer-aided design) tools with
numerical simulation techniques, which are applicable to
any building energy simulation tool. Furthermore, this re-
lation obtained by the developed spatial and topological
analysis may serve as the basis for queries by means of a
spatial query language for BIMs. Nevertheless, another
problem arose that despite various simulation applications
are available for analysis, data input from CAD drawings
cannot be efficiently and precisely read by those applications.
To solve this problem, Fazio et al. [3] designed an IFC-based
framework for implementing the performance evaluation
protocol. To refine the IFC instance files, Ying and Lee [4]
proposed a rule-based automatic checking approach dedi-
cated to the validation of IFC 2nd level—proper space
boundaries for energy analysis. Similarly, a technology-
transfer model named shared computer-aided structural
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design (SCASD) model is developed, affording a new
methodology of interaction, namely, electronic interaction
(e-interaction) [5]. All of these studies have expanded the
use of IFC standards in different areas.

What is equally worth discussing is that, to fully explore
the three-dimensional structure model described by the IFC,
the finite element method (FEM) is introduced to the
structural analysis. A triangle mesh is a common object
representation adopted in scientific computing [6] as well as
animation [7] adopted in scientific computing, but the ac-
curacy of triangular mesh calculation in finite element
calculation is not as high as that of the quadrangle mesh.
While mesh generation is extremely crucial for the accurate
FEM analysis and computation, Lee and Lee [8] detailed
about how to design and develop a full-quadrilateral finite
element mesh generator (Graph FEM V1.0). However,
Nagakura et al. [9] mentioned that hexahedral meshes have
obvious advantages in terms of calculation error, the number
of cells, and resistance to distortion, so hexahedral meshes
are becoming a mainstream mesh in FEM analysis. Lai et al.
[10] improved this proposal to identify different many-to-
one sweepable volumes to generate hexahedral elements. In
addition, to be more specific, Miranda and Martha [11]
described a hexahedral mesh generation algorithm ideally
suited for transition subdomain meshes in the context of any
domain decomposition meshing strategy. *e algorithm
decomposes hierarchically a volume until all volumes should
be mappable to generate elements by the 3D mapping ap-
proach. Based on the generation of hexahedral mesh,
Elhaddad et al. [12] presented a numerical discretization
technique for solving 3-dimensional material interface
problems involving complex geometry with the multilevel
hp-FEM. By using a separate hexahedral mesh for each
material subdomain and applying weak constraints on the
interface conditions between different meshes, the weak
discontinuity of the material interface is solved.

Considering the three-dimensional modeling techniques
and the meshing methods in mind, it should focus on how to
overcome the gap between BIM and FEM in building
structural analysis. In this paper, attempts have beenmade to
develop an effective extended IFC schema and mesh gen-
eration framework to improve the architectural model
meshing and finite element modeling. Section 2 briefly
discusses the trends of research and the current range of
applications of BIM and FEM. Section 3 introduces the
theoretical methods involved in this paper and shows the
complete process of the whole project implementation. In
Section 4, the case study is discussed and the research
methods and future research direction are analyzed.

2. Literature Review

2.1. IFC Standard. *e application of BIM in the con-
struction industry to enhance productivity has become
widespread. Open BIM data schemas include the Industry
Foundation Classes (IFC) [13] and the green-building XML
schema. Among these two most popular BIM schemes,
gbXML and IFC, IFC appears to be a suitable choice as it is
richer in content, enables interoperability among different

software environments, and can be updated according to the
building’s modifications [14]. With the rising adoption of
BIM, a range of research studies have focused on IFC, the
official data schema of BIM, to fully utilize and analyze the
BIM data. Each IFC object contains its individual boundary
representation model (BRep model), from which the at-
tributed objects of the building can be derived via the IFC-
Eurostep Toolbox in combination with the geometric
modeler ACIS from Spatial Corp [1]. However, Krijnen and
Beetz [15] stated that the objectified relationship model and
low-level nature of IFC render many interesting relation-
ships implicit, such as spatial connectivity and type in-
formation. *erefore, additional inference steps are often
applied to increase its ease of use, querying efficiency, in-
teroperability, and the discoverability of IFC information.

A wide variety of promising attempts have been pro-
posed to develop the application and to improve the in-
teroperability of IFC. To extend the interoperability of a
construction quality database in the evaluation process by
employing IFC, Xu et al. [16] proposed integrated solutions
to improve current quality management processes with the
assistance of an IFC-based working environment. By
expanding the property set of IFC data, nontraditional
building information is embedded into the BIM to build a
mapping relationship between BIM information and ex-
ternal database information. Another aspect is noticed that
at present, getting the data out of BIM is still a hard task, and
no BIM authoring tool able to properly export 2nd level
space boundary geometry information contained in IFC can
be found. To conquer this problem, Lilis et al. [17] proposed
an approach to extract such information correctly, which is
necessary for the setting up of building energy simulations.

In previous studies, BIM data standard still has many
shortcomings in dealing with multiprofessional collabora-
tion. Each major only involves information related to the
major and does not implement the process of extracting
complete data. As a result, the uniform IFC format does not
work as well as it should, and it is difficult to achieve
synergies between different application levels. Such prob-
lems are not unrecognized. To handle this problem, this
research focused on defining a schema using popular re-
lational database structure following an established star
schema model and on transformation rules to bring BIM
data into a form that is easily queried. Likewise, Daum and
Borrmann [18] described a system for topological and spatial
querying on IFC building models. Elements intersecting or
contained within boundaries of other elements can be re-
trieved. Kang and Hong [19] developed an automatic
mapping method to improve the efficiency of IFC data
conversion process to CityGML, aiming at the problem that
the mapping model in BIM and GIS conversion process
takes more time to calculate.

2.2. Mesh Model. At present, the technology of grid seg-
mentation is improving, and the precision and applicability
of grid segmentation are increasing and expanding. *e
successful applications of the use of the information model
as a standard practice for buildings led to an increase in

2 Advances in Civil Engineering



demand for its use in other structures as well. In addition,
there is neither IFC supports road structures nor specific
road BIM execution plan exists. Consequently, a continuous
active effort has been made to develop an IFC-based data
schema for effectively representing the design information of
civil engineering structures other than buildings for pro-
ductivity improvement. Yabuki [20] proposed the IFC-
shield Tunnel and included items for representing compo-
nents, facilities, and geologic information targeted at shield
method tunnels. *ereafter, Lee and Kim [21] proposed an
IFC data schema expansion plan targeting integrated road
structures, which include bridges and tunnels. Nevertheless,
these studies focused more on the relationship from a
macroperspective and from a holistic perspective, re-
spectively, rather than considering the elements of the
tunnel structure in detail. Lee et al. [22] presented a tunnel
data schema to efficiently manage and exchange the design
information, by identifying the applicable IFC elements and
defining new items for the additional necessary elements.
Similarly, Park et al. [23] put forward a method to improve
the usability of the IFC data schema-based bridge in-
formation model that can control not only the 3D geometric
information but also nongeometric attributes for an open
standard-based bridge information model at present.

Besides above application and enhancement of both IFC
and BIM authoring tools, another problem arose when
dealing with the cooperation of BIM and FEM. At present,
there is only a few of studies on cooperation of BIM and FEM
[24]. Xiao et al. [25] analyzed the combined parametric
method of BrIM models, built up structural properties for
FEM, and highlighted that the most essential factors for finite
element analysis are element types, material properties, mesh
modes, and restraint system. Moreover, as for FEM, Romberg
et al. [1] discussed the advantage of the fully three-di-
mensional structural analysis performed by p-version of the
finite element analysis. *e main method adopted in this
paper is to establish the BRep entity geometric model for
mesh generation, which is due to the unique advantages of the
BRep geometric model in the relationship between points,
lines, and planes representing the structure. Huang et al. [26]
proposed the geometric topology model of CSG-BRep to
describe the three-dimensional topological relationship of the
structure, aiming at the limited topological information
expressed by the BRep geometric model. *is paper in-
troduces the data structure of the BRep model in detail and
unifies the topological relationship between models by using
the Boolean operator.

*e literature reviewed above concludes a wide variety of
promising approaches proposed to enhance the in-
teroperability and the discoverability of IFC information.
Nevertheless, attempts have to be made to further overcome
the limitations imposed by lack of consistency in data and the
declining interoperability in the field of building construction
[22]. IFC is a data model that relies on human interpretation
in the sense that the meanings of its modeling elements are
not constrained bymeans of formal semantics, leading to calls
for such a formalization of IFC in some formal language to be
frequently used for computational reasons [27]. *us, de-
veloping a method to transfer the architecture model to the

finite element model effectively is the key to fully utilizing and
analyzing BIM data. *e data transformation can provide
effective support for the finite element analysis process of IFC-
format BIMs created on the web browser. By using the web
technology, BIMs can be linked with external information like
FEM-data from other systems on the internet to improve the
visualization performance.

3. Methodology

*e traditional transformation from the architectural model
to the structural model is usually to establish a general
structural finite element model and to convert the general
structural analysis model to the architectural model, which
has a very good effect in the past when the interaction
between architectural and structural model is not strong.
With the development of BIM technology, the interaction
degree of the building structure model is continuously
improved. *e direct finite element analysis of the building
model can better realize the use of a model in multiple
aspects, which greatly facilitates the management of building
information. Moreover, there are a series of incompatibility
problems in the transformation between the traditional
general structural analysis model and the architectural
model, and the mismatch of the model after the trans-
formation, which are also the shortcomings exposed by the
traditional transformation method.

In this study, a novel mesh segmentation method is
proposed to support the data conversion from the BIM to
the finite element model. *e proposed method first
transforms a given IFC-based BIM into a connection model,
which is then meshed to obtain a refined finite element
analysis model for the subsequent calculations and simu-
lation. *en, the meshed model is used to set boundary
conditions and load, and the finite element analysis is carried
out. In the process of grid division, the first thing is to ensure
the extraction of components based on the whole model so
as to facilitate the view of the analysis results of components.
*en, the relative coordinate and local coordinate trans-
formation of the components are defined, and the com-
ponents are meshed using the refined grid algorithm, at last
the coordinate data of the unit section are encoded and
compiled. *e information transformation about non-
geometric attributes, especially the loads and constraints,
generally exists in the model. If these nongeometric attri-
butes cannot be compiled in the model, the nongeometric
information under IFC standards should be embedded in the
original geometry file. At the same time, this paper also
expanded and expressed the IFC attribute set and processed
CAE results with WebGL technology combined with
compressed data to facilitate the calculation means and
results of finite element analysis to be applied and displayed
in the BIM. By processing the results, the control of line
frame display and selection of display result list can be
achieved. In addition, the selection and display position
control of color bar can also be achieved. After calculating
the data of the finite element model, it is able to display the
results of finite element analysis in the BIM. Figure 1 shows
the proposed BIM-based framework for mesh generation.
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3.1. Transformation Method

3.1.1. hp-Vision Finite Element Method. �e transition be-
tween architectural and structural models is inuenced by
many factors. For traditional architectural models, the col-
lection method based on scanning volume and construction
entity is generally adopted [26]. In the surface model, BRep
(boundary representation) model can be used to express
commonly [28]. In theory, the classical nite element method
(h-vision) is very suitable for the simulation of 1, 2, and 3-
dimensional structural problems [29]. However, it has certain
requirements on the aspect ratio of the structure shape, and
low-precision locking may occur when the case of plate and
shell structure is encountered [1]. For simple materials, the
grid generator can follow the material page exactly, but it can
be cumbersome at the composite interface. In order to avoid
too complex mesh, a p-version nite element method which
extends the original complex geometry to simple shape
through the virtual domain is introduced into the nite el-
ement analysis method so that the cartesian mesh can be
divided easily. While using the p-vision, it can well simulate
the complex boundary. However, materials with complex
geometric shapes need to obtain local high gradients or
singular points, and the problem must rene the local grid,
which greatly increases the space occupied by the hard disk. A
multilevel hp-nite cell method is proposed to enhance the
structural analysis model to bemore accurate in nite element
expression. �e hp-vision nite element method combines
h-vision and p-vision, which can deal with complex 3d ge-
ometry. �is scheme is especially suitable for dealing with
discontinuity of interface of di�erent materials.

With the improvement of users’ aesthetic requirements,
attention has been paid to the appearance and style of ar-
chitecture, and more complex curved surfaces and irregular

shapes have been applied to architecture. �e nite element
method based on hp-vision combination is adopted to es-
tablish smaller grid surface at the microlevel of the structure
and achieve more accurate e�ect through continuous sub-
division so as to express the architectural information.

3.1.2. Model Transformation Algorithm Based on BRep
Bodies. In a simple basic structure described by the IFC les,
it mainly contains the following contents:

(1) �e basic content of the project, which is mainly
provided by IfcProject:
IfcOwnerHistory. Creator, application, and creation
time
IfcGeometricRepresentationContext. Type, dimension,
coordinate system, precision, etc.
IfcUnitAssignment. Unit of measure

(2) �e basic spatial structure of the project, which is
mainly provided by IfcBuilding:
IfcLocalPlacement. Describe the relative spatial po-
sition of an artifact
IfcProductDe�nitionShape. Dene geometry in the
local coordinate system

In the geometric representation of the model, the IFC
standard provides several methods: construct solid model,
construct solid geometry model (CSG model), surface
model, subdivision surface model, and boundary repre-
sentation model. �e CSG model has the advantages of
simple method, fast generation speed, simple data structure,
small data volume, and easy modication. CSG is the result
of a Boolean operation in which an object is represented as a
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Figure 1: Proposed BIM-based framework for mesh generation.
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series of simple elementary objects (such as cubes, cylinders,
and cones). *e disadvantage of CSG is that the information
is simple and does not record the boundary, vertex in-
formation, and so on. Limited by the type of basic voxel and
the type of voxel operation, it indicates that the coverage area
of the body has great limitations and the local operation of
the body (e.g., chamfering) is not easy to realize. *e space
required to display the resulting shape represented by CSG is
also longer. *e scanning representation, also known as the
stretch body representation, represents the two-dimensional
contour drawn on the working plane and then stretches the
contour in a certain direction to form a three-dimensional
object. *e advantage of scan representation is that it is
simple and suitable for graphic input means. *e disad-
vantage of the scanning representation is that it is difficult to
perform geometric transformation, the boundary in-
formation of the shape cannot be directly obtained, and the
coverage of the shape representation is very limited. *e
surface model is a series of two-dimensional faces enclosed
into a three-dimensional form, which is expressed in a more
direct way without too much node information. *e sub-
division surface model is composed of a triangular mesh,
which is more detailed in expression than the surface model.

An object of the BRepmodel is represented as a region of
closed space connected by many surfaces such as faces,
triangles, and splines. *e advantage of boundary repre-
sentation is that there is more information about faces,
edges, points, and their relationships. It is good for gener-
ating and drawing wireframe and projection diagram and
easy to be associated with 2-dimensional drawing software
and surface modeling software. *e disadvantage of
boundary representation is that because its core information
is surface, it cannot provide information about entity gen-
eration process. *e BRep model needs more information to
describe the object, and the expression form of the boundary
expression method is not unique. *e BRep model has great
advantages in finite element mesh segmentation because the
solid model contains many relationships between points and
lines.

3.2. From BIM to Finite Element Model

3.2.1. Model Transformation Algorithm Based on BRep
Objects. In recent years, the development of engineering
collaborative design has become more and more urgent.
Collaborative design requires a high degree of integration of
data and information to avoid inefficient and repetitive
work. In other words, when the building scheme is de-
termined, the data information of the building model cre-
ated can be extracted by the downstream participating
majors (structure, energy saving, equipment, etc.) to form
corresponding data model, so as to reflect the concept of
collaborative design. At present, IFC is generally used in the
data exchange of building models in the construction and
facility management industry. *e goal of this product
model standard is to define an integral, object-oriented, and
semantic model of all components, attributes, properties,
and relationships of and within a building model. *e IFC

product model is specified using the modeling language
EXPRESS, which has been used to define STEP-based
product models within ISO 10303 before. Since 2014, the
IFC4 standard has been released.

*e methods of describing solid in IFC standard are
introduced, which mainly include scanning solid model,
surface model, boundary representation model, solid ge-
ometry model, and subdivision surface model. Although
the IFC standard building model can well express the
geometric shape of a complete structure, it is not suitable
for numerical simulation because it only implicitly ex-
presses the topological structure and mutual relations
between different components. It is difficult to describe the
connection of structures using the general stretching
method in IFC.

In order to make the topology and connection of the
structure explicit, it should further express the geometry of
the building. In this case, it needs to establish the BRep
model of the object with attribute objects. BRep is a method
of using boundary surface slices to express entities. *e
entity object expressed by BRep is surrounded by many
small faces. Each facet is composed of many boundary lines.
Each boundary line is formed by connecting two vertices.
*e orientation of each face can be judged by its normal
direction. *e advantage of using BRep technology is that
there is much information about points, edges, planes, and
their mutual relations, and it is beneficial to generate and
draw wireframe, projection diagram, and so on. However, its
main disadvantage is that the boundary form is arbitrary and
not unique, which is not conducive to the development of
the data conversion interface.

In order to be able to correctly express the connection
and topology of the model, a BRep-model with attributed
objects is derived from the building model firstly. As the
second step, the geometric model is decomposed into
“connection model” which includes coupling objects and
difference objects. *e coupling objects are set in all location
in which structural components are arranged in plane
contact, while difference objects only being in contact with
other difference objects at nodes or along common edges. In
the third step, the model is divided into finite element
meshes by scanning solid quadrilateral meshes, as shown in
Figure 2. *e advantage of this model is that it not only
completes the mesh division of the model but also de-
composes the beam-slab-column wall effectively.

3.2.2. Connection Model Definition. Consider a consistent
geometric building model as a set of one or more BRep
bodies.

*e following types of intersection of objects can be
distinguished in Figure 3:

(i) Type PLF. *e intersection of objects with adjacent
faces consists of nodes, edges, and faces

(ii) Type PL. *e intersection of objects with adjacent
edges consists of nodes and edges

(iii) Type P. *e intersection of objects with adjacent
nodes consists of nodes only
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Objects can thus be characterized according to their
intersections with other objects. Based on their di�erent
semantics, they are partitioned into a set of coupling objects
MK and into the set of di�erence objects MD (Figure 4).

Each coupling object and di�erence object is composed
of closed BRep objects being described by nodes, edges, and
faces. �e connection forms between di�erence objects are
types of P or PL. �e connections between coupling objects
are types of P, PL, or PLF.�e connection forms between the
di�erence object and the coupling object are types of P, PL,
or PLF.

To consider a geometric building model Ω⊂R3 con-
sisting of a set of n BRep objects, the algorithm to decompose
the entity model into join models is shown in Algorithm 1,
and the process is shown in Figure 5.

3.2.3. Automatic Mesh Generation with Hexahedral Elements.
After the BRep model expressed the connection relationship
of the model correctly, it needs to start meshing the
structure. �e initial point of mesh generation is the model
that is decomposed using the algorithm in the previous
section. Coupling and di�erence objects are meshed with

explicit given sequences and type-sensitive meshing algo-
rithms. It can either use elementary 3D mesh macros or
hexahedral meshes scanned using a 2D quad mesh. Firstly, it
has to dene a reasonable mesh size for each di�erent object.
�e most critical element in the partitioning process is to
generate compatible elements. Only when the position of
nodes, edges, and faces of hexahedra on coupling objects is
inherited to their adjacent di�erence objects, elements
without hanging nodes can be guaranteed.

When the model is divided into coupling object and
di�erence object, the hexahedral meshing is generated. In
view of the characteristics of building structure shape rules
and easy to establish e¡cient model, this paper adopts the
generation method of the hexahedral grid based on two-
dimensional quadrilateral grid scanning. In this paper, a
method of generating hexahedral meshes based on two-
dimensional quadrilateral meshes is proposed, aiming at the
characteristics of building model shape rules and easy to
build e¡cient models. In this method, an improved leading
edge advance algorithm is used for two-dimensional
quadrilateral meshing, and sweep method is used for three-
dimensional meshing. �e meshing process is discussed in
[2]. Multilevel hp-nite cell method was used to generate

Sweeping
direction

Source surface

Target
surface

Figure 2: Principle of the sweeping mesh division.

(a) (b) (c)

Figure 3: Intersection types: (a) P, (b) PL, and (c) PLF.
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meshes of di�erent sizes for the division of source surface
meshes.

In the sweep method, the requirements for the model are
as follows: rst, the source surface and the target surface
must have the same geometric topology. Second, the source
and target surfaces may not be two-dimensional, but they
must be parameterized. �ird, the connecting surface must
be a quadrangle-like closed surface. Last, the meshing of the
connecting surfaces must be structured.

After sweeping a single component, it is transmitted
through the coupling objects and di�erence objects between
the connectome. In the process of grid division, the size and
shape of each component are di�erent, so it is generally
necessary to transfer the grid through the same boundary.
�e transfer process is as follows:① Determine the element
density in the sweeping direction, which is determined
according to the neness of the nite element mesh; ②
Determine the sweeping advance vector of the quadrilateral
grid by combining the hexahedral transition template. Be-
cause there are di�erent sizes of meshes in the process of
mesh generation, di�erent advance vectors should be set up
for mesh segmentation; ③ Use the sweep method to gen-
erate internal nodes layer by layer and generate hexahedral
elements. For the quadrilateral grid element nodes of the

two-dimensional source surface, the corresponding sweep
advance vector is adopted to generate the internal nodes
layer by layer, and then the hexahedral elements are gen-
erated layer by layer according to the geometric topological
relations of the hexahedral elements and their transition
templates;④ Restore of missing hexahedral mesh transition
elements. Hexahedral transition elements cannot be com-
pletely divided by the sweep method, and a certain number
of mesh elements will be missing in the transition grid
divided by the sweep method. After scanning, some nodes
are repaired.

�e process of meshing between connectors is as
follows: ① Use the grid generator to cut the di�erence
objects by the sweeping method, and then sweep in the
third direction; ② Assign values through common face
coupling objects, and then rene the coupling object; ③
Pass through the common surface to the adjacent di�er-
ence object. In this process, only when the position of
nodes, edges, and faces of hexahedra on coupling objects is
inherited to their adjacent di�erence objects, elements
without hanging nodes can be guaranteed. If the size of the
hexahedra mesh is di�erent, the coupling part needs to be
rened again, and part of the node information is no
longer transferred. For mesh renement, the formation

Difference objects

Coupling objects

Figure 4: Connection model with coupling and di�erence objects.

ni,j

ωj

fi,j
ωi

Figure 5: Connection model with coupling and di�erence objects.
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process of the connectome grid is shown in Figure 6. H-p
finite element mesh division can well maintain the uni-
formity and continuity of the geometric gradient and
improve the efficiency of mesh discretization.

3.2.4. Finite Element Information Extraction Based on the
IFC Standard. A building is composed of many compo-
nents. When analyzing a single component, it should extract
the component information and then divide the structure
into grids. *e method of grid partitioning is given above.
*ere are many basic structures for grid partitioning, and
they are often used together on a case-by-case basis. Hex-
ahedral element has significant advantages in finite element
analysis, so the hexahedral element should be used as far as
possible in the construction of the finite element model. *e
size of the element is determined according to the accuracy
of the calculation. It also needs to collect the element body
information in order to complete the finite element analysis
of the building model.

For a unit hexahedron, the coordinate information of the
point is the main concern. After extracting the component
information, the frame point coordinates of the component
are found. *e point coordinates of the hexahedron can be
defined through geometric relation. In order to obtain the
coordinates of each point, the first step is to determine the
coordinates of the frame point of the component. *e ex-
traction of coordinate information of frame points requires
nested references of multiple IfcLocalPlacement objects so as
to obtain the geometric positioning of the local coordinate
system of components in the absolute coordinate system.
After obtaining the absolute coordinates of the frame points,
the relative coordinates and absolute coordinates of each
point can be obtained through the geometric relationship
between the nodes in the process of mesh segmentation. *e
shape expression of the IFC model is different from that of
component structure. It is necessary to calculate the topology
information of each node of the element body according to
the shape expression of the structural component and the
location of the local coordinate system. In the finite element
analysis of the whole structure, for the frame beam and
column, the two ends of their topological expression are the
two end points of the beam and column in the analysis model.
For the wallboard component, the corner points expressed by
its topology are the corner nodes in the analysis model.

(1) Component Extraction Based on the IFC. In the building
model, many building components are continuous beams,
cross-story columns, and cross-story walls, which need to be
split up and establish the relationship between structural
components and structural connections when generating
structural components. Before the finite element analysis, it
should extract the components in the IFC file first and then
divide the components into grids.*e internal data structure
based on IFC standards uses algorithms to extract in-
dependent components. According to the types of building
components selected by users, such as walls, beams, and
columns, the target components are extracted from IFC
physical files. In order to express the extracted IFC files of

components correctly, the algorithm is required to extract
not only the physical information of components but also
other nonphysical information.

*e IFC physical files are preprocessed first. *e algo-
rithm is used to detect the IFC instances corresponding to
the target building artifacts, and then the circular iteration is
used to extract the examples of the associated link with the
target instance. During this period, redundant instances are
eliminated until all relevant instances are extracted. Finally,
the extracted IFC files are processed after processing, and the
IFC files are checked for validity. *e whole procedure flow
is shown as Figure 7.

*e BRep components extracted in the process are stored
in IFC files as physical files. *e IFC nongeometric in-
formation is written or accessed in the conversion process. If
the nongeometric information is not shown in the standard
physical files or is missing, the physical files need to be
supplemented accordingly. *e BRep geometry model, as
the intermediate state of the running program, is contained
in the IFC files.

(2) Local Coordinate SystemAnalysis. Structural components
(including other entities in the structural analysis model)
refer to the unified coordinate system of the structural
analysis model, and the hierarchical coordinate reference
method in the architectural model is not adopted. *e
structural components are expressed by topological geom-
etry so as to distinguish the connection relations efficiently.
*erefore, the transformation between local coordinate
systems should be considered in the expression process.

*e unified coordinate system of the structural analysis
model does not use the hierarchical coordinate reference
method in the building model, so the coordinates need to
be converted. *e IFC standard stores the position co-
ordinate information of the object through the IfcLocal-
Placement type. In IFC files, spatial structure is defined by
IfcRelAggregates. *e location of the model component is
defined by local position. Each component has individual
independent coordinate system (IfcLocalPlacement). At-
tribute PlacementRelTo corresponds to the coordinate
system of an upper order, and attribute RelativePlacement
corresponds to the information of relative position. *en,
through multiple references of the coordinate system, the
coordinate system of components is nested under multiple
IfcLocalPlacement, and its position in global coordinate
system of the whole project is finalized. *rough nested
references of multiple IfcLocalPlacement objects, the rel-
ative position is obtained of the local coordinate system of
components in the global coordinate system (the locali-
zation of the origin and the axes of local coordinate system
in global coordinates). *e position of the object does not
point the world coordinate system but points a relative
object in the local coordinate system. For example, the
position of a wall is determined by the local coordinate
system of an adjacent beam which is set in the overall
coordinate system of the entire building. All objects have
precise position coordinates in the world coordinate sys-
tem, so the coordinate systemmust be converted during the
mapping. Hence, the conversion of geometric information
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from IFC contains the transformation of the coordinate
system. Upon model display, the coordinate system
employed of model is the local cartesian coordinate system.
BIMserver is a BIM-based server management platform.
�is platform can be used as an example. Upload the IFC
le to the BIMserver server, parse the model through
IFCEngine, split the entire model according to the building
components, and obtain its component model (IFC le).
After the above process, the original IFC le is converted
into a smaller IFC le obtained by the component and a

JSON le containing the component properties. In the
process of extracting components, it is necessary to traverse
the various components in the IFC le, obtain the geo-
metric positioning, shape expression, and related material
properties of the local coordinate system of the component
in the entire model coordinate system, and store them in a
JSON le. Generally, the origin of coordinates is on the
surface of ellipsoid and corresponding elevation zero. �e
calculation of transition matrix Tt between two coordinate
systems is as follows:

Use the mesh generator to
mesh the difference

objects and sweep in the
third direction

Assign values through
common face coupling
objects and refine the

coupling object

Pass through the
common surface to

the adjacent
difference object

Figure 6: �e meshing process.

Step 1:
preprocess the IFC file

Step 2:
input/identify target

components and instance
extraction

Step 4:
eliminate redundant

association cases

Step 5:
extract the instance

contained in the extracted
instance attribute value

Step 6:
postprocess IFC files

Step 7:
check the validity of the

extracted IFC physical files

Step 3:
extract the instance

associated with the target
case

Extract new
cases?
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ar
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Figure 7: Component extraction based on IFC physical les.
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Tt � RxRyRzT,

Rx �

1 0 0 0

0 cos θx sin θx 0

0 − sin θx cos θx 0

0 0 0 1

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

,

Ry �

cos θy 0 − sin θy 0

0 1 0 0

sin θy 0 cos θy 0

0 0 0 1

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

,

Rz �

1 0 0 0

0 cos θz sin θz 0

0 − sin θz cos θz 0

0 0 0 1

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

,

T �

1 0 0 0

0 1 0 0

0 0 1 0

x1 y1 z1 1

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

,

(1)

where it is assumed that the origin of the local coordinate
system in the IFC model is (x1, y1, z1) in the global co-
ordinate system; the Z-axis of local coordinate system is
perpendicular to the ground; the Y-axis points to due north;
the spin matrix corresponding to coordinate axes is Rx, Ry,
and Rz; and θx, θy, θz are the intersection angles between
rotation vector and X-axis, Y-axis, and Z-axis.

In the process of meshing the local components, the
coordinate information of the physical instance should be
mapped to the world coordinate system, and only by
mapping to the unified world coordinate system can the
measurement and comparison be made according to the
same standard. *e geometric representation of the Ifc-
Product instance is based on the local coordinate system,
and the local coordinate system in the world coordinate
system will be affected by the reference coordinate system.
To obtain the representation of its local coordinate system in
the world coordinate system, follow the reference coordinate
system of IfcProduct and trace upward until its Place-
mentRelTo is empty. *is paper takes the coordinate
transformation between a beam and a column as an example
to illustrate the method of calculating the world coordinate
system. *e column section is 500× 500mm, the height is
3600mm, the beam section is 500× 300mm, and the length
is 2000mm. *e instance fragment is shown in Figure 8.

(3) Calculation of Node Coordinates Based on IFC Standard.
A node is the most basic finite element entity. A node de-
scribes a physical location on the created structure and is
used by the element to define the location and shape. It can
also be used as a temporary input to create geometric objects.
*e three-dimensional finite element model element can be
understood as a three-dimensional body composed of
several nodes, and each three-dimensional element is

connected to form a complete finite element model.
*erefore, if the nodes in each finite element model are
created and then connected together according to a prin-
ciple, the finite element model can be created.

In the process of assembling components in the point
graph, it needs to extract the component information firstly
and then obtain the position information of the frame points
of the component in the absolute coordinates from the IFC
standard information so as to calculate the position in-
formation of each point in the IFC context. According to the
solution method above, the absolute coordinate system of
each component, the reference coordinate system of each
component, and the relative position of the absolute co-
ordinate system are obtained after nesting layer upon layer. In
the process of finite element mesh segmentation, the mesh
elements involved include one-dimensional node element,
two-dimensional quadrilateral element, and three-di-
mensional hexahedron element. *e data structure of node
cell and tetrahedral cell is simple. No matter what kind of grid
can be represented by nodes arranged in a certain order. *e
quadrilateral element can be represented by its four nodes in
order. For the purpose of unifying the data of the subsequent
hexahedral element, it is stipulated that the node order of the
quadrilateral element should conform to the right-hand rule.
*e data structure of nodes is similar to that of geometric
points. *e data structure of the quadrangle includes two
parts, element number (Id) and element node set (Ele-
met2D_Nodes). *e data structure of nodes and quadrilateral
cells can be specifically expressed in Algorithm 2.

*e hexahedral element is composed of six quadrilateral
elements in geometric topological relation, so a hexahedral
element can be represented by 8 nodes of two relative
quadrilateral elements. *ese eight nodes must be one-to-one
in space. *e data structure of the hexahedral element in-
cludes the hexahedral number (Id) and the eight nodes of the
hexahedral element (Element3D_Nodes). Its data structure is
expressed in Algorithm 3.
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Y

Z

X

Y

Z
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Figure 8: Coordinate system transformation in IFC physical files.
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After the nodes of the hexahedral element are defined,
the coordinates of the base points of the components can
be found by looking up the coordinate information in the
IFC file, and then the coordinate values of the other points
can be calculated. Firstly, a rectangular coordinate system
for the component is established, and the origin is the base
point of the component. According to the method of
meshing mentioned above, it can be found that the co-
ordinates of all components are in the coordinate system
of the component. Tetrahedrons, hexahedrons, triangular
prisms, and pyramid elements can be used in conjunction
with complex, irregular entities. With the calculation
above, the graph of all node positions and coding in-
formation can be formed. *en with consideration of
the load information, the position change information
is obtained as the standard for structural analysis of
components.

3.2.5. #e Extension of Nongeometric Properties. *e struc-
tural analysis model mainly includes nodes, units, loads, and
constraints.*e IFC standard provides a comprehensive set of
predefined entities for structural analysis, in which the rel-
evant finite element elements are prefixed with IfcStructural.
For the node connection, IfcStructuralConnection is mainly
used in the IFC standard to express the connection nodes
between elements in the structural model. *e connection
here mainly refers to the connection node or support concept
of the structural analysis model (finite element model); the
structural analysis model of the unit with IfcStructur-
alMember entity to express, IfcStructuralMember have two
child class, don’t is the line unit (IfcStructuralCurveMember)
and surface single yuan (IfcStructuralSurfaceMember); for the
structure’s load representation in IFC, there are multiple load
conditions and multiple load combinations according to the
design specifications. *erefore, accurate expression of the
load groups to the key. *e combination of IfcStructur-
alAction and IfcStructuralLoadGroup is generally adopted to
express the load condition and load combination; structural
analysis model of constraint expression using IfcBoundar-
yCondition entities.*is entity can express support boundary
constraints (applies to IfcStructuralConnection) and can
express the end of the bar to degrees of freedom (for use in
IfcRelConnectsStructuralMember). About beam section in-
cludes point about beam (IfcBoundaryNodeCondition), edge
(IfcBoundaryEdgeCondition), and face about about bouquets
(IfcBoundaryFaceCondition). *e writing or access of this
nongeometric information in IFC standard needs to be re-
flected only in the process of transformation. If it is not
reflected in the standard physical file or there is lack of in-
formation, the physical file needs to be supplemented
accordingly.

3.2.6. Establishment of the IFC-Based Finite Element Model.
In the process above, the BIM is subjected to the re-
quirements of the finite element analysis model. To realize
the finite element analysis of BIM, on the one hand, it
needs to expand and express the finite element in-
formation of the processed BIM; on the other hand, the

mapping relationship between data and model is in-
tegrated, as shown in Figure 9. In this way, the information
of the finite element model is firstly extended in IFC
standard, and then the finite element information is in-
tegrated into the BIM.

(1) #e Extensions Based on IfcProxy Entities. As an open
standard system, the IFC standard provides three extension
mechanisms for the extension of the model, namely, ex-
tension based on IfcProxy entity, extension by adding entity
definition, and extension based on attribute set. Each of the
three extension methods has its own advantages and dis-
advantages, and different methods can be used for different
users. For example, if the national standard is formulated,
entity expansion is required, and the relevant attribute sets
are supplemented. For project-level BIM applications, the
IfcProxy extension or attribute set extension can be used.
Compared with the extension method based on the attribute
set, the operation is simple and convenient, the version
compatibility is good, the type is safe, and the operation
efficiency is high, which is the preferred expansion method.

In the IFC standard, an entity can have multiple attribute
sets. *ese attribute sets can be either a predefined attribute
set or a custom attribute set, which lays the foundation for us
to extend the attribute set. *e association of an entity with
its attribute set is achieved by defining an attribute re-
lationship entity. As a container of attribute information, the
attribute set loads the structural force information that the
engineers care about.

*is paper first establishes a basic information attri-
bute set about a finite element body and defines the at-
tribute content contained in the attribute set. When
defining the content of an attribute, it needs to determine
both the attribute type and the attribute value type.
Usually the attribute type is IfcpropertySingleValue. After
the definition of the basic information attribute set and
related attributes of the structure is completed, the
identification information attribute set at the structural
component level is established, including the relative and
absolute coordinate information of the individual points
of the unit body. Since beams, columns, slabs, and walls of
structural components all have these two attributes, in the
actual extension, the common parent class of IfcBeam,
IfcColumn, IfcSlab, and IfcWall, IfcBuildingElement can
be selected as the associated entity of the extended at-
tribute set, which is also a reflection of the flexibility of IFC
standards in practice. *e rating and rating value prop-
erties of beam, column, board, and wall are included in the
Pset_AppraisalResult property set, and the rating and
rating values in the property set are defined.

After the definition of component attribute set and
related attributes is completed, the specific method of
definition in the process of grid generation should
be defined to ensure the accuracy of information ex-
pression as much as possible in the compilation process.
*e grid attributes of components are defined as shown
in Table 1.

*e set of encoding attributes of a cell body is shown in
Table 2.
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After the expansion of the attribute set, it is required to
express the nite element analysis model based on IFC
standard further. IFC standard data need to be expressed in
EXPRESS normalized language, which provides two ways of
description: EXPRESS language description in code form
and express-g diagram in tree form (a graphical represen-
tation of the product model corresponding to the EXPRESS
language, known in the standard as a “graphical subset of
the EXPRESS language”). Because the steps of manually

modifying the code form of EXPRESS language are tedious,
the workload is large, and it is easy to make mistakes.
�erefore, after the IFC standard is extended a little
according to the user’s own needs, it is often described by the
express-g diagram to complete the expression of the ex-
tension information. �e EXPRESS language description in
the code form is mostly used after the IFC standard system is
updated or other IFC standards are extensively extended and
modied. In this paper, IFC-based nite element analysis

The extension and
expression FEM

information based on IFC

The integration of geometric
material information in BIM

software

IFC file extension
+

Express-g

Geometric material
properties linked to BIM

software
+

Adding quality parameters
in BIM software

IFC data mapping in FEM based
on IFC

Standardization
criteria

Information
integration

Figure 9: Implementation of IFC data mapping in the FEM model.

(1) for i� 0; i< n; i++ do
(2) for j� i+ 1; j< n; j++ do
(3) if RC (i, j)� true then
(4) Do decomposition:
(5) Create imprint face fi,j
(6) Create normal vector ni,j
(7) Copy ωi to ωi′
(8) Translate ωi′ along − ni,j by ∆d
(9) Copy ωj to ωi′
(10) Get connection objects:
(11) a1:�wi′ ∩ bwj′ ⊆MK1
(12) d1:�ωi⊆MD
(13) d2:�wj/ba1 ⊆MD
(14) end if
(15) end for
(16) end for

ALGORITHM 1: Decomposition into the connection model.

Type Mesh_Node
Id as Long
Position3D (0 to 2) as Double

End Type
Type Mesh_Element2D
Id as Long
Element2D_Nodes (0 to 3) as Mesh_Node

End Type

ALGORITHM 2: Data structures for nodes and quadrilateral cells.
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information extension did not define new entities, but ex-
tended based on attribute set. *e express-g diagram is
selected here to describe the quality information extended
above as shown in Figure 10.

In Figure 11, among the five types of entities, IfcProduct,
IfcElement, IfcBuildingElement, IfcPropertySetDefinition,
and IfcPropertySet, the two adjacent types of entities are
inheritance relations, which are expressed with bold solid
lines and circles pointing to subclass entities. An association
relationship is established between IfcPropertySet and
IfcEntity through IfcPropertySetDefinition so that the con-
struction quality status of IfcEntity can be expressed through
the construction quality evaluation information contained in
IfcProperty. IfcProperty includes two subclass entities, Ifc-
ComplexProperty and IfcSimpleProperty, of which IfcSim-
pleProperty includes six subclass entities.*e set of properties
defined in this article is the optional set of properties of the
entity IfcBeam/Column/Slab/Wall (which inherits all the
properties of IfcBuildingElement), connected by a dotted line.
Figure in the contents of the elliptic dotted box is defined as 4
item properties: OnsiteConcreteBeam/Column/Slab/explicit
attribute of the Wall, through the thin lines is connected to a
set of properties.*e attribute values of the four attributes can
be divided into enumerated values and simple values
according to their types, and the relationship between them
and the attribute value entities is mandatory association,
which is connected by thin solid lines. *e symbol “(ABS)”
represents abstract class, which is an entity that cannot be
directly displayed in the construction project, and exists so
that other entities can appear as its superclass.

(2) Database Preparation. In order to make the data storage,
identification, association, call, and other management work in

the database more convenient and orderly, it is necessary to
encode the relevant data, which should follow the principles of
standardization, simplicity, uniqueness, and integrity. In ad-
dition to the above coding principles, during the finite element
analysis and calculation, the node and element number will
have an impact on the bandwidth and the number of wave
front segments of the total stiffness matrix of the structure and
then on the calculation time and database capacity. At the
present stage, there are many optimizers that can improve the
node number twice, and the node number and unit number are
more conducive to calculation. In order to facilitate coding, the
coding order of nodes is carried out according to the right-
hand rule, and the grid in the XY plane is corresponding to the
adjacent one in the Z direction, and so on, to reach the coding
information of each point. After finite element analysis of the
structure, a large amount of data will be generated, which is not
conducive to data processing. In this study, it is proposed to
lightweight the scalar data, vector data, and grid data in the
results, compress the data by using compression algorithm, and
improve the efficiency of displaying the results.

(3) Information Transfer between Database and BIM
Software. For the data to be used in the finite element
analysis of the BIM, in addition to the coordinate in-
formation and element information of some sections and
nodes contained in the IFC file mentioned above, the
material information and load information of the structure
are also included. In Figure 12, it describes how this in-
formation is connected to the entire model through the
express-g language. After encoding the node information
of components, the finite element information of each
component into the database is compiled.*e processes are
as follows:

(ABS)
IfcBoundaryCondition

IfcStructure
AnalysisModel 

IfcStructural
ResultGroup

IfcStructural
LoadGroup

IFCK
ERN

EL,IfcG
roup,

( K
ERN

EL)

IfcStructuralLoad

IfcStructuralLoad
Temperature

(ABS)
IfcStructuralLoad

Static

Figure 10: *e express-g diagram description of IFC entities.
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(i) Replace the component instance with the corre-
sponding absolute coordinate information

(ii) Dene the component attribute coding
(iii) Enter the information about all artifacts
(iv) Associate the absolute coordinates of a component

with its corresponding attribute information
(v) Postprocess and check the database information,

validity check
(vi) Associate database with IFC le

When conducting nite element analysis on the struc-
ture, rst of all, it should locate the coordinate information
of the origin of the relative coordinate system of the
structural components in the absolute coordinate system.
After nding the coordinate system of the basic points of the
components, the database should be traversed to nd all the
information related to the nite element analysis of the
relevant nodes. �e processes of extracting coordinate in-
formation are as follows:

(i) Preprocess IFC le

(ii) Input, recognition, and absolute coordinate ex-
traction of target components

(iii) Traverse the database to identify absolute co-
ordinate information corresponding to the target
artifact

(iv) Extract information about mechanics, materials,
lengths, and other correlations associated with ab-
solute coordinates

(v) Extract database information postprocessing, check
validity

�rough the above process of database preparation, the
nite element analysis point information can be obtained.
�e obtained information is exported to the simulator for
calculation, and the obtained results are fed back to the
model for display.

4. Discussion

4.1. Case Study. In Figure 13, a simply supported beam
bridge, which is box girder type, is taken as a sample. First,
the BIM is based on IFC standard to generate the BRep entity
model. �en, the model is meshed, and the results of
meshing are exported to the dataset. �e database is
established according to the way of component arrange-
ment. �rough the nite element analysis, the cloud image
of the structure under stress can be obtained. Such results
can be displayed in the BIM software, and the stress and
strain conditions of each point can be obtained so as to
achieve the visualization of the nite element analysis of the
BIM. �e deadweight, vertical live load, and surface load are
considered in the structural analysis in Table 3. �e stress

IfcBeam/Slab/
Column/Wall

(ABS)
IfcProduct

(ABS)
IfcElement

(ABS)
IfcBuildingElement

(ABS)
IfcPropertySet
Definition

OnsiteReinforcedConcrete
Beam/Column/Slab/Wall

IfcPropertyIfcSimpleProperty

IfcPropertySet

IfcPropertySingleValue

IfcPropertyEnumeratedValue

IfcPropertyBoundedValue

IfcPropertyTableValue

IfcPropertyReferenceValue

IfcPropertyListValue

IfcComplexProperty

Cellnumber

Cellcoordinate

Celllength

Cellshape

...
...

Real

Real

Real

Real

(ABS)
IfcObject

(ABS)
IfcObjectDefinition

IfcRoot

Figure 11: Express-g diagram for nite element analysis.
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and strain analysis of the beam under deadweight is cal-
culated, and the node information is compared, and the
e�ect diagram is generated.

WebGL technology can be used to perform CAE pre-
sentation of the nite element calculation results of the
bridge. In addition, users can choose to display a list of

Figure 13: Generation of mesh and display of nite element analysis results.

Type Mesh_Element3D
Id as Long
Element3D_Nodes (0 to 7) as Mesh_Node
End Type

ALGORITHM 3: Data structure of a hexahedron.

Preprocess IFC file

Input, recognition, and absolute
coordinate extraction of target

components

Traverse the database to identify
absolute coordinate information

corresponding to the target artifact

Extract information about
mechanics, materials, lengths, and
other correlations associated with

absolute coordinates

Extract database information
postprocessing, check validity

Replace the component instance
with the corresponding absolute

 coordinate information

Define the component attribute
coding

Enter the information about all
artifacts

Associate the absolute coordinates
of a component with its

corresponding attribute information

Postprocess and check the database
information, validity check

Associate database with IFC file

Figure 12: Database compilation process.
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results that can be viewed both on the surface and inside of
the component. *e results of the cloud image displayed can
be switched by selecting the color bar and control the po-
sition.*e strain cloud image in the specific direction can be
selected based on the effects to facilitate the more detailed
analysis of the structure. Figure 14 shows the node dis-
placement cloud image of Uy and sum directions based on
the structure on the website.

Figure 15 shows the deformation of beam-column
connections under the uniformly distributed load. Under
the different mesh densities, the beam and column mesh
segmentation are also transmitted through the coupling
joint. *e analysis results of the structure can be dis-
played and manipulated on the web side as the cases
above.

4.2. Technology Comparison. At present, in the finite ele-
ment analysis of BIM, there are two main technologies in
continuous implementation and application. One way to
achieve the goal is to use finite element analysis software to
enhance the application of building models. Now some
commercial software claims that they have developed
related software applications and platform systems.
However, this kind of platform is more based on the ex-
pansion of the product chain of its own software and does
not have strong universality. In contrast, the IFC standard-
based BIM introduced in this paper is more versatile in the
development of finite element analysis. In the finite ele-
ment analysis based on the IFC standard, some studies
develop the IFC standard interface directly. *rough data
transformation, the building model can be better generated
and imported into the structural model for calculation,
which is also a relatively simple and convenient way at the
present stage. In the studies so far, direct analysis of IFC

files for structural analysis has not received more attention.
*e IFC mesh segmentation method in this paper can
effectively calculate the information of each point in the
finite element mesh segmentation. Other information such
as material information, load information, and node in-
formation is stored in a database according to the EX-
PRESS language standard for computing purposes.
Because the grid segmentation of components is based on
IFC standards, when the finite element calculation of these
nodes is carried out, the results can be directly displayed in
the BIM.

4.3. FutureWork. Although the finite element analysis of the
structure by using the BRepmodel is effective, there are still a
lot of work to be improved in the future, including the
following:

(1) Improvement of Algorithms about Meshing Need.
*e boundary constraint condition for constructing
harmonic scalar fields in our algorithm, namely, the
source surface and the target surface mentioned in
this paper, is constructed by the user through in-
teractive selection tool on the boundary surface of
the swept body. *is not only increases the user’s
inconvenience but also leads to the large de-
formation difference between the source surface and
the target surface, which is not conducive to the
generation of high-quality hexahedral mesh. In the
future, it is proposed to consider using the surface
segmentation method and shape analysis technology
on the surface grid of the model to automatically
divide the surface of the model into surface regions
with the same characteristics, and then automatically
set boundary constraint conditions of harmonic

Table 1: Grid attributes of components definition.

Attribute name Attribute type Attribute set type Attribute definitions
CellShape IfcpropertySingleValue Boolean Shape of element
CellLength IfcpropertySingleValue Boolean Length of element

Table 2: Cell body information definition.

Attribute name Attribute type Attribute set type Attribute definitions
CellCoordinate IfcpropertySingleValue Boolean Coordinate information
CellNumber IfcpropertySingleValue Boolean Coded information
Ux IfcpropertySingleValue Boolean Displacement of X-axis
Uy IfcpropertySingleValue Boolean Displacement of Y-axis
Uz IfcpropertySingleValue Boolean Displacement of Z-axis
Usum IfcpropertySingleValue Boolean Integrate displacement

Table 3: Parameter information of the bridge.

E (N/m2) Section shape Length (m) Surface load (kPa) Deadweight per cubicmetre (kg/m3)

3.25× e10 25 500 2600

16 Advances in Civil Engineering



scalar field according to the corresponding relations
of these subsurfaces.

(2) Expansion of Entity Type into the Finite Element
Model. In the process of transforming the building
model to connection model, other solid con-
struction methods can be extended to conduct fi-
nite element mesh division. If the building model
can be generated and optimized with different al-
gorithms according to different entity expression
types, the use efficiency of the building model will
be greatly improved, especially for buildings and
bridges with complex grids. Moreover, the appli-
cation of h-p finite element method can also be
greatly improved.

(3) Grid Generation of IFC Files in Specific Algorithms.
In this paper, the information of IFC files is an-
alyzed and the necessary information in the
structural analysis is obtained. In future studies,
direct grid compilation of IFC files will become a
more critical method. Grid generation can be
achieved by directly writing the coordinate in-
formation of points in IFC files or by means of
entities. *is paper mainly manually segments IFC
components into grids, which seems not in-
efficient. At present, not enough research has been
devoted on analyzing IFC documents, and the
integrated study in the field of structure still needs
to explore new methods to expand the application
level of BIM technology.

5. Conclusion

*is paper mainly focuses on IFC standard finite element
structure analysis. Considering the advantages of BRep entities,
this study uses the BRepmodel to express all geometric entities
through the transformation of the 3D ACIS model. *e entity
is segmented into the finite element mesh applying the mesh
refinement algorithm, and the finite element information of the
structure is obtained based on step format data. *rough the
analysis and expression of IFC files, the finite element analysis
can be finally displayed in the IFC standard.

In the transformation from the architectural model to
the geometric model, it was found that the entity structure
model with BRep entities had unique advantages. *e model
is transformed into a connected model by analyzing the
structure of the model, and the mesh of the model is divided
into hexahedrons by the calculation method based on the
sweep method. In the process of transformation, although
the local construction precision is not enough, the error can
be held within the scope of modification. In the field of BIM
information, relevant requirements are collected for com-
ponent extraction firstly to ensure that a single component
can be selected for analysis and calculation. *e information
of the nodes in the IFC file is defined and analyzed to provide
necessary data for the finite element analysis. *e IFC in-
formation was expanded and expressed on the BIM port,
and the connection between the IFC and the database was
established to ensure that the finite element analysis results
were displayed in the IFC standard-based software. In this
case, a section of the simply supported beam bridge is

Figure 14: Cloud image of node displacement in Uy/sum direction.
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Figure 15: Stress and strain diagrams of frame beams and column grids.

Advances in Civil Engineering 17



analyzed and processed, and the displayed results can be
visualized in the BIM software.*emain contribution of this
paper is to develop a method to transfer architecture model
to finite element model effectively. *e grid model is ob-
tained by meshing IFC files and the results of finite element
analysis and then is displayed based on the extension of IFC
standards. In this process, the extraction of building com-
ponents can be completed to provide effective support for
structural analysis. In the outlook, it puts forward several
directions for future research, which will also provide new
thinking for future research in related fields.
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