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Abstract. The construction of power transmission project has the characteristics
of many points, long line, wide area, high cost and large investment, which also
leads to many risk factors faced by power transmission and transformation con-
struction, especially the risk factors of construction progress. Through the ana-
lytic hierarchy process, the factors affecting the construction progress are iden-
tified, and the fuzzy comprehensive analysis method is used to evaluate the risk.
Based on the principle of maximum membership degree and objective reality, the
overall progress risk of the power transmission project construction system is
generally moderate, with policies and regulations being the biggest influencing
factors. It is necessary to strengthen policy interpretation, intervene in advance,
make scientific judgments, reserve appropriate margins, and actively com-
municate and coordinate with local companies and governments during the im-
plementation process.
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1 Introduction
With the rapid development of the national economy, the demand for power resources
in social production and life is increasing, and the requirements for power supply
stability are also increasing, which poses a test for the construction of power trans-
mission and transformation projects. The construction of power transmission project
has the characteristics of many points, long line, wide area, high cost and large in-
vestment, which leads to high quality requirements and long construction period. At the
same time, due to the field operation environment, there are many uncontrollable
factors. Therefore, there are many risk factors faced by power transmission construc-
tion, especially the risk factors of construction progress, such as climate environment,
personnel management, technical ability, geological factors, environmental protection
policies and local government requirements. High quality and efficient project man-
agement is an important condition to ensure the high quality and high efficiency of
power transmission and transformation project construction. At present, with the sig-
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nificant increase in the construction scale and quantity of power grid infrastructure
projects, the investment scale is also constantly increasing, and the technical difficulty
is significantly improving, resulting in a rapid upward trend of various uncertain risk
factors. Risk management work has attracted the attention of all parties involved in the
project. By delving into the risk factors present in power grid infrastructure projects and
scientifically improving the level of project risk management, it helps management
personnel effectively assess risks before making planning decisions, take correspond-
ing avoidance measures, and further improve the economic and safety benefits of
power grid projects. Therefore, it is urgent to analyze the influencing factors of power
transmission and transformation project construction progress and explore effective
measures to strengthen the control of power transmission and transformation project
construction progress.

The theoretical research of schedule management in foreign countries was initially
mainly from the perspective of optimizing project schedule, time and cost. In recent
years, a new situation and new ideas have emerged in the research, which is based on
the application of constraint theory, knowledge management, flexible management,
key chain technology and earned value management[1-4]. The research on the theory of
project schedule management started late in China, but in recent years, it has also
explored the use of diversified research methods to gradually improve the traditional
schedule management research, and has gained some effective research results[5-7].
Ma[8] analyzed and summarized the current situation of project schedule management,
pointed out the advantages and disadvantages of management concepts such as re-
strictive factor theory and flexible management, and the research direction of computer
technology in the field of schedule management application. Zeng[9] summarized and
analyzed the application status of complexity science in engineering project manage-
ment practice, systematically studied the complex characteristics in the implementation
management of engineering projects, and established a project evaluation method
based on AHP. On the basis of the existing research on construction management
theory, Wu[10] proposed to fully integrate a variety of emerging information technolo-
gies to fill the lack of construction management methods and improve the level and
efficiency of construction management. Overall, domestic and foreign experts and
scholars have conducted in-depth exploration of engineering project management from
different perspectives and used various analytical methods. These research results have
played an important role in engineering project management. However, there are few
literature that fully consider the internal and external influencing factors of power grid
projects and explore the dynamics of risk management. Therefore, it is necessary to
further conduct weight analysis on the factors affecting the progress of power grid
projects, in order to provide reliable theoretical basis for risk identification and re-
sponse measures in subsequent planning.

2 Identification of Influencing Factors

According to the source of risk factors, risk factors are summarized into two basic
categories: external factors and internal factors. The external risk factors caused by
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the project environment have a wide range of influence. Internal risk is related to the
project participants, which can be controlled by the project management team.

Further, from the nature of external factors, external factors are divided into two
categories: policies and regulations, environmental risks, and so on; from the perspec-
tive of project participants, the internal factors are divided into two categories : own-
ers and contractors. Due to the different roles of different participants in the construc-
tion project, the risks are also different, which can be further refined into 16 specific
categories, as shown in Figure 1.

Fig. 1. Hierarchical diagram of risk assessment for the construction period of power transmis-
sion and transformation projects

3 Weight Vector Determination

The reason for choosing the AHP Fuzzy comprehensive evaluation model to evaluate
the risks of power investment projects is that it simultaneously meets the following
two requirements: (1) In the process of using the AHP to determine the weights of
various evaluation indicators, evaluators only need to provide a qualitative description
of the relative importance of each evaluation element, and then the weights of each
evaluation element can be accurately obtained through the AHP. The AHP combines
qualitative descriptions with quantitative calculations, which are based on rigorous
scientific theories and will greatly improve the scientificity, accuracy, and effective-
ness of evaluations.(2) When using the AHP Fuzzy comprehensive evaluation method
for fuzzy comprehensive evaluation, it not only considers the influence of various
factors on the evaluated object and integrates the opinions of multiple evaluation sub-
jects, but also effectively solves various problems caused by the fuzziness of factors
in the evaluation process. It can carry out scientific quantitative processing and or-
ganically combine qualitative evaluation with quantitative calculation, which is also
conducive to improving the scientificity, accuracy, and effectiveness of the evalua-
tion.
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This section uses the Delphi method to score the four first-level indicators of own-
er management, contractor management, policies and regulations, environmental
risks, and 16 second-level indicators through relevant experts. A total of 10 experts
were invited to form a risk assessment team for the construction cycle of power
transmission and transformation projects. The Delphi method was used to score each
index, and the average value was finally summarized. The analytic hierarchy process
was used to calculate the weight value of each index. Taking the weight value of the
first-level index criterion layer as an example, first compare the two elements, and
construct a comparative judgment matrix as shown in Table 1. Then the relative
weight value is calculated by the square root method as shown in Table 2, and then
the consistency test is carried out[11].

Table 1. Weight of criterion layer

Criterion Layer Owner
Management

Contractor
Management

Policies and
Regulations

Environmental
Risk

Weight
Value

Owner Management 1 3 3 5 0.512
Contractor Management 1/3 1 2 3 0.238
Policies and Regulations 1/3 1/2 1 3 0.1725

Environmental Risk 1/5 1/3 1/3 1 0.078

Using the same method, the weight values of 16 secondary indicators are obtained
respectively, as shown in Tables 2 to 5.

Table 2. Weight Table of Owner Management

First grade indexes Second grade indexes Weight Value

Owner Management
0.512

Non-standard bidding process 0.261

Unscientific project management 0.333

Modification of design document 0.28

User engineering construction lags behind 0.126

Table 3. Weight Table of Contractor Management

First grade indexes Second grade indexes Weight Value

Contractor Management
0.238

Contract administration 0.196

Construction planning problem 0.24

Material supply issues 0.245

Backward construction technology 0.32
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Table 4. Weight Table of Policies and Regulations

First grade indexes Second grade indexes Weight Value

Policies and Regulations
0.1725

land expropriation compensation 0.233
Government planning adjustment 0.163

Delayed formalities 0.198
Slow Government Supporting Projects 0.099

Power outage plan adjustment 0.307

Table 5. Weight Table of Environmental Risk

First grade indexes Second grade indexes Weight Value

Environmental Risk
0.078

Epidemic prevention risk 0.54
Climatic conditions 0.163

Geological condition 0.297

4 Establishment of Fuzzy Evaluation Matrix[12]

According to  the  evaluation  level,  the  evaluation  set  H = (  H1,  H2,  H3,  H4,  H5 )  =
(very good, good, general, poor, very poor )

Establish evaluation matrix of power transmission and transformation project con-
struction system.

Suppose that the fuzzy evaluation matrix is Kn, then Kn is shown as in (1).
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Using the Delphi method, 16 secondary indicators were scored by experts, as
shown in Table 6 to 9.

Table 6. Evaluation results of owner management risk factors

evaluating indicator
Evaluation results

very goodgoodgeneralpoorvery poor

Non-standard bidding process 0.1 0.4 0.5  0 0

Unscientific project management 0.3 0.3 0.4  0 0

Modification of design document 0.1 0.2 0.6 0.1 0

User engineering construction lags behind 0.1 0.3 0.5 0.1 0
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Table 7. Evaluation results of contractor risk factors

evaluating indicator
Evaluation results

very goodgoodgeneralpoorvery poor
Contract administration 0.2 0.4 0.4 0 0

Construction planning problem 0.1 0.3 0.5 0.1 0
Material supply issues 0 0.2 0.5 0.3 0

Backward construction technology 0.1 0.4 0.5 0 0

Table 8. Evaluation results of policies and regulations risk factors

evaluating indicator
Evaluation results

very goodgoodgeneralpoorvery poor
land expropriation compensation 0 0.3 0.5 0.2 0

Government planning adjustment 0 0.2 0.6 0.3 0
Delayed formalities 0.1 0.3 0.5 0.1 0

Slow Government Supporting Projects 0 0.2 0.6 0.2 0
Power outage plan adjustment 0 0.3 0.5 0.1 0

Table 9. Evaluation results of environmental risk factors

evaluating indicator
Evaluation results

very goodgoodgeneralpoorvery poor

Epidemic prevention risk 0 0.1 0.6 0.2 0.1
Climatic conditions 0.1 0.3 0.5 0.1 0

Geological condition 0.1 0.3 0.4 0.2 0

Through the evaluation results table of the above factors, the evaluation results
data are constructed into the evaluation matrix K1, K2, K3, K4 of each factor as
shown in (2)
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According to Mi=Ai*Ki, Through normalization, the comprehensive evaluation
results of each factor can be obtained:
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Similarly, the comprehensive evaluation results of other factors can be obtained
respectively :
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Finally, the comprehensive evaluation result of the system can be obtained :
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According to the principle of maximum membership degree, the risk degree of the
system is general. There are many places with certain risks that need to be improved.
For example, there are some hidden dangers of progress lag in the bidding
management, construction material management and construction technology of the
owner. Among them, the risk sources with large hidden dangers need to be
continuously monitored and rectified in time, so as to improve the progress level of
the project system and reduce the probability of progress lag.

5 The Results of Evaluation Weight

The following evaluation results can be obtained by using the principle of maximum
membership degree[13], as shown in Table 10.

It can be seen from the table that the maximum membership degree of the whole
project system is 0.499, and the comprehensive risk level is grade III ( general ). The
specific analysis is as follows :

(1) The maximum membership degree of owner management factors is 0.494, and
the comprehensive risk level is general. By analyzing the evaluation results of owner
management factors, it can be seen that the risk of design change factors in owner
factors needs to be further reduced, and the level of bidding management and project
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team management is generally acceptable. The lag of user engineering construction
requires the owner management unit to further strengthen coordination and overall
arrangement.

Table 10. Evaluation results of various factors of project system

Evaluation results very good good general poor very poor

Owner Management 0.167 0.298 0.494 0.041 0

Contractor Management 0.095 0.328 0.481 0.096 0

Policies and Regulations 0.053 0.273 0.525 0.149 0

Environmental Risk 0.046 0.192 0.524 0.184 0.054
Owner Management 0.12 0.292 0.499 0.084 0.004

(2) The maximum membership degree of the contractor factor is 0.481, and the
comprehensive risk level is general. By analyzing the contractor factor evaluation
results table, it can be seen that there are great constraints on material supply. It is
necessary to strengthen coordination with suppliers, make overall planning in ad-
vance, and ensure that materials can be supplied on time ; contract management and
construction technology are relatively good ; the construction work plan needs to be
further optimized to achieve comprehensive management and control by means of
pre-prediction, in-process control and post-adjustment.

(3) The maximum membership degree of policy and regulation factors is 0.525,
and the comprehensive risk level is general. By analyzing the evaluation results of
policy and regulation factors, it can be concluded that the three managements of gov-
ernment planning adjustment, land expropriation compensation and government sup-
porting projects need to be strengthened, especially the government planning adjust-
ment needs to be strengthened. It is necessary to strengthen communication and coor-
dination with the government planning department and perform the suspension pro-
cedure in time for the adjustment project.

(4) The maximum membership degree of environmental risk factors is 0.524, and
the comprehensive risk level is general. By analyzing the evaluation results of envi-
ronmental factors, it can be seen that the risk of epidemic prevention is the biggest
factor restricting the progress of the project in the past three years. At the same time,
climate factors such as cold winter and plum rain season are taken into account in the
preparation of the schedule. For geological conditions, strengthen communication
with exploration units.

6 Risk Management and Control Measures

Due to the large number of sub-items and large scale, there are many resources to be
coordinated in power transmission and transformation projects, and various proce-
dures are complicated. The project management company should intervene in advance
and make scientific judgments. In the planning stage, it should combine the reasona-
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ble construction period and capital delivery plan, comprehensively consider various
influencing factors, and reserve appropriate margins. In the implementation stage, in
order to ensure the balanced start-up and balanced production of the full-caliber pro-
ject, the constraints should be corrected in time, and finally the lean management and
control of the schedule should be realized. In terms of policies and regulations, first of
all, ensure that the construction of the project is in accordance with the law and com-
pliance, and resolutely put an end to ' construction before approval ' ; secondly, carry
out policy interpretation, advance intervention, make scientific research and judg-
ment, reserve appropriate margin, and actively link local companies and local gov-
ernments in the implementation process. In terms of economic and environmental
risks, it is necessary to consider the country's political, policy, economic and social
environment, so as to effectively predict the fluctuation of material prices in the mar-
ket and formulate corresponding preventive measures. In terms of the owner's man-
agement ability, the construction unit needs to effectively achieve dynamic correction
and scientific judgment in the process, and coordinate the allocation of material sup-
ply and the resource input of each participant. In terms of construction units, con-
struction units need to establish a management system for the implementation of the
schedule plan, implement target management, establish a regular meeting system, and
introduce a system of reward and punishment for the construction period in order to
ensure the enthusiasm of the work.

7 Conclusion

This article analyzes the factors affecting the construction progress of power trans-
mission and transformation projects, establishes a construction progress risk assess-
ment system and model, conducts risk assessment on the construction progress of
power transmission and transformation projects, identifies the problems that affect the
construction progress, and proposes corresponding rectification measures. Through
research, the following conclusions have been drawn: the factors affecting the con-
struction period management of power transmission and transformation projects can
be divided into four categories: owner management, contractor management, policies
and regulations, and environmental risks. Establish an evaluation table for each factor
using the Delphi method and form an evaluation matrix. Using the weight value allo-
cation set and evaluation matrix to calculate the progress risk assessment results of the
subsystems, and based on these subsystem results, the overall evaluation result is
calculated as Level III. There are many areas that need improvement, and the project
has certain progress risks. Propose corresponding control measures for the risk level
of each risk element during the evaluation process.

Acknowledgments

The study is supported by Technical Research Service Project of State Grid Corpora-
tion of China (Nos. SGZB0000JJJS2400390).

Research on Influencing Factors and Control Measures of Power Transmission             231



References

1. Korb S, Supanan R, Wuttipong K, Narong L, Phatsaphan C. Construction Progress Evalu-
ation Using 3-DModel Based on Point Cloud[J]. Interational Journal of Structural and Civil
Engineering Research, 2020, 9(4):278-282. Doi:10.7763/IJET.2020.V12.1179

2. Styen H. Project Managent applications of the theory of the constraints beyondcritical
chains scheduling. International Journal of Project Management, 2002, 20(1): 75-80.
Doi:10.1016/S0263-7863(00)00054-5

3. Hermans. Aninvestigation into the fundamental of critical chain project scheduling[J]. In-
ternational Jourment, 2001, 19(6): 363-369. Doi: 10.1016/S0263-7863(00)00026-0

4. Emad R, Mohammad A, Rezaei M. An inproved fuzzy critical chain approch in order to face
uncertainty in project scheduling[J]. Intemational Journal of Constuction Management,
2018, 18(1): 1-13. Doi: 10.1080/15623599.2016.1225327

5. Zhang X, Wang X. Construction system complexity measurement model based on structural
equation model [J]. Journal of agricultural university of Herbei, 2011, 34(01): 116-120.Doi:
10.3969/j.issn.1000-1573.2011.03.024. Doi：10.3969/j.issn.1000-7695.2008.08.066

6. Qi E S, Jiang L. Complexity and integrated management of large-scale engineering pro-
jects[J]. Science and Technology Management Research, 2008(08):191-193. Doi ：
10.3969/j.issn.1006-4885.2009.01.003

7. Wang Q, Cheng S P. The study on the system complexity of large scale construction project
[J]. Scientific Decision Making, 2009(01): 11-17.

8. Doi：10.3969/j.issn.1005-9679.2006.04.021
9. Ma G F, Chen Q. Study on project scheduling management[J]. Shanghai Management

Science, 2006(04): 70-74. Doi：10.27272/d.cnki.gshdu.2023.000036
10. Zeng Y L. Research on management complexity analysis and evaluation during life cycle of

engineering project[D]. Nanjing University, 2013. Doi：10.14144/j.cnki.jzsg.2019.03.063
11. Wu S G, Zhang J L, You Y L. Application of intelligent construction concept in construc-

tion progress and quality management[J]. Building Construction, 2019, 41(03):
534-536+540. Doi：10.14144/j.cnki.jzsg.2019.03.063

12. Wei Q Q. Research on the risk evaluation of construction based on fuzzy comprehensive
evaluation method[D]. Anhui University of Science & Technology, 2021. DOI：
10.26918/d.cnki.ghngc.2021.000489

13. Wang M, Ma H S, Feng Y. Application of analytic hierarchy process and fuzzy evaluation
method in engineering scheme selection[J]. Journal of Engineering Management.
2023,37(05):1-6. DOI：10.13991/j.cnki.jem.2023.05.021

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
medium or format, as long as you give appropriate credit to the original author(s) and the
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.

232             S. Kong et al.


	Research on Influencing Factors and Control Measures ofPower Transmission Project Construction Progress



