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As cities continue to develop, traffic pressure is increasing. To alleviate this pressure, urban rail construction has
been vigorously promoted, with subway projects constantly underway in cities. Ensuring safety, speed, and high
quality during subway construction has become a key requirement for construction technology. The shield tunneling
method is a primary construction method for subways. Understanding shield tunneling technology is crucial for suc-
cessful subway construction. Mastering its working principles and construction characteristics allows for better ap-
plication in subway projects.

1. Advantages of using the shield tunneling method in subway construction

The shield tunneling method significantly improves construction safety and offers remarkable results. Compared to
other construction methods, it aligns better with current environmental protection principles. Furthermore, it boasts
rapid construction speed, high quality, and substantial cost savings, making it a primary method for urban subway
construction. Highly skilled construction companies have mastered this method thoroughly, and with innovative ap-
proaches, it can effectively serve urban subway development.

(1) High safety. The shield tunneling method is generally carried out underground, which can effectively ensure
the normalization of the ground surface, and will not affect people's daily travel or normal life. It will not be unable
to start construction due to the influence of some seasons and climate. The external conditions of the ground surface
cannot affect the underground construction of the subway. Therefore, this method can effectively ensure the con-
struction progress.

(2) High work efficiency. The implementation of the shield tunneling method generally uses very advanced equip-
ment. From the design stage, professional personnel conduct road surveys and analyze specific data to complete
excavation, support, soil removal, and lining work in one go. Therefore, it can save a lot of time and improve the
overall progress of the project. In particular, the selection of large-scale machinery can effectively improve the on-

DOI: 10.26855/telm.2026.06.003 10 Transportation Engineering and Logistics Management

Note: The article was originally published in Journal of Electrical Engineering and Automation, and this is an authorized translation of
it.


https://www.hillpublisher.com/Journals/telm/

Mengli He, Lin Su

site construction conditions and greatly liberate manpower. This is also a solution for the current modernization of
society. Mechanized equipment can maximize the guarantee of the original construction quality and avoid the safety
hazards of subway projects due to poor construction quality. It can also give users a sense of security.

(3) Less Harmful Effects. Shield tunneling is generally conducted underground, thus having minimal impact on
people's daily lives. Compared to other construction methods, it effectively reduces noise and vibration, minimizing
inconvenience, and does not disturb surface buildings. Generally, it also minimizes disruption to transportation that
requires crossing riverbeds or water surfaces. Therefore, the harmful effects of this method are minimal. The shield
tunneling method is highly efficient for subway construction. It can be used in very hard tunnels, and this superior
technology significantly improves the cost-effectiveness of construction, maximizing cost savings and achieving the
greatest economic benefits for urban investment.

(4) Better economic efficiency. This shield tunneling method can meet the needs of various geological structures
to the greatest extent. It does not require special personnel to collect and analyze data due to special geological
structures, which saves manpower and material resources. This can also save economic costs to a certain extent. It is
a very cost-effective construction operation in tunnel construction. Therefore, it is favored and adopted by many
construction units.

2. Advantages of tunnel boring machine technology

Shield tunneling technology has a history of over 170 years, dating back to 1823 when Bruno Leigh pioneered it in
the underwater tunnel project on the Thames River in London, England. Over these 170 years, through the efforts of
several generations, shield tunneling has evolved from a specialized technology used only in a very few developed
countries in Europe and America to a tunnel construction technology that is extremely common in developed coun-
tries and is gradually being adopted in developing countries as well. Shield tunneling has the following advantages:

(1) It has little impact on the normal functions of the city and the surrounding environment. Except for the con-
struction of the shaft, the construction work is carried out underground. There is no need for demolition and it does
not affect the ground traffic. Therefore, it has little impact on the city's commerce, transportation and residence. It
can also reduce the noise and vibration impact on nearby residents; (2) The main processes such as shield tunneling,
soil removal and lining assembly are carried out in cycles. The construction is easy to manage and there are relatively
few construction personnel; the amount of earthwork is small; it can pass through buildings and rivers in the deep
part. When crossing the river, it does not affect navigation; the construction is not affected by weather conditions
such as wind and rain; in places with poor geological conditions and high groundwater levels, the shield tunneling
method has high technical and economic advantages in building tunnels with greater burial depth; (3) It is safe.
During the construction process, the mechanical construction can be controlled by computer. The degree of mecha-
nization is high, the construction accuracy is high, the tunnel shape is accurate, and it is safe and reliable. It reduces
the risk of manual tunneling underground, the labor intensity is low, and the progress is fast; (4) It is of good quality.
The shield tunneling adopts mechanized construction, which can achieve durability in terms of quality; it can pass
through various buried objects and existing tunnels underground without causing adverse effects on them. Construc-
tion generally does not require groundwater dewatering or other measures, and the groundwater level can be main-
tained. The tunnel boring machine can be designed, manufactured, or modified according to the characteristics of the
tunnel, such as its cross-sectional size and burial depth, as well as the basic conditions of the surrounding rock.
Therefore, this method is a proprietary method suitable for a specific section.

3. Steps of shield tunneling construction

The shield tunneling method involves complex procedures and requires high precision and technical expertise. The
main construction steps are as follows: A starting shaft and an arrival shaft (or assembly/disassembly chamber) are
constructed at the beginning and end of the tunnel, respectively. The shield is assembled and positioned in the end
shaft. The ground at the tunnel entrance is reinforced. The shield is pushed out of the opening in the starting shaft
using the thrust of the shield jacks (acting on the assembled lining ring and the rear wall of the starting shaft) (this
step is called shield exit). The shield advances along the designed axis through the ground, continuously excavating
soil and installing lining segments. Grouting is injected into the gaps behind the lining to prevent ground movement
and fix the lining ring position. The shield enters the terminal working shaft and is dismantled (this step is called
shield entry). If necessary, the shield can pass through the working shaft or the tunnel station before advancing further.
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The tunnel boring machine (TBM) excavation process can be divided into four stages: 1) Negative ring section ex-
cavation (from the moment the shield is assembled and close to the tunnel segments until the shield tail leaves the
inner wall of the exit shaft); 2) Exit section excavation (from the moment the shield tail leaves the inner wall of the
exit shaft until it leaves 40m from the inner wall of the exit shaft); 3) Normal section excavation (from the end of the
exit section excavation to the start of the entry section excavation); 4) Entry section excavation (from the moment
the shield opening is 5 times the shield diameter from the outer wall of the entry shaft until the shield enters the
foundation).

4. Initial support

(1) Hollow grouting anchor bolts. Hollow grouting anchor bolts are used in the circumferential direction of the tunnel
arch. The circumferential anchor bolts are designed as 25 hollow grouting anchor bolts. Each anchor bolt is 3.50m
long and arranged in a staggered pattern with a spacing of 1.0 X 1.0m. The ends of the anchor bolts are made of 8mm
thick steel plates with a size of 20 X20cm as pads. The anchor bolt drilling platform is used to drill the holes. After
drilling, the holes are flushed with high-pressure water. Then the anchor bolts are placed into the drill holes. The
early-strength quick-setting mortar is injected into the surrounding rock through the hollow anchor bolts to consoli-
date the surrounding rock. Before grouting, the anchor holes are plugged with grout stop plugs to prevent mortar
leakage. The steel pads can be installed only after the early-strength mortar has reached a certain strength.

(2) Mortar anchors. 1)The core soil sidewall of the arch is supported by shotcrete and mortar anchors. The anchors
are made of 20mm high-strength silicon steel with 22mm threaded steel bars. The anchor length is 1.0m and the
spacing is 1.0m X 1.0m. 2) A simple self-made operating platform frame is used. A YP-28 pneumatic rock drill is
used to drill holes. The rock debris in the hole is blown away with high-pressure air. Then, early-strength cement
mortar is injected into the anchor hole using a grouting machine. 3) For downward anchor bolts, insert the grouting
pipe into the bottom of the hole, then grout while pulling the grouting pipe outward until it is full; for upward anchor
bolts, use the venting grouting method, fix a soft plastic venting pipe with an inner diameter of 4-5mm and a wall
thickness of 1-1.5mm along the entire length of the anchor bolt to the bolt body, leaving a margin of about 1m outside
the hole; slowly send the anchor bolt into the hole to the designed position; fix a thin-walled steel pipe with a length
0f 250-300mm and an outer diameter of about 25mm at the hole opening with early-strength or ultra-early-strength
cement and seal the hole opening; before grouting, check the venting pipe. Grouting can begin when the grouting
pipe is confirmed to be unobstructed. Under normal circumstances, gas will be discharged during grouting. Grouting
can be stopped when the venting pipe stops venting or when thin grout overflows; use early-strength mortar to shorten
the installation time of the pad and speed up the project progress.

(3) Installation of steel mesh. The initial support steel mesh uses 6.5 and 8 steel bars, which are tied and spot
welded at 20cm intervals. Before use, the steel mesh is cleaned and rust-free, and pre-spot welded into mesh sheets
on site. After spraying a layer of concrete on the surrounding rock surface, it is installed and laid according to the
undulation of the sprayed surface. The steel mesh should be firmly connected to the anchor rods and should not shake
when spraying concrete.

(4) Steel frame fabrication and installation. 1) Install one 120b I-beam steel frame at 50 cm intervals. The 114 I-
beam in the central partition wall guide tunnel and the 120b I-beam in the arch must be firmly connected and con-
nected to the circumferential anchor rods. 2) Before installing the steel frame, anchor rods must be installed first.
After hanging the wire mesh, spray a layer of concrete first, and then install the steel frame. The steel frame is welded
to the circumferential mortar anchor rods or hollow grouting anchor rods. After welding, spray concrete in layers
according to the design requirements. 3) The steel frames are connected with 22 steel bars at a circumferential spacing
of 0.8m. Cross-connecting steel bars are added at 1/3 of the arch waist to prevent the steel frame from tilting in one
direction. The steel frame is fully welded to the longitudinal 22 steel bars, and the steel frame is fully welded to the
connecting steel plates. The connecting steel plates are first connected with M 16 bolts and then reinforced with spot
welding. The gap between the steel frame and the rock surface must be filled with sprayed concrete to prevent the
steel frame from having point support and uneven stress.

5. Key Technical Points of Subway Tunneling

(1) Key technical points of tunnel entry section construction. 1) Advancement of the tunnel entry section. The tem-
porary wall at the tunnel entrance generally does not have the strength to allow the tunnel boring machine to continue
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excavating using the usual methods. The soil chamber pressure, thrust, and tunneling speed should be adjusted ac-
cording to the structure of the temporary wall, and care should be taken not to damage the temporary wall. 2) Con-
firmation of temporary wall removal. After entering the tunnel, removing the temporary wall may damage the geo-
logical improvement effect of the tunnel entry section. Therefore, before removing the temporary wall, it is necessary
to confirm whether the water around the tunnel segments has been cut off. 3) Tunnel entrance radius check. When
the tunnel boring machine enters the tunnel, it may get stuck at the tunnel entrance position due to the small radius
of the tunnel entrance. Therefore, it is necessary to check the radius of the tunnel entrance in advance and take
measures to ensure its clearance. 4) Adjustment and protection of the tunnel entrance fan-shaped pressure plate. When
the tunnel boring machine enters the tunnel, the rotation of the cutterhead may damage the curtain rubber plate or
cause the fan-shaped pressure plate to shift. Therefore, when the tunnel boring machine enters the tunnel, attention
should be paid to the protection of the curtain rubber plate and the tunnel entrance fan-shaped pressure plate should
be adjusted in time.

(2) Key points of shield tunneling construction technology. During shield tunneling, it is essential to ensure the
stability of the working face based on the surrounding rock conditions, appropriately adjust the stroke and thrust of
the jacks, and accurately tunnel along the predetermined route. The following points should be noted during tunneling:
1) Correctly use the required number of jacks and their important positions to generate thrust and ensure they travel
along the designed route, with necessary corrections. 2) The stability of the excavation face should not be compro-
mised. Generally, advancement should be carried out immediately after excavation or simultaneously with excavation.
The distance of each advancement can be the length of one ring of lining or a fraction of the length of one ring of
lining, with an advancement speed of approximately 1020 mm/min. After the lining is assembled, excavation or
advancement should commence immediately to minimize the exposure time of the excavation face. 3) The lining and
other rear structures should not be damaged. During advancement, the thrust of the jacks should be maximized ac-
cording to the strength of the lining components. To prevent excessive thrust from each jack, it is best to use all jacks
to generate the required thrust. In situations involving curves, inclines, declines, or corrective serpentine maneuvers,
sometimes only local jacks can be used; therefore, the number of jacks used should be increased as much as possible.
When the thrust applied may damage the lining or other supporting structures, the lining should be reinforced or
appropriate measures taken. 4) To ensure the shield tunnel advances correctly along the planned route and to prevent
deviations, veers, and pitching, centerline and longitudinal profile measurements should be conducted on the ground
surface before shield tunnel construction to establish the necessary benchmarks for construction.

In conclusion, understanding the shield tunneling method is crucial for better subway construction. Mastering its
working principles and construction characteristics will enable its better application in subway projects.
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