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Research on Collaborative Control Optimization of
Electromechanical System for Intelligent Transportation

Yingying Fan
Xinjiang Transportation Planning Survey and Design Institute CO., Ltd., Urumgqi, Xinjiang, 830000, China

Absrtact

Intelligent transportation system has complex requirements for real-time, safety and energy efficiency. The traditional isolated
control mode has limitations and can not meet the requirements of global optimization and dynamic response, highlighting the
necessity of collaborative control. Collaborative control can alleviate congestion, reduce accident rate and improve energy efficiency.
Optimization strategies include: Multi-source Data Fusion and real-time perception, establishing unified data standards, and designing
hierarchical fusion architecture; Dynamic path planning and signal collaborative optimization realize dynamic path adjustment and
real-time signal matching; Energy management and green transportation work together to build a smart grid coupling mechanism
and promote the application of renewable energy; Security risk early warning and emergency coordination, deployment of sensor
networks to achieve real-time monitoring, establishment of standardized emergency coordination mechanism, and formation of a
perfect management system.

Keywords
intelligent transportation; electromechanical system; collaborative control; optimization strategy
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Analysis of Optimization Methods for Route Scheme
Comparison and Survey Design of Mountainous Highways

Chuanlin Qing
Chongqing Jiaotong University Engineering Design and Research Institute Co., Ltd., Chongqing, 400074, China

Abstract

The terrain and geological conditions in mountainous areas are complex, and the ecosystem is fragile. The rationality of highway
route planning and survey design directly affects engineering safety, economy, and ecological benefits. Traditional comparison
and design methods have problems such as strong subjectivity and insufficient accuracy. Based on this, the core constraints of
mountainous road construction are sorted out, and a route scheme comparison and selection system covering safety, ecology,
technology and economy is constructed. Traditional experience analysis process standards, multi-objective quantitative model
optimization, and technology integration and collaboration comparison and optimization strategies are proposed. At the same time,
survey and design optimization methods are established from four dimensions: survey technology, route alignment, roadbed, bridges
and tunnels, and ecological environmental protection, providing scientific support for mountainous road construction.

Keywords
mountainous highway routes; Scheme comparison and selection; survey and design; optimization method
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Practices and Environmental Impact Assessment of Green
Construction Technology on Highways

Pinglei Li

Handan Municipal Transportation Comprehensive Administrative Law Enforcement Detachment, Handan, Hebei,
056001, China

Abstract

With the deepening advancement of ecological civilization construction, the highway industry urgently needs to transform traditional
construction models. As a crucial measure for sustainable development, green construction plays a pivotal role in reducing
environmental burdens and improving resource utilization efficiency. However, current green construction practices in highways face
practical challenges such as high technical costs, incomplete management systems, and a lack of standardized evaluation criteria.
By analyzing the core connotations of green construction and thoroughly examining the primary obstacles in practice, this study
proposes optimization strategies including promoting eco-friendly materials, establishing intelligent monitoring systems, developing
scientific evaluation models, and improving incentive-constraint mechanisms. These recommendations provide theoretical guidance
and practical references for the standardized development of green construction in highway projects.

Keywords
expressway; green construction; environmental impact assessment; sustainable development; technological innovation
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Support Structure Selection and Deformation Monitoring
Analysis for Deep Foundation Pit Engineering

Chan Zhang
Chonggqing Niuyuan Construction Engineering Co., Ltd., Chongqing, 401147, China

Abstract

Deep foundation pit construction involves complex environments and high risks. The rational selection of support structures is crucial
for ensuring construction safety and engineering quality, requiring comprehensive consideration of core factors such as geological
conditions (e.g., soil layer characteristics, groundwater distribution), excavation depth, surrounding buildings, and underground
pipeline layouts. Deformation monitoring of support structures serves as a vital safeguard for construction safety, necessitating real-
time tracking of critical parameters like retaining structure displacement and surface settlement to dynamically monitor the stability
of the support system and surrounding environment. This paper focuses on analyzing key selection factors including geological
conditions and environmental factors, compares the applicability and advantages of mainstream support schemes, details core
monitoring technologies for retaining structure horizontal displacement, surface settlement, and support axial force, and ultimately
proposes scientifically feasible engineering implementation strategies to provide references for the safe and efficient advancement of
deep foundation pit projects.

Keywords
deep foundation pit engineering; deep foundation pit support structure; selection; deformation monitoring
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Research on Safety Protection and Risk Control of Expressway
Electromechanical Monitoring System

Jinhui Ye

Xinjiang Communications Planning, Survey, Design and Research Institute Co., Ltd., Urumgqi, Xinjiang, 830006, China

Abstract

As the core component of its (Intelligent Transportation System), expressway electromechanical monitoring system forms a
collaborative chain of perception transmission calculation decision in vehicle detection, toll processing, communication exchange,
energy consumption control, video monitoring and disaster warning, which is the basic support for expressway operation safety,
efficiency and service ability. However, the electromechanical system shows the characteristics of high coupling, high vulnerability
and chain fault propagation in the long-term operation process, which is affected not only by the physical environment, but also by
network attack, hardware failure and human operation risk. According to the results of this study, for the composite architecture of
“electromechanical+communication+cloud platform”, the establishment of active security governance system can effectively reduce
the system failure rate compared with traditional passive protection, significantly improve the timeliness of anomaly identification
and the ability of operation and maintenance closed-loop, which is of great significance to improve the toughness of smart high-speed
system.

Keywords

expressway; electromechanical monitoring system; network security; operation and maintenance risk
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Construction of a Natural Disaster Assessment Model for
Hydropower Stations During Flood Season and Multi-Objective
Optimization Adjustment

Guozhu Zhou
Yunnan Dianheng Asset Appraisal Co., Ltd., Kunming, Yunnan, 650032, China

Abstract

Against the backdrop of deepening global warming, the flood safety risks of hydropower projects in China are becoming increasingly
complex. The frequent occurrence of rainstorms, the cascading effects of mountain torrents and geological disasters, and the drastic
changes in watershed hydrological conditions pose severe threats to power station operations. In response to the current inadequacy
of disaster forecasting capabilities under changing weather conditions—particularly the lack of multi-source information integration
and reflection of disaster chain responses—it is urgently necessary to establish a comprehensive disaster warning and assessment
system capable of reflecting interconnected disaster response characteristics. Under these circumstances, developing a scientific
and precise disaster assessment model, along with coordinating and regulating multiple indicators, serves as a crucial pathway to
enhancing the flood safety standards of hydropower projects in China.

Keywords
hydropower station flood season; natural disaster assessment model construction; multi-objective optimization
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Research and Exploration on the Path Planning of Carbon
Neutrality in Expressway Service Areas—Taking Jinan
East Service Area of Qingyin Expressway as an example

Xu Chen
Shandong Expressway Service Development Group Co., Ltd., Jinan, Shandong, 250014, China

Abstract

With the acceleration of highway construction, service areas, as important supporting facilities of highways, have also achieved new
breakthroughs in quantity. Nowadays, the service area has been upgraded from a 1.0 version service area with basic needs such as
refueling, rest, and toileting to a comprehensive service area that integrates various functions such as catering, shopping, leisure,
entertainment, and tourism. Even a large number of internet famous service areas have emerged, represented by Jiangsu Meicun
Service Area and Yangchenghu Service Area. However, overall, there are still problems with homogenization in China’s service area
industry, such as rushing to build urban commercial complexes and neglecting internal management. Faced with the new economic
and social development situation, the service area industry should seize the opportunity of the “dual carbon” goal, based on its own
advantages, transform and upgrade, improve quality and efficiency, achieve the “dual carbon” goal as soon as possible, actively
respond to the national policy call, and take proactive measures.

Keywords
highway engineering; service area; carbon neutrality
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Development and Application of Township Full-Pavement
Sweeper

Kelin Zou
Hunan Linyu Technology Development Co., Ltd., Changde, Hunan, 415100, China

Abstract

This paper focuses on the development and application of township full-pavement sweepers, detailing their development
background—addressing the practical needs of narrow roads, complex road conditions, and diverse waste types in townships. The
research aims to overcome the inefficiency and incomplete coverage of traditional cleaning methods. The article systematically
introduces the functional characteristics and key operational points of the core components of the sweeper, with a focus on the
core elements of the working device. It provides an in-depth analysis of the design logic and structural optimization of the main
parameters of the sweeping mechanism and suction nozzle, while also clarifying the debugging process and standardized operating
procedures to ensure stable operation of the equipment under complex township road conditions, achieving the expected operational
outcomes of efficient cleaning and road surface maintenance. The content of this paper combines professionalism and practicality,
offering targeted technical references for product developers of sweepers and clear operational guidance for frontline operators,
making it highly valuable for reference.

Keywords

township full-pavement; sweeper; chassis; suction nozzle; sweeping mechanism
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Breakthrough of Key Process Difficulties in Ultra-high
Performance Concrete Production

Honggiang Wu
Hefei Product Quality Supervision and Inspection Institute, Hefei, Anhui, 234000, China

Abstract

As a representative of the new generation of building materials, ultra-high performance concrete provides a new solution for modern
engineering construction due to its excellent mechanical properties and durability. The production process of ultra-high performance
concrete is complex, and it faces many technical problems in raw material selection, mixing and dispersion, forming and curing,
which restricts its large-scale application. Based on the analysis of the practical significance of ultra-high performance concrete
process breakthrough, this paper deeply analyzes the key process difficulties existing in the current production, and puts forward a
systematic breakthrough strategy from the aspects of multi-material collaborative optimization, efficient mixing intelligent control,
and whole process quality control, so as to provide theoretical reference and practical guidance for promoting the industrialization
development of ultra-high performance concrete.

Keywords
ultra-high performance concrete ; production process ; technical difficulties ; breakthrough strategy
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Study on the Influence of Fiber Parameters on the Mechanical
Properties and Crack Behavior of Engineering Cement-based
Composite Materials

Longxiang Gao

Shanxi Nuoxin Transportation Construction Engineering Co., Ltd., Taiyuan, Shanxi, 030000, China

Abstract

As an important structural material in modern civil engineering and infrastructure construction, the service performance of Cheng
cement-based composite materials is largely constrained by the microstructure and damage evolution mechanism of the materials.
As the most typical damage form of cement-based materials, cracks not only determine the bearing capacity and ductility level
of the material, but also directly affect its durability and long-term service safety. By introducing different types and parameter
characteristics of reinforcing fibers into cement-based systems, the initiation conditions, propagation paths, and evolution modes of
cracks can be changed to a certain extent, thereby achieving effective control over the mechanical properties of materials. The results
of this study indicate that rational optimization of fiber parameter combinations can significantly improve the crack control ability
and overall mechanical properties of engineering cement-based composite materials, providing theoretical basis and technical support
for the design of high-performance and high durability cement-based materials.

Keywords
fiber parameters; engineering cement-based composite materials; crack behavior; mechanical properties
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Research on the Optimization of Safety Risk Prevention and
Control Mechanism in Highway Engineering Construction

Haonan Wei

Construction Management Branch of Shaanxi Communications Holding Group, Xi’an, Shaanxi, 710075, China

Abstract

With China’s transportation infrastructure development advancing steadily, highway construction projects have seen a gradual
expansion in scale. The safety risk prevention mechanism for highway engineering consists of four key elements: organizational
structure, institutional frameworks, technical systems, and support measures. However, the current mechanism faces challenges such
as incomplete risk identification and assessment, fragmented responsibility implementation, weak dynamic control, and inadequate
emergency response, with root causes spanning management, technology, personnel, and industry environment. To address these
issues, an optimized framework has been established based on principles of systematic coordination and precision feasibility,
encompassing four dimensions: organizational collaboration and process control. By improving accountability coordination, revising
full-process regulations, applying intelligent technologies, strengthening personnel and financial support, and enhancing emergency
response capabilities, the framework aims to boost the effectiveness of risk prevention and control.

Keywords
highway engineering; safety risk; prevention and control mechanism; optimization strategy
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Research on Bridge Engineering Structural Detection
Evaluation Methods and Maintenance Decision Optimization

Yong Lin
Anhui Provincial High-grade Highway Engineering Supervision Co., Ltd., Hefei, Anhui, 231131, China

Abstract

The detection and evaluation of bridge engineering structures are crucial measures for ensuring the safe operation and prolonging
the service life of bridges.As the number of bridges increases and their service years grow,the issues of structural damage and aging
have become increasingly severe,making effective detection and evaluation particularly important.This paper studies the common
technologies and methods for bridge structure detection and evaluation and explores strategies for optimizing bridge maintenance
decisions.Through the assessment of bridge loads,bearing capacity,material performance,and other factors,combined with non-
destructive testing techniques and dynamic monitoring methods,new ideas for bridge health management are proposed.The paper also
analyzes the principles of bridge maintenance decision-making,priority evaluation,and selection of maintenance measures,providing
a scientific basis for improving bridge engineering management.Finally,based on practical applications and challenges,the paper
proposes directions for improving the optimization of bridge structure detection evaluation and maintenance decision-making.

Keywords
Bridge detection; Structural evaluation; Non-destructive testing; Dynamic monitoring; Maintenance decision-making
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Research on Safety Management and Risk Prevention
Measures in Highway and Bridge Construction

Peijian Wang
Shanxi Provincial Expressway Comprehensive Administrative Law Enforcement Corps, Taiyuan, Shanxi, 030006, China

Abstract

Against the backdrop of the continuous expansion of transportation infrastructure construction scale and the increasing complexity
of engineering technology, safety issues in highway bridge construction are becoming increasingly prominent. Bridge engineering
generally has the characteristics of long construction period, complex working environment, and frequent high-altitude operations.
The types of safety risks are diverse and the evolution process is hidden. Once the management is out of control, it is extremely
easy to cause mass casualties, which seriously affects public safety and social stability. Based on this, this study believes that by
constructing a construction safety management system with risk pre control as the core, strengthening dynamic control and multi-
party collaborative governance throughout the entire process, the probability of bridge construction accidents can be effectively
reduced, and the safety level of engineering construction can be improved.

Keywords
highway bridges; construction safety; risk prevention and control; safety management; engineering management
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Nondestructive Testing Technology and Application of
Road Tunnel Lining Structure Diseases

Min Tian Xiaoping Wang Ming Lei Zhengzheng Tang Yawei Wen
Zhongye Testing and Certification (Anhui) Co., Ltd., Ma’anshan, Anhui, 243000, China

Abstract

Road tunnel lining structure defects refer to the collective term for various issues arising during construction or operation of the
integrated system comprising “initial support + waterproofing layer + secondary lining”, which bears structural load-bearing and
waterproofing functions. These defects typically occur behind the tunnel’s structural surface. Non-destructive testing (NDT) methods
must be employed to identify and determine their location and extent, followed by verification through borehole testing to confirm
the causes before implementing repair, sealing, or reinforcement measures. Based on literature review and practical experience, this
paper first elucidates the necessity of applying NDT techniques to detect tunnel lining defects, then explores specific NDT application
methods, aiming to provide scientific and effective guidance for the detection and treatment of such defects.

Keywords
highway tunnel; secondary lining; structural damage; non-destructive testing; ground-penetrating radar; impact elastic wave
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Traffic Organization Technology and Safety Risk Prevention
and Control of Highway Reconstruction Project

Changpan Li
Chongqing Yihé Enterprise Management Consulting Co., Ltd., Chongqing, 400020, China

Abstract

To address the challenges of traffic disorder and safety risks in highway reconstruction projects operating under the “construction
while traffic continues” model, this study systematically establishes a research framework encompassing “technical systems, scenario
applications, prevention mechanisms, and empirical validation” based on traffic flow optimization and risk pre-control theories.
Through case studies like the Yongtaiwen Expressway expansion, it analyzes phased traffic management strategies and 23 high-
risk procedure control measures across five categories, quantitatively demonstrating key technological effects: The dynamic traffic
diversion system increased construction zone efficiency by 28%, while the tiered protection system reduced road-related accident
rates by 67%. Addressing issues such as inadequate standards and insufficient dynamic risk management, the study proposes a three-
dimensional optimization plan of “standard refinement, technological upgrades, and management innovation,” providing theoretical
support and practical models for safe and efficient implementation of reconstruction projects in China’s transportation infrastructure
development.

Keywords
highway reconstruction and expansion; traffic organization; safety risk prevention and control; simultaneous operation and
construction; graded protection
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Application of Supporting Seepage Ditch in Landslide
Control of Highway Slope Embankment

Xiaobing Zhao
Sichuan Highway Engineering Consulting and Supervision Co., Ltd., Chengdu, Sichuan, 610000, China

Abstract

Based on the environmental and geological conditions of the landslide at the high-fill section of the Chengdu Ring Expressway
(K251+160 to +280), and after analyzing the causes of landslide instability, a comparative study was conducted between the support
seepage ditch and anti-slide pile solutions. The results demonstrated that the support seepage ditch offers superior drainage and
protective effects while being significantly more economical. Long-term post-treatment observations confirmed no new deformation
or displacement of the landslide, validating the rationality and feasibility of the treatment measures. Therefore, the support seepage

ditch proves to be a more effective solution for managing landslides on soft-to-plastic slope embankments.

Keywords

slope embankment landslide; support seepage ditch; landslide control
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Analysis of Key Issues in Cost Management Throughout
the Whole Process of Highway Engineering

Xiaoyan Chen
Xinjiang Road and Bridge Construction Group Co., Ltd., Urumqi, Xinjiang, 830000, China

Abstract

The whole process cost management of highway engineering runs through the entire life cycle of project decision-making, design,
bidding, construction, and completion settlement, and is an important path to maximize investment benefits and ensure engineering
quality. Based on rich practical experience in highway engineering construction and cost control, combined with project cases such
as highways, national and provincial main roads, and rural roads, the author analyzes the deep-seated problems of cost management
in each stage: insufficient data volume and lagging estimation methods in the decision-making stage, insufficient application of BIM
technology and formalized limit design in the design stage, loopholes in electronic transaction supervision and imperfect credit
system in the bidding stage, lack of intelligent control and imbalance of green construction costs in the construction stage, lagging
digital review and dispute mediation mechanism in the completion settlement stage. In response to the above issues, optimization
measures are proposed from four dimensions: technological innovation, institutional improvement, process reengineering, and
regulatory strengthening, to construct a full process cost management mechanism of “data support collaborative control intelligent
empowerment credit constraints”, providing partial reference for the rapid development of the highway industry in the new era.

Keywords
highway engineering; whole process cost management; investment control
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Performance Evaluation of Recycled Plastic Modified
Asphalt Mixtures and Compatibility Analysis of Warm
Mixing Technology in Africa

Jun Yang
Overseas Engineering Branch of China Railway Fifth Bureau Group Co., Ltd., Guiyang, Guizhou, 550001, China

Abstract

Against the backdrop of continuous road infrastructure expansion and resource constraints in Africa, recycled plastic modified
asphalt mixtures have emerged as a critical approach to enhancing road performance and achieving solid waste resource utilization.
Considering local high-temperature climate conditions, complex material sources, and disparities in construction technology
levels, this study systematically analyzes the impact of recycled plastic incorporation on mechanical properties and durability
of asphalt mixtures. By integrating the technical characteristics of warm mixing technology, we conduct in-depth compatibility
assessments. Experimental analyses of different plastic materials, dosage variations, and mixing temperature ranges demonstrate
that rational application of recycled plastics significantly improves high-temperature stability and rut resistance of mixtures while
maintaining optimal construction performance and compaction effects under warm mixing conditions. Based on African construction
environments and technical constraints, we propose optimized process parameters and quality control strategies to provide theoretical
foundations and engineering references for promoting recycled plastic asphalt technology.

Keywords
recycled plastics; modified asphalt; warm-mix technology; road performance; african region
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Research on Construction Method of High-performance
Asphalt Concrete Pavement for Highway Engineering

Zhanli Gu
Tianjin Baodi District Highway Maintenance Service Center, Tianjin, 301800, China

Abstract

With the continuous improvement of China’s highway network, the demand for pavement durability and safety has grown
significantly, necessitating urgent innovation in conventional construction methods. This study focuses on high-performance asphalt
concrete pavement construction techniques, comprehensively examining existing methodological shortcomings and proposing
process improvements in mixture formulation, paving temperature control, and compaction technology implementation. Through field
trials and process validation, optimized procedures and parameter controls have demonstrated marked enhancements in pavement
structural integrity, rut resistance, and durability. The research findings provide practical technical solutions for highway construction
innovation, offering critical guidance for extending pavement service life and enhancing traffic safety.

Keywords
high-performance asphalt concrete; construction process optimization; pavement durability
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Research on Key Construction Technologies and Quality
Control for Long-Life Cement Concrete Pavements

Hao Mu
Overseas Engineering Branch of China Railway Fifth Bureau Group Co., Ltd., Guiyang, Guizhou, 550001, China

Abstract

With the continuous increase in traffic loads and rising highway service standards, traditional pavement construction models can
no longer meet the practical demands for high durability, low maintenance requirements, and lifecycle cost-effectiveness. Cement
concrete long-life pavements have emerged as a critical development direction in road engineering due to their structural stability,
strong load-bearing capacity, extended service life, and reduced maintenance frequency. The formation of long-life pavements relies
not solely on material strength enhancement but is closely related to structural design, raw material control, construction techniques,
joint treatment, curing management, and comprehensive quality control throughout the process. This study analyzes key construction
technologies for cement concrete long-life pavements, explores the impact of core processes—including subgrade treatment, concrete
mixing and paving, vibration leveling, joint construction, and curing management—on pavement durability, and proposes targeted
control measures addressing common quality issues. The findings aim to provide practical references for improving cement concrete
pavement construction standards and extending road service life.

Keywords

cement concrete pavement; long-life pavement; construction technology
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