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Abstract: In view of the imperfect supply chain management of prefabricated building, inadequate information interaction
among the participating subjects, and untimely information updates, the integration and development of BIM technology
plus the supply chain of prefabricated building is analyzed, and the problems existing in the current supply chain and
the application of BIM technology at various stages are eclaborated. By analyzing the structural composition of the
prefabricated building supply chain, an information sharing platform framework for prefabricated building supply chain
based on BIM was established, which serves as a valuable reference for managing prefabricated building supply chains.
BIM technology aligns well with assembly construction, laying a solid foundation for their synergistic development and
offering novel research avenues for the prefabricated building supply chain.
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1. Introduction

Prefabricated buildings revolutionize modern construction with standardized designs and assembly-based methods,
boosting efficiency and quality " *. The Ministry of Housing and Urban-Rural Development’s 14th Five-Year Plan
emphasizes the advancement of prefabricated construction standards and automation ”. Despite these benefits, the
construction process is complex due to various participants and constraints ..

Current information technology in construction hinders supply chain efficiency . BIM technology
offers a solution for improved information flow, with applications in risk and cost management > . However,
comprehensive BIM-based supply chain management for prefabricated buildings is lacking. This study developed
a BIM-based information-sharing platform for the prefabricated building supply chain, ensuring timely and
accurate information exchange . This platform integrates project data, enhancing collaboration and objective
achievement for all stakeholders.
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2. Related work

2.1. BIM technology

Building Information Modeling (BIM) is a digital standard in the building industry, leveraging 3D models to
enhance design, construction, and operation processes . BIM supports collaboration and allows for visual
decision-making. It extends beyond 3D with time (BIM4D), cost (BIMSD), sustainability (BIM6D), and facility
management (BIM7D) dimensions. Researchers have developed a life-cycle BIM maturity model with guidelines
for achieving full BIM integration "’

2.2. Construction supply chain

Supply chain management research originally centered on manufacturing but expanded to construction in the
1990s with Koskela’s work "', The construction supply chain broadly encompasses all activities and organizations
from project initiation to completion, including maintenance and building lifecycle stages ">\ Tt is categorized into
external and internal chains, with the external chain forming a network around the contractor, connecting various

stakeholders through logistics, information, and finance (Figure 1).
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Figure 1. Supply chain of construction industry

The internal supply chain, on the other hand, comprises the various functional departments within a
construction company that are related to the construction project. It involves the collaboration of departments such
as finance, cost, and technical teams, which are interconnected through logistics, capital flow, and information
flow. This network structure enables these departments to work together towards achieving the project’s objectives.

2.3. Supply chain management model for prefabricated building
2.3.1. Prefabricated building supply chain analysis
The lifecycle-based prefabricated building supply chain encompasses decision-making, design, production,
storage, construction, and maintenance stages. Developers assess projects and establish bidding intentions
during the decision stage. Design units integrate BIM and intelligent cloud design, involving manufacturers and
construction units. General contractors ensure component constructability and quality, coordinating production and
procurement with strict quality control. Storage and transportation use BIM to ensure component integrity. Post-
construction, developers handle sales and recycling, aligning with sustainability.

The prefabricated supply chain, distinct from traditional ones (Figure 2), features shorter construction cycles,
factory production, and on-site assembly. It involves multiple parties with high information sharing and coordination
levels.

16 Volume 9; Issue 4



Decision-making

Design Production and processing Construction and assembly Delivery and operation

. Acceptance and |
Owner Development, design, implementation, and management R |
utilization !
! ]
% A
r- l
1 |
[ . . Component Disassembly ||
i Designer Construction Drawing P . Yol
| Design |
i !
| i ¢ - H
’ |
_PE Contractor Organize, Coordinate, and Manage the Project Implementation !
| |
e . i
l [}
r L .
= |
—h—i Production Unit Component production  E—
! i
[ i
i T
| . Material and |
——»  Supplier . !
1 equipment supply !
I
1 j
L — Y -
] : b :
) R ! 0 . 1 . 1
lexgnc!al Financial Support | > Contractor Fa.brlcatm.n and -t Supervision |
Institution ! installation ! ! !
] H 1 1
| 1

———a

Figure 2. Supply chain of prefabricated building

The flow of information in the supply chain of prefabricated building is a two-way flow that possesses a
certain order. As can be seen from Table 1, the amount of information required by each participating party is large
and the information interaction between the participants is closely linked. Amongst other things, the information

flow has the following characteristics:

Table 1. Information flow of relevant parties involved in the supply chain of prefabricated building

Participating parties

Synergistic parties

Information needed Information submitted

Owners or developers

Designers;
Contractors

Overall project planning, documentation
contracts, investment and progress control
reports, etc.

Project master plans, master
investment mandates, owner change
and confirmation orders, etc.

Project opportunity feasibility studies, Preliminary construction documents

Designers Owners or developers . . and construction drawings,
design briefs . . .
information on design changes, etc.
Owners; Document contracts, construction drawings,
Designers; design briefs, material and equipment supply ~ Progress, quality, cost and other
Contractors . A ! .
Prefabricated component schedules, owner’s change and confirmation planning statements
manufacturers orders, etc.
Prefabri . . . . .
co;?pzl:lrégf'(t}sdc) Designers; Construction schedule control plan, material ~ PC production completion nodes,
manufacturers Contractors and mould supply plan component transport plans
Designers; . . .
Logistics transporters  Prefabricated component Actual site progress, PC production PC transport plapnmg, storage
completion nodes planning
manufacturers
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The supply chain information in construction is vast and diverse, originating from various sources including
construction, supervision, supply, production, design, and government entities. It encompasses structural, electrical,
and HVAC aspects, as well as management areas like investment, scheduling, environment, risk, contracts, and
quality. The information is extensive and varies in format, such as engineering drawings, progress diagrams, and
quantity forms, with complex interdependencies and constant updates due to the construction environment and

uncertainties.

2.3.2. Current status of the supply chain management model for prefabricated building

The supply chain of prefabricated buildings, encompassing engineering and manufacturing, significantly differs

from traditional models. Its multi-stage nature results in complex, dynamic, and intertwined information networks,

complicating management. Despite efforts to integrate prefabricated buildings with supply chain management,

several issues persist .

(1) Inadequate coordination and cooperation among supply chain entities
The prefabricated building supply chain involves owners, constructors, designers, supervisors, and
component producers. Each entity plays a crucial role, and issues in any segment can disrupt the entire
chain. Effective coordination among these departments remains a critical challenge.

(2) Information asymmetry
With numerous nodes in the supply chain, companies rely on node-specific information for raw material
procurement and goal setting. However, limited inter-departmental information exchange leads to
discrepancies, exacerbating over time. This asymmetry, especially at the supply chain ends, can have
severe repercussions. The complexity of prefabricated building supply chains amplifies this issue,
potentially leading to cascading errors.

(3) Improper connection between logistics and construction process
Logistics, influenced by time and space, accumulates errors sequentially. Initial problems impact
subsequent stages, disrupting the entire construction process. Factors such as natural disasters, storage
requirements, product quality, delivery schedules, casualties, geological conditions, and material delivery
timings further complicate this connection.

(4) Contradiction between a single source of information and multiple information needs
Decision-making in prefabricated building supply chains demands extensive information. Multiple
actors with high information needs complicate this process. While individuals can gather internal and
external data or request it from various nodes, the quality of information varies based on the subject’s
qualifications, resources, and technical capital. This often fails to meet the diverse information needs of
supply chain participants.

2.4. The application of BIM technology in supply chain management of prefabricated
building

2.4.1. Information integration of BIM technology in supply chain

BIM technology provides technical support for the integration of information technology in the design, production,
transportation, construction, operation, and maintenance stages of prefabricated building. It coordinates the
relationship between various subjects and establishes a new cooperation model to ensure the quality of the

project to the maximum extent and avoid causing waste of funds, while mobilizing the community to promote the
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application of prefabricated building "'Y. The information sharing platform framework of prefabricated building
supply chain based on BIM is depicted in Figure 3.
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Figure 3. The information sharing platform framework for prefabricated building supply chain based on BIM

The construction supply chain involves vast and intricate information, spanning the entire building project
lifecycle from planning to operation. BIM serves as the core, integrating data from various stakeholders (survey,
design, construction, etc.) via an interactive platform to manage complex information flows . The following
steps and key points can be followed to achieve SCI in BIM:
(1) Define integration goals
Establish clear objectives, such as enhancing efficiency, reducing waste, and optimizing resources.
Identify specific BIM data to integrate, like material lists and labor plans.

(2) Select appropriate BIM and supply chain management software
Choose BIM software (e.g., Revit, ArchiCAD) with strong compatibility and supply chain management
software (e.g., Oracle, SAP) that integrates seamlessly with BIM ",

(3) Data standardization and information sharing

Develop unified standards (e.g., IFC) for data exchange. Set up a platform for real-time synchronization
of BIM and supply chain data.

(4) Implement integration of BIM model and supply chain software

Use APIs or ODBC to link BIM and supply chain software, enabling automatic import of design data to
generate accurate material and labor plans.

(5) Application and optimization of supply chain information

Leverage supply chain software’s analytics to analyze BIM data, identify issues, and optimize processes,
such as material procurement and inventory management.

(6) Continuous information updates and collaborative work

Ensure real-time updates of the BIM model are reflected in supply chain plans. Utilize the BIM platform
for collaborative viewing and decision-making to ensure project smoothness "',
By adhering to these steps, SCI in BIM enhances supply chain transparency and efficiency, crucial for project

SUuUCCess.
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2.4.2. Secondary development of Revit
Through Revit’s secondary development, tailored functions can be created to facilitate project supply chain
participants’ access to product information and enhance design data integration. The Revit API supports these
developments, allowing integration of external software functions, thereby improving software connectivity and
tightening project supply chain management. It also aids in managing model parameters and graphical data "*.
Revit’s secondary development is confined to the .NET platform, with the API supporting all NET-based
programming languages. These codes are compiled in .NET IDEs, primarily Visual Studio and Sharp Develop.
Visual Studio, a widely-used Windows IDE, is ideal for coding, debugging, testing, and deployment, hence Visual
Studio Community 2020 was selected for Revit’s secondary development.
To begin, set up the development environment in Visual Studio, including essential plugins. The Add-In
Manager is crucial for managing other plugins during runtime. Revit Lookup aids in querying element information,
assisting developers in optimizing their code ">, The setup process is illustrated in Figure 4.

REeddag -q-v-8 2-"9OA G-05% LHE-~ Autodesk Revit 2022 - Educational '
N - X
Architecture  Structure Steel Precast Systems Insert Annotate Analyze Massing & Site  Collaborate  View

Modifyff| Exter—' S Convert RFA _ About Formit  Revit Lookup
Toc External Tools to Formit 2
Formit Converter Revit Lookup

£ RV T |

Select -} Exter Add-In Manager(Manual Mode)
Add-In Manager(Manual Mode,Faceless)
Propertig Add-In Manager(ReadOnly Mode)

Figure 4. Construction of Revit secondary development environment

After building the development environment, the project can be started, and the business logic code can
be written. In terms of software selection, the BIM model of this paper is created in Revit2022 version, and the
secondary development of Revit uses Visual Studio Community2020 version, using C # as the development

language """, The specific Revit secondary development process is shown in Figure 5.
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Figure 5. Flow chart of Revit secondary development
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In Revit, building information model components encapsulate core data like structure size, material, and
function through attributes **. Parameters, categorized as instance and type, organize this data effectively: instance
parameters apply to specific component instances, while type parameters affect entire component types . Beyond
replicating design drawing data, the model integrates component identification, contractor details, and material
specifications. As the project progresses, additional data such as construction progress and quality inspections can
be incorporated, enhancing the model’s data richness. This integration is achieved by setting instance parameters,
facilitating comprehensive information management. To simplify participants’ access to product information,

Revit’s secondary development is employed, with relevant code detailed in Table 2 below:

Table 2. Revit secondary development code

Define an external command class

Set the transaction mode to Manual
Set the regeneration option to Manual
Set the journaling mode to NoCommandData

Define the Execute method for the external command

Retrieve the application and document object from commandData
Let app be the commandData.Application
Let doc be the document of the active Ul document

Get the active UI document and the selection set
Let uiDoc be the active UI document
Let selection be the selection set of uiDoc

Collect the IDs of all selected elements
Let selectedlds be the element IDs retrieved from selection.GetElementIds()

Check if any elements are selected

If (selectedIds.Count == 0)
Display a message box stating “Please select at least one element.”
Return Result.Failed

Loop through each element ID in selectedlds
Let element be the element in doc with the specified ID
Let info be a string containing element information
info += “Element info:\n”
info += “Type name/Named Object: “ + element.Name
info += “\nID: “ + id.ToString()
// The following lines should be adjusted based on the actual element type and available parameters
info += “\nLength: * + element.GetParameter(“Length”)
info += “\nVolume: “ + element.GetParameter(‘““Volume™)
info += “\nElevation: “ + element.GetParameter(“Elevation™)

Display a message box with the element’s parameter information
DisplayMessageBox(info, “Element Parameters™)

Return Result.Succeeded

The secondary development of Revit can be achieved by running the program described. Through the
family parameter management function of the product information integration platform, project family statistics
and component parameters can be obtained. This functionality supports project managers in querying visual
design information efficiently. Statistics of family files and family types within Revit project files can be quickly
accessed, as illustrated in Figure 6. By selecting a component, the design information of key elements such as

walls, slabs, beams, and columns can be retrieved promptly, as shown in Figure 7. Furthermore, additional design
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information can be integrated through the extension of family parameters *.

Group Work Statistics

Total :39 family types

These include:

8# Fire doors - 207 single with glass

Single fan - Total 710 at wall level

Double fire doors - no glass total 712

There are 714 aluminum alloy doors and Windows with
thermal insulation broken Bridges

There are 1242 concrete-rectangular columns

There are 1298 MLC4 units

8 Fire doors - double doors without glass total 1418
There are 1530 MLC3 units in total

Double open glass doors 1 total 1614

Double sliding door 2 A total of 1642

Heat insulation broken bridge aluminum alloy doors and
Windows C9 a total of 1970

Heat insulation broken bridge aluminum alloy doors and
Windows C7 atotal of 2194

There are 2427 fixed Windows with brillions

There are 2429 aluminum alloy doors and Windows M3
for heat insulation broken Bridges

Heat insulation broken bridge aluminum alloy doors and
Windows C18 a total of 2431

A total of 2653 aluminum alloy shutters

There are 2709 aluminum alloy doors and Windows -
corner Windows

There are 2713 aluminum alloy doors and Windows
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Element Filters

Building slab - ceramic concrete C15-130 mm 1370104
Building slab - ceramic concrete C15-130 mm 1370111
Beam slab - Cast in situ concrete C35-100 mm 1370138
Building slab - ceramic concrete C15-130 mum 1370151
Building slab - ceramic concrete C15-130 mm 1370158
Beam slab - Cast in situ concrete C30-100 mm 1370185
Building slab - ceramic concrete C15-130 mm 1370198
Building slab - ceramic concrete C15-130 mm 1370205
Beam slab - Cast in situ concrete C30-100 mm 1370232
Building slab - ceramic concrete C15-130 mm 1370245
Building slab - ceramic concrete C15-130 mm 1370252

Figure 7. The element information obtained from the element filter

3. Project data management — relational database

The foundation of any information management system and platform is the database, serving as a crucial
data repository. Key relational databases today include MySQL, SQL Server, and distributed databases. The
prefabricated building project supply chain information integration management platform gathers data from two
main sources: structured BIM model information and extensive semi-structured or unstructured data generated
during construction **'. This necessitates the establishment of both a BIM database and an SQL database.
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Using BIM model outputs as a foundation and integrating them with SQL Server, the platform consolidates
various extended construction-phase information to create a comprehensive data source for project information
management % This data source not only underpins the information integration management platform but also
supports the development of integrated BIM models *”. The interaction between the database and Revit involves
five key steps, as illustrated in Figure 8.

Create databases
and tables

Entity clas
s writing

Connect
database

e

Write SQL
statement

Complete the interaction
with Revit

Figure 8. The interaction process

Post-database construction, data sharing and exchange between application software and the database are
crucial. Revit’s ODBC (Open Database Connectivity) facilitates seamless connections to database management
systems. ODBC enables systematic reading and writing of extensive BIM database information, achieving data
exchange and sharing . The database framework for the prefabricated building project supply chain information
integration management platform, based on BIM, is depicted in Figure 9.

Revit models Prefabricated project
Geometric Supply chain information integration
models Management platform
Extended information
Product
information
Revit model Organizational Management Technical Economic
information information information information information
The.dbo file .xsl,jpg and other format files

Based on SQL Server
platform System database

Figure 9. Database construction of project information integration
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4. Management platform
4.1. Web platform interface development

To ensure efficient access and utilization of project information, an effective information management system is
crucial for seamless sharing and circulation. In web application development, we primarily employ ASP.NET,
JSP, and PHP technologies. ASP.NET, a component of Microsoft’s .NET framework, facilitates the creation of
dynamic, interactive web pages capable of database interaction and personalized content display based on access
time and user needs *”. Its strengths lie in multi-browser compatibility and support for multi-tier development
models, which separate logical code into distinct files, thereby clarifying project structure and simplifying later
management and maintenance.

This paper proposes a web platform for integrated management of prefabricated building project supply chain
information, leveraging the ASP.NET framework. The system architecture is illustrated in Figure 10.

Interfacle Business logic Data logic
presentation | DAL
layer(UT) layer(BLL) ayer( )
Pass
Web At
ASPNET eb form page parameter Requesl.dam : Operational
N f———\]| Business entity operation Data entity data N
Supply | Page i class library :V.\ class library 4
chain | request ASP.NET
client User control Return
Server
rowser ‘.:\SP.NF.T 1 Return Retum S
" Page JavaSlcripl N <: -
response Seript Business logic Data access
processing class library
HTML Page

Figure 10. System architecture diagram of the informationintegration management platform

The platform employs a three-layer architecture: the User Interface (UI), Business Logic Layer (BLL), and
Data Access Layer (DAL). The DAL handles database interactions, ensuring the BLL accesses necessary data
through queries and updates. The BLL processes business logic, performs computations, and validates data,
guaranteeing accuracy and integrity, then returns results to the UI °°. The UI focuses on intuitive design and
functionality for user interaction. This architecture is depicted in Figure 11.

Solution

Figure 11. Three-level architecture solution of informationintegration management platform
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Figure 12 outlines the technical pathway for integrating supply chain information in prefabricated building
projects: Using Revit to build BIM models and integrate product data, enhancing functionality via Revit API for
structured information visualization. Leveraging a relational database (e.g., SQL Server) integrates structured
and unstructured data. An external database connection facilitates an information management platform, enabling
centralized management of project data *'". All datasets are stored in the relational database, merged with the BIM
model for integrated functionality and BIM software applications.

Visual Studio 2020 ( IDE )

L 1

Acquisition

. . IRevit API | ASPNET|
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=y 0 ]

Prefabricated building |
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Figure 12. Implementation path of project supply chaininformation integration management technology

5. Conclusion

This article explores the architecture of a BIM-based supply chain information sharing platform for assembly
buildings, highlighting its application and value in the industry. Research shows that BIM enhances design
efficiency, scheduling, resource optimization, cost control, quality, delivery times, and overall supply chain
management in construction. The platform, centered around Revit software, integrates various supply chain
information, enabling all participants to access accurate design data for optimized processes. Equipped with data
storage, processing, and visualization tools, it aids in managing project uncertainties. This BIM-based architecture
introduces an innovative management model, offering significant theoretical and practical benefits.

Currently in the theoretical development stage, the research lacks comprehensive validation. However, future
integration of IOT, GIS, VR, and cloud computing promises to enhance supply chain resilience and sustainability,
further driving innovation and sustainable development in the construction sector.
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