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Abstract: In the course of construction of Hong Kong-Zhuhai-Macao Bridge, many works were proceeded simultaneous, such 

as ballast water tanks and steel seal door removal and transshipment, ballast concrete pouring, site clearance, ventilation, lighting 

installation and so on. In this paper, we combined with the construction of the immersed tunnel to discuss the safety management, 

which can be a reference for similar projects. 
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1. Introduction 

The Hong Kong-Zhuhai-Macao bridge immersed tunnel is 

the first offshore immersed tunnel built in China, the longest 

highway immersed tunnel and the only deep-buried 

immersed tunnel in the world. It realizes the conversion 

between bridge and tunnel, which is the most complicated 

and difficult part of bridge construction technology, and that 

is extremely challenging [1]. There are many constructions in 

the immersed tunnel, and the construction procedure is 

complicated, so it is difficult to guarantee the safety 

management. In this paper, safety management experience in 

immersed tube tunnel is discussed from seven aspects, 

including safety management, ventilation management, 

electricity management, fire control management, safety 

protection, monitoring and communication, and civilized 

construction, so as to provide reference for similar projects in 

the future. 

2. Project Overview 

The immersed tunnel of HongKong-Zhuhai-Macao bridge 

project starts from the Lingdingyang boundary between 

Guangdong and HK, crosses the tonggu channel and lingding 

west channel at the mouth of the pearl river, and ends at the 

west end of the non-navigable bridge at the junction of the 

West Artificial Island. The tunnel is 5990m in length and 

consists of 33 immersed pipe joints. The standard length of 

the pipe joint is 180m and is prefabricated by the factory 

method. The immersed pipe prefabrication plant is located in 

guishan island, about 7 nautical miles away from the 

construction site. The prefabricated pipe joints are floated to 

the installation site one by one to be lowered and connected 

with the buried section of the artificial island or installed pipe 

joints [2]. After the completion of the connecting, the outer 

backfill of the pipe shall be carried out immediately, and then 

the relevant operations in the tunnel are carried out. 

3. Tunnel Personnel Access Security 

Management 

The construction of the immersed tube tunnel is divided 

into different working areas. There are numerous constructor 

and the construction is complex, especially the personnel 

entering and leaving the tunnel has caused certain difficulties 

in safety management. 

The traditional personnel management mode is to assign a 

full-time doorkeeper to do personnel registration at the tunnel 

entrance, or let the passers in and out of the tunnel do the 

registration by themselves. There are many inconveniences in 

this way, such as not registering and wrong registering, 

which are caused by many people coming in and out at the 

same time. It is unable to record the specific time of entry 

and exit, let alone make real-time statistics on the personnel 

in the tunnel. To solve these problems, the project department 
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specially introduced "Tunnel Personnel Attendance Safety 

Management System". 

(1) "Tunnel Personnel Attendance Safety Management 

System" adopts the world's most advanced, open 2.45g RFID 

technology, which can achieve real-time control of the tunnel 

entry personnel [3]. The implementation of all these can be 

done just by pasting a coin-sized chip inside the helmet, 

which pre-record the name, type of work, team and other 

basic information of construction personnel. Once someone 

enters the tunnel, the chip attached to the helmet will 

continuously transmit microwave signals to the system, the 

LED screen at the entrance of the tunnel will immediately 

display the information of the person. Specific times of entry 

and exit of each person can be displayed on the screen . 

(2) For outside visitors to enter the tunnel, they need to 

sign the "tunnel visit approval form" issued by the general 

manager, hold the "tunnel visit approval form" and make 

strict registration at the tunnel entrance before entering, and 

all the people entering the tunnel should wear helmets and 

reflective vest. 

(3) In order to avoid chaos and injuries caused by vehicles 

and personnel entering and leaving the tunnel at the same 

time, the entrance and exit of the tunnel are divided into 

roadway and sidewalk, to avoid the contact between vehicles 

and pedestrians and ensure the safety of entering and exiting 

the tunnel. 

4. Ventilation Safety Management 

Different from ordinary tunnel excavation, 

Hongkong-Zhuhai-Macao bridge tunnel project adopts sunk 

cement pipe docking method. After each sunk pipe docking, 

the end steel seal door shall be removed. During the 

demolition process, harmful gas and smoke are emitted from 

the carbon arc air gouging operation. If not removed in time, 

it will affect the health of the construction personnel. And the 

tunnel is in a semi-closed state, it is not easy for air 

ventilation, tunnel construction dust and vehicle exhaust 

emissions will cause air pollution inside the tunnel, which 

will pose a threat to workers health and safety. 

To this end, the project department installed high-power 

axial flow fans with a diameter of nearly three meters on both 

sides of the tunnel. Huge ventilation pipes were set up at the 

top of the tunnel to continuously deliver fresh air to the deep 

tunnel [4]. A number of large exhaust fans were placed at 

each construction site to discharge harmful gas and smoke 

out of the tunnel in time. 

In order to prevent the exhaust gas from entering the 

tunnel again, the project department also adopts the method 

of "blocking", and sets smoke curtain at the entrance of the 

tunnel to separate the fan inlet from the exhaust gas outlet, to 

ensure that the air entering the tunnel is fresh and 

pollution-free. 

In order to ensure the ventilation effect, the project 

department has set up a ventilation team. The team members 

must be proficient in ventilation system performance, strictly 

abiding by the operation rules and only after passing the 

training and assessment can they actually work. Ventilation 

team members conduct ventilation safety inspection every 

day, and immediately repair the bending and breakage of 

ventilation pipes. Special personnel will be arranged to use 

air detection instruments and PM 2.5 air quality detectors to 

monitor air quality in the tunnel every day [5], and the test 

results will be publicized at the entrance of the tunnel. Once 

the air quality exceeds the standard, the construction 

personnel will be informed to take protective measures or 

evacuate in time, and ventilation of the working areas shall 

be carried out immediately. 

In addition, in order to keep the tunnel workers healthy, the 

project department has specially equipped the tunnel workers 

with self-suction dust respirators. In order to strengthen the 

emergency treatment of emergencies, the project department 

has installed two air respirators on the site. Once the on-site 

construction personnel have breathing difficulties, poisoned 

and other conditions, the air respirator shall be used 

immediately to supply air, and the construction personnel 

shall be organized to depart from the dangerous area to 

ensure their health and safety [6]. 

5. Tunnel Electricity Safety Management 

The TN-S system is used for power supply in the tunnel, 

and three-level control and two-level protection are 

implemented according to the requirements of the 

specification [7]. The switch boxes on the construction site 

are uniformly numbered, and the responsible person shall be 

clearly identified. The inside and outside of the switchbox 

shall be kept clean and tidy. The power line in the tunnel 

shall be inspected and repaired by a specially assigned person. 

During the inspection and maintenance, the power shall be 

cut off and the construction work units in the pipe shall be 

informed in time and the personnel shall be on duty. 

In order to strengthen the safety management of the 

switchbox on the construction site and ensure the safety of 

the construction electricity, the electricians shall inspect the 

switch boxes and wires every day [8]. 

6. Fire Safety Management 

The tunnel of Hong Kong-Zhuhai-Macao Bridge is 

completed by immersed pipe docking, and each joint of the 

immersed pipes is connected with a rubber water stop. Once 

fire in the tunnel causes damage to the water stop, seawater 

will leak into the tunnel, posing a threat to the life safety of 

the construction personnel inside the tunnel, and also 

immersing the tunnel, which are catastrophic. Therefore, it is 

necessary to strengthen the fire safety management in the 

tunnel, strictly control the fire source and combustible 

materials in the tunnel, and equip with enough firefighting 

facilities. 

6.1. Control Combustible Materials 

The removal of steel seal doors in the tunnel requires hot 

work, so the quantity of oxygen, acetylene or propane gas 
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cylinders should be strictly controlled in the tunnel. The gas 

cylinders should be stored in a warehouse on the artificial 

island. When the cylinders are needed, they should be 

transported to the temporary storage point of the tunnel and 

then to the operation area by forklifts. 

Inflammable and explosive articles such as gasoline and 

diesel shall not be stored in the tunnel. The fuel tanks of all 

types of vehicles must not exceed one third of their own fuel 

tanks. 

6.2. Fire Fighting Facilities 

There is an effective and sufficient number of fire fighting 

equipment in the tunnel. A 30kg trolley-type fire extinguisher 

is set at the junction of each sunken cement pipe, 2 dry 

powder fire extinguishers (4kg) are set at the water stop of 

each section, and 2 carbon dioxide fire extinguishers (4kg) 

are set at each box transformer. All of the facilities above are 

equipped with obvious signs [9]. 

6.3. Fire Source Control 

Whoever enters the tunnel shall not bring matches, lighters 

or other kinds of fire. If the visitors or inspectors carry such 

things with them, they shall store these fire sources in the 

safety deposit box at the tunnel entrance [10]. Anyone who 

needs to carry out fire operation in the tunnel shall go to the 

project department to get approval in advance. Fire watchers 

should be assigned at the scene of hot work, and 

combustibles near the working surface should be cleaned and 

fire extinguishers should be equipped [11]. 

In order to facilitate construction personnel to rest and 

smoke in the tunnel, the project department specially set up 

a smoking area in the tunnel, and made an electronic 

cigarette lighter according to the principle of automobile 

cigarette lighter. The cigarette lighter uses a battery as a 

power source, which is small in size, simple in operation, 

and avoids the fire hazard caused by open flame. The 

smoking area shall be equipped with fire extinguisher and 

stainless steel dustbin, and the cigarette ends shall be put 

into the ashtray uniformly. 

7. Immersed Tunnel Safety Protection 

Measures 

7.1. Safety Protection 

In the tunnel, sideways and roadway are set up to shunt 

people and vehicles shunt (figure 1). Standardized guardrails 

are used to separate the roadway from the sidewalks, 

reflective barriers are placed on two side ditches, and 

roadblocks are set up on one side of the sidewalk and 

connected by connecting rods. To improve the safety warning 

condition in the tunnel, warning lights are installed on the 

safety guardrails to remind passing vehicles and pedestrians 

to pay attention to safety [12]. Vehicles are uniformly parked 

in the designated parking space, and anti-slip car blocks are 

set. 

Standard pedals shall be uniformly used for temporary 

passageways in the tunnel. Cross-pipe corridor passageways 

shall be equipped according to the number of safe 

passageways designed. Adjustable height shall be adopted for 

the step ladder according to the structural characteristics of 

sunken pipe (figure 2). Safety warning signs are hung at the 

entrance of the safety passage, and guidance signs are set at 

the holes of walls [13]. 

 

Figure 1. The separation of people and vehicles. 

 

Figure 2. Step ladder standard. 

7.2. Safety Warning Signs 

According to the principle of internationalization and 

standardization, the safety warning signs in the tunnel are set 
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uniformly in accordance with the visual identification system, 

and referring to the “Standardization Guide for Highway 

Waterway Engineering Construction” and Japanese site. 

Large construction signs (figure 3) shall be posted at the 

tunnel entrance, including construction brief introduction, 

instructions for entering the tunnel, fire escape route, HSE 

management policy, hazard source identification and control 

method, operation schematic diagram, air quality and 

weather forecast, etc.. Each pipe joint in the tunnel shall be 

marked with a sign, safety warning signs shall be posted on 

both sides of the wall, safe passage ports and dangerous 

areas. 

 

Figure 3. Construction sign. 

8. Video Monitoring and Communication 

in Immersed Tunnel 

An industrial-grade high-definition camera capable of 360° 

rotation is installed at the entrance, exit and the important 

construction site of the tunnel. The 24-hour monitoring of the 

tunnel entry and exit personnel and the in-pipe operation is 

carried out, and the real-time picture in the tunnel is 

transmitted to the project general manager. The monitoring 

system can not only transmit image in real time, but also 

record automatically, and the whole construction process can 

be completely traced back [15]. As long as there is network, 

anyone can see the live construction situation at any place 

after logging in. 

In order to facilitate communication within the tunnel, 

wired telephone is installed in the dispatch room and tunnel 

entrance, and each pipe joint of the tunnel is equipped with 

one wired telephone [16]. 

9. Civilized Construction 

All construction shall apply for work area and work time 

in advance, and be surrounded by safety isolation measures. 

The materials in work area should be stowed neatly, and the 

waste should be sorted and cleaned out in time every day to 

ensure the site is clean and tidy [17]. 

With the continuous advance of the construction inside the 

immersed tunnel, the construction area continues to extend, 

and the task of on-site pavement cleaning is becoming more 

and more onerous. Manual cleaning will produce a certain 

amount of dust, which is not easy to discharge in the tunnel, 

causing harm to the health of operators. For this reason, the 

project department introduced a road sweeper. Road sweeper 

is a new type of high-efficiency cleaning equipment that 

integrates road sweeping, garbage collection and 

transportation. In addition to the chassis engine, the vehicle is 

equipped with a secondary engine. The four sweeping 

brushes are driven by hydraulic motor, with a variety of 
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supporting equipment such as fans, dustbin, and water tanks. 

The vehicle can achieve ground cleaning, dust collection and 

watering the ground after cleaning at one time. [18]. 

With the tunnel construction continues to advance, the 

operating place is getting further and further. For this reason, 

the project department has set up environment-friendly 

portable toilets near the construction area and special 

personnel are arranged to clean them every day. 

10. The Conclusion 

In this paper, the main points of safety management of 

immersed tunnel of Hongkong-Zhuhai-Macao bridge are 

expounded from seven aspects according to the construction 

situation. Improving economic efficiency, ensuring safe 

production, and reducing accidents are the eternal pursuit of 

construction management. Therefore, when it comes to safety 

management, people oriented is the foremost principle. The 

operating environment can be improved by using scientific 

and technological means to promote safety management, 

strengthening safety control, and adhering to standardized 

management and civilized construction. Only in this way can 

the safety of both personnel and construction of the 

immersed tunnel be protected. 
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