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ABSTRACT 

Using the idea of safety management for the technical transmission of modern traffic and 
network information as the basis, this paper sets up a traffic accident prevention and 
emergency rescue system for expressway tunnels, which is an important means of 
improving the safe operation and management of expressway tunnels. According to the 
characteristics of traffic accidents in expressway tunnels, the traffic accident prevention and 
emergency rescue system administration, consisting of a supervision layer, an 
infrastructure layer, a shared layer and a value-added service layer, is an integrated, 
comprehensive, systematic platform which incorporates data communication, database and 
GIS into an organic whole and has a certain intelligence function. This paper then studies 
the framework of an accident prevention and emergency rescue system for expressway 
tunnels and describes the primary function modules and workflow. Finally, the paper 
examines the Shaoguan tunnel of the Jing-zhu expressway in China and puts forward 
some constructive suggestions for setting up an accident prevention and emergency 
rescue system. 
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1. INTRODUCTION 

With the rapid economic development of our country, more and more tunnels have been 
constructed on expressways to shorten mileage, eliminate the grade, improve the 
alignment, reduce the effects of frost, snow and natural disasters, protect the environment 
and realise sustainable development. Because the tunnel is the throat section of the 
expressway, serious traffic accidents often occur in conditions of heavy traffic and bad 
weather. Furthermore, in the operational control of domestic expressway tunnels, the 
faultiness of traffic accident prevention and emergency rescue systems, and the lack of 
professional rescue teams make traffic accidents very serious. 

The measures to ensure tunnel safety can be divided into two approaches: the one is to 
reduce the possibility of traffic accidents, and the other is to mitigate the seriousness of 
accidents. Therefore this paper, starting with traffic control, aims to reduce the response 



time of emergency rescue measures, improve rescue efficiency and reliability, speedily 
resume operation of the expressway tunnel, and decrease direct and indirect economic 
costs and personal injuries. It offers a basic framework for traffic accident prevention and an 
emergency rescue system, which have direct practical significance for accident prevention 
in complex traffic conditions. It aims to construct a modern control system and improve the 
existing control level in expressway tunnels, and at the same time lays the foundation for an 
intelligent expressway tunnel management technology for our country.  

2. FRAMEWORK FOR AN ACCIDENT PREVENTION AND AN EMERGENCY RESCUE 
SYSTEM FOR EXPRESSWAY TUNNELS 

Traffic accident rescue should follow an orderly course, which includes identifying and 
confirming, fast reaction, information, on-the-spot management, traffic control and clearing 
up. The factors that affect the safety of expressway tunnels are various and their mutual 
relationship is complex. Not only should a proper traffic information database be set up, but 
also the principles of modern traffic safety management should be used, as should 
advanced information technology, control technology, network information technology, etc. 
to monitor the dynamic changes on a highway section in real time, to allow the prediction of 
possible occurrences and measures to prevent accidents. Or once the accident has 
occurred, measures should be taken to reduce losses as much as possible and rapidly 
resume orderly traffic flow. Therefore in this paper it is considered that accident prevention 
and the emergency rescue system of an expressway is composed of four parts as follows: 

1. Safe administration and supervision layer: This is the core of the system; the main 
content includes monitoring, analysis and forecast of the safe state of the expressway 
tunnel, traffic control, traffic safety management and the dissemination of traffic information. 

2. Infrastructure layer: This is composed of the information transmission network and the 
traffic geo-information platform. It is the foundation of and condition for the system 
operation. 

3. Information shared layer: This is used for interfacing the traffic information with other 
related information. 

4. Incremental service layer: This provides information services to all levels of society. 

The basic framework of accident prevention and an emergency rescue system for 
expressway tunnels is shown in Figure 1. 
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Figure 1. Framework of a traffic accident prevention and an emergency rescue 
system for expressway tunnels. 

3. MAIN FUNCTION OF AN ACCIDENT PREVENTION AND EMERGENCY RESCUE 
SYSTEM OF EXPRESSWAY TUNNELS 

For safety management of expressway tunnels, the basic function of accident prevention 
and an emergency rescue system is constructed as follows: 

3.1. Traffic safety monitoring subsystem 
Closed circuit television, vehicle detectors installed in tunnel sections, and patrol cars 
monitor in real time the state of vehicles in tunnel sections to obtain information on the state 
of traffic safety. The information is transmitted to the monitoring and information processing 
centre through the information transmission network to support the safety analysis and 
forecast. 

3.2. Traffic safety prevention subsystem 
A sharp drop in road capacity resulting from a random cause and the sudden change of 
traffic flow are known as abnormal traffic phenomena. By analysing the traffic volume, 
speed and occupancy using the method of abnormal automatic traffic detection, we 



distinguish whether the road is jammed or not and the causes, and whether abnormal traffic 
has occurred or not and the site and the severity.  

3.3. Emergency alarm subsystem 
This subsystem can receive various kinds of alarm, and confirm and display the site on the 
electronic map automatically according to the alarm message. For each alarm message, 
the alarm is recorded automatically. The alarms may be saved in the database, with the 
time, contents, phone number, person, accident site, response time from the centre, etc. 
This subsystem can provide information to distinguish repeat alarms, continue real-time 
tracking and provide multi-input methods for quick response to alarms.  

3.4. Pre-establishment scheme subsystem 
This subsystem can provide inputs for staff to devise an emergency dispatch scheme in 
advance and to contact the respective leaders according to the traffic. This system can 
automatically devise several schemes for accident emergency aid, provide emergency aid 
approaches for various kinds of accidents and form the foundation for the creation of an 
emergency aid scheme. 

3.5. Emergency rescue scheme creation subsystem 
This subsystem is the main body of the whole system. On the basis of the pre-scheme, it 
can confirm the emergency aid scheme through the collection of accident information, and 
analyse and synthesise the feedback information from the rescue group. It then it confirms 
the respective rescue departments based on priority according to equipment of all kinds in 
the resource maintenance subsystem database. At the same time, it provides rescue routes 
for various departments. For typical accidents in particular sections, the system can call out 
the accident management pre-scheme from the subsystem and provide a detailed 
message and geo-information. But in practice, for the rescue scheme to generate 
automatically, it must carry on with the rational optimisation according to the different 
parameters. It can provide the relevant scheme and the support for the leaders' 
decision-making. 

3.6. Emergency rescue scheme implementation subsystem  
This subsystem is the core of the whole rescue system. During the rescue, full-time, 
real-time monitoring and controlling should be done to track the situation at the accident 
site until the rescue has been completed. In the process of the rescue, the rescue and 
monitoring centre must provide the administrative procedures and the condition of the 
relevant roads for salvagers, and adjust the information contents according to the feedback 
information, display the rescue regulations on the electronic map or the relevant computers 
and highlight the status of the accident management (including the names of rescue staff, 
the safety equipment at the site, the scheme in the target area).  

3.7. Traffic accidents database subsystem 
This subsystem can store information on traffic accidents and the rescue process, and 
automatically generate a rescue report. The report includes the management report at 
accident site, the final treatment report, the on-the-spot investigation report recording the 
details of the accident (accident site, vehicle number, name of person responsible, 
casualties, contaminated area, damage of highway equipment, etc.), the provisional rescue 



measures (direct residents to vacate, help the injured, prevent secondary pollution, salvage 
property, protect highway equipment, etc.), the nature of the accident and the coverage and 
record of enquiries at the site, etc. In such a way it can regulate the status of the traffic 
accident database and interconnect with the database. 

3.8. Resource maintenance subsystem 
This subsystem realises the operational function of the traffic accident database for 
managers. The long-term accident records will form a valuable data resource for handling 
all kinds of documents, which can supply resources for the management decision-maker 
and investigator to analyse traffic accident characteristics in expressway tunnels, and 
provide a basis for improving the level of control in expressway tunnels. In the emergency 
aid system, we can build three separate databases for human resources, material 
resources and social resources. The resource maintenance subsystem will be responsible 
for enquiries and statistics and improving and maintaining the databases. These data will 
provide a convenient data service for the rescue system. 

4. WORK FLOW OF ACCIDENT PREVENTION AND EMERGENCY RESCUE 
SYSTEMS FOR EXPRESSWAY TUNNELS 

The flow chart of accident prevention and emergency rescue systems for expressway 
tunnels is shown in Figure 2. The accident prevention and emergency rescue system for 
expressway tunnels is based on the monitoring and control system of the expressway 
tunnel of the emergency rescue command centre. 

During or after an accident, the traffic flow will be abnormal which will be automatically 
detected. When the staff in the control centre detect accidents by traffic state analysis, they 
will control the traffic to that section. At the same time, the road administration and point 
constables go to the site immediately to carry out field control and confirm whether an 
accident has occurred. If so, the emergency aid measures are implemented immediately. 

After an accident has occurred, the management staff in the monitoring centre find the 
accident in the area covered by CCTV. The accident victims or witnesses can raise the 
alarm on the emergency telephone in the tunnel section of expressway or by cellphone. 
The traffic police or the patrol car of the road administration department gives an alarm call 
on the car telephone. After receiving an accident alarm, the emergency rescue command 
centre immediately records the accident information, including time, place, accident type, 
accident description and so on, makes a preliminary analysis and confirmation, and the 
emergency rescue pre-project will be generated automatically. At the same time, the 
accident information and related traffic control or guide information will be issued through 
the information system. After the road administration department and traffic police have 
confirmed the accident type at the site, the accident type will be confirmed further, and the 
emergency rescue command system will give an emergency rescue project on the 
pre-project. Then the rescue orders will be issued through the communication system and 
the emergency rescue project will be carried out. According to the different rescue 
requirements and functions of departments, the accident and rescue requirement 
information will be distributed to all the relevant departments which are involved in the 
rescue. A major accident should be reported to the main department, which will give the 



command control orders. After receiving the accident report, all relevant departments do 
their work in association with the emergency rescue command centre. The situation at the 
accident site is transmitted to the command centre so that the emergency rescue command 
system can modify the rescue project in time. After the accident action is finished, the 
command centre issues an order that the action has ended, and the traffic system returns 
to normal. At the same time, the command centre will record a detailed accident rescue 
treatment report and analyse the treatment result.  
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Figure 2. Flowchart of Traffic Accident Prevention and Emergency Rescue System 
of Expressway Tunnels. 



5. APPLICATION 

As a part of the Beijing-Zhuhai National Trunk Line, the Gantang-Wengcheng section in 
Guangdong Province is the national and Guangdong provincial key project, which was built 
in 1998 and opened to traffic in January 2001. This section is 54.21 km long, and has three 
long tunnels (Kaoyishan Tunnel, Dabaoshan Tunnel and Baolinshan Tunnel) and one short 
tunnel (Wulongling Tunnel).The total length of the tunnels in this section is about 24 km 
which is 45% percent of the length of the Shaoguan section. The geography of this section 
is high mountain and foothill landform and the design speed of the tunnel on this road 
section is 100 kph. Electrical storms often occur in this section, which belongs to the 
thunderstorm and foggy zone. Because there are high side slopes and a great deal of 
heavy-duty vehicles, this section belongs to the accident and hidden hazard area. 

The tunnels are basically complete at present. The electromechanical system cost 
approximately ¥20 000 000 and the monitoring and control system cost about ¥ 12 000 000 
(not including electric power). In the tunnels, the electromechanical system is equipped with 
a ventilation control system (composed of a CO monitoring instrument, visibility meter, wind 
gauge, jet fan, ventilation power box, etc.), a lighting control facility (composed of a light 
intensity monitor, local control instrument, etc.), automatic fire alarm system (composed of 
temperature-sensitive copper tube, detector and local control), a closed-circuit television 
system, a traffic monitoring system, emergency telephone system, fire-fighting equipment, 
etc. In the Shaxi Tunnel, a monitoring centre was established to manage the operation and 
facilities of tunnel. 

At present, if an accident occurs in the tunnel section, the staff in monitoring centre can find 
the accident in the area covered by the closed-circuit television system. The victim, 
witnesses, or the patrol cars of the traffic police and road administration inform the 
monitoring centre of an accident. Then the monitoring centre informs the road 
administration, traffic police and other related departments where the site is to confirm the 
accident type and prepare the rescue project according to the actual situation. At the same 
time, the monitoring centre will control the traffic control in the affected area. Finally, the 
centre will record and file the type, cause and other information in the traffic accident 
database. 

The existing facilities in tunnels of the Shaoguan section of the Jingzhu Expressway does 
not completely meet the requirements of accident prevention and emergency rescue, nor 
reducing the response time of emergency rescue, increasing the rescue reliability, 
resuming traffic movement in the tunnels, decreasing the direct and indirect economic 
losses and casualties. So on the basis of existing facilities in the expressway tunnels, it is 
necessary to construct a set of accident prevention and emergency rescue systems to 
accommodate the traffic characteristics of the Shaoguan section and meet the traffic 
requirements to improve the efficiency of accident prevention and rescue through intelligent 
information systems. 

6. CONCLUSIONS 

The traffic accident prevention and emergency rescue system is an important part of ITS, 
and we should give our attention to the following aspects:  



1. As the traffic accident prevention and emergency rescue system is an important 
constituent of ITS, it requires the application of advanced technology and administration 
methods. Traffic security administration should be linked to other aspects of traffic 
administration to fully utilise the system's efficiency and increase the expressway traffic 
security level. 

2. A traffic accident prevention and emergency rescue system of an expressway tunnel 
requires advanced information, control and network information technology and the 
integration of related systems so as to share the traffic information widely and bring all of 
them into play. A common information system that meets all requirements should be 
established. 

3. The control and administration of dynamic traffic information is the core of traffic accident 
prevention and an emergency rescue system of expressway tunnels, and the authorities 
should further develop the collection, transmission and analysis aspects to ensure the 
system’s proper operation. 

4. The establishment of an accident prevention and emergency rescue system for 
expressway tunnels not only depends on the installation and use of equipment, but also on 
the broad support of society, especially adherence to traffic rescue regulations and the 
enhancement of civil consciousness.  

7. REFERENCES 

[1] Davies B., Attia J. L. and Fremont, G. 1994. Automatic Incident Detection though 
Video Picture Analysis. Proceedings of the 1st World Congress on Applications of 
Transport Telemetric and Intelligent Vehicle Highway Systems, 2809-2814. 

[2] Persaud, B. N. and Hall, F. L. Hall. 1989. Catastrophe Theory and Patterns in 30 
Second Freeway Traffic Data: Implications for Incident Detection. Transportation 
Research, 23A(2):102-113.  

[3] Solomon, M. A. Review of Automatic Incident Detection Techniques. Advanced 
Program Technical Report NU-1d. 1-1, Transportation Center, Northwestern 
University.  

[4] WANG, Yicai. 2000 Tunnel Engineering. Beijing: The People’s Traffic Publishing 
Company. 

[5] YANG, Xiaoguang. 1998. Incident Prevention and Emergency Rescue System for 
Freeways. Journal of Highway and Transportation Research and Development, 
15(4):46-51. 

[6] ZHANG Xuejin and YU, Jianhua. 2002. Research on the First Aid System of 
Expressway Accidents Based on GIS. Journal of Sichuan University of Science and 
Technology, 21(4):21-24. 

[7] ZHANG, Yuhua. 2000．The Management and Maintenance of Expressway Tunnel 
Safety Assurance System[J]．Shanxi Science &Technology of Communications, 
2003, 12(A02):66-67. 

[8] ZHU Xiaoning and Li Wenqing. 2003. Study of Intelligent Management Systems for 
Urban Traffic Safety. China Safety Science Journal, 13(7):49-51. 


	Plenary Presentations
	Seoul Transport Reform and Information Technology for Public
	Training – The Way to Success
	Mobility Management: Innovative Management Strategies to Tra

	Session 1A: Provincial and Municipal Transport Issues
	Creating a Positive Public Transport Legacy from the 2010 FI
	World Cup Initiatives in Johannesburg: Implementing the ITP
	World Cup Projects in Ethekwini Metropolitan Municipality
	World Cup Projects in Nelson Mandela Metropolitan Municipali

	Session 1B: Infrastructure Engineering
	Towards a Better Understanding of Soluble Absorbed Water Dis
	Quantifying Uncertainty in Road Pavement Design by Simulatio
	Recent Research on the Erodibility of Subbases under Concret
	Study of a Suitable Structure of Cement Concrete Pavement fo
	Study of the Concept of Porous Concrete for use on Airport R
	Assessment of Grouted Glass Fibre-Reinforced Polymer (GFRP) 
	Heavy Vehicle Simulator (HVS) Evaluation of Load Transfer Ef

	Session 1C: Public Transport
	The Potential of Electric Bicycles to Provide Low Cost Trans
	Towards a Safer Minibus Taxi Industry in South Africa
	The UCT Student and Staff Transport System: A Case Study
	Coping with Demand for Urban Passenger Transport in Zimbabwe
	The Improvement of Public Transport Operational Performance:
	Rural Public Transportation: An On-Board Survey of Transit u
	Developing the Gauteng Inter-Governmental Transport Charter:

	Session 1D: Aviation / Maritime
	The Strategies and Actions that the Air Traffic and Navigati
	The Aviation Security Challenges Facing South Africa in the 
	What South Africa Needs to do to Implement the Provisions of
	The Preparations that the Airports Company of South Africa (
	Maritime Transport in the Context of the Maritime Sector in 
	Capacity Building for Countries in Transition
	The Potential of Maritime Corridors in SADC
	Events Leading to, and the Implementation of Maritime Securi
	Regulatory and Implementation Challenges in Implementing Mar

	Session 2A Transport Planning
	Methodological Problems in the Analysis of Changing Habitual
	Evidence of ‘Churning’ Traffic Streams in Cape Town: Implica
	The N1 Corridor Cape Town: An Integrated Multimodal Transpor
	The Role of Transport Planning in the Quest for Sustainable 
	‘Transit Oriented Development’: A Strategic Instrument for S
	Unravelling Travel Costs: Towards Improved Data Collection a
	Harnessing Innovation in Passenger Transport Research in Afr

	Session 2B: Infrastructure Engineering
	Sustainability and Future of Swaziland’s Road Infrastructure
	Estimating Tools for Infrastructure Projects
	Performance of Labour-Based Surfacings
	Insights into Pavement Material Density and Strength
	Effects of the Structural Composition on the Performance of 
	A High-Accuracy Calibration Method for Thickness Measurement
	Experimental Study and Numerical Simulation Analysis of the 
	Commonwealth of Virginia’s (USA) Implementation of Stone Mat
	Study on the Quantificational and Correlation of Gradational
	Study of Microstructural Finite Element Modelling of Asphalt

	Session 2C: Capacity Building
	The Significance and Challenges of Building Research Capacit
	Challenges for Capacity Building in the Civil Engineering Pr
	Gender Dimensions in Capacity Building (in the Transport Sec
	Skills Audit Findings and Key Recommendations for Infrastruc
	Capacity Building in the Transport Sector – A NEPAD View
	ACSA: Gearing up for the 2010 Soccer World Cup
	CAA: Gearing up for the 2010 Soccer World Cup and beyond
	Counting Down to the 2010 World Soccer Cup: Fast-Tracking Ca
	Capacity Building and Development for Transport and Infrastr

	Session 2D: Traffic Engineering
	Roundabouts – An Updated International Perspective
	Right Turns at Intersections: Are there Safer Alternatives?
	Proposed Policy for Engineering Service Contributions to Mun
	Traffic Signal Master Plan for Ekurhuleni – A Practical Appr
	Flow Characteristics of South African Freeways
	Evaluating Parking Requirements in South Africa with Specifi

	Session 3A: Traffic Management and Safety
	Fatal Road Crashes, Contributory Factors and the Level of La
	An Accident Prevention and Emergency Rescue System for Expre
	AARTO – The Key to Ensuring Successful Road Safety Systems
	Project Prioritisation for Safer Journeys to School in the C
	2010 - The Need to Provide Safe and Secure Non-Motorized Tra
	The Urgent Need for Specialised Training in Motor Vehicle Ac
	Executive Coaching for Traffic Law Enforcement Officials
	Introducing Learner’s Licence Testing at Secondary School Le
	Ways of Reducing Accidents on South African Roads

	Session 3B: Rail and Transport Logistics
	Implementing the New National Freight Logistics Strategy for
	National and Regional Corridors
	Challenges of the New National Freight Logistics Strategy fo
	Ten Questions for South African Railway Stakeholders
	A Life Cycle Cost Analysis of the Gauteng to Durban Freight 
	Revisiting the Road versus Rail Debate
	South African Logistics Industry Update
	Trends in Warehousing and Distribution
	Supplier Parks for the Automotive Industry
	Research into a Risk Identification and Evaluation System fo

	Session 3C: 5th SA-China Transport Technology Forum
	Invited Speaker from China
	Invited Speaker from South Africa
	The Analysis and Proposal on Early Cracks of 13M Pre-Cast Re
	Integrated and Optimization Management of Multi-Category Tra
	Analysis on the Traffic Problems and Research on the Traffic
	Architecture Analysis of a Three-Dimensional Highway Real-Ti
	Architecture Design of Civil Infrastructure Management Syste
	Brief Analysis of Highway Construction and Environmental Pro
	Study on Bearing Performance of Large Diameter Bored Hollow 
	Effect of Girder Shrinkage and Creep on the Stresses in Deck
	Overview of Road Maintenance Technology in China
	Research on The Urban Traffic Problems Caused by Motorcycles
	Changjiu Highway Construction and Landscape Design

	Session 4A: SAICE Course
	ITE – Professional Traffic Operations Engineer (PTOE) No Doc

	Session 4B: CAEA Workshop and Site Visits
	CAEA Workshop and Site Visits No Documentation

	Committee
	Copyright & Disclaimer
	Referees
	Support
	Search
	Exit

	page0: 388
	page1: 389
	page2: 390
	page3: 391
	page4: 392
	page5: 393
	page6: 394
	page7: 395


