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ABSTRACT 
 

During the hydraulic design phase, challenges often arise, such as poor coordination between 
different disciplines and ineffective information transfer. These issues can lead to errors in the 
design process and unreasonable structural designs. As the complexity of engineering projects 
continues to increase, traditional 2D design methods can no longer meet current demands. As a 
result, Building Information Modeling (BIM) technology has been introduced, shifting the design 
approach to 3D modeling. This transition has significantly improved design accuracy and 
construction efficiency. To further optimize this process, a user interface interaction system based 
on C# language and the Revit API was developed. Through this system, we successfully 
implemented the 3D automatic modeling of retaining wall components and a reinforcement plugin. 
These tools have greatly saved time on repetitive tasks for designers, improving work efficiency. At 
the same time, they have advanced the informatization of hydraulic concrete structure construction, 
making the construction process more efficient, precise, and controllable. The 3D deepening design 
can accurately express the geometric characteristics of the structure, enhancing precision and 
accelerating the informatization development of hydraulic concrete structure construction. 
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1. INTRODUCTION 
 
Building informatization has become a key trend 
driving the development of the construction 
industry. In 1993, the introduction of Computer-
Aided Design (CAD) technology triggered the 
first informatization revolution in the construction 
industry, completely overturning traditional 
manual drawing methods and transforming the 
industry from manual operations to 2D digital 
drawings. This technology significantly improved 
the efficiency and accuracy of design work, 
ushering the construction industry into the digital 
age. By 2004, the introduction of Building 
Information Modeling (BIM) technology marked 
the second informatization revolution in the 
construction sector. BIM technology transcended 
2D design, elevating architectural design to the 
level of 3D modeling. The application of this 
technology enabled seamless collaboration 
across all stages of construction projects—from 
design and construction to operation and 
maintenance—within a unified 3D model, 
significantly improving design accuracy and 
construction efficiency. As building 
informatization continues to deepen, the demand 
for BIM technology in hydraulic engineering has 
also grown. In numerous large-scale hydraulic 
engineering projects, BIM technology has 
demonstrated significant advantages in 
enhancing design accuracy and construction 
efficiency. The visualization of 3D models and 
collaborative capabilities allow project 
stakeholders to better understand design 
intentions, reduce errors and rework during 
construction, and improve the overall efficiency 
and quality of the project. 
 
According to (Zhu Yuan-zhi 2010). BIM is an 
innovative method based on 3D digital 
technology, widely applied in architectural design, 
construction, and management processes. By 
integrating various relevant information from 
construction projects, it forms a comprehensive 
engineering data model, directly applying digital 
technology to the construction field. (Bao Yue-
quan 2019) points out that artificial intelligence is 
profoundly changing civil engineering by 
integrating technologies such as deep learning 
and machine learning, driving automation and 
intelligence in urban planning and civil 
engineering. This paper discusses the 
applications of artificial intelligence in the 
planning, design, construction, maintenance, and 
disaster prevention aspects of civil engineering. 

(Wang Tong-jun 2019) proposed a new 
collaborative management model for railway 
engineering based on BIM technology, analyzing 
its connotations and management framework, 
and explaining the collaborative management 
paradigm and its mechanisms. (Wu Zhi-qiang 
2018) and (Wang Jian-guo 2018) conducted a 
series of research activities using machine 
learning and deep learning technologies to 
explore urban formation patterns and spatial laws, 
proposing the innovative concept of the "urban 
tree." Vanessa et al. 2023) highlighted future 
research directions, particularly in data 
transmission, interoperability, data integration, 
and data processing and visualization 
technologies. (Stephen et al. 2023) proposed an 
interactive design change method integrating 
BIM, VR, and AR technologies, effectively 
reducing rework in design changes and 
improving collaboration and communication 
among project stakeholders. (Hasan et al. 2019) 
summarized the geometric limitations and 
semantic defects in analysis models within the 
BIM environment and developed plugins to 
improve model geometric accuracy, meeting the 
requirements of the hybrid BEM-FEM system. 
(Marzouk and Thabet 2023) proposed an 
automated and semi-automated simulation-
based green construction management 
collaborative framework, combining BIM 
technology and the Green Pyramid Rating 
System (GPRS), to promote performance-based 
decision-making. Through the case of the new 
administrative capital office buildings in Egypt, 
the framework's effectiveness in promoting 
sustainable solutions was demonstrated. 
(Mohammad and Gholamreza 2023) proposed a 
carbon emission estimation framework for 
building projects that considers economic factors, 
estimating implicit carbon and operational carbon 
emissions over the building lifecycle, validating a 
24.92% reduction in carbon emissions through 
case studies and emphasizing the key impact of 
energy pricing on investment returns. (Chuan L 
and Unurjargal 2023) combined BIM technology 
with optimization algorithms to develop 
processes for detailed construction design and 
selection optimization of SRB, introducing a 
particle swarm algorithm to optimize the use of 
SRB materials, offering an effective optimization 
solution for SRB structure design and selection. 
(Jiao Ke et al. 2019) explored the key 
technologies of BIM forward design based on 
Revit software, proposed project management 
guidelines and enterprise technical standards, 
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and built a collaborative management platform 
with a separation of numerical modeling and a 
GSRevit design system. (Mao Chao 2020) 
discussed intelligent construction by integrating 
BIM and BOM, driving the transformation of the 
construction industry from digitalization to 
intelligence, covering five major stages with a 
core logic of data-driven, full-chain information 
integration and collaboration, providing a 
theoretical framework for future research. Wang 
(Wei-xuan 2019) compared the "Plugin+Revit" 
and "Dynamo+Revit" development models, 
stating that the former is suited for systematic 
function development, while the latter is better for 
specialized function development, addressing the 
multi-use and practical application challenges of 
BIM models. (Zhong Hui et al. 2019) proposed an 
efficient BIM data extraction and application 
solution using Revit API, SQL Server, and 
OpenGL to extract, store, query, and rebuild 
models, solving issues of low data usage 
efficiency and the independence of models and 
information in the construction industry, with 
practical application value. (Wang Xuan-xuan 
2020) developed a Revit-Abaqus model 
conversion interface using Revit API and C# to 
extract structural data and automatically mesh 
models, successfully importing complex 
structural models into Abaqus for precise 
analysis, improving modeling and computational 
efficiency. (Du Yi-cong 2019) explored the 
"forward application" and "forward design" of BIM 
technology in bridge design, verifying the 
feasibility, efficiency, and accuracy of forward 
design through model parameterization and 
actual case studies. (Xu Yu-de 2019) explored 
the application of BIM technology in hydraulic 
engineering construction management, 
proposing a management platform based on 
three levels and two systems, and designed 
implementation processes for earth-rock dam 
construction. (Zhao Ji-Wei 2017) conducted 
systematic research and built a hydraulic 
engineering information model system and 
architecture to meet the needs of full-lifecycle 
information management in hydraulic 
engineering, developing the HPIM integration 
platform to standardize classification, coding, 
unified expression, and construction of hydraulic 
engineering information, as well as to integrate, 
share, and transmit information, effectively 
solving the issue of information gaps and 
improving data exchange efficiency and 
reusability. 
 
This research delves into how to utilize the 
advanced BIM platform, Revit, for the design and 

production process of cast-in-place retaining wall 
components. Due to certain limitations of Revit in 
the hydraulic component field, particularly for 
retaining wall structures, the platform does not 
provide ready-made models and tools for such 
structures. As a result, designers typically need 
to manually draw the retaining wall profile and 
input elevation information to ensure model 
accuracy. Additionally, the process of 
reinforcement layout in retaining wall design is 
complex, requiring frequent adjustments of view 
angles for more precise reinforcement placement. 
This process is time-consuming and prone to 
errors. To improve design efficiency and 
accuracy, this research focuses on developing a 
set of tools for automatic retaining wall modeling 
and reinforcement layout using Revit 2020 as the 
primary development platform. 
 
In summary, this study successfully developed a 
tool using Revit 2020 and C# programming 
language, enabling automatic modeling and 
reinforcement layout for retaining walls, 
significantly enhancing the efficiency and 
accuracy of retaining wall design and facilitating 
component deepening design. 
 

2. METHODOLOGY 
 
In this paper, we selected Revit 2020 as the 
platform for secondary development. Before 
starting the development process, we need to 
configure the development environment 
appropriately. This step includes downloading 
and installing the Software Development Kit 
(SDK) and Look Up files provided by Autodesk. 
The Revit SDK contains a variety of tools, such 
as managers and APIs, that enable us to interact 
with Revit programmatically. Additionally, the 
Look Up tool plays an important role during the 
development process, helping us better 
understand the structure of the Revit model and 
allowing us to view and analyze the various 
elements and their properties within the model. 
 
To implement the I External Command interface, 
a class must define the Execute method, which 
serves as the core function of the plugin. The 
External Command Data parameter provides the 
relevant information needed to execute the task. 
After compiling the code into a DLL file, it must 
be deployed to the Revit plugin directory to 
ensure the software can recognize and load the 
DLL file. Once the DLL file is correctly placed, 
the plugin can be loaded through Revit's 
management module, enabling the custom 
command to be invoked. Users can add the 
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command to the toolbar, menus, or set it as a 
shortcut for easier access. 
 
In Revit, there are five methods for creating 
family files and generating component geometry. 
For the design of the retaining wall component, 
commonly used methods are chosen to create 
the shape that meets specific requirements: 
 

(1) Family Item Factory. New Blend () – For 
blending, fusion of shapes. 

 

(2) Family Item Factory. New Swept Blend () – 
For swept blending, sweeping a profile along 
a path. 

 

For the retaining wall components' shape 
requirements, the New Blend () and New Swept 
Blend () methods are utilized. 

 
In a project file, there are typically five methods 
for placing reinforcement in a component. Due to 
the shape requirements of the reinforcement in 
the retaining wall component, the following two 
functions are used in this study: 
 

(1) Rebar. Create From Curves () – Creates a 
new instance of reinforcement driven by 
curves, which defines the reinforcement 
layout based on the shape of the curves. 

 

(2) Rebar. Create From Rebar Shape () – 
Creates reinforcement driven by a 
predefined   Rebar Shape, using the default 
shape parameters for the reinforcement. 

 

These functions enable precise modeling and 
placement of reinforcement in retaining wall 
components, ensuring that the design 
requirements for both the geometry and 
reinforcement layout 
are met. 
 

3. MODEL CREATION 
 

3.1 Generation of Cantilevered Retaining 
Wall Family 

 

In siphon structures, the retaining wall is 
generally positioned at the entrances and exits, 
with common types being gravity-type and 
cantilever-type walls. This paper uses a 
cantilever retaining wall as an example, where 
the placement path and position are not 
necessarily in a horizontal plane or on a straight 
line, making it difficult for standard model families 
to meet the requirements. The basic idea behind 
automatically generating a cantilever retaining 

wall using C# programming language is to first 
position the toe slab of the cantilever retaining 
wall section on one side as the origin of the local 
coordinate system of the retaining wall 
component. Then, using XYZ coordinates, the 
outermost corner points of the retaining wall 
section are located. These points are then 
connected using Line and Curve Array to create 
the outline of the retaining wall section. 
 

Once the section shape and position at both 
ends are determined, the section parameters are 
added to the New Blend () method to create the 
geometric entity. 
 

In Revit family files, the elements are defined 
based on the local coordinate system of the Revit 
family. For the retaining wall, the section on one 
side consists of eight points, along with two path 
control points (o1 and o2). Both o1 and o2 are 
determined based on the local coordinate system 
O-XYZ of the retaining wall, similar to the 
coordinate system used for beam structures. The 
longitudinal section of the cantilever retaining 
wall is shown in Fig. 1. 
 

Using the coordinate system O-XYZ as an 
example, explain how to determine the cross-
section and positioning points of a retaining wall. 
Firstly, locate the position coordinates of the 
cross-section on a work plane, as shown in Fig. 2. 
 

This figure shows the cross-sectional profile and 
corresponding dimension parameter annotations 
of the retaining wall components. The length of 
the retaining wall family is L, the width of the toe 
board is Wt, the thickness of the toe board is Tt, 
the shoulder thickness of the toe board is Tts, the 
offset height of the toe board is Off, the height of 
the outer side of the vertical board is Ho, the 
width of the wall top is Ww, the height of the 
inner side of the vertical board is Hi, the width of 
the heel board is Bh, the thickness of the heel 
board is Th, the width of the retaining wall is B, 
the height of the retaining wall is H, and the 
inclination difference Td at both ends of the 
retaining wall. The. The values of the above data 
are determined by the input parameters on the 
interactive interface. 
 

3.2 Rebar Model Generation 
 

3.2.1 creation of longitudinal bars 
 

As a part of the family, the changes in steel bars 
are consistent with the changes in the family. 
The shape of longitudinal steel bars is 
determined by the contour of the retaining wall, 

mk:@MSITStore:D:/桌面/revit2020二次开发插件/RevitAPI.chm::/html/2a5b308c-ff6a-d29a-2810-ac1d843c4945.htm
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forming a specific curved trajectory. When using 
program plugins to construct retaining wall 
reinforcement, local coordinates are extracted 
from the already constructed cantilever retaining 
wall family, and the positioning points of the 
reinforcement are determined in this local 
coordinate system. Subsequently, set the steel 
bar points in the XYZ direction, connect these 
points into line segments using the Line function, 
and add them to the created line segment list List. 
Generate the required longitudinal steel path 
information by calling the Create From Curve () 
method or using the line segment list List as a 
parameter. The layout of longitudinal steel bars is 
determined based on the division of structural 
planes. The longitudinal steel reinforcement 
structure of the retaining wall is shown in Fig. 3. 

In Revit files, the position of elements is 
determined by the global coordinate system.   
The longitudinal steel bars of the retaining                
wall have two control points, namely o1 and o2, 
which follow the local coordinate system O-XYZ 
of the box culvert components. By using 
Transformer The Create Translation ()                  
method constructs a translation matrix and      
writes a coordinate transformation function to 
convert the coordinates of steel bars from a             
local coordinate system to a global coordinate 
system (Li et al. 2023, Hu et al. 2021, Zhu et al. 
2021). 
 

Calculate the position coordinates of the 
longitudinal steel bars in the box culvert section, 
as shown in Fig. 4. 

 

 
 

Fig. 1. XZ coordinates of retaining wall 
 

 
 

Fig. 2. XZ Coordinates of retaining wall 
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Fig. 3. Demonstration of longitudinal reinforcement structure of retaining wall 
 

 
 

Fig. 4. Detailed drawing of longitudinal reinforcement coordinates 
 

This figure shows the longitudinal bars of the 
cross-section of the cantilever inverted siphon 
structure family. The cross-sectional dimensions 
of the components are as described above. The 
thickness of the remaining protective layer is c, 
the diameter of the longitudinal reinforcement is 
dz, and the diameter of the load-bearing 
reinforcement is dg. The longitudinal 
reinforcement is divided into sections 1, 2, 3, 4, 
and 5 according to the region. Taking the 
longitudinal steel bars in the third area of the 
retaining wall as an example, the coordinates of 
the first positioning point on the leftmost side of 
the cross-section in the X, Y, and Z directions are 
calculated as follows: 

Y direction： 
−𝑊𝑡 + (𝑐 +

𝑑𝑔

2
+
𝑑𝑧
2
) + (

𝑇𝑑
𝐿
∗ 𝑐) 

Z direction： 
(c +

dg

2
+
dz
2
) + ((

Off

B
) × (B − c

−
dg

2
−
dz
2
)) 

 

X direction： -c 

 
After arranging the first longitudinal 
reinforcement of the bottom plate, set the placed 
reinforcement to be arranged at a fixed spacing 
and quantity using the Get Shape Driven 
Accessor () method. Set the required 
arrangement direction, arrangement distance 
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Length, and spacing Space in the parameters. It 
is possible to quickly and evenly place 
longitudinal steel bars at the bottom of the board, 
without the need to calculate the position of each 
bar one by one, which saves computer 
computing power and reduces reaction time. If 
the steel bar model and diameter are modified, 
the row of steel bars can also be changed in the 
same way, shortening the software response 
time. 
 
The longitudinal reinforcement setting method for 
the five regions is the same, with only differences 
in the parameters for setting their arrangement 
direction, arrangement distance, and spacing. 
The calculation method for the positioning 
coordinate orientation of the first steel 
reinforcement in each region is the same as 
above. 
 
The example of completing the arrangement of 
longitudinal steel bars is shown in Fig. 5.  
 
3.2.2 Creation of corner reinforcement for 

hole guards 
 
The load-bearing bars of the retaining                        
wall section are divided into five areas, and                 
the stirrups in each area can be shaped 
according to the interaction window, with a shape 
of L. The stress reinforcement is located using 
points 1, 2, and 3. Based on the origin 
coordinates of the retaining wall family, the  
stress reinforcement information and the 
thickness of the protective layer are used to 
calculate the positioning points of the stress 
reinforcement in each area. For example, using 
the local coordinate system of a retaining wall as 

a reference, its X, Y, and Z axes are shown in 
Fig. 6. 
 
Taking the reinforcement in Zone 1 as an 
example. Use the Create From Curves () method 
to construct steel bars. In this method, the 
position of the steel bars is determined by the 
thickness value of the steel bar protection layer 
on the centerline of the steel bar, which is c, the 
diameter value of the hoop reinforcement, the 
length L of the retaining wall family, the length Lt 
of the toe board, the width Wt of the toe board, 
the thickness Tt of the toe board, the shoulder 
thickness Tts of the toe board, the offset height 
Off of the toe board, the height Ho of the outer 
side of the vertical board, the width Ww of the 
wall top, the height Hi of the inner side of the 
vertical board, the width Bh of the heel board, the 
thickness Th of the heel board, the width B of the 
retaining wall, the height H of the retaining wall. 
 
Taking the No.3 load-bearing reinforcement of 
the retaining wall as an example, due to the 
possible height difference at both ends of the 
retaining wall, the positioning point of the 
reinforcement may be offset according to the 
magnitude of the height difference; Due to the 
partial overlap of the reinforcement area in the 
cross-section of the retaining wall, it is also 
necessary to consider the collision problem 
between the reinforcement bars. The 
reinforcement bars are staggered in the opposite 
direction of X, and the positioning points of the 
reinforcement bars are offset according to the 
height difference. The coordinate values Y and Z 
of the positioning point of the No. 3 stress 
reinforcement in the Y and Z directions of the 
section are as follows: 

 

 
  

Fig. 5. Example of longitudinal reinforcement arrangement 
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Fig. 6. Reinforcing bars on retaining walls 

 
Table 1. Coordinate values of the positioning point of the third stress reinforcement 

 

Stressed tendon Y Y Z 

No.3  
stress 
reinforcement 

1 
−c −

dg

2
 −Wt + c +

dg

2
+ (

Td

L
× (c +

dg

2
)) (c +

dg

2
) + (

Off

B
∗ (B − c −

dg

2
))

+ Tt − 2 × (c

+
dg

2
) 

2 
−c −

dg

2
 −Wt + c +

dg

2
+ (

Td

L
∗ (c +

dg

2
)) (c +

dg

2
) + (

Off

B
∗ (B − c −

dg

2
)) 

3 
−c −

dg

2
 B −Wt − (c +

dg

2
) + (

Td

L
× (c +

dg

2
)) (c +

dg

2
) + (

Off

B
∗ (c +

dg

2
)) 

 
The method for setting the load-bearing bars in 
the five regions is the same, with only differences 
in the parameters for setting their arrangement 
direction, arrangement distance, and spacing. 
The calculation method for the positioning 
coordinate orientation of the first steel bar in 
each region is the same as above. 
 

After creating the first hoop reinforcement, it 
needs to be arranged along the extension 
direction of the box culvert in the local coordinate 
system, that is, in the negative X-axis direction of 
the local coordinate system. The placed hoop 
reinforcement is set to be arranged at the 
maximum spacing using the Get Shape Driven 
Accessor () method, and the required 
arrangement direction, arrangement distance 
Length, and spacing Space are set in the 
parameters. In addition to straight box culverts, 
box culvert components also have inclined box 
culverts with vertical openings on both sides, so 
the stirrups need to be arranged diagonally. Set 
the Distribution Type property of the stirrups to 
Varying Length, and the steel bars will 

automatically select the inclination direction 
based on the designed layout direction in the 
parameters and the inclination direction of the 
box culvert component. Ensure that the steel 
bars are completely placed within the box culvert 
model. 
 

4. CONCLUSION 
 

The application of BIM technology in hydraulic 
design has significantly improved design 
accuracy and construction efficiency, reducing 
design errors and structural irrationality through 
3D modeling. A user interface interaction system 
developed using C # language and Revit API has 
achieved 3D automatic modeling of retaining wall 
components and reinforcement plugins, 
optimizing the design process and improving 
work efficiency. The program that automatically 
creates models and reinforcement, and 
calculates engineering materials, provides a 
reference for subsequent forward design 
research on models and reinforcement 
engineering. 
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