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large amount of literature, the article combed out the 17 risk factors that ex-
isted in the operation and maintenance phase, and revised it through expert
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1. Research Background

The report of the 19" National Congress of the Communist Party of China
pointed out that in order to vigorously transform and upgrade traditional indus-
tries and build a digital China, the construction industry has also ushered in a
digital transformation with BIM as the core (Meng, 2017). Building Information
Modeling (BIM) refers to the digital expression of physical and functional in-
formation of construction projects based on the concept of three-dimensional
digital technology and information sharing. It can provide the entire life cycle of
construction projects from conceptual design to final demolition. Decision sup-

port, its visualization, simulation, integration and other characteristics can real-
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ize the integrated management of all stages of the building from planning to op-
eration and maintenance, which can greatly reduce design errors, improve con-
struction efficiency, reduce costs, reduce waste and improve the efficiency of
operation and maintenance management (Xu & Xiong, 2014). In recent years,
BIM has gradually been applied to construction projects and has been recog-
nized by relevant operators. For example, the outer ring project of Zhengzhou
Long For Financial Center (Yu et al., 2018), the Tianjian Tianjiao project in Fu-
tian District of Shenzhen (Liang, 2020), and the Baishishan Geological Museum
in Baoding, Hebei have all adopted BIM technology to achieve good results (Zhu
& Fu, 2020). Through the use of BIM, these projects have solved many technical
and management problems, improved the economic benefits of the project and
shortened the project duration.

However, the application of new technologies will inevitably lead to new
thinking and new methods that are different from traditional engineering. At the
same time, it will bring corresponding challenges. The more advanced the tech-
nology concept, the higher the uncertainty and the higher the risk (Eastman et
al., 2011). Correctly identifying and responding to risks reasonably are the key to
ensuring the smooth advancement of BIM.

The paper is divided into six parts. The first part is the research background
analysis and relevant literature review. After summarizing relevant literature, the
risk factors are summarized, and then the BIM application interpretative structural
modeling in the operation and maintenance stage is established and analyzed.

Then, based on the model, it puts forward corresponding measures to im-
prove the application level of BIM in the operation and maintenance stage. Fi-

nally, it summarizes and analyzes the deficiencies of the article.

2. Literature Review

BIM technology originated in the United States, so the risk research process for
the application of BIM abroad is far greater than that in China. Government
agencies, related enterprises and scientific research institutions are actively
promoting and participating in the research of BIM.

The risk factors that construction projects will face when using BIM technol-
ogy are analyzed in detail (Bernstein & Pitman, 2005), and he pointed out that
only when information sharing and traditional business processes are changed
can it be better applied to construction projects. A combination of questionnaire
surveys and case studies is used (Azhar, 2011) obtained the benefits and risks
brought by the application of BIM. Also, (Eadie et al., 2014) pointed out that
factors such as technology, economy, organization, and related laws are the key
factors that hinder the application of BIM. The above factors must be paid atten-
tion to and corresponding measures must be taken. Fuzzy Analytic Hierarchy
Process and TOPSIS are used in combination (Taylan et al., 2014) to carry out
risk assessment on engineering projects, and combines actual case studies. The

research results show that the combination of the two methods is beneficial to
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the risk management of multi-objective decision-making. There are also some
scholars in China who have studied the risks of applying BIM to the whole life
cycle of buildings. Chinese scholar (Xu & Xiong, 2014) analyzed the problems in
the application of domestic BIM technology from a case study, and then sum-
marized the risk factors that may arise in the process of BIM application. Also,
(Wang, 2015) used grounded theory combined with actual project survey data to
identify the risk factors of the application of BIM in engineering projects, ap-
plied DEMATEL method combined with expert experience to analyze risks, and
proposed management and control strategies for risks from the perspective of
project managers. The risk of architectural design companies using BIM technol-
ogy is identified by grounded theory (Chen, 2012), and obtained five first-level risk
indicators: technology selection, human resources, technology application
process management, industry standards, and capital investment, using analytic
hierarchy process and interpretative structural model completes the root cause
analysis of risk factors. From the perspective of construction companies (Hu et
al., 2018) used literature review and Delphi method to identify risk factors, built
a structural equation model to obtain five first-level risk factors, and put forward
corresponding points from the perspective of risk roots and risk reduction.
Measures. Also, (Feng et al., 2019) and (Xie et al., 2018) constructed a BIM ap-
plication risk evaluation system from the perspective of the owner, and proposed
countermeasures for corresponding risks.

The management of the operation and maintenance phase of a construction
project is called operation and maintenance management. Operation and main-
tenance management refers to the integration of personnel, equipment, tech-
nology and management processes, and reasonable planning, maintenance, re-
pair, and emergency management of personnel and living spaces (Hu et al.,
2015), Meet the basic needs of personnel at work. Operation and maintenance
management based on BIM can get rid of the inefficiency of traditional opera-
tion and maintenance management, improve the accuracy of information re-
quired for management, and improve economic benefits.

At this stage, most of the research on the risk of BIM application in our coun-
try is focused on design (Chen, 2012), construction (Hu et al., 2018; Xu, 2020;
Zhang et al., 2017), and cost (Yang, 2017). There is a lack of BIM application risk
analysis in the operation and maintenance stage of construction projects, and
from the perspective of the full life cycle of the construction project, the latter
stage of construction occupies the vast majority of the entire life cycle of a
building.

Therefore, not only the risk analysis of the application of BIM in the design
and construction phases, but also the risk management of the application of BIM
in the operation and maintenance phase of the construction project, will save the
cost of the project in the later use process and produce more economic benefits
(Tong & Wang, 2014). Based on this background, the article identifies the appli-
cation risks of BIM technology in the operation and maintenance phase of con-

DOI: 10.4236/jssm.2021.142013

215 Journal of Service Science and Management


https://doi.org/10.4236/jssm.2021.142013

C. L. Yang, L. Mao

struction projects, analyzes the risk factors using expert interviews and inter-
pretative structural modeling, and provides theoretical support for the applica-

tion of BIM in the operation and maintenance phase.

3. Identification of Risk Factors

In view of the extensive research on the application of BIM at home and abroad
in recent years, the article adopts the method of literature review to identify risk
factors. Through the sorting and analysis of the retrieved articles, the literatures
related to the risk factors of BIM application were selected and summarized, and
the risk factors related to the operation and maintenance stage of the construc-
tion project were initially identified as shown in Table 1.

In order to facilitate modeling and analysis, the expert interview method is
used to modify the risk factors initially identified. The factor of “lack of BIM re-
lated standards” is deleted, because with the development of domestic BIM
technology in recent years, the country has issued some related standards on
BIM, including building information model classification and coding standards
and BIM application unified standards, etc., National standard. In addition,
“The market popularity is not high.” and “Poor social awareness.” are integrated
into one risk factor, “insufficient data security” and “model data interaction is
poor” are combined into one factor. Combine the three factors of “the operator’s
initiative is poor, insufficient ability of managers, and insufficient competence of
enterprise employees.” into one factor. The “BIM model integrity” factor is also
added. The integrity of the BIM model in the design and construction stages has
a relatively important impact on the use of the operation and maintenance stage.
In order to promote the application of BIM in the operation and maintenance
phase, it is necessary to introduce BIM from the initial planning stage of the
project, and the corresponding integration of various participants from the
planning stage of the project, which raises a higher level of integrity of the model
Requirements.

By revising the risk factors, combined with the description and definition of
the risk factors, the risk factor table of BIM technology application in the opera-
tion and maintenance phase of the construction project is shown in Table 2.

4. BIM Application Risk Model Construction
in the Operation and Maintenance Phase

The study uses the Interpretative Structural Modeling (ISM) to determine the
hierarchical relationship of risk factors. Interpretative structural modeling is a
method developed by Professor WARFIELD in the United States in 1973 to ana-
lyze the structural problems of complex economic systems (Wang et al., 2019;
Qin et al.,, 2016). It is an analysis method widely used in modern systems engi-
neering. The method is constructed based on the binary relationship between
system elements. The corresponding hierarchical structure model can vividly

express the structural relationship between elements.
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Table 1. Preliminary identification of related risk factors in the operation and maintenance phase.

Risk factors Risk description

Related literature sources

The market popularity is not ~The market popularity of BIM in the operation and maintenance stage
high. is not high, and the industry experience is insufficient

The change of management  From the traditional two-dimensional management mode to the use of
mode. BIM model technology for management, the management does not
adapt to the new mode.

Short-term workload increase. A large amount of manpower and material resources must be invested
in the early stage of the project before it can be used for the
management of the operation and maintenance stage.

(Wang, 2015; Tian, 2018; Chen et al.,
2017; Liu et al., 2018)

(Eadie et al., 2014; Zhang et al., 2017;
Chen et al., 2017; Guo, 2015; Li et al.,
2018; Zhang et al., 2016)

(Li, 2016; Wang, 2015; Guo, 2015)

Insufficient competence of Employees have insufficient knowledge and ability structure of BIM and (Zhang et al., 2017; Liu et al., 2018; Xu et

enterprise employees. lack of relevant knowledge.

The domestic BIM operation The domestic BIM operation and maintenance stage software platform
and maintenance system and  is immature at this stage and cannot meet the actual requirements
management platform are

insufficiently mature.

The operator’s initiative is Enterprise employees are accustomed to the traditional work mode and
poor. avoid new technologies.
Lack of driving force for Lack of investment and determination to adopt new technologies

enterprise reform.

Uncertain returns. Increased short-term costs, long payback periods, high short-term
investment costs for BIM technology’s software and hardware, and high
personnel training and recruitment costs

Lack of BIM related Lack of corresponding guidelines and model delivery standards in
standards. China.

Model data interaction is Model interaction between different software, different stages, and
poor. different users is difficult, and it is easy to cause data loss.

Model legal responsibility is ~ Lack of model rights and responsibilities at the operation and
not clear. maintenance stage, unclear boundaries of responsibility, lack of
disputes, and lack of confidentiality mechanisms.

Poor social awareness. There are differences in the recognition and importance of BIM
technology by various companies and managers.

Technical applicability is not ~ BIM originated from abroad, and does not match the development of
high. China’s construction industry, and the degree of applicability is not
high.

BIM is difficult to use in the ~ BIM technology is more difficult to use in the operation and
operation and maintenance ~ maintenance stage, which is quite different from the traditional
stage. operation and maintenance management mode.

Lack of BIM talents. Lack of talents familiar with BIM software and concepts, and lack of
talents mastering BIM operation and maintenance management.

Insufficient data security. BIM model information storage security, data interaction security,
especially information security of public infrastructure.

Insufficient ability of Managers lack BIM knowledge and ability to apply BIM technology
managers.

al., 2014; Li et al., 2018; Chien et al.,
2014)

(Li, 2016; Tian, 2018; Hu et al., 2018;
Tong & Wang, 2014; Hu et al., 2015)

(Chen et al., 2017; Liu et al., 2018; Hu et
al., 2018; Xu et al., 2014; Guo, 2015)

(Li, 2016; Tian, 2018; Zhang et al., 2016)

(Zhang et al., 2017; Liu et al., 2018; Hu et
al,, 2018; Xu et al., 2014; Guo, 2015; Li et
al., 2018)

(Tian, 2018; Chen et al., 2017; Liu et al.,
2018; Li et al., 2018; Feng et al., 2019)

(Azhar, 2011; Xu & Xiong, 2014; Xu et
al., 2014; Guo, 2015; Feng et al., 2019;
Hu et al., 2015)

(Zhang et al., 2017; Liu et al., 2018; Li et
al., 2018; Eastman et al., 2011; Azhar,
2011)

(Li, 2016; Chen et al., 2017; Zhang et al.,
2016; Feng et al., 2019)

(Hu et al., 2018; Xu et al., 2014; Zhang et
al., 2016; Xie et al., 2018)

(Li, 2016; Wang, 2015; Hu et al., 2018;
Xu et al., 2014; Guo, 2015)

(Wang, 2015; Zhang et al., 2017; Liu et
al., 2018; Hu et al., 2018; Guo, 2015;
Ding & Wang, 2016)

(Zhang et al., 2017; Xu et al., 2014; Guo,
2015; Li et al., 2018; Ding & Wang, 2016;
Feng et al., 2019)

(Chen et al., 2017; Hu et al., 2018; Zhang
etal., 2017)

Note: Data in the table are summarized from relevant CNKI literature.

DOI: 10.4236/jssm.2021.142013 217 Journal of Service Science and Management


https://doi.org/10.4236/jssm.2021.142013

C. L. Yang, L. Mao

Table 2. Risk factors of BIM application in operation and maintenance phase.

Primary risk factor

Secondary risk factor

Risk description

Si Preliminary workload
increased.

S2 Has a long payback period and
uncertain returns.

S; Companies lack initiative in
BIM applications.

Ss The overall market awareness
is not mature enough, and
industry experience is lacking.

Ss Employees are inadequate in
using BIM and have poor
initiative.

Se Lack of BIM-related talents.

S7 Operation and maintenance
phase BIM model data
interoperability and poor security.

Ss Insufficient integrity of the
BIM model for operation and
maintenance management.

So Operation and maintenance
management mode change.

S0 The legal responsibility of the
BIM model is unknown.

St BIM technology is difficult
and insufficient for operation and
maintenance management.

Si-1 Short-term workload increase.

S;-1 Uncertain returns.

S3-1 Lack of driving force for
enterprise reform.

Sa-1 The market popularity is not
high.

Ss-1 Insufficient competence of
enterprise employees. Insufficient
ability of managers.

Ss-2 The operator’s initiative is poor.

Se-1 Lack of BIM talents.

S7-1 Insufficient data security.

S7-2 Model data interaction is poor.

Ss-1 Insufficient model integrity.

So-1 The change of management
mode.

Si10-1 Model legal responsibility is not
clear.

S11-1 Technical applicability is not
high.

Su-2 BIM is difficult to use in the
operation and maintenance stage.

S11-3 The domestic BIM operation
and maintenance system and
management platform are
insufficiently mature.

A large amount of manpower and material resources need to be
invested in the early planning, design, and construction phases of the
construction project before it can be used for the management of the
operation and maintenance phase, resulting in an increase in the
preliminary workload.

The long-term payback period of BIM technology investment, coupled
with the high short-term investment cost of software and hardware of
BIM technology, high personnel training and recruitment costs, leads to
uncertain returns.

Relevant enterprises have insufficient investment in and determination
to adopt BIM in the operation and maintenance stage.

BIM technology is not widely used in the operation and maintenance
stage, and the industry experience is insufficient, and various
companies and managers recognize BIM technology. And the degree of
importance is different.

Employees are deficient in BIM knowledge and ability structure and
lack relevant knowledge. Moreover, managers are accustomed to the
traditional operation and maintenance work mode and avoid new
technologies.

Lack of professionals familiar with BIM operation and maintenance
management systems and platforms.

There is a certain degree of difficulty in model interaction between
different software vendors, different stages, and different users, and it is
easy to cause data loss in the process of model transfer. The storage
security of BIM operation and maintenance model information of
public infrastructure, and the security of data interaction is at risk.

The BIM model obtained from the previous stage cannot have all the
information to satisfy the operation and maintenance.

From the traditional two-dimensional management mode to the use of
BIM model technology for management, management personnel are
not adapted to this mode.

The ownership of the BIM model in the operation and maintenance
stage is not clear, the boundary of responsibility is unclear, and the
setting of disputes and confidentiality mechanisms is lacking.

BIM technology is difficult to use in the operation and maintenance
stage, which is quite different from the traditional operation and
maintenance management mode; the domestic BIM operation and
maintenance stage software technology is immature and lacks a more
mature operation and maintenance system and management platform.

Note: Data in the table are derived from the summary in Table 1.

4.1. Establish a Structural Self-Interaction Matrix

In order to clarify the interaction relationship between various factors, semi-structured
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interviews were conducted with experts with rich BIM practical experience from
the builder, the designer, the construction company and the university based on
the above classification to determine the interaction relationship between fac-
tors. In order to avoid the experts being unable to form a unified opinion, the
threshold value is set at 70%, that is, as long as more than 70% of the experts be-
lieve that there is an influence between the two, the relationship is considered to
be valid. The self-interaction matrix of the structure as shown in Figure 1 is fi-
nally established. “V” in the table indicates that row factor S; has influence on
column factor S; “A” indicates that the column factor $ has an influence on the
row factor S; “X” indicates that the row and column factors influence each other.

For example: column factor S has a direct influence on row factors S; and Ss,
so it is recorded as “A”; row factor S;; has a direct influence on column factors
Ss, Ss, S7, and Ss, so it is recorded as “V”; column factor S; and row factor Se,
column factor S; and row Ss have a mutual influence relationship, which is rec-
orded as “X”.

4.2. Establish Adjacency Matrix and Reachability Matrix

The adjacency matrix can visually represent the influence relationship between
two elements. The adjacency matrix in this paper is based on the structural
self-interaction matrix based on risk factors and follows the following rules:
When S;has an influence relationship on S; the value of a; is 1, otherwise it is rec-
orded as 0. The adjacency matrix obtained after conversion is shown in Table 3.

The reachable matrix is based on the nature of Boolean matrix operations,
which describes that one factor can affect another factor after passing a cer-
tain length of path. The influence relationship between BIM application risk
factors in the operation and maintenance stage can be clearly described by
solving the reachability matrix. The adjacency matrix A satisfies the condition
(A+ | )(n_l) * (A+ | )n = (A+ I)(n+1) =M, then M is the reachable matrix of the
adjacency matrix A, Among them, 7 is the identity matrix, and the calculation
results are obtained through MATLAB programming. The results are shown in
Table 4.

Figure 1. Self-interaction matrix diagram of risk factor structure of BIM application in
the operation and maintenance phase.
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Table 3. Adjacency matrix A of risk factors of BIM application in the operation and
maintenance stage.

Risk factor  S: Sz S3 S4 Ss Se S7 Ss Se S10 Su

Si 0 0 1 0 1 0 0 0 1 0 0
Sz 0 0 1 0 0 0 0 0 0 0 0
Ss 0 0 0 1 1 1 0 0 0 0 0
Sa 0 0 0 0 0 1 0 0 0 0 0
Ss 1 0 0 0 0 0 0 1 0 0 0
Se 1 0 0 1 0 0 0 1 0 0 0
Sy 0 0 0 0 0 0 0 1 0 1 0
Ss 0 0 0 0 0 0 0 0 0 0 0
So 0 0 0 0 1 0 0 0 0 0 0
Sio 0 0 0 0 0 0 0 0 0 0 0
S 0 0 1 0 1 0 1 1 0 0 0

Note: The data of matrix A is obtained through the transformation of structural self-interaction matrix diagram.

Table 4. The achievable matrix M of BIM application risk factors in the operation and
maintenance stage.

Risk factor  S: S2 S3 S4 Ss Ss Sz Ss Se S10 Su

Si 1 0 1 1 1 1 0 1 1 0 0
Sz 0 1 1 1 1 1 0 0 0 0 0
Ss 1 0 1 1 1 1 0 1 0 0 0
Sa 1 0 0 1 0 1 0 1 0 0 0
Ss 1 0 1 0 1 0 0 1 1 0 0
Se 1 0 1 1 1 1 0 1 1 0 0
Sy 0 0 0 0 0 0 1 1 0 1 0
Ss 0 0 0 0 0 0 0 1 0 0 0
So 1 0 0 0 1 0 0 1 1 0 0
Sio 0 0 0 0 0 0 0 0 0 1 0
Sn 1 0 1 1 1 1 1 1 0 1 1

Note: The data of achievable matrix M is obtained by calculation.

4.3. Hierarchy and Determine the Hierarchical Structure

According to certain rules, the risk factors in the reachable matrix M can be di-
vided into different levels, so as to clearly show the influence and the relation-
ship between the risk factors. The reachable set of risk factors S;is the set of risk
factors reachable by S;in the reachability matrix, denoted as R(S));

The antecedent set of risk factors S; is the set of risk factors that can reach S;in
the reachability matrix, denoted as A(S));

The common set is the intersection of the antecedent set and the reachable set,
denoted as (1 S)).
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The risk factor hierarchy is divided according to the following steps: First, the
reachability set R(S)), the prior set A(S)) and the common set (1.5 of each factor
are calculated through the reachability matrix. Then through R(S)= (S), the
risk factors of this level are determined, and then the level factors are removed
and the second calculation is performed until the level of all factors is deter-
mined. The calculation process and results are shown in Table 5.

According to the above calculations, the risk factors of the application of BIM
in the operation and maintenance phase of the construction project are divided
into four levels, namely L1 = {Ss, Si0}; L2 = {S1, S4 Ss, S7, So}; L3 = {S;, S}; L4 =
{Sz, Su}. The interpretative structural model drawn according to the results is
shown in Figure 2.

Table 5. Process table of the classification of risk factors.

Si A(S) R(S) as) as) = R(S)

1 1,3,4,5,6,9,11 1,3,4,5,6,8,9, 1,3,4,5,6,9

2 2 2,3,4,5,6, 2

3 1,2,3,5,6,11 1,3,4,5,6,8, 1,3,5,6,

4 1,2,3,4,6,11 1,4,6,8, 1,4,6

5 1,2,3,5,6,9,11 1,3,5,8,9, 1,3,59

6 1,2,3,4,6,11 1,3,4,5,6,8,9, 1,3,4,6

7 7,11 7,8, 10, 7

8 1,3,4,5,6,7,8,9,11 8 8 3

9 1,5,6,9 1,5,8,9, 1,5,9

10 7,10, 11 10 10 R

11 11 1,3,4,5,6,7,8,10,11 11

1 1,3,4,5,6,9,11 1,3,4,5,6,9 1,3,4,5,6,9 3

2 2 2,3,4,5,6 2

3 1,2,3,5,6,11 1,3,4,5,6 1,3,56

4 1,2,3,4,6,11 1,4,6 1,4,6 R

5 1,2,3,5,6,9,11 1,3,5,9 1,3,59 3

6 1,2,3,4,6,11 1,3,4,5,6,9 1,3,4,6

7 7,11 7, 7

9 1,5,6,9 1,5,9, 1,59 R

11 11 1,3,4,5,6,7,11 11

2 2 2,3,6 2

3 2,3,6,11 3,6 3,6

6 2,3,6,11 3,6 3,6 R

11 11 3,6,11 11

2 2 2 2 R

11 11 11 11 3
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L1 Surface risk operation and maintenance management.

Ss Insufficient integrity of the BIM model for S10 The legal responsibility of the BIM model is
unknown.

Sa The overall Si Ss Employees are Sy Operation S7 Operation and
market awareness | 5| Preliminary || inadequate in > and maintenance phase
L2 is not mature workload | using BIM and maintenance BIM model data
Middle enough, and increased. have poor M management interoperability
risk industry experience initiative. mode change. and poor security.
is lacking.
S3 Companies lack »| S Lack of BIM-
L3 Deep risk initiative in BIM |« related talents.
applications.
L4 Deep risk S, Has a long payback S11 BIM is difficult and
period and uncertain returns. insufficient for operation and
maintenance management.

Figure 2. ISM diagram of BIM application risk factors in the operation and maintenance phase.

4.4. ISM Model Analysis

According to the construction project operation and maintenance phase BIM
application risk factor interpretative structural model diagram, the established
ISM model diagram is a 4-level hierarchical model. In order to explain the rela-
tionship between risk factors more clearly, the ISM hierarchy diagram is divided
into three levels, namely, the deep risk factors are L3 and L4, the middle risk
factors are L2, and the surface risk factors are L1.

Deep-level risk factors affect middle-level risk factors and surface-level risk
factors through transmission paths.

The superficial risk factors in the model are “Sg Insufficient integrity of the
BIM model for operation and maintenance management.” and “S,o The legal re-
sponsibility of the BIM model is unknown.” and the two risk factors have no
mutual influence. This level of risk will have a direct impact on the application
of BIM technology in the operation and maintenance phase of construction
projects, which has delayed the promotion of BIM technology in the operation
and maintenance phase to a certain extent, but the surface risk factors are af-
fected by deep and middle risk factors. The risk of surface risk factors is relative-
ly low.

There are four risk factors at the middle level in the model, and there are in-
terrelationships between the risk factors. The insufficient ability of enterprise
employees will lead to the increase of the workload in the early stage of BIM ap-
plication in the operation and maintenance stage, which will lead to the poor in-

itiative of employees to apply BIM, highlighting the insufficient ability of em-
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ployees and the change of enterprise management mode, and will also lead to the
low market popularity. Therefore, there is a mutual influence relationship be-
tween risk factors at this level.

Risk factors at this level have an indirect effect on the application of BIM
technology in the operation and maintenance phase of construction projects,
and have the function of risk transmission, and affect the entire system by
transmitting the effects of deep risk factors to surface risk factors. For example,
due to the poor initiative of enterprises to adopt BIM technology, the market
popularity of BIM is not high, which in turn affects the integrity of the model in
the operation and maintenance phase.

The deep risk factors in the model include “S; Companies lack initiative in
BIM applications”, “Ss Lack of BIM-related talents”, “S, Has a long payback pe-
riod and uncertain returns” and “S;; BIM is difficult and insufficient for opera-
tion and maintenance management”, and there is an interactive relationship
between S, Se.

The risk factors at this level are the root risk factors that affect the application
of BIM in the operation and maintenance phase of the construction project, and
they are the root causes of middle-level and surface-level risks. To solve the key
risk of BIM application in the operation and maintenance stage is to manage and

handle the deep risk factors reasonably.

5. Suggestions

1) In terms of financial risks, the main problem is that the application of BIM
technology in the operation and maintenance phase requires the application of
BIM in the early design and construction phases, which will cause short-term
cost increase, long investment recovery period, and uncertain returns. In addi-
tion, the investment in BIM technology’s software and hardware supporting
measures is also relatively high. In this regard, the way companies should take is
first to get the support of national policies. The second is to extensively contact
various BIM companies and platforms, strengthen cooperation and exchanges,
enhance the company’s own BIM technology secondary development capabili-
ties, and form products with some independent intellectual property rights, im-
prove design and construction efficiency, and improve operation and mainten-
ance management capabilities, and reduce Cost, reduce or eliminate financial
risks. Finally, the investment payback period is extended, with a long-term view,
and BIM technology can also be used throughout the life cycle of the construc-
tion project. All parties who adopt BIM technology share the costs incurred and
reduce financial risks.

2) Enterprises should increase their initiative in applying BIM technology.
First of all, enterprise leaders should pay more attention to the application of
BIM in the operation and maintenance stage as well as the preliminary construc-
tion and design stage, formulate long-term plans and goals, prevent the emer-

gence of single-stage BIM application, lack of efficient transmission, resulting in
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the effect of BIM on the enterprise is not obvious. Secondly, relevant personnel
of the enterprise need to enhance the awareness of BIM use. At present, due to
the inherent working mode, organizational structure, work ability assessment
standards and other reasons, the enterprise staff’s awareness of BIM application
is weak. Enterprises can develop promotion mechanisms and incentives for BIM
compliant personnel from top to bottom to enhance the initiative of all em-
ployees to apply BIM, so as to increase the internal motivation of the enterprise
itself to apply BIM.

3) At this stage, as a technical tool, BIM technology has been widely used in
the construction phase. Its visualization, collision inspection, electromechanical
deepening, and bidding program simulation have been implemented and gener-
ally recognized, but the application in the operation and maintenance phase is
still in the process of exploring. At this stage, it is necessary to integrate software
and develop BIM products suitable for operation and maintenance, and consider
the “applicability” of the product. Thereby improving the applicability of BIM in
the operation and maintenance phase of construction projects, reducing the dif-
ficulty of use, and improving the maturity of BIM applications.

4) Lack of talent is a problem faced by all walks of life, especially for the ap-
plication of a new technology. The solution to the lack of talents are external re-
cruitment and internal training. The personnel in the BIM operation and main-
tenance stage must first understand BIM technology and also need to have pre-
vious overall work experience. For fresh graduates, they lack the experience
brought by actual business, and they need certain project opportunities to gain
experience in order to become qualified BIM personnel; For internal employees,
due to their inherent thinking mode and work process, there is a certain degree
of rejection of new technologies, and it is necessary to conduct special BIM
training for them and develop a reasonable promotion mechanism and salary
system for them. In addition, the project can hire a third-party professional BIM

organization to provide services.

6. Summary

With the domestic concepts of “Built in China” and “Digital China” being put
forward, the promotion of BIM technology in my country has also received at-
tention. At this stage, the application of BIM technology is more concentrated in
the construction stage, but the BIM concept plays an increasingly important role
in the construction operation and maintenance stage. Because it well inherits the
concept of the BIM life cycle, the results of the BIM model in the design and
construction phases are used to improve the efficiency of operation and main-
tenance management while reducing costs.

The article analyzes the risk factors of applying BIM technology in the opera-
tion and maintenance phase, summarizes through literature review, and then
makes corrections through expert interviews, and finally analyzes the risk factors

through the establishment of a hierarchical interpretative structural model.
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The study found that the four deep-seated risk factors include “Companies
lack initiative in BIM applications”, “Lack of BIM-related talents”, “Has a long
payback period and uncertain returns” and “BIM is difficult and insufficient for
operation and maintenance management”. Then the writer puts forward rele-
vant improvement suggestions, hoping to provide relevant ideas for the applica-
tion of BIM in the construction operation and maintenance phase.

However, this paper only focuses on the analysis of risk factors of BIM appli-
cation in the operation and maintenance stage, and the data obtained by expert
interview and semi-structured interview adopted in this paper have certain sub-
jective factors. In the future research, objective data can be obtained by other
means or other models can be used to analyze the risk factors of BIM application
in the operation and maintenance stage, and certain examples can be taken for

verification.
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