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Abstract 
With the continuous development of BIM technology, it has been extensively used in 
modern engineering. In order to help the engineering to manage the entire life cycle, a 
variety of software with different functions and different characteristics have been 
elaborated at home and abroad. This article will introduce the advantages, groups and 
applications of diverse mainstream software, and make suggestions for the selection of 
application software in engineering. 
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1. Introduction 

Originated from the detailed definition of the concept of BIM by Georgia Institute of Technology in 
the 1970s: it is a method of integrating and managing information related to construction projects 
based on digital technology and visual technology. Combined with the simulation technology, the 
resource allocation in the construction process can be analyzed and optimized in advance so as to 
ensure the smooth progress of the real construction. 

BIM, referred to as Building Information Modeling, is an engineering data model based on three-
dimensional digital Information model that can integrate all kinds of relevant Information of Building 
projects, from planning, design, construction, and equipment maintenance and operation using digital 
technology (Figure 1). Even down to the entire process of the building's demolition, the result is an 
informative multi-dimensional model of the project. In the whole life cycle, BIM as the core 
information technology plays an important role in the development of construction industry 
information. 

In June 2017, Bedi, an established British architecture firm, published a report entitled "Innovation 
2050, the future of architecture and infrastructure", in which it made bold predictions about the future 
of the architecture and infrastructure industry over the next few decades. "In 2050, there will be no 
human work on construction sites," it said. Although this seems to be a far-fetched fantasy now, with 
the continuous upgrading of the Information industry and Information technology, it has also brought 
far-reaching influence to the construction industry, which is embodied in the birth and popularization 
of the Building Information Model. 



International Core Journal of Engineering Volume 8 Issue 2, 2022
ISSN: 2414-1895 DOI: 10.6919/ICJE.202201_8(2).0017

 

125 

In the actual production and business activities, BIM, as a new technology, has brought huge changes 
to the existing industry model. In specific application, BIM can be summarized into four elements, 
namely software, standard, application mode and talent cultivation. 

Software is the main application tool of the existing BIM concept. Without the support of software, 
BIM will always be confined to an idea, an armchair idea. At present, the commonly used software 
in the architectural design stage includes Sketch Up, Rhino, Revit, Bentley, Arctic, etc., while the 
commonly used software in the structural design stage includes Etabs, Midas, Bentley's Structure, 
domestic PKPM, YJK, etc. 

 

 
Figure 1. Design Stage 

2. Structure Software Functions 

All kinds of BIM software have gone through a relatively sufficient development cycle, and the 
development of various equipment performance and software functions is relatively perfect. In 
addition, there are corresponding professional software to solve problems according to different 
engineering conditions, different engineering situations and different engineering difficulties. At 
present, ETABS and MIDAS GEN are commonly used by foreign companies. 

2.1 ETABS 

ETABS has evolved into an integrated environment for structural analysis and design of buildings: 
System USES a graphical user interface to set up a construction entity model of the structure of object, 
through the use of advanced finite element model and custom standard interface technology for 
structural analysis and design, to realize the accurate calculation analysis process and user 
customizable (choose different countries and regions) design specification for structural design work. 
It should be noted that the development of ETABS in China has been hindered to a certain extent 
because it is not interlinked with the domestic software design specifications. 

In addition, ETABS program can be applied not only in the ordinary course of architectural design 
modeling, and used in the design of tall and super-tall building models, the model can be calculated 
in steel structure, the structure of the hook, end, springs, damping motion, ramp, or axillary beam of 
non-uniform beam and other special component and structure of the nonlinear calculation, can even 
calculate base isolation structure problem, function is very powerful. This power is mainly reflected 
in the convenience of modeling and the accuracy of calculation. 

But on the other hand, ETABS is not a simple model to analyze in the actual work, which is generally 
imported through other software. After the import, some basic indicators of the model, such as quality 
and cycle, should be compared. 

The Chinese codes included in ETABS mainly include: building load code GB50009-2001, building 
seismic design code GB50011-2001, concrete structure design code GB50010-2002, steel structure 
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design code GB50017-2003, high-rise building concrete structure technical code JGJ3-2002, high-
rise civil building steel structure technical code JGJ99-98, etc. 

For the structural system and components to set the relevant design parameters, can be based on the 
specific situation of the structural system and components to set different structural design parameters 
- this can effectively solve the problem that different parts of the same project need different design 
parameters, And it can effectively avoid the disadvantage that the designers rely too much on the 
program and ignore the basic concept of structural design, which is very harmful to structural 
engineering design. The Chinese version of ETABS emphasizes the exchange of information between 
the program and the designer. The optional range of parameters specified in the specification is 
controlled by the designer. The designer must be familiar with structural design and related 
specifications to complete the design work well. 

On the contrary, ETABS is generally used more in foreign design companies, and the cost of ETABS 
on a single computer is relatively high, requiring nearly 10,000 RMB a year. The cost is relatively 
high, so many companies will not use this software to build single-family residential buildings. 
ETABS is translated as Zhuxinda in China, but many translations are not complete, so it is necessary 
to have a certain English level when using the software. Therefore, the application rate of this software 
in the domestic market is not high, nor is its popularity strong. 

2.2 Midas Gen 

Midas Gen is a general purpose finite element design software that requires Gen for many special 
structures. MIDAS has a special construction simulation plate, the establishment is the rod system 
model, the modeling is convenient, closely combined with the code, the post-processing results are 
relatively perfect. 

From the interface, MIDAS is a tree structure, all the interfaces are directly displayed, the interface 
is more user-friendly, relatively simple to use. During modeling, the model can be divided into 
boundary group, structure group and load group, which is convenient for unified editing of multiple 
components and viewing of results, so as to facilitate the use of new users. 

Domestic Software: Domestic BIM software is still in the initial stage of development, such as 
Glodon, PKPM, YJK, etc., and has not yet formed a set of independent and complete system. At 
present, many of the domestic software are formed from CAD/CAM software, and there are some 
deficiencies in the system, and in the information integration function, sharing function, as well as 
the visual function are different from foreign software. 

Domestic software also has its unique advantages. Since 2011, when BIM was formally incorporated 
into the national construction informatization standard, BIM has repeatedly appeared in China's 
policies. BIM technology has become one of the most popular building information industry 
technology in China, and has spawned a lot of new BIM software strength. Today, let's talk about the 
advantages and share of BIM domestic software with you. 

The advantages of domestic BIM software often stay in the policy bias and situation orientation. With 
the continuous favorable national policies, domestic BIM software can play a great role here. The 
localization of BIM products such as cloud computing is accelerating and the demand is booming; 
The domestic BIM software market is large, the technology gap is small, each has its own 
characteristics; Domestic software can promote the guarantee of network information security; The 
IT industry has maintained rapid growth and huge room for improvement. The information degree of 
the construction industry is not very high, and the domestic BIM software has great room for 
improvement. 

2.3 PKPM 

PKPM series software system is developed by the Institute of Architectural Engineering Software of 
China Academy of Building Sciences. It is a set of large-scale architectural engineering integrated 
platform CAD system which integrates architectural design, structural design, equipment design and 
energy saving design. APM can complete the construction drawing design of plane, elevation, section 
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and detail drawing, and can also generate two-dimensional rendering drawings. It is equipped with 
common picture library and texture material library, and its loop forming has a higher degree of 
automation and strong adaptability. Architectural design software series and garden, sunshine, 
decoration, Chinese ancient architecture, planning, site and other design modules. 

At present, PKPM software is the most widely used software in China. In many domestic universities, 
civil engineering majors have listed this software as a required course in the undergraduate stage. 
This software contains a variety of domestic calculation methods, in the domestic design industry 
occupies an absolute advantage, is the most widely used building information model software. PKPM 
well carries on the concept of BIM industry, expressing all kinds of building structural components 
in the form of models on the drawing interface, and in the analysis and calculation of SATWE, it can 
clearly express the calculation results and stress conditions under different external loads such as 
earthquake and wind load. 

Software functions include building model establishment, building design energy saving calculation, 
dynamic energy consumption analysis and calculation, energy saving building economic index 
accounting four main functions. And has simple, human nature, intelligent software characteristics. 

2.3.1.PKPM-BIM+PKPM-PC 

The typical application process of "PKPM-BIM+PKPM-PC" is shown in Figure 1. In this scenario, 
all majors will adopt mature application modules integrated on the PKPM-BIM platform: PKPM-AC 
(building module), PKPM-PC (structural and assembly module) and PKPM-BIM electromechanical 
module. At this point, models of various specialties can be seamlessly connected and referenced 
within the platform, and information transmission and application among specialties can be carried 
out, with the highest degree of coordination and integration and matching, such as: 

The user-specified layer content in the building model can be directly transformed into structural 
model components. 

After structural calculation, the optimized section size of the member can be used as a reference to 
the building model. 

The equipment information in the electromechanical model can be intercommunicated with the 
assembled model to directly complete the reserved embedded design in the prefabricated components. 

In addition, all professional models can complete the whole process design under the cooperative 
state on the PKPM-BIM platform and its integration module, and finally integrate into the fine BIM 
model of the whole profession on the PKPM-BIM platform, and the integration model can be further 
used for the presentation of design results of each profession. Such as structural and assembly-related 
drawings, lists, calculations and component processing data, construction related drawings, lists, 
rendering and roaming animation, electromechanical related drawings, lists and calculations, etc. To 
meet the needs of display, the full professional BIM model can be exported to a. BIMX file via the 
PKPM-AC (building module) interface or to a. FBX file via the PKPM-BIM platform interface for 
lightweight viewing in BIMX or Navisworks, respectively. 

At present, this collaborative working mode has been put into the market and formed commercial 
application. Compared with other software collaborative working, it has the following advantages: 

1). The function of 1PKPM-BIM platform is relatively complete. The integrated application module 
of all majors within the platform can basically meet the design needs of all majors and realize the 
forward BIM design of all majors. 

2). The software used in this collaborative mode is all based on the same platform with the highest 
degree of collaborative integration and data matching, which can complete the background 
transmission and application of a variety of information between majors and real-time collaboration. 

3). The software used in this collaborative mode is all based on the same platform, and the project 
manager can manage the personnel allocation and the authority of all professional users in the project 
through unified tools. 
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In this collaborative working mode, PKPM-PC can obtain and apply the BIM model data in 
architecture and electromechanical profession to the maximum extent, realize the real "collaborative 
design" through the transmission and intercommunication of the complete model data, and simplify 
the work of structural modeling and assembly deepening design. 

2.3.2.Revit+PKPM-PC 

At present, the mainstream BIM software in the international market is Autodesk-Revit, which also 
has a large number of users in China. Compared with the complete all-professional function on 
PKPM-BIM platform, Revit platform has no built-in structural computing module, and the assembly 
design function of Chinese localization is relatively weak (assembly component modeling can be 
completed, but secondary development is needed to complete the regular design). But on the other 
hand, Revit has become the most widely used BIM software because of its prominent performance in 
architecture and electromechanical aspects, similar operating habits to traditional AutoCAD, and 
various family libraries accumulated by the vast number of users. In order to meet the needs of 
existing Revit users on the market, the prefabricated building collaborative design mode of 
"Revti+PKPM-PC" arises at the historic moment, and its typical application process is shown in 
Figure 2. 

In this application mode, architectural and electromechanical models are created in Revit, while 
structural and assembly models are created in PKPM-PC. The created Revit model can be imported 
into the PKPM-BIM platform through the IFC interface in PKPM-AC (the building module of the 
PKPM-BIM platform), and the user can browse for reference when creating the structural model. 
Structural and assembly-related designs are independently completed in PKPM-PC and form a 
refined assembly-type deepened model, which can be summarized into the PKPM-BIM platform 
together with the imported architectural and electromechanical models, and finally integrated into a 
full-professional refined BIM model. To meet the needs of display, the collected BIM models can be 
exported as. BIMX file via PKPM-AC (the building module of PKPM-BIM platform) interface or 
exported as. FBX file via PKPM-BIM platform interface for lightweight viewing and display in 
BIMX or Navisworks respectively. 

From the perspective of synergistic integration degree and data matching degree, the performance of 
"Revti+PKPM-PC" working mode is relatively general, but based on the current situation of the 
domestic market, this mode still has considerable feasibility, mainly based on the following: 

1) The advantages of PKPM-PC in the domestic assembly design software market are gradually 
highlighted, which can complete the assembly model integrated design with complete functions; 

2) Revit itself has a large user group and high market acceptance, but it cannot directly meet the 
outstanding standardized design needs of structural designers in China. Under the premise of applying 
existing software as far as possible, users only need to purchase additional software and learn PKPM-
PC single professional module to complete the complete prefabricated building BIM design. 

In contrast to the potential application prospect of the model, there are some foreseeable bottlenecks 
in the process of popularization of the model. This mode is slightly different from the collaborative 
working mode in the strict sense. The building and electromechanical models can only be displayed 
on the PKPM-BIM platform, which has little assistance to the PKPM-PC design function. The 
essence of this mode is similar to "assembled single professional design + post-stage mold closing". 

The above two collaborative working modes are all based on the BIM three-dimensional model for 
collaborative design. However, some users in the market do not have the need to establish the BIM 
three-dimensional model for full-specialty, and only hope to obtain complete and accurate two-
dimensional assembly design results through convenient workflow. Therefore, "2D CAD+PKPM-
PC" is also part of the market users in the short term the most needed mode of work. 

In this mode, architecture and electromechanical majors all adopt traditional two-dimensional CAD 
design, while structure and assembly majors adopt fine BIM model for assembly design. In order to 
simplify the operation of professional users of structure and ensure the design effect, the structural 
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designer can directly identify the building base drawing through PKPM-PC to generate the structural 
model, and the resulting structural BIM model can be used for the subsequent three-dimensional 
visual design of prefabricated components. When entering the assembly design stage, the users of the 
structure can express the electromechanical reserved and embedded information in the three-
dimensional model quickly and accurately by referring to the electromechanical capital drawing, and 
form a complete and accurate two-dimensional design results. 

This mode is the mainstream application mode of PKPM-PC in the current market. The popularization 
of this mode benefits from the following reasons: 

1) The functions provided by PKPM-PC as a single professional BIM software application can meet 
the needs of specific users, and the functions that are not needed by these users will not form 
redundancy (the ultimate goal of some users is only to obtain high-quality two-dimensional design 
results efficiently and conveniently); 

2) Except for structural majors, other majors need no additional investment and are less difficult to 
popularize; 

3) Through the functions of drawing recognition modeling and lining drawing capital design, the 
effective information in architectural and mechanical and electrical professional drawings can be 
quickly transformed into the information required by the assembly model, which can help the three-
dimensional design of the assembly structure and improve the design efficiency. 

The main body of this work mode is still two-dimensional CAD design. There is no BIM model in 
architecture and electromechanical, and there is no obvious collaborative working relationship 
between different majors. Therefore, it is impossible to form an all-professional BIM model for 
subsequent work. In case of other professional design changes, users need to confirm the contents of 
changes and adjust the assembled model by themselves. The program cannot provide a change list 
according to the historical models of architecture and electromechanics, and the processing of design 
changes is relatively complicated. 

2.3.3. Conclusion 

Since its release, PKPM-PC in the assembly structure design field of influence is growing day by day, 
more and more users choose PKPM-PC as the assembly structure design tool, and BIM technology 
also brings great convenience for the assembly design. However, on the other hand, the promotion 
progress of BIM technology in the whole construction industry is still uneven, and there are many 
kinds of BIM software in the market. Therefore, PKPM-PC provides corresponding inter-professional 
collaborative solutions for different application scenarios. It is hoped that all kinds of work modes 
mentioned above can meet the work needs of different designers, promote the development of 
prefabricated buildings, and help the transformation and upgrading of the construction industry. 

2.4 YJK: 

BIM series software is a software developed and operated by Beijing YJK Software Co., Ltd. 

YJK software is an international-oriented software. The software specifications include both the 
domestic version and the European version. 

YJK software highlights the 3D model and load input mode, which can be operated on both single-
layer model and multi-layer model. The structure calculation adopts the general finite element 
technical framework, combined with the leading professional team in China, using the eccentric rigid 
region, master-slave nodes, coordination and non-coordination elements, wall element optimization, 
fast solver and other advanced technologies, so that the program solution scale, calculation speed 
greatly increased; For the multi-tower structure, the automatic separation of the composite tower and 
the split tower can be realized, and the results can be selected and enlarged. Subdivision shell element 
calculation is used automatically for the transfer beam. Subdivision shell elements are also used 
automatically to calculate the joint beam input according to the ordinary beam, so that the design 
result is the same as that of the joint beam input according to the wall entrance. The measures for 
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reducing the internal force or reinforcing of the shear wall beam are provided in accordance with the 
design of the split beam and the configuration of oblique cross reinforcing bars. 

One of the major characteristics of YJK is that it can realize the mutual transformation of Revit model 
and YJK model. During the data transformation operation of YJK, the model can be exported into 
Revit Structure. 

Not only that, the building model established in Revit can be exported to YJK, where the building 
filling walls and other components can be converted into structural loads. 

The exported YJK structure model can be continuously partially updated with the Revit update, as 
well as continuously partially updated with the YJK update. 

1) YJK structure model can be directly updated after modification of YJK structure model to generate 
Revit model. The parts of Revit model that have not been changed in the structure model will not be 
changed. The program only updates the modified build attributes in the structure model. 

2) Revit model can be used to update the YJK structure model after modification. The updated content 
is only for the modified part of Revit model, which can effectively retain the original structure data 
defined in the YJK calculation model. 

3) The updated list pops up after the model is updated, from which you can see the updated component 
number and updated content. Double-click the updated item to highlight the build location, so that 
customers can confirm the update effect. 

4) According to the update report automatically saved by the program, you can view the contents of 
the historical update report from the update list. 

5) The contents added to the Revit model are updated to the YJK model, and the calculation 
information results such as the definition of loads and special components in the YJK model are still 
retained. 

Update and transformation is a major feature of YJK, update is not automatic, but by the designer 
operation control. 

3. SketchUp 

3.1 Software Background and Popularity 

 
Figure 2. First Choice of BIM software for the U.S. construction sector 2018. 

 

SketchUp is a 3D modeling software owned by Trimble Inc, which is an American mapping 
measurement and navigation equipment company. It is currently available for Windows and Mac-ios 
systems. Compared with other 3D modeling softwares, it is easier to operate. 
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According to the table stated above, SketchUp is a 3D modelling software preferred for 4.5% of 
architectural professionals. The particular reason for this circumstance is that SketchUp has an easy 
operation interface. Therefore, SketchUp has great advantages for the beginner that applied 3D 
modeling initially. To be more specific with the example, whenever SketchUp users draw the model 
with edges, the software would be able to connect two objects with a tangent arc to create a desired 
3D geometric shape. In addition, designers and their team members can also easily switch back and 
forth between 2D and 3D models. Another reason why SketchUp is popular is because SketchUp has 
a free version named SketchUp Free. It can be applied for personal and educational purposes at home 
and it can be used for extending creating and editing. Therefore, SketchUp is widely used in many 
universities. 

 

 
Figure 3. The trend of searching for SketchUp among cities of China. 

 

From the analysis of Google search trends above, the search of SketchUp in China has also shown an 
upward trend in recent years which indicates that the popularity of Sketchup among professionals in 
China is in a strong upward channel, as shown in Figure 3. 

Besides the free edition mentioned previously, SketchUp has three other editions and each edition 
has different plug-ins to use in proprietary field: 

1) SketchUp Pro 

SketchUp Pro includes all the functionality of SketchUp Free as well as the ability to convert imports 
and exports into common 2D and 3D formats. In addition, it can also access LayOut, which is a 2D 
document software and Style Builder that creates custom edge styles for SketchUp models. SketchUp 
Pro even integrates with Trimble Connect in the version launched in 2016 to access 3D model library 
models as reference. 

2) SketchUp Shop 

SketchUp Shop is a 3D building software for DIY designers, manufacturers and carpenters. It has 
some  specific functions such as 3D printers, CNC routers and other workshop machines. 

3) SketchUp Studio 

SketchUp includes all the content in the professional editions and adds the functions of building 
energy consumption analysis, daylight analysis, HVAC size, thermal comfort analysis and carbon 
emissions on this basis. 

The main export format of SketchUp includes DWG, .DXF, .3DS, .DAE, .DEM, .IFC, .KMZ, .STL 
and many other common formats that can be applied by other software. 
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3.2 Functions and Extensions 

 
Figure 4. SketchUp Interface 

 

SketchUp is mostly applied for interior design due to its 3D visualization tools. The main function of 
SketchUp focuses on creating and editing 2D and 3D concepts. Therefore, it provides professionals 
such as designers, draftsmen, architects or engineers with powerful, professional-quality functions. 
For example, SketchUp has the ability to quickly create complicated 3D models of interior furniture, 
landscapes, etc. The advantage of SketchUp compared to other 3D modeling software is that Skethup 
is much easier to operate and the interface provided above has clearly reflected this feature of 
SketchUp. Its main operation focuses on the toolbar on the left and once users have mastered these 
toolboxes, they can master the use of SketchUp proficiently, as shown in Figure 4. 

The Sketchup interface also has a shortcoming which is that its functional interface has only one sheet 
composition. It indicates that if users want to view other drawings, they need to adjust it in the 
“Camera” menu bar. In addition, SketchUp is a polygonal modeling software. Therefore, the curves 
it builds are composed of multiple broken lines, and if users zoom in, it will show a lot of edges and 
corners. 

SketchUp has few built-in functions. Therefore, when users are dealing with more complex modeling, 
they usually need to install various plug-ins. Consequently, there are a huge number of plug-ins 
developed by different developers in SketchUp. Due to this reason, SketchUp may cause overlapping 
problems sometimes which often brings trouble to user management. In China, some platforms also 
integrate plug-in translation into plug-in packages nowadays which charge fees from 500 to 900 yuan 
per year. Along with the problem of many plug-ins, SketchUp often becomes unstable. 

3.3 Pros and Cons 

Pros: 

The price of SketchUp is relatively cheap compared to similar 3D modeling software. 

SketchUp's drawing is fast which makes it a very good choice for quick solutions and concepts. 

SketchUp is easy to use and it is very friendly to beginners. Many commands are clear at a glance. 

SketchUp has a high market share compared to similar program stage software. 

Cons: 

The accuracy of SketchUp's graphics is low which  making the model relatively simple. 

SketchUp's surface modeling function is inferior to similar software. 

SketchUp needs many plug-ins to complete the project and the software is prone to crash due to that. 

3.4 The Relationship between Software and BIM 

Many engineering professionals or architectural professionals often do not think that SketchUp can 
reach the requirement of BIM because its function cannot reach the core idea of BIM, which is the 
information-oriented collection of construction objects. However, since SketchUp is a 3D modeling 
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with a huge number of plug-in functions for some specific needs, it can still be applied as a BIM 
software to achieve the function of communicating the future life cycle in the project. For example, 
the PlusSpec plug-in makes it possible to create quantity lists, create complex structures, and allow 
you to move doors, windows and even walls. Another plug-in OpenStudio supports SketchUp to help 
design energy-efficient buildings, or the 4D Virtual Builder plug-in allows projects to be planned 
throughout the life cycle of each construction phase. Also, the plug-in MapSpacer, as shown in Figure 
5, helps users meet space planning tools based on the SketchUp graphics engine platform, which 
realizes the functions of BIM and FM at the same time. In addition, SketchUp can also create 
animations and renderings to communicate with all teams at different stages. Therefore, through the 
functions of these plug-ins, SketchUp can be used as a software for applying BIM tools. 

 

 
Figure 5. MapSpacer Interface 

4. Rhino 

4.1 Software Background and Popularity 

Rhinoceros (Rhino) is a commercial 3D computer graphics and computer-aided design application 
software developed by a private American company Robert McNeel & Associates. It is currently only 
available for Windows systems. 

Through the ratio chart provided above, it clearly states that the use ratio of Rhino exceeds that of 
similar products SketchUp in both China and other countries. Rhino even exceeds the SketchUp ratio 
by 76% outside of China which indicates that Rhino is a more commonly used modeling software. 

4.2 Functions and Extensions 

The reason why Rhino is common all over the world is that it is considered by the design team to be 
the most versatile 3D modeling software. It contains the functions of design, prototype, 
engineering ,analysis, rendering and animation of models. It provides service for industries ranging 
from airplanes to jewelry with high accuracy. The main feature of Rhino is that it can create, edit, 
analyze, record, render, animate and transform curves, surfaces and entities and it is based on a free-
form surface modeler that follows the use of NURBS mathematical models. In other words, compared 
to the surface construction function of similar products, the curve created. 
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By looking through the above interface display, it clearly reflects that Rhino has four interface 
compositions compared to SketchUp which means that Rhino has a better ability to manipulate 
models. Also, Rhino's output format can be exported as obj, DXF, IGES, STL, 3dm and other 
different files and those are suitable for almost all 3D software. 

In the toolboxes list function , Rhino itself has more than 900 designs and functions for the specific 
needs, which also means that when completing more complex modeling, there is no need for a large 
number of plug-ins to assist in completion. Also, Rhino also supports three operations: union, 
difference and intersection. These operations enable Rhino to create entities with basic geometric 
shapes, such as boxes, spheres and even ellipsoids. At the same time, Rhino also has the function of 
tapering one or both ends of a single rail to a point, which greatly enriches the limitations of creating 
curved surfaces. Due to those surface functions, Rhino is considered as one of the most powerful 3D 
modeling softwares. 

Even though Rhino itself has many functions, users can also install plug-ins to achieve specific 
purposes. For example, one of the most common plug-ins is named Grasshopper, it provides Rhino 
with parametric design to achieve more difficult modeling design. T-Splines is another powerful plug-
in that has an excellent application in Rhino. It can extend the capabilities of manual modeling, mesh 
modeling and surface modeling in Rhino to make complex models. Another common plug-in in Rhino 
is called Weaverbird, which has a very powerful ability to edit grids to a certain extent to make up 
for Rhino's shortcomings in network modeling, so that it can easily achieve amazing skin effects, as 
shown in Figure 6. 

 

 
Figure 6. Application of Grasshopper in Rhino 

4.3 Pros and Cons 

Pros: 

Rhino has low configuration requirements and runs without pressure. 

Rhino's surface modeling function is very powerful and its nurbs curve is highly accurate, smooth 
and without edges. 

Rhino itself has larger functional diversity. 

Rhino's export is accuracy and fast. 

Rhino's price is more expensive than SketchUp but it is also acceptable with a 90-day free trial. 

Cons: 

Rhino is difficult to for beginners and its built-in toolbar takes a long time to learn. 

Rhino’s modeling is simple and powerful but it is troublesome to make surfaces up. 

4.4 The Relationship between Software and BIM 

The connection between Rhino and BIM is mainly reflected in the project phase. With the 
Grasshopper plug-in mentioned above, Rhino can also reach the level of parametric modeling. 
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Moreover, Rhino's powerful modeling capabilities and Grasshopper's unique visual editing and 
modeling methods have also made this combination the most popular design platform. Secondly, 
Rhino can also be used for structural design and analysis through the plug-in RhinoBIM, thereby 
enhancing the application of Rhino in the construction, engineering and construction industries. 
Unfortunately, RhinoBIM is currently disabled. However, there is also another plug-in called 
VisualARQ that provides Rhino BIM support. VisualARQ is a fully embedded plug-in for Rhino, 
which is completely common to basic Rhino modeling. It includes the use of the Grasshopper 
parametric plug-in we mentioned to add rich surface texture and quickly complete a large number of 
repetitive complex operations. It also enables free-form modeling to transform any form of geometry 
into a more reasonable solution through VisualARQ. At the same time, VisualARQ also contains the 
T-Splines plug-in mentioned that can make the surface modeling function more convenient and free. 
These features make Rhino shine and occupy a place in the BIM program stage. 

5. Revit 

5.1 Software Background and Popularity 

 
Figure 7. The National BIM Report 2019 

 

Revit is a modeling software developed by Autodesk and it was released on April 5, 2000. It is 
currently only applicable to Windows systems. 

According to a report from National Building Specification, which is a British modeling specification 
system, 1,000 engineering and construction professionals in 2019 chose Revit to become the most 
widely used and most popular BIM software,As shown in Figure 7. 

By observing the statistics of Black Spectacles, the result has shown that among the top 50 
construction companies in the world, Revit's recruitment demand has reached an astonishing 71%, 
and far exceeds the 50% of AutoCAD in second place. This also shows that Revit has been 
popularized and used to a certain extent in the design and construction phase of the infrastructure. 

Revit entered China in 2004 and due to the increase in large-scale construction projects, its popularity 
and application have been promoted. In addition,  the BIM concept is accepted in China and the 
demand for Revit in construction and engineering projects would gradually increase in the future due 
to that. At present, there are still many problems in the application of Revit in China. For example, 
the experience of Revit users is relatively preliminary, as shown in Figure 8. 
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Figure 8. The most required skills to work at the top 50 architecture firms 

5.2 Functions and Extensions 

Operation page of Revit, which can be used in many professional fields such as architects, structural 
engineers, designers and contractors. The main function of Revit lies in the 3D modeling of 
architectural and structural components, the creation of 2D floor plans and blueprints, the use of Revit 
to perform internal components under defined parameters and boundary conditions, mold, 
prefabricated solid objects or use the imported geometric model together and plan and annotate the 
design. The export format of Revit is a variety of CAD formats, DWG, DXF, DGN, SAT, which can 
also be easily used in other software. 

In Revit, it includes two important basic concepts, namely "family" and "sample". A family is a set 
sum containing common attributes (parameters), and a sample is a group of graph tuples with the 
same parameters. For example, "wall" is a family in Revit, and all the styles of the wall are called 
samples. It is worth mentioning that Revit is not a NURBS-based modeling software like Rhino. 
Therefore, for those specific types of modeling or environment, there is no ability to manipulate the 
various polygons of the object. 

Revit also provides a rich application programming interface (API) for secondary development, 
which can facilitate function expansion to save operation steps and improve efficiency. Some of the 
more popular software, such as RoomFinishing, can add independent surface layers to the floor and 
wall of the room, automatically leave holes in doors and windows, or build docks that can provide 
BIM engineers with free Revit component download services, It also provides auxiliary design tools, 
quick component import projects and other functions. Another plug-in named Align is powerful as 
well, it can easily align components, alig comments and tile comments. 

5.3 Pros and Cons 

Pros: 

The interface of Revit is simple and the function partition is clear. The beginners who need it are able 
to get started quickly. 
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Each component of Revit has a parametric nature which means all the information used to build the 
model comes from a single database. Therefore, every time a change is made, the database will be 
updated. 

Revit's section is powerful and it is very easy for the positioning of the building and the layout of the 
structural beams and columns. 

Revit also has functions such as collaboration, remote collaboration, rendering with material input 
and 3DMAX, cloud rendering, collision analysis, and green building analysis. 

Revit export format can be adapted to other software. 

Revit has a high market share, easy to purchase, and relatively cheap. 

 

 
Figure 9. Revit Rendering Function 

 

Cons: 

The parameterization of Revit is difficult when designing surface structures, especially heterogeneous 
continuous surface structures. 

It is difficult to perform perspective editing in Revit and it is not easy to study the interior of the 
building from different perspectives through the default isometric perspective, as shown in Figure 9. 

5.4 The Relationship between Software and BIM 

Revit is a mainstream design software for BIM applications worldwide and it even occupies 75% of 
the BIM application. To be more specific, Revit has three major modules: architecture, structure, and 
pipeline integration and these three modules basically cover all majors in architectural design. Revit 
also has excellent visualization capabilities. Engineering projects can be applied to Revit to plan and 
monitor the various stages of the building's life cycle from concept to construction, from subsequent 
maintenance to demolition. Moreover, Revit also allows designers to design a single model and uses 
cloud computing to ensure that all members of the team can access the information they need. Revit 
can also retain data and adapt to related changes, such as any changes in the 3D model will be reflected 
in the 2D drawing, or reflect any changes in the 2D drawing in the 3D model. In a word, the biggest 
advantage of Revit is that the designer does not need to check the drawings to ensure that everything 
matches, which means that a lot of time can be saved. Due to this reason, Revit has become one of 
the most popular BIM construction software. 

6. Bentley 

6.1 Software Background and Popularity 

Bentley is a software development company located in Pennsylvania, USA. Instead of a stand-alone 
software, Bentley is a set of professional software developed based on Microstation, such as 
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OpenBuilding for construction, OpenRoads for roads, Openbridge for bridges, or the special 
realization of file management and data communication named ProjectWise. Bentley is mainly used 
to develop, manufacture, license and sell for public infrastructure. Therefore, its core idea is to 
provide solutions for infrastructure professionals namely municipal, bridge, mining, marine, etc. 

 

 
Figure 10. Number of companies using Bentley Microstation companies 

 

According to a report from the US website Enlyft, Bentley is used by 2491 US construction 
companies. Among them, 21% are small customers (less than 50 employees), as shown in Figure 10, 
43% are medium-sized customers and 34% are companies with large customers (more than 1,000 
employees). Although Bentley's market share is only 0.6%, it is often used in companies with 50-200 
employees and revenues of those companies are usually between $10 million dollars and $50 million 
dollars. This also indicates that Bentley mainly aims for the large infrastructures. 

Bentley is not common among projects in China currently, but it still has some application on 
infrastructure construction such as offshore oil construction and plant construction. In recent years, 
Bentley has attached great importance to the construction market in China and it has been applied in 
many Chinese projects such as the main channel of Ningbo Zhoushan Port, the Bazizui Navigation 
and Power Hub in Jiangxi Province, the Jiangsu Offshore Wind Farm, and the Huaneng Ningxia Daba 
Power Plant. In those projects, Bentley has played a critical role in the construction field. 

6.2 Functions and Extensions 

 
Figure 11. Products of Bentley 

 

Bentley insists on using different software for different projects, such as OpenBuildings for 
architecture, OpenRoads for highways and OpenBridge for bridges, as shown in Figure 11. There are 
even more than 100 softwares categorized by different majors on Bentley's official website currently. 

The operating interfaces of Bentley's softwares are similar, which include workflow, menu bar, 
taskbar and toolbar. Moreover, there are detailed sections of each function under the toolbar for users 
to work more conveniently. Since most of the softwares of Bentley are based on Microstation, each 
software has Microstation's excellent shape modeling functions, including internal entities, mesh 
surfaces, B-Spline curves and surfaces, feature parameterization, topology, etc. Another point worth 
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mentioning is that according to the above Bentley operation interface, there are multiple interfaces in 
the Bentley softwares and due to the variety of operating interfaces, it may be difficult for beginners 
to easily start Bentley products. 

The main output formats of Bentley products are DGN and DWG. As most of the products are 
developed based on the basic Microstation, any files stored in Bentley's products can be accessed and 
edited very conveniently. Because Bentley's products have specific functions to meet the needs of 
professionals in various fields, the plug-ins and secondary development required are much less than 
similar products. These features provide users of Bentley products with a more efficient working 
environment in a closed environment, and this is one of the reasons why the prices of Bentley products 
are higher than those of other companies. 

6.3 Pros and Cons 

Pros: 

Bentley has powerful parametric modeling technology, which can realize the model establishment of 
windows, walls and large structural components. 

Bentley also has a large number of practical modeling tools, which can provide reliable support for 
the establishment of various engineering models. 

Bentley has a variety of modeling methods. It has the modeling method of building solid, mesh 
surface, B-Spline curve and surface, feature parameterization, and can realize free expansion and 
deformation. 

Bentley's processing speed for large files is fast and the content does not need to be saved manually, 
users can close the software directly. 

Cons: 

Bentley has many user interfaces which makes it difficult to get started for beginners. 

All kinds of analysis software under Bentley must be used together, and it is impossible to master all 
kinds of functions in a short time. 

Bentley's purchase method requires authority and is expensive. Also, it has a low market share. 

6.4 The Relationship between Software and BIM 

In general, Bentley products are a set of construction software that fits the core ideas of BIM. In other 
words, Bentley products are a set of application software built on the core ideas of BIM. Its main 
function is to efficiently gather project information and asset information, unified format and unified 
management through its subsidiary ProjectWise as well as to achieve the function of shared video. In 
the recently developed iTwin Services, Bentley will also achieve the iTwin Services that transfers 
data to the cloud, where the data is managed, converted, displayed and analyzed in a unified manner, 
and then distributed to different local software to achieve different Features. 

 

 
Figure 12. The Operation of ProjectWise 
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At the same time, Bentley also uses BIM methods to improve project delivery and better manage 
design information throughout the project life cycle. In addition, it also  provides design 
virtualization and digital collaboration, so that design teams will benefit from improved design 
coordination and analysis. For example, the Bentley PlantWise product for plant design uses 3D 
modeling to optimize construction, maintenance and operation, minimizing life cycle costs and it can 
estimate multiple plans and compare material statistics by using 3D evaluation functions. It also can 
be used to reduce the capital expenditure of the factory and shorten the project time, as shown in 
Figure 12. Therefore, it is a very powerful professional tool as a BIM software. Or it is the OpenRail 
product for railway design. Its function includes the creation of concepts including track, tunnel and 
bridge design to evaluate more alternatives during the planning and pre-bid project phases, design 
and identify high-risk projects more effectively and maximize lower the cost. In a word, Bentley's 
products are appropriate for the BIM idea. 

7. ArchiCAD 

7.1 Software Background and Popularity 

ArchiCAD is a 3D architecture software developed by the Hungarian company Graphisoft in 1984 
and it is considered as the first CAD product for personal computers and the first presentation method 
of BIM. ArchiCAD is currently suitable for Windows and Mac systems and it is the only mainstream 
of modeling software applicable for the Mac system. 

 

 
Figure 13. The National BIM Report 2019 

 

 
Figure 14. ArchiCAD 1.0 on Mac 
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According to the same pie ratio chart, ArchiCAD occupies 15% of this fierce competition, which is 
in third place of most popular BIM softwares. The reason why is that ArchiCAD is the only 
mainstream modeling software applicable to the Mac platform of Apple devices in addition to the 
latest version of AutoCAD, as shown in Figure 14. 

ArchiCAD is actually the first BIM design software to break into China. When China was exposed 
to the concept of BIM for the first time, many advanced design institutes used ArchiCAD to explore 
the realization of BIM. Later. Due to the huge user base of Autodesk in China, it was gradually 
replaced by Revit. In recent years, due to the simple operation of ArchiCAD, the small demand for 
computer hardware, and the convenience of drawing out, many users in the professional field have 
gradually re-used ArchiCAD, as shown in Figure 13. 

7.2 Functions and Extensions 

ArchiCAD's main functions are concentrated in full three-dimensional model design with powerful 
section and elevation, automatic generation of parameter calculations, and convenient program 
presentation and graphics rendering. Graphisoft has always implemented a concept of making 
architectural design faster and more comfortable in ArchiCAD. This also makes ArchiCAD modeling 
more tolerant and free. It would be easier to understand with an example, unlike Revit's family 
attributes whose initial parameters are designed. The ArchiCAD design can change the parameters 
during the placement process. In other words, ArchiCAD is able to put the design concept above 
rationality, and designers can get the best answer through constant exploration. 

According to the provided ArchiCAD operation interface, ArchiCAD does not have many interfaces 
and it is concise and clear which would be friendly to beginners. In addition, as mentioned above, 
ArchiCAD is also known as the fastest BIM software. It does not require a long time to load the view, 
and for the most of time, it does not appear to be stuck in the visual design of the model. At the same 
time,there is a built-in function named PlotMaker that greatly reduces the drawing time. Therefore, 
compared with many similar modeling software, ArchiCAD has lower requirements for computer 
hardware. In terms of ArchiCAD file transfer, DWG, DXF, IFC and BCF files can be imported and 
exported. 

ArchiCAD also provides many plug-ins to help the secondary development of the software, such as 
the parametric design connection plug-ins with the aforementioned software Rhino and Grasshopper. 
Or it can be combined with IFC-based Interoperability that enables conversion with Revit files. There 
is an Add-Ons button on its official website interface to help users search for plug-ins needed to meet 
the needs of professionals in different fields. 

7.3 Pros and Cons 

Pros: 

ArchiCAD is a modeling software works for Mac system. 

The price of ArchiCAD is much cheaper than other BIM software. 

ArchiCAD runs fast and requires less computer configuration. 

ArchiCAD has a friendly interface, which is convenient for beginners to operate and learn. 

Cons: 

ArchiCAD's self-built model creation ability is poor. 

Compared with Revit, ArchiCAD lacks features such as structural specialty or MEP, and it requires 
plug-in assistance to achieve that. 

ArchiCAD's volume modeling function is inferior to similar software. 

ArchiCAD has a low effect on the transmission and processing of large files. 
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7.4 The Relationship between Software and BIM 

Before mentioning the connection between ArchiCAD and BIM, I would like to first introduce the 
OpenBIM concept first proposed by Graphisoft. OpenBIM conveys a common language, two-way 
cooperation, and the concept of information transparency. The more obvious expression is the IFC 
format file used in all BIM software. ArchiCAD theory can realize 100% data exchange of IFC files, 
and developed many plug-ins based on this concept, such as the IFC-based Interoperability provided 
above to achieve the intersection with Revit, so as to achieve cooperation with many companies. On 
this basis, ArchiCAD's implementation of the BIM concept is completely different from that of Revit 
and Bentley. The latter two advocate the use of softwares themselves, while the former advocates the 
use of applicable softwares to solve problems such as informatization or life cycle. 

8. Conclusion 

This article introduces the software related to BIM. It can be found that if you want to maximize the 
efficiency of BIM. The most essential point is the combined application of the software. Different 
software has their own functions and characteristics, such as: Revit's coordination and consistency 
(integration)  Is the biggest advantage relative to domestic software. It enables more architects to 
remotely access the same project and process the same building model at the same time; ETBAS can 
calculate structural foundation isolation problems, but the cost is relatively high; PKPM is simple, 
human, and The characteristics of intelligence are good in terms of visualization, graphing, and 
parameterization. All in all, in order to facilitate the smooth transmission of information at all stages 
of the project and facilitate communication between various disciplines, more attention should be 
paid to the optimization of software. After all, good tools are the prerequisite for the successful 
completion of the project. 

References 
[1] Wang Peng, Wu Peng,Wang Jun et al. A Critical Review of the Use of Virtual Reality in Construction 

Engineering Education and Training.[J] .Int J Environ Res Public Health, 2018, 15: undefined. 

[2] Chen Ling-Kun, Yuan Rui-Peng, Ji Xing-Jun et al. Modular composite building in urgent emergency 
engineering projects: A case study of accelerated design and construction of  to COVID-19 pandemic.[J]. 
Autom Constr, 2021, 124: 103555. 

[3] Sharma Sparsh, Ahmed Suhaib, Naseem Mohd et al. A Survey on Applications of Artificial Intelligence 
for Pre-Parametric Project Cost and Soil Shear-Strength Estimation in Construction and Geotechnical 
Engineering.[J]. Sensors (Basel), 2021, 21: undefined. 

[4] Alizadehsalehi Sepehr, Yitmen Ibrahim,Celik Tolga et al. The effectiveness of an integrated BIM/UAV 
model in managing safety on construction sites. [J] .Int J Occup Saf Ergon, 2020, 26: 829-844. 

[5] Ho Shih-Ping, Tserng Hui-Ping, Jan Shu-Hui,Enhancing knowledge sharing management using BIM 
technology in construction.[J] .ScientificWorldJournal, 2013, 2013: 170498. 

[6] Lin Yu-Cheng, Su Yu-Chih,Developing mobile- and BIM-based integrated visual facility maintenance 
management system.[J] .ScientificWorldJournal, 2013, 2013: 124249. 

 


