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Abstract. The construction of hospitals presents significant challenges in invest-

ment control and management due to their large-scale nature, extensive deploy-

ment of heavy equipment, and specialized medical systems. These complexities 

are further compounded by multiple participating entities, intricate construction 

processes, and coordination difficulties inherent in the building phase. This com-

bination of factors creates substantial obstacles for effective capital allocation 

and cost containment in healthcare facility development. This paper takes a hos-

pital construction project as an example. From the perspective of whole-process 

investment management, it analyzes the application of BIM technology across 

various stages including pre-construction, bidding and tendering, design, con-

struction, and operation and maintenance phases. It can be observed that the ap-

plication of BIM technology not only effectively addresses project coordination 

and communication challenges, but also enables accurate and detailed investment 

management throughout the entire project lifecycle. Furthermore, it enhances 

post-commissioning operation and maintenance management standards, signifi-

cantly reduces hospital operational costs, and achieves effective control over cap-

ital utilization. 

Keywords: BIM Technology, Management, Hospital Construction Projects, 

Whole Process Investment Control. 

1 Introduction 

Capital construction investment is a major expense for hospitals and is related to the 

smooth and efficient economic operation of hospitals. Adopting precise and detailed 

whole-process investment control management in the process of hospital construction 

is an important means of controlling capital investment. The level of management will 

have a direct impact on the investment effectiveness of the entire project [1]. 

The emerging BIM technology realizes shared digital information at different stages 

of a construction project, such as pre-project, design, bidding, construction, operation  
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and maintenance, with advantages of visualization, simulation, and dynamic monitor-
ing. The data showed that 93.94% of the respondents were willing to apply BIM Tech-
nology in the construction process [2]. One of the important indicators was that the 
application of BIM technology could optimize the construction plan and better carry 
out the progress, quality, cost and safety management in the implementation phase. 
BIM technology is considered by the construction industry as one of the key technolo-
gies targeting the full-cycle management of construction projects. 

With the development of BIM Technology, BIM4D, 5D and 7D technologies have 
emerged one after another, which cover time schedule, cost, energy consumption anal-
ysis, assets and other data, so as to realize the refinement, informatization, intelligence 
and coordination of cost management [3,4]. When our hospital was building the second-
phase comprehensive ward building project, BIM technology was introduced for the 
first time. Compared with traditional construction projects, this BIM-implemented 
ward building achieved a cost reduction exceeding RMB 1,000 per square meter in 
construction and installation costs, demonstrating significant economic benefits. 

Therefore, to strengthen construction investment management, BIM technology is 
introduced during the initial phase of the International Medical Center project. This 
initiative closely integrates the characteristics of BIM technology with each stage of the 
construction process. A management team composes of personnel from all participating 
units is established to implement whole-process investment control throughout the en-
tire construction cycle. The application of BIM technology aims to achieve refined in-
vestment control and precise management throughout the entire life cycle of hospital 
projects. By optimizing resource allocation and operational efficiency, this approach 
enhances the economic performance of healthcare facilities [5,6]. The whole process of 
investment control management in the construction of the International Medical Center 
is shown in Fig. 1. 

 
Fig. 1. Whole process of investment control management in the construction of the Interna-

tional Medical Center. 
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2 Case Study 

2.1 Project Profile 

The International Medical Center is the first international hospital project in Shandong 
Province. The hospital is fully aligned with international standards in terms of setup, 
management, quality, environment and services. The project is in the financial center 
of Laoshan District, covering an area of only 5,000 square meters, with a building area 
of 663 million square meters, 23 floors above ground, 3 floors underground, a total 
building height of 98.45 meters, ultra-limited building, frame-shear wall structure, seis-
mic intensity of 7 levels.  

The complex surrounding environment, narrow construction site, and complicated 
functional areas all add to the difficulty of constructing the entire project. With the 
support of BIM technology, precise and detailed whole-process investment control 
management is implemented for this project in the personnel management, project de-
cision-making phase, design phase, bidding phase, and construction phase. The total 
investment amount of the project was RMB 739 million, and the cost per square meter 
is about RMB 11,000, realizing a high investment efficiency. Fig. 2 is an aerial view of 
the International Medical Center. 

 
Fig. 2. Aerial view of the International Medical Center. 

2.2 Establishment of an investment control management team based on BIM 
technology 

Based on the construction characteristics of the International Medical Center and the 
features of BIM such as visualization, three-dimensionality, integration and sharing, an 
investment control management team is established. The project team is composed of 
professionals from cost management, construction, design, agency representation, and 
the client side, with a representative from the client serving as the team leader. Through 
a BIM model-based collaborative platform provided by the design institute, they im-
plement integrated management of whole-process investment control. This approach 
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facilitates efficient communication and enables decision-makers to make rapid, well-
informed judgments. The BIM management platform architecture is shown in Fig. 3. 

 
Fig. 3. BIM management platform architecture. 

2.3 Application of BIM technology at the pre-project stage to improve the 
decision-making ability of project investment control 

In the pre-decision stage of the project, the hospital management confirm the project 
construction program based on the investment requirements and the development di-
rection of the hospital, including medical procedures, functions, processes, equipment, 
construction standards, etc., which are the key elements affecting the total investment 
of the project. Because hospital decision makers come from a medical background, they 
often lack the ability to visualize construction projects in three dimensions and the 
knowledge of material prices. The three-dimensional and visual characteristics of BIM 
Technology provide it with an intuitive understanding of the feasibility of the project. 
The BIM team utilizes the BIM modeling scheme for the preparation of investment 
estimates for feasibility studies and the approval of economic evaluations of projects. 
And according to the market situation, prices and selection of materials are recom-
mended, so that investors clear decision-making direction, to avoid major design 
changes and improve the decision-making ability of investors in the early stages of the 
project. 

2.4 Maximize investment benefits by applying BIM technology in the design 
phase 

According to statistics, the impact of project decision-making and design stage on pro-
ject cost can be as high as 75%. The introduction of BIM technology for design is the 
most effective means to realize investment control. 

The International Medical Center is located in a location with complex pipelines, 
many medical functional areas, and high hospitality requirements. Complex designs are 
brought about by complex functional requirements, air-conditioning, including central-
ized air-conditioning, independent air-conditioning, purification air-conditioning; ver-
tical transportation, including medical and patient elevators, a total of 14; logistics and 
transportation, including pneumatic logistics and box logistics, and so on. The curved 
shape of the building is peculiar, and the installation pipelines are intricate. However, 
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each floor of the building have an area of only 2,000 square meters and a floor height 
of 4m. To meet complex functional requirements in a limited space, errors are inevita-
ble in the design process under the traditional two-dimensional design model, increas-
ing the risk of over-profiling. BIM includes design software, calculation software and 
pricing software, which can be applied to structural design, volume statistics and pric-
ing management respectively. The application of BIM have a positive impact on cost 
control during the design phase. 

(1) Limit design based on BIM. 
The cost personnel utilized the BIM collaborative work platform to measure the 

budget estimates from the whole aspects of materials, functions and construction tech-
nology. Comparison of BIM models is carried out according to the limitation indexes. 
The visibility and information sharing of BIM improve the accuracy and efficiency of 
project cost measurement, and could intervene and report on deviations in a timely 
manner, allowing managers to do a better job of investment planning and forecasting. 

(2) BIM-based deepening design. 
As the design enterd the construction drawing stage, the contents of each specialty 

are gradually refined. All personnel fully understand the project characteristics and de-
sign intentions through 3D models, timely provide opinions and suggestions, reduce 
the probability of rework during the construction process, and played a positive role in 
achieving cost control goal. 

At the same time, it have positive help to design collision detection. The layout 
standards for air conditioning, water supply and drainage, fire protection, logistics, 
strong and weak electricity, earthquake resistance and other pipelines in hospitals are 
high, with complex and intersecting distributions. Conventional two-dimensional draw-
ings can no longer be reasonable layout of the pipeline, seriously affecting the correct-
ness of the construction, and rework phenomenon is serious. BIM-based collision de-
tection solve these problems well. In this project, a three-dimensional building model 
is provided by BIM technology, and various pipelines can be identified by line types, 
colors, and other information, and pipeline laying can be simulated 1:1. All pipelines, 
cable trays, air ducts, units, valves, etc. have various types of models, and the dimen-
sions are completely consistent with the actual component dimensions. By selecting 
different types of pipeline fittings, real spatial layout and positional relationships can 
be achieved in simulated space. A total of 346 intersections are inspected during the 
testing process, and the designers make timely modifications to them, which eliminate 
rework during construction due to this problem, and cost was also effectively reduced. 

As shown in the layout diagram of the pneumatic logistics pipeline in Fig. 4, the 
system is located above the north lane of the B01 garage. Pneumatic logistics systems 
required large round corners of R1300 for turning and steering, which take up a large 
area both in the plane and in the vertical range. But the height of the space that can be 
utilized is only 1 meter, and there are other pipes interspersed with it. In order to avoid 
collision with other pipelines, the pipelines are rearranged to achieve design optimiza-
tion after many repeated tests and a comprehensive consideration of the installed pipe-
lines. According to the analysis, the application of BIM Technology has saved about 
20% of the construction cost. 
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Fig. 4. Pneumatic logistics pipeline layout. 

2.5 Application of BIM technology at the bidding stage to improve the 
accuracy of control price preparation 

The bidding management of BIM is an important link in the application of BIM in cost 
management. BIM can be considered as a means of quantifying drawings. Cost engi-
neers can quickly export effective content such as engineering quantities and project 
characteristics through BIM, eliminating the tedious calculation process, avoiding cal-
culation errors, and providing convenient and efficient assistance to both parties in pre-
paring engineering quantity lists and bidding quotations. Fig. 5 shows the extraction of 
engineering quantities and the preparation of preliminary budgets. 

 
Fig. 5. Extraction of engineering quantities and preparation of preliminary budget. 

2.6 Application of BIM5D technology during the construction phase to realize 
investment control 

As the actual implementation stage of the project, the construction phase, with capital 
investment accounting for more than 75% of the total investment, is the core link of the 
whole life cycle of the construction project and the key link for the technology to realize 
its application value.  

In order to accomplish the construction goal, a construction BIM team is formed and 
a BIM technology application process is developed during the early stages of construc-
tion. Afterward, proceed with the development of discipline-specific models, integrate 
them through a collaborative platform, manage the application of stage-specific use 
cases, and maintain the integrated models. Finally, refine the model data based on as-
built conditions and deliver the finalized model. 
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The construction BIM team consist mainly of designers, construction technicians, 
builder's managers, and agency managers. The four parties work closely together, using 
BIM technology to conduct operations such as drawing reviews, visualization simula-
tions of the construction process or key complex nodes. Errors, omissions, bumps, and 
deficiencies in the design can be detected in time for early design adjustments. Con-
struction technicians can deeply understand and feel the project implementation effect 
through BIM technology before construction.  

For example: during the construction coordination process, the construction team 
identify a 60-centimeter elevation discrepancy between outdoor and indoor floor levels 
in the plaza area through BIM-based design validation. Collaborative resolution 
through design optimization effectively mitigated potential rework risks, resulting in 
cost savings of approximately RMB 1.8 million. This case demonstrates the critical role 
of BIM technology in design conflict detection and collaborative problem-solving dur-
ing the construction phase. 

The use of BIM technology can do a good job of controlling the procurement of 
materials and the amount of work settlement control. The specifications, models and 
quantities of materials required for the project are statistically refined in advance 
through BIM to reduce the waste of materials. Through the analysis of 3D models and 
the inspection of node positions, unreasonable problems can be identified in advance 
during the construction process and resolved in a timely manner. Not only does it ensure 
the quality of construction, but it also enables meticulous and standardized completion 
of construction nodes. 

Process delivery using BIM 3D modeling. Before construction, the graphical method 
shall be adopted to carry out construction technical disclosure for important complex 
node positions and complex processes. In the explanation of the text at the same time 
the 3D model of the team to explain the process node modeling form and notes through 
the 3D model to show the construction personnel. 

Comprehensive pre-construction pipeline layout and collision checking. The hospi-
tal installation project is complex and have multiple pipelines. Although the construc-
tion drawings have been arranged according to the physical objects during the construc-
tion phase, secondary deepening modifications still need to be made based on the actual 
situation of the special project before construction to avoid major construction errors. 
Especially, it is necessary to conduct sub item research on the problems existing in 
collision intersections and make secondary modifications and adjustments. After ad-
justment, 13 intersections are detected during the collision check again. All collision 
crossings are finally resolved through final research and program validation, providing 
solid assurance for on-site pipeline installation, and laying a good foundation for the 
smooth implementation of the project and the creation of high-quality projects. 

For example: during the design process of the chiller room, construction personnel 
conducted detail design based on their construction experience, including the arrange-
ment of elevations, layout of units, and routing of pipelines. BIM guided construction 
has been achieved, integrating BIM into construction to avoid rework, material misuse, 
and other issues, thereby significantly saving investment. An example of collision in 
the field of electromechanical engineering is shown in Fig. 6. 
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Fig. 6. Examples of collisions in the field of electromechanical engineering. 

2.7 BIM technology for as-built settlement 

After the completion of the project, the BIM results can be directly applied in the set-
tlement calculation, which not only saves a lot of human labor and avoids the phenom-
enon of incomplete drawings, but also prevents double counting and omission. The es-
tablishment of BIM-based project settlement information and cost database can im-
prove the accuracy and efficiency of settlement. 

The application of BIM technology across multiple phases, including preliminary 
planning and design, tendering, construction, and final settlement, ensured the high-
quality completion and delivery of this project. This integrated implementation gener-
ated significant time efficiency and economic benefits, aligning with the high-quality 
development requirements for modern healthcare facilities. The adoption of BIM tech-
nology has yielded substantial improvements in construction duration, conflict resolu-
tion efficiency, cost control, and information sharing when compared with conventional 
schemes lacking BIM implementation. This technology demonstrates measurable ad-
vantages in optimizing project timelines, enhancing collaborative problem-solving ca-
pabilities, maintaining budgetary discipline, and facilitating data interoperability. Table 
1 shows the list of BIM Technology benefit evaluation. 

Table 1. List of BIM Technology benefit evaluation. 

Item Lacking BIM Applying BIM Evaluation results 
Construction dura-

tion 48 months 42 months Efficiency in-
creased by 12.5% 

Conflict resolution 
efficiency 

Cost increase due to design 
change and repeated construction 

The acceleration of con-
flict resolution minimizes 
design changes and repeti-

tive construction 

Increase conflict 
resolution rate by 

40% 
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Cost control 

The inability to predict and con-
trol costs at various construction 
phases leads to severe cost over-

runs 

Identify cost risks at an 
early stage to prevent 

budget overruns 

Save about 7% of 
construction cost 

Information shar-
ing 

Lack of sharing, information 
Fragmentation, and low commu-

nication efficiency 

BIM model sharing and 
smooth communication 

Improve work ef-
ficiency and 
teamwork 

3 Prospect of BIM Technology Application in Hospital 
Operation and Maintenance Stage 

The phenomenon of “reconstruction without maintenance” is common in domestic 
buildings. Throughout the entire lifecycle of a building, 80% of the costs occur in the 
operations phase, and two-thirds of the losses in the operations phase are due to low 
efficiency. Therefore, hospital administrators should not only focus on the cost control 
in the pre-investment decision, design and construction phases of the project, but also 
focus on the cost management in the operation and maintenance phase after the project 
is completed. According to the literature summary [7,8], we look forward to the cost 
management of hospital buildings based on BIM Technology in the operation and 
maintenance phase. 

The functional areas of hospitals are complex, with a high flow of people and logis-
tics traffic, and systems such as electromechanical, air-conditioning, ventilation, water 
supply and drainage, fire protection, and medical gases all need to be managed and 
maintained. Currently, the problems faced by the project after commissioning are: 

(1) Traditional operations management is very passive and lacks safety hazard fore-
sight. The ability is poor to quickly respond to emergencies in hospitals. 

(2) The maintenance work of each profession is closed and isolated, lacking a unified 
collaborative work platform, resulting in low work efficiency and serious waste of man-
power and material resources. 

(3) Traditional paper drawing data is difficult to preserve completely, causing diffi-
culties for hospital decoration, equipment updates, and system upgrades in the later 
stage. 

The emergence of BIM has made it possible to address these challenges. By lever-
aging BIM's visibility and collaborative applications to enhance data quality and oper-
ational efficiency, it can transform traditional facility management models. This ena-
bles the operation of information within models and the manipulation of models 
through information, effectively improving the integration level of building operation 
management. The implementation of a BIM-based visual operation and maintenance 
management system shifts passive management to preventive management, achieving 
comprehensive optimization in architectural operations. This improves the overall op-
eration and maintenance management level of the hospital, enables it to realize the full 
life cycle management of the building, and significantly reduces the operation and 
maintenance cost of the hospital. 
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4 Conclusion 

In this paper, through the application practice of BIM technology in the whole process 
of investment control of international medical center, we summarize the application of 
BIM technology in each period of construction and put forward the corresponding out-
look on the role in the operation and maintenance stage. BIM technology can highly 
integrate the information resources in the construction process, improve the communi-
cation efficiency of the participants, and realize the seamless integration of decision-
making, design, bidding, construction, completion, and operation and maintenance 
phases. By utilizing its visual and collaborative features, it provides excellent assistance 
for the investment control of the entire construction process, and serves as a reference 
for the future investment control and management work of hospitals. 
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Open Access This chapter is licensed under the terms of the Creative Commons Attribution-
NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/),
which permits any noncommercial use, sharing, adaptation, distribution and reproduction in any
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source, provide a link to the Creative Commons license and indicate if changes were made.
        The images or other third party material in this chapter are included in the chapter's
Creative Commons license, unless indicated otherwise in a credit line to the material. If material
is not included in the chapter's Creative Commons license and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder.
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