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Table 1 Classification of highway engineering changes
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Figure 1 Network topology diagram of a change in highway engineering project
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Figure 2 Highway engineering change propagation and diffusion
model
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Figure 3 Design structure matrix for highway engineering change
( “ x” indicates a direct dependency between two change
indicators, meaning that one change may directly influence the
occurrence of the other; blank cells signify the absence of a direct
dependency relationship. The positions and quantity of “x” reflect
the complex interdependencies among the change indicators)
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Figure 4 The direct possibilities, direct impacts, and direct risk matrix of highway project changes
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Table 3 Possibility matrix for direct impact of highway engineering changes
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22
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0.2
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0.3
0.3
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0.3

23
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0.4
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0.3
0.1
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0.4

0.7
0.7
0.5

24
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0.4
0.3
0.3
0.7
0.6
0.5
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0.5

26
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0.2
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0.4
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1-0.335~0.665 (7)
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Table 4 Degree of direct impact matrix for highway engineering changes

Hi'5 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26
1 1 05 04 03 04 04 05 04 03 05 04 03 02 04 05 03 05 05 06 03 04 03 04 06 04 04
2 06 1 06 04 04 05 04 03 04 05 06 05 04 09 08 05 07 05 06 06 05 04 06 0.7 04 05
3 03 06 1 03 04 05 04 03 02 05 04 03 02 07 06 05 06 05 04 04 03 02 04 05 04 03
4 02 04 03 1 03 04 02 02 01 04 02 03 01 04 04 03 04 04 02 02 02 01 04 03 02 0.1
5 03 05 04 04 1 04 03 03 02 04 03 03 02 06 05 04 05 04 03 03 02 01 03 04 03 02
6 03 07 05 04 03 1 07 05 04 05 04 03 02 08 07 06 07 06 05 05 04 03 05 06 05 04
7 04 06 04 02 04 07 1 04 03 04 03 02 01 07 05 05 06 05 04 04 03 02 04 05 04 03
8 04 05 03 02 03 03 04 1 02 03 02 02 01 06 05 04 05 04 03 03 02 01 03 04 03 02
9 03 04 02 01 02 04 05 02 1 02 01 01 01 05 06 04 07 03 03 02 01 01 02 03 02 0.1
10 04 07 02 03 08 07 01 07 04 1 05 08 04 03 07 06 06 06 05 04 05 03 04 06 05 04
11 05 07 05 04 04 05 01 03 01 07 1 05 04 08 07 05 05 02 05 05 04 03 05 06 05 04
12 04 06 04 03 03 03 01 02 01 03 05 1 04 07 06 05 04 05 02 04 05 03 03 02 04 03
13 03 05 03 03 03 04 05 02 01 04 05 03 1 06 05 04 05 04 03 03 02 01 03 04 03 04
14 03 04 02 04 02 02 04 01 05 03 04 03 05 1 05 04 03 04 03 03 02 01 01 02 03 02
15 05 04 05 04 06 08 03 06 04 04 07 05 05 09 1 08 09 08 07 07 06 05 0.7 08 0.7 0.6
16 07 03 04 05 05 07 03 04 03 03 06 05 05 04 05 1 08 08 07 06 06 05 06 0.7 06 0.6
17 06 04 05 03 04 06 02 03 04 05 05 05 03 05 08 04 1 06 05 03 04 03 05 02 05 04
18 07 04 06 02 05 07 02 05 03 04 06 05 04 07 06 05 07 1 04 08 07 07 0.7 08 05 0.6
19 04 06 05 03 04 06 02 04 02 05 05 04 03 08 07 06 05 03 1 03 05 04 06 07 04 05
20 05 06 04 02 03 05 01 03 02 04 04 03 02 07 06 05 05 04 05 1 02 04 03 04 03 03
21 02 06 04 01 03 05 03 02 01 05 04 03 02 07 06 05 07 07 05 07 1 03 05 05 04 04
22 03 05 03 02 04 04 03 03 03 04 05 04 02 04 03 05 03 04 05 03 04 1 04 05 04 03
23 03 04 02 03 02 03 02 05 04 02 02 01 05 03 03 03 02 02 02 04 03 03 1 04 03 02
24 05 05 05 03 04 05 02 04 03 04 04 03 03 03 05 05 07 06 06 05 04 04 07 1 06 05
25 06 05 05 03 04 06 05 03 01 05 05 04 02 04 04 06 08 05 06 06 05 04 05 04 1 05
26 04 04 04 02 03 04 03 02 02 03 03 02 01 06 05 03 03 04 03 05 04 03 05 06 04 1

T R 9 1~26 AR A S 1Py S B IR AR L

TIEK IR, HOTE T S iR s

WA 8 o 3 — SRR AN AR T T ) 2 5 P AR

b, IS — F B B A T B L R

BB B AR BUR . B, TR AT EfCR IR R, BRI FE R ER S
e SEPPRMER R R, BEME THEAR A RIS, 502 R TIA TH. &

3.2 BHMEIE



10

0.7
0.8
0.6
0.5
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0.1
0.2
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0.1
0.1
0.1
0.1
0.2

0.1
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Table 5 Comprehensive possibility matrix for highway engineering changes
5 1 2 3 4 5 6 7 8 9 10 11 12 13
1 1 03 02 03 03 03 04 05 07 05 07 0.7 0.2
2 04 1 05 02 04 04 05 06 05 06 04 08 04
3 05 04 1 03 02 04 03 07 04 04 05 04 03
4 05 06 04 1 02 03 03 04 07 04 05 05 02
5 06 05 05 04 1 06 02 07 06 06 03 07 04
6 03 04 04 04 03 1 04 07 06 04 06 04 07
7 04 07 06 03 03 06 1 03 04 06 04 0.7 05
8 02 05 07 07 04 06 05 1 07 06 06 01 04
9 04 06 08 03 04 05 05 03 1 03 07 06 03
10 03 05 07 05 03 06 06 03 06 1 03 06 03
11 02 04 05 04 04 01 01 05 04 06 1 07 0.1
12 04 03 05 05 01 03 01 07 03 04 01 1 0.6
13 04 04 04 03 05 06 05 06 03 0.1 06 03 1
14 03 03 06 03 05 06 04 05 03 0.1 06 04 03
15 02 02 05 04 03 01 05 06 06 03 03 07 03
16 01 02 08 03 04 03 03 03 07 04 03 0.1 02
17 06 06 07 03 02 06 04 06 06 03 04 05 0.1
18 05 05 04 06 03 06 03 03 06 04 07 01 0.1
19 05 04 03 05 02 04 03 01 07 01 03 0.1 04
20 03 03 02 01 03 01 01 03 03 0.1 01 03 03
21 03 03 02 02 0 03 03 03 01 05 03 02 02
22 03 02 03 01 01 02 01 01 07 03 05 01 03
23 04 05 04 03 01 01 01 03 04 03 01 02 0.1
24 03 0.1 04 05 02 04 02 01 03 0.1 02 04 05
25 01 02 0.1 02 01 01 01 05 01 0.1 01 03 02
26 04 03 0.1 01 04 03 04 02 04 05 02 0.1 0.1

0.4

15
0.2
0.2
0.5
0.5
0.2
0.7
0.3
0.3
0.2
0.4
0.3
0.3
0.1

0.5

0.3
0.2
0.1
0.5
0.2
0.3
0.1
0.6
0.4
0.3

0.1

16
0.2
0.6
0.3
0.4
0.5
0.4
0.4
0.1
0.6
0.4
0.3
0.4
0.1
0.6

0.1

0.3
0.5
0.3
0.2
0.1
0.1
0.2
0.6
0.2

0.3

0.1
0.2
0.3
0.3
0.7
0.2
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0.3
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0.3
0.4
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0.2
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0.4
0.3
0.5

20
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0.2
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0.4
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0.4
0.4
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0.1
0.2
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0.2
0.4
0.3

0.3
0.5
0.1

0.5
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0.5
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0.2
0.3
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0.2
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0.1
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0.1

0.5
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Table 6 Comprehensive impact degree matrix of engineering changes in construction projects
5 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26
1 1 04 04 04 03 05 02 02 03 02 06 05 04 05 05 04 04 03 04 03 02 02 03 02 04 04
2 05 1 03 02 07 03 03 07 05 04 07 06 08 04 03 04 0.1 04 01 01 02 03 03 04 0.1 0.
3 06 05 1 06 06 06 07 04 06 08 03 04 04 05 06 03 0.1 01 01 03 02 04 03 04 03 03
4 05 04 05 1 04 07 04 03 04 07 04 08 04 0.7 05 03 0.1 01 03 03 0.1 01 04 02 04 03
5 04 03 04 06 1 04 05 04 05 03 06 06 06 02 03 03 03 01 02 02 05 05 03 02 03 04
6 05 03 03 04 05 1 05 07 04 04 04 05 04 08 02 04 01 01 01 03 03 03 03 0.1 02 02
7 0.1 03 04 05 04 07 1 05 04 03 05 05 0.7 04 06 07 04 02 03 04 01 03 02 03 04 04
8 07 05 07 02 02 05 08 1 05 04 08 08 06 05 05 04 04 04 05 02 0.1 04 05 04 04 02
9 06 05 05 02 05 08 05 05 1 03 06 04 04 05 04 05 03 03 04 0.1 05 03 05 03 04 0.1
10 05 04 06 07 04 03 08 05 08 1 04 05 04 07 06 04 02 03 03 04 0.1 01 04 02 0.1 02
11 08 04 03 04 03 02 03 03 05 04 1 08 03 04 06 04 03 01 02 04 0.7 04 03 0.1 0.1 02
12 07 05 03 05 03 08 04 04 05 08 04 1 05 02 05 03 02 01 01 02 05 03 04 0.1 03 03
13 04 04 05 04 04 05 03 08 02 03 03 05 1 02 04 02 03 01 04 05 03 05 04 03 03 03
14 02 03 03 04 02 04 05 04 04 04 02 04 05 1 04 04 03 01 04 04 01 03 02 02 04 02
15 01 04 02 07 04 03 04 03 02 03 02 08 03 02 1 02 03 01 02 02 05 06 02 05 04 0.1
16 04 02 05 04 04 02 05 03 03 04 03 02 03 03 04 1 02 02 03 05 02 05 04 03 04 04
17 04 02 03 05 05 03 04 03 04 03 03 02 02 02 03 04 1 03 02 04 03 03 05 03 03 03
18 03 01 05 03 03 04 02 04 03 0.1 02 08 03 02 02 04 02 1 03 05 04 02 01 01 03 02
19 02 03 02 05 02 05 02 03 05 03 04 06 03 02 01 03 03 02 1 02 04 03 02 02 0.1 05
20 03 02 02 03 03 03 03 04 04 04 04 02 04 03 04 04 03 03 03 1 03 02 03 03 05 02
21 02 03 01 01 05 01 01 02 03 04 03 01 03 02 02 03 02 02 02 01 1 04 05 03 03 02
22 01 04 02 02 01 02 03 02 02 03 02 02 03 01 01 04 02 03 03 01 02 1 03 02 02 0.1
23 01 05 05 04 06 04 03 03 01 03 02 03 04 01 01 03 04 05 02 02 04 02 1 01 03 02
24 05 04 03 03 04 03 06 04 03 05 04 03 02 02 01 04 02 03 04 03 03 04 03 1 04 03
25 03 04 04 04 03 04 05 03 04 05 02 03 04 04 03 03 02 02 04 01 01 03 04 03 1 0.1
26 02 04 03 04 03 04 01 03 04 03 01 02 01 04 03 03 01 05 01 04 0.1 02 01 02 03 1
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4 g
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Abstract: Road engineering projects are complex undertakings that are highly susceptible to changes due to various factors such
as weather conditions, geological uncertainties, technological advancements, and evolving project requirements. These changes
can have significant impacts on project progress, cost, and quality. Traditional change management approaches are often reactive,
addressing changes only after they occur, which can lead to increased costs, extended project durations, and compromised
quality. To address these challenges, this study aims to develop a proactive and systematic approach to change management by
constructing a novel integrated assessment model based on the Design Structure Matrix (DSM) and the Small-World Network
Model (SWN). The goal is to predict the propagation and diffusion risks of engineering changes, enabling project managers to
identify potential impacts in advance and formulate effective change management strategies.

The study employs a multi-method approach combining historical data analysis, questionnaire surveys, expert interviews, and
model validation through a case study. Firstly, historical data from various road engineering projects are analyzed to identify
common types of changes and their underlying causes. A comprehensive survey involving 180 questionnaires is distributed to
frontline engineers, project managers, and construction workers, with a final effective response rate of 88.9% after data cleaning.
The survey results are further validated by a panel of industry experts, including university professors, senior engineers from
design institutes, and chief engineers from construction companies. The DSM is utilized to quantify the direct dependencies
between different change indicators, while the SWN model is employed to analyze the propagation paths and the potential
diffusion risks of changes within the project network. The Critical Path Method (CPM) is also applied to assess the combined
propagation risks of changes. The model's effectiveness is validated through a case study of the RC Avenue Construction Project
in City A, which includes multiple complex structures such as bridges and tunnels.

The study identifies seven major categories of engineering changes, including design changes, construction changes, material
and equipment changes, cost budget changes, schedule changes, quality and warranty changes, and additional engineering
changes. Each category is further divided into specific subcategories to provide a detailed analysis. The DSM+SWN model is
validated through the RC Avenue Construction Project, which demonstrates that the model can effectively predict the
propagation paths and combined risks of changes. For instance, the probability of route optimization directly causing
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construction changes is 0.85, and its combined propagation risk to the entire project is 0.665. The model also identifies high-risk
nodes such as route optimization and construction sequence adjustment, which are prone to triggering chain reactions affecting
project progress and cost. The results show that the model can provide early warnings and support dynamic decision-making,
thereby reducing the negative impacts of changes on project progress, cost, and quality.

The study concludes that the proposed DSM+SWN model provides a robust and proactive approach to managing engineering
changes in road construction projects. It offers a dynamic early warning mechanism that allows project managers to anticipate
potential risks and optimize change implementation processes. The model's application in the RC Avenue Construction Project
demonstrates its effectiveness in reducing the negative impacts of changes on project progress, cost, and quality. Future research
could focus on integrating real-time data from IoT sensors to enhance the model's responsiveness to dynamic construction
environments. Additionally, incorporating machine learning algorithms and developing interactive visualization platforms could
further automate risk prediction and improve the model's applicability to small and medium-sized projects. The study's findings
have significant implications for improving the efficiency and reliability of change management in road engineering projects,
contributing to both academic research and practical applications in the field of engineering management. The innovative aspects
of this study include the integration of DSM and SWN models to address the complex dependencies and propagation paths of
changes, providing a more comprehensive and proactive approach compared to traditional methods. This approach not only
enhances the scientific basis for change management but also supports more effective and systematic decision-making in road
engineering projects.

Keywords: design structure matrix; small-world network model; engineering changes; engineering changes model; change
propagation risk analysis



