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In order to overcome the shortcomings in integrating the building information modeling (BIM) and seismic �nite element
technique for building structures, a new seismic analysis and damage evaluation method for reinforced concrete (RC) frame
structures was proposed by integrating Revit and OpenSees, in which the information about geometric andmaterial of the existing
BIM model in Revit was extracted as part of the �nite element analysis model of OpenSees; supplementary settings about the
element type, material constitutive model, load information, and analysis type for �nite element analysis were made according to
the input format of OpenSees, and OpenSees program was directly called for numerical analysis in the Revit software which
realized seismic analysis and damage evaluation of RC frame structures based on BIM. RTO, a revolutionary structural seismic
analysis and damage evaluation tool based on the three-tier architecture theory, was created by combining Revit and OpenSees via
the RevitAPI interface. �e preprocessing module was created to contact OpenSees for �nite element analysis, the postprocessing
module was created to secondary analyze, display, and export the analysis data, and crucial structural seismic damage information
was automatically saved in the Revit model. A calculation example of a �ve-story RC frame structure was provided to demonstrate
the operation process of the proposed method and the developed program. �e example proved the feasibility of integrating the
BIM and �nite element method in elastic-plastic structural seismic analysis. �e proposed approach would facilitate the par-
ticipation of structural seismic analysis in BIM life cycle collaboration.

1. Introduction

With the rapid development of information technology in
recent years, the building informationmodel (BIM) has been
extensively used to achieve information sharing and col-
laboration management in di�erent construction engi-
neering �elds. BIM presents an important direction for
future informatization development in the construction
industry; however, functions of di�erent mainstream BIM
software are very limited. Data conversion between di�erent
professional construction software packages generally needs
to be carried out through the IFC standard to realize BIM-
based data sharing and collaboration [1–5]. At present, the
research on integration or data conversion between BIM and
various engineering software has developed rapidly. �e
corresponding �elds involved in these types of software

include constructionmanagement [6], cost management [7],
structural design and analysis [8], energy e�ciency analysis
[9], and VR simulation [10].

In order to realize structural design and analysis on the
BIM platform, model data conversion between BIM software
and structural analysis software has been explored. Zeng
et al. [11] transformed a BIM model into a model that could
be read by di�erent structural software through program-
ming to solve the missing data problem in data conversion
using the IFC standard. Barazzetti et al. [12] proposed a
method of converting the BIM model of ancient buildings
into a structural �nite element model. Some scholars have
presented the structural design method based on the BIM
model. Dong et al. [13] discussed the design process of
structures based on the BIM platform and analyzed the
advantages of the BIM designmethod by comparing with the
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traditional structural design method. Tafraout et al. [14]
applied structural optimization design to the BIM platform
and proposed amethod to realize the automatic design of RC
wall-slab structures on the BIM platform with a genetic
algorithm. Some scholars combined mainstream BIM
software with a fire dynamics simulator (FDS) to analyze
structural fire responses. Xu et al. [15] converted a BIM
model into an FDS model to realize rapid creation of a fire
hazard numerical analysis model and conduct a post-
earthquake fire hazard simulation based on FEMAP-58.
Based on the IFC standard, Shi et al. [16] realized the rapid
and accurate information sharing of building fire safety
analysis between BIM software and mainstream fire simu-
lation software.

So far, although some progress has been made in model
data conversion between BIM and structural analysis soft-
ware, functions are still limited to the transformation of
geometric and material information. *us, information
related to load, constraint, analysis element, material con-
stitutive and analysis parameter, and so on still needs to be
set up in structural software.

*e Eurasian seismic band and the Pacific rim seismic
belt encircle China, and earthquakes are common. *e
hazard of earthquakes to economic development has grown
significantly. *erefore, it is important to continuously
develop and improve seismic theories and methods for
buildings. In recent years, BIM has been combined with
seismic analysis technologies to explore BIM-based analysis
methods for earthquake-induced structural damage evalu-
ation. Lee [17] explored how to obtain the information of the
Revit model through an IFC format file and convert it into
an OpenSees readable file, which provided a reference for the
integration of OpenSees into the BIM platform. Mehdi et al.
[18] explored how to establish the OpenSees model through
the BIM model and proposed a seismic damage assessment
method of structures based on BIM. Anil et al. [19] and Zou
et al. [20] proposed new methods based on BIM for seismic
structural damage assessment. Perrone and Filiatrault [21]
discussed the effectiveness of adopting a BIM model for
seismic design of nonstructural components and developed
a simplified tool to directly conduct seismic design of
nonstructural components.

In the research on the integration of BIM and structural
earthquake resistance, the postearthquake repair and the
seismic reconstruction have become the important research
direction concerned by scholars. Vitiello et al. [22] proposed
a simplified method for cost optimization of seismic rein-
forcement strategy of existing buildings based on BIM,
which aimed to optimize the seismic reconstruction strategy
in the BIM platform while taking into account safety and
economy. Xu et al. [23, 24] combined BIM software with
finite element analysis software to explore a BIM-based
building earthquake loss prediction method based on
FEMAP-58. Xu et al. [25] proposed a 5D simulation method
of postearthquake repair of buildings based on BIM in order
to provide guidance for the postearthquake repair process, in
which the repairs were associated with the building model to
be repaired, repair time, and repair cost. Caterino et al. [26]
discussed the advantages of BIM in multicriteria decision-

making and proposed a decision-making method of seismic
optimization and reconstruction of buildings based on BIM.

Furthermore, the studies of BIM in conjunction with
other new technologies have progressed quickly. Reem et al.
[27] developed a novel method for leveraging laser scanning
technology to generate a BIM model of earthquake loss
based on existing BIM models. Musella et al. [28] applied
BIM and artificial intelligence technology to the seismic
damage evaluation of existing buildings, in which the
graphic recognition and classification technology was ap-
plied to obtain the building visual damage data. *e method
provided a new way for evaluating, designing, and managing
the seismic repair process of existing buildings.

At present, the research and application of BIM-based
seismic analysis and evaluation for building structures are
still in the early stage, and most research works cannot
realize the integration of BIM and seismic analysis functions.
*e integration of structural design, analysis, and evaluation
into BIM to realize BIM data sharing and analysis is a topic
that requires further research in construction engineering.

In order to realize the seismic analysis and evaluation of
reinforced concrete (RC) frame structures based on BIM,
this work proposed a novel method by integrating the Revit
program and the OpenSees program. In order to call
OpenSees on the Revit platform, a program called RTO was
developed through the Revit API interface using the C#
language, through which the analysis data of OpenSees were
postprocessed, and critical structural damage data were
stored in the Revit model. *e proposed approach could
provide a solution for structural seismic analysis to par-
ticipate in BIM full life cycle collaboration.

*e following is the paper’s organization paragraph: the
overall research framework is proposed in Section 2. *e
function and principle of the developed program are in-
troduced in Section 3. *e developed program is examined,
and the analysis results are discussed by a calculation ex-
ample in Section 4. Finally, the conclusions are given in
Section 5.

2. Overall Research Framework

*e RTO software was built using a three-tier design [29]
and was customised to fit different application scenarios.*e
program’s core design mentality was made up of four ele-
ments: preprocessing, postprocessing, damage information
storage, and visual display (Figure 1).

*e design architecture of preprocessing component is
shown in Figure 2, and the design architecture of the
components of postprocessing, damage information storage,
and visual display is shown in Figure 3.

2.1. Preprocessing. *e component of preprocessing in-
cludes three steps:

(1) *e geometrical, cross-sectional, and material in-
formation of structures and components was directly
extracted from the Revit model to fulfill themodeling
requirements of OpenSees
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(2) According to the analysis setup requirements of the
OpenSees program, vertical load setup, analysis
model selection, component cross-sectional infor-
mation setup, and analysis parameter setup were
carried out in Revit software

(3) *e TCL command flow was directly generated from
extracted Revit model data and front-end analysis
setup data. OpenSees was called to read the TCL
command flow for structural finite element analysis.

2.2. Postprocessing. *e component of postprocessing in-
cludes two steps:

(1) Structural analysis data obtained from the OpenSees
program were read and displayed in the form of
figures, tables, or documents

(2) According to structural seismic performance anal-
ysis and evaluation requirements, OpenSees output
data were read for a secondary analysis, seismic
damage evaluation of RC frame structures

2.3. Damage Information Storage and Visual Display

(1) Key structural seismic damage information was
stored in the Revit structural model to facilitate the
participation of structural seismic analysis in BIM
life cycle collaboration

(2) According to the damage level of components ob-
tained by postprocessing analysis, each component
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model was automatically color marked, and then, the
Revit structural model was visually displayed
through the methods of 3D view and virtual
roaming.

3. Research and Development of Program

3.1. BIM Model Data Extraction. *e geometric model data
conversion from Revit to OpenSees was realized through the
preprocessing component. Structural analysis parameters
were set up accordingly, and the conversion from the BIM
model of Revit to the finite element model of OpenSees was
considered as an extraction process of BIM model data. *e
logical process is shown in Figure 4.

3.2. Application of Vertical Load. *e vertical constant loads
of beams, columns, walls, and other components of a
building were calculated automatically by matching the bulk
density of the material and reading the geometric data and
material type information of the Revit model. *e vertical
constant loads and varying loads of the roof slab and the
floor were automatically transferred to supporting beams or
walls in the form of a line load according to the load transfer
rules of two-way slab or one-way slab, respectively. *e
representative values of the gravity load on each floor were
automatically calculated and assigned to each node
according to their loaded area.*e computational algorithm
for the automatic application of the vertical load is shown in
Figure 5.

3.3. Human-Computer Interaction for Parameter Setting.
*e functions of seismic analysis setups and output data
setups were designed in order to call the OpenSees program
for finite element analysis, and the setup interface of the
program is shown in Figure 6.

3.3.1. Material Property Setting. *e Revit model only
contained simple material type information without cor-
responding material mechanical properties in OpenSees;
thus, direct material information conversion from Revit to
OpenSees could not be carried out. *erefore, an interactive
setup function for material mechanical properties was de-
veloped. Material type information in the Revit model was
automatically read by the RTO program, and constitutive
information of the corresponding material type at the
material setup interface was selected, inputted, or modified
and converted into a TCL command flow matching with the
Revit model. In addition, the TCL command flow of the
material property setup could be previewed at the interface
for easy browsing and timely error correction.

3.3.2. Element Selection. An element selection function was
developed to assign relevant analysis elements to the linkage
model connecting each node based on the types of analysis
elements provided by the OpenSees application. Plastic
hinges of RC beam and column components were simulated
using the elastic-plastic fiber model. *is program could

automatically read geometric and material information at
the cross-sections of structural components in the Revit
model. Moreover, for longitudinal rebars at the cross-sec-
tions of structural components, this program automatically
generated a rebar fiber command flow according to rebar
coordinates and material properties. For the concrete in the
cross-sections of structural components, concrete fibers
were automatically generated by setting up cross-sectional
meshes. *e concrete in the core area was constrained by
stirrups, and the concrete in the protective layer adopted
different material constitutive parameters.

*emodeling procedure of the elastic-plastic fiber model
of component cross-sections through the redevelopment of
Revit is as follows:

(1) *e longitudinal rebar model of Revit was filtered by
using “Filtered element collector,” “Element category
filter,” and function “Where passes”

(2) All longitudinal rebars belonging to the same
structural component were screened out

(3) *e coordinates of each longitudinal rebar relative to
the considered component cross-section were
recorded

(4) *e diameters of longitudinal rebars were obtained,
and the cross-sectional areas of these rebars were
calculated.

(5) *e function “Createconcretefiber” was compiled to
create concrete fiber, in which the sizes of cross-
section and the number of fibers in the two or-
thogonal directions of the component cross-section
were taken as the parameters of this function, and the
coordinates of concrete fibers were determined.

3.3.3. Analysis and Output Setting. *e RTO program di-
rectly called OpenSees in the Revit model to read the
generated TCL command flow for gravity analysis, modal
analysis, pushover analysis, dynamic time history analysis,
and so on. *e interactive function of parameter setups
required by different analyses was developed in the front
interface of the program.

3.4. Postprocessing Analysis and Visualization Display. In
this subsection, the functions of the developed program
about the postprocessing analysis output and visual display
of earthquake damage were introduced.

3.4.1. Postprocessing Analysis Output. As the OpenSees
program does not have postprocessing functions, OpenSees
data are generally exported to other types of software for
secondary analysis. However, the RTO program developed
in this work included a postprocessing module for OpenSees
data analysis. According to the analysis type and parameter
settings selected in human-computer interactions, modal
analysis, dynamic time history analysis, and pushover
analysis were performed. Figures 7 and 8 show the dis-
placement time history curve of structural roof and the
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pushover analysis capability curve obtained by the program,
respectively.

3.4.2. Visual Display of Earthquake Damage. According to
the Standard for Seismic Resilience Assessment of Buildings
[30], seismic damage levels for RC structural components

could be determined by material strains in the cross-section
of structural components. *e material strain evaluation
standards for different damage grades are given in Table 1. In
this work, the strain values of longitudinal rebars and
concrete in each plastic hinge area of a structure under an
earthquake were obtained by calling OpenSees of the RTO
program. *e earthquake damage level of each structural

BIM structural
model 

Extract all N
nodes, let i=1 

Creat List
<Node> to store

node objects
i ++

i ≤ n Generate Node
class object

Invokes Position
property to assign

values to Node
class coordinates

Extract all m
material

properties, let
i=1 

i ++
Creat List <Material>

to store material
objects

i ≤ m
Generate
Material

class oject

Obtain
material

information

Assign values
to material

object
property

Extract all j
sections, let i=1 i ++

Creat List <Section>
to store section

objects

i ≤ j
Generate
section

class object

Generate
concrete

fiber

Obtain
information

from BIM model,
and generate

reinforcement
fibers

Yes

Yes

Yes

No

No

Extract all k beam
and column

elements, set i=1

i ≤ k 

Automatically
calculate the

gravity load of
all k elements

i ≤ n

According to the
input load,

calculate the line
load on x beam

elements, set i=1

i ≤ x

Completion
of BIM data
extraction

i ++
Creat List <Element>

to store element
objects

Generate
element

class object

Assign values to
element object

property

i ++
Creat List

<pattern> to store
gravity load

Extract
element's
volume

Extract
element's

bulk density

Calculate
gravity

load

i ++
Creat List <pattern>

to store load cases

Convert area load
on floors to line
load on beams

Create pattern
object to store

line loads

Yes

No

Yes

No

Yes

No

No

Figure 4: Flowchart of Revit model data extraction.

Input dead and
live area loads

for floors

Get split local
floors from

database

Filter floors on
the same storey

and store them in
the colleciton,

set i=0

i < storey
numbers

Filter floor of
i+2-th storye

in the collection

Traverse n
floors of i+2-th
storey, set j=0

j < n

Convert area
load of local

floor into line
load on the four

side beam

Convert area
load of local

floor into line
load on the four

side beam

Start

End

Store datas in
the load

collection

No

i ++

j ++

No

YesYes

Figure 5: Flowchart of the automatic application algorithm of vertical load.

Mobile Information Systems 5



component was identified by substituting related data into
Table 1. *e Revit redevelopment technology was used to
automatically change the color of structural components
according to different earthquake damage levels. *e
damage conditions and distribution characteristics of the
structure under an earthquake were displayed in a 3D view
of the Revit model.*e relationship between seismic damage
level and Revit model color is given in Table 1.

Furthermore, this Revit model with color annotations
was put into virtual roaming software. A program user could
perform a virtual travelling inside the building structure
model to see the damage degree and distribution of each
component in greater detail and check the seismic perfor-
mance evaluation information for that component.

In Table 1, ε1 is the principal tensile strain of rebars, ε2 is
the principal tensile strain of concrete, εp and εcu are the peak
and limit strains of concrete under uniaxial compression,
respectively, and εy is the yield strain of rebars. Moreover,
level 0 implies no damage, and level 4 indicates the most
serious damage.

3.5. Automatic Storage of Earthquake Damage Information in
the BIM Model. Seismic performance data obtained from
finite element analysis were automatically stored in the Revit
model and used as BIM data for structural seismic analysis.
Moreover, a program user could directly view, add, and
modify Revit project parameter data at the Revit property
bar interface. In order to realize rapid batch storage by the
Revit redevelopment technology, file addresses of shared
parameters, parameter group names, and parameter types
were first set up to create a shared parameter file, which was
then read to combine shared parameters with model ele-
ments and project parameters for specified families. Finally,
project parameters were assigned values, and analysis data
were stored in corresponding model elements. Seismic
evaluation results of any component could be viewed at the
property bar interface of Revit. *e detailed algorithm of the
aforesaid process is shown in Figure 9.

3.6. Summary of the Procedure of RTO Program. *e pro-
cedure for using RTO is given according to individual steps
1–5 as follows:

Figure 6: Interface of program setup.
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(1) *e building structure model was started up in Revit
software

(2) *e RTO program was started, the setups of analysis
element, material mechanical properties, cross-sec-
tion of components, structural constraint, vertical
load, and the parameters of analysis and output were
implemented, and then, the corresponding TCL
command flow was automatically generated.

(3) *e OpenSees program was called in the RTO
program to read the TCL command flow generated
in step 2, the finite element analysis was conducted,
and the analysis data were outputted.

(4) According to the analysis requirements, the post-
processing was carried out for the output data of
OpenSees, including plotting various curves, dis-
playing tables, and outputting documents

(5) *e seismic damage analysis was carried out
according to the output data of OpenSees and seismic
damage criterion, and then, the seismic damage level
of each structural component of the considered
structure was obtained. *e obtained data on damage
level were automatically stored in the corresponding
structural component model of Revit, and the damage
status was displayed in different feature colors.

4. Calculation Example

In this section, a calculation example was provided to
demonstrate the operation process of the proposed method

and the developed program, and some analysis results were
discussed.

4.1. Example Model. A five-story RC frame building was
used as an example, and its Revit model is shown in Fig-
ure 10. *e seismic fortification intensity was 8 (0.2 g), the
site category was II, and the design group was the second
group. *e height of the first story model was 4.8m, and the
height of the other stories was 3.6m. *e frame plane layout
is shown in Figure 11. *e cross-sectional size of beams of
each story was 250mm× 500mm. *e longitudinal rebar
area at the end cross-section of transverse beams was
1136.7mm2, and the rebar ratio was approximately 0.91%.
*e stirrup size of transverse beams was φ8@100/200. *e
longitudinal rebar area at the end cross-section of longitudinal
beams was 1387.9mm2, and the rebar ratio was approxi-
mately 1.1%. *e stirrup size of longitudinal beams was the
same as that of transverse beams. *e cross-sectional size of
columns on each story was 450mm× 450mm. *e longi-
tudinal rebar area of columns was approximately 3768mm2,
and the rebar ratio of the entire cross-section was approxi-
mately 1.86%. *e configured stirrup size of columns was
φ10@100/200. *e strengths of longitudinal rebar, stirrup,
and concrete were HRB335, HPB300, and C30, respectively.
In the seismic design of the model building, the concepts of
“strong columns and weak beams,” “strong shear and weak
bending,” and “strong joints and weak components” were
considered. It was assumed that joints were in an elastic state
under strong earthquakes. When the example building was
under strong earthquake, plastic hinges appeared at both ends
of beams and columns, and this phenomenon could be
simulated by the elastic-plastic fiber model.

4.2. Structural Seismic Analysis and Postprocessing. For dy-
namic time history analysis, the EL Centro-180 ground
motion record was chosen as the horizontal excitation of the
example building, and the transverse direction (short side) of
the building was chosen as the direction of seismic action.
According to the levels of frequent earthquake (FE), mod-
erate earthquake (ME), and rare earthquakes (RE), the peak
acceleration amplitude of the selected seismic wave was
changed to 70 gal, 196 gal, and 400 gal, respectively. Fig-
ures 12 and 13 show the program output dynamic time
history curves of the roof displacement and the distribution
curves of the maximum story drift under different seismic
levels, respectively.
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Table 1: Strain-based seismic damage evaluation criteria of RC structural components and corresponding damage marking colors in the
Revit model.

Damage level
Evaluation criterion

Damage marking color
Concrete Rebar

Level 0 |ε2|≤ |εp| And ε1< εy
Level 1 |ε2|≤ |εp| And εy< ε1≤ 2εy
Level 2 |εp|< |ε2|≤ 1.5 |εp| Or 2εy< ε1≤ 3.5εy
Level 3 1.5|εcp|< |ε2|≤ |εcu| Or 3.5εy< ε1≤ 12εy
Level 4 |ε2|>|εcu| Or ε1> 12εy
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As shown in Figure 13, under the action of rare
earthquake level, the maximum story drift was approxi-
mately 0.0147, which is between the “basic operation” level
(0.01) and the “life safety” level (0.02) and less than the limit
of 1/50 given by the seismic code of China. Under the action
of moderate earthquake level, the maximum story drift was
approximately 0.0066, which is slightly less than the “basic
operation” level (0.01), indicating that the considered
building was in a stage of plastic reaction. Under the action
of frequent earthquake level, the maximum story drift was

approximately 0.0025, which is slightly greater than the limit
of 1/550 given by the seismic code of China. *e analysis
model did not consider the impacts of enclosure and par-
tition walls, whereas nonstructural components, such as
filled walls, had great impacts on the elastic stiffness and
period of the structure. When the structure experienced
large plastic deformation, the walls lost their load-sustaining
capability because of their brittleness. *erefore, the impact
of the walls on structural responses was relatively small for
the case of rare earthquake action. However, in the case of
frequent earthquake action, the elastic stiffness of the
structure was underestimated when walls were not set up in
the model, resulting in a prolonged basic period and smaller
structural responses.

*e example building was subjected to a pushover
analysis in the transverse horizontal direction. *e ca-
pability curves of “roof displacement versus base shear”
under the inverted triangle and uniform loading modes
were calculated separately, and Figure 14 shows the
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capability curves for these two loading modes. A large
difference could be seen in the capability curves obtained
under the inverted triangle mode and the uniform mode.
*e reasons were as follows: according to horizontal
static analysis, when the base shear was the same, the
interstory shear generated by the inverted triangle

loading mode was greater than that under the uniform
loading mode, and the equivalent elastic stiffness of the
structure under the inverted triangle loading mode was
smaller than under the uniform loading mode; therefore,
the roof displacement of former is greater than that of the
latter in the elastic response stage. Moreover, due to this

(a) (b)

Figure 17: BIM visual display of seismic damage. (a) *ree-dimensional view display. (b) Virtual roaming display.

Figure 16: Seismic damage information stored in Revit component model properties.

Figure 15: Seismic damage information output.
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large deformation, the structure under the inverted
triangle loading mode entered the plastic response stage
earlier, so the peak base shear under the inverted triangle
loading mode was lower than that under the uniform
loading mode.

4.3. Structural Seismic Damage Information Output. *e
strain data of longitudinal rebars and concrete in structural
components were obtained by elastic-plastic analysis. *e
seismic damage level of each component was evaluated
according to Table 1. *e partial seismic performance in-
formation of the example structure is shown in Figure 15.
Based on a secondary seismic damage analysis, damage
information was automatically added to the attribute bar of
each component in the Revit model (Figure 16).

In order to display structural seismic damage conditions
in the Revit model, each component model was marked with
the corresponding damage level color given in Table 1.
Figure 17 shows the seismic damage condition of the ex-
ample building under a rare earthquake level through the
Revit 3D view and a virtual roaming. It is evident that the
damage of columns was more serious than that of beams
under the rare earthquake level. *e proportions of beams
with moderate damage (level 3), light-moderate damage
(level 2), and slight damage (level 1) were 13.0%, 15.3%, and
17.6%, respectively. *e corresponding values for columns
were 38.7%, 27.5%, and 33.7%, respectively. *e seismic
damage of bottom-story columns was found to be the most
serious.

5. Conclusions

A method of seismic analysis and damage evaluation was
proposed, in which the data conversion between the BIM
model and finite element model, parameter setting, calling of
numerical analysis, data output and storage, and BIM visual
display of seismic damage results were explored based on
Revit platform, in order to realize the integration of seismic
analysis of RC frame structures on BIM platform. *e RTO
program was developed through the Revit API interface
using the C# language. *e Revit to OpenSees conversion
was carried out in Revit software to realize structural model
data conversion, analysis parameter setup, analysis data
postprocessing, and BIM storage of critical earthquake
damage information. *e main findings of this work are
drawn as follows:

(1) *e integration of a finite element program in the
BIM platform was found to be feasible to analyze the
seismic performance and evaluate the damage levels
of RC frame structures. *e proposed method
provided a solution for seismic analysis and damage
evaluation of RC frame structures to participate in
BIM life cycle collaboration.

(2) *e proposed method utilized the technical advan-
tages of 3D view display and virtual roaming display
in BIM to visually present the damage level and
damage distribution of RC frame structures and
components under earthquakes

(3) *e proposed method allowed for the direct addition
of structural component damage information under
various earthquake levels to the BIM model, as well
as the provision of expected seismic damage data for
collaboration and structural operation and mainte-
nance management of a building’s life cycle in the
BIM platform
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