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In the rapid development of urban traffic, the small clearance interchange tunnel has always been a difficult problem for heavy-
duty railways, so special requirements are also put forward for materials. Bainite steel with excellent comprehensive mechanical
properties is considered to replace traditional high manganese, the best material for steel. This article first improves the process
of the material and analyzes the structural dynamics of the material through different isothermal cooling to analyze the
different performances of the material on the heavy-duty railway. Using traditional theoretical data analysis, theoretical data
calculation, numerical analysis simulation, and on-site engineering monitoring technical means is to complement the
construction of the soft rock underground tunnel in the subway section at the intersection of the small clear distance line to
the existing surrounding rock tunnel wall in the section. The degree of deformation affects the change law, and the related
technical issues of engineering control are analyzed. Finally, the control measures of full-face grouting reinforcement with steel
flower pipes and the final construction plan of constructing the left line, right line, and undercut section in sequence are
proposed. FLAC numerical simulation software was used to complete the feasibility evaluation of the control measures for the
deformation of the ground and lining induced by the construction of the cross tunnel. The results show that the maximum
deformation of the ground surface is reduced by 35.4% compared with no control measures, and the longitudinal deformation
range of the ground surface and the vault is reduced by 28.9%.

1. Introduction

Throughout the world of underground cities, the smooth
utilization, development, and comprehensive utilization of
public space in underground cities have been rapidly devel-
oped and gradually become an effective and important way
to effectively solve the serious crisis of underground
resources and local soil ecological environment pollution in
various underground cities. After our country has entered
the 21st century, our country’s underground and above-
ground urban rail transportation vehicle transportation sys-

tem infrastructure has initially entered a new stage of rapid,
healthy, and orderly development. According to statistics, as
of the end of 2016, a total of 30 major large- and medium-
sized cities in northern mainland China have completed
and opened underground and aboveground urban rail tran-
sit automobile public transportation, a total of 133 operating
subway lines, and a total of annual operating subway line
mileage. The maximum length is 4152.8 kilometers, of which
the cumulative operating mileage of Beijing Metro in 2016
was 3168.7 kilometers, accounting for 76.3%. Construction
of Nanning Metro began in 2011, and Line 1 was opened
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for operation in September 2016. Up to now, Nanning has
planned 8 lines, including 187 stations, 22 transfer stations,
and 4 vehicle lines.

With the continuous increase in the depth of under-
ground space excavation and planned mileage, the number
of stations and transfer stations will also continue to increase,
and the cross construction of two or more tunnels will
become increasingly apparent. In addition, due to the dense
high-rise buildings in the urban areas of our country and
the developed subway underground tunnel transportation
network, the building pile foundations, municipal tunnel
pipelines, underground tunnel structures, and other ancient
buildings during the construction of subway underground
tunnels have formed the use of space in the urban newly built
subway tunnels. Large space restrictions cannot be avoided
by design. Therefore, the probability of overlap between
new tunnels and existing tunnels is greatly increased. How-
ever, the continuous construction of the existing new build-
ing tunnels will cause great disturbance to the surrounding
building stratum structure, causing three or even four times
of large stress between the existing new tunnel and the struc-
tural stratum, causing the existing new tunnel and steel struc-
ture stratum to occur the stress adds a large internal force and
stratum deformation, causing sudden surface deformation
values, and there is a major construction risk. Excessive
deformation of the tunnel may directly cause the main struc-
ture of the existing domestic road tunnels to fail to fully meet
the road operation safety requirements, and the ground will
also have depressions. When severely damaged, road opera-
tions and traffic safety accidents will occur directly and cause
great operational safety hazards. In order to ensure the safe
and smooth operation of our country’s urban rail network
transportation, how to effectively supervise, control, and
accurately evaluate the direct impact of the delayed construc-
tion of urban new railway tunnels on the existing urban new
tunnels has gradually become a key academic research topic
today.

At present, the research on the influence of new energy
materials on the dynamic interaction between the surround-
ing rock and structure of the heavy-duty railway tunnel with
a small clear interval is mainly in these directions. Yanowitz
et al. layered the dolomite and rock limestone together and
performed a separate downgrading modulus treatment.
There was a problem that the dolomite rock surrounding
rock model hierarchical modulus was low. According to the
surrounding rock model ED (China Dynamics Yang) for
tunnel engineering along the Chengdu-Chongqing Railway
Modulus classification and quantitative model classification
processing system, the dolomite surrounding rock is sepa-
rately downgraded, which solves the problem of low dolo-
mite surrounding rock model classification modulus, but
the materials targeted in this direction are relatively limited
[1]. Correa et al. established a three-dimensional numerical
prototype virtual statistical model of the length of the subway
tunnel based on the various geological surrounding rock
deformation risk conditions in the domestic subway tunnel
site engineering design and the results of this research, and
calculated the collapse of the base layer of the domestic
subway exit tunnel through the tunnel numerical prototype

simulation, the design process of the surrounding rock defor-
mation during the construction, and the analysis of the
deformation process of the base layer of the subway tunnel.
After the design is completed, the exit tunnel of the existing
domestic subway tunnel station exit tunnel and the newly
built foreign existing domestic expressway Yangtze River
Bridge station tunnel subway base collapsed surrounding
rock statistics on the relatively large risk of construction
deformation due to the collapse of the arch bottom. It is con-
cluded that there may be a high-strength plasticity metro
tunnel arch underneath part of the area under the subway
arch of the newly built domestic existing expressway station
tunnel, and there may be a greater risk of deformation of
the surrounding rock when the base of the subway tunnel
collapses. There is a certain amount of simulated data [2].
In the actual construction design stage of the railway elevated
tunnel project, Yamada et al. formulated practical and feasi-
ble overall construction technology according to the actual
construction situation of the weak layer and the horizontal
hard rock layer in the railway tunnel, in order to effectively
ensure the entire tunnel construction design project. Quality
and safety are effectively guaranteed, and a detailed discus-
sion of how the overall construction technology of the hori-
zontal hard rock layer of the tunnel should be applied in
the actual railway tunnel engineering construction design
process is given, but the research is too theoretical [3]. Liu
et al. conducted a comprehensive analysis of the movement
measurement of the local stress and deformation of the sur-
rounding rock structure of 8 underground tunnels located
in 12 shallow and deep buried sections of the underground
tunnel, and analyzed the tunnel surroundings of each section
of the shallow tunnel under the shallow and deep buried sec-
tion of the underground tunnel. The research and analysis
results of the local movement and deformation of the rock
structure’s overall movement law are compared and analyzed
in depth. The research and analysis of the overall local defor-
mation movement law of the surrounding rock structure of
each section of the underground tunnel is divided into the
first rapid movement displacement of the surrounding rock
of the underground tunnel-rapid movement displacement
stable deformation—slow motion displacement stabilizes
deformation—fast displacement stabilizes four different pro-
cess stages. Through the simulation of the statistical numer-
ical comprehensive analysis of the tunnel FLAC3D, the
method of supporting treatment of the advanced and late
construction conditions and the supporting method of the
advanced and late construction treatment and the supporting
method of the advanced construction support and the
advanced construction treatment method of the under-
ground tunnel are analyzed in depth. The overall local defor-
mation of the rock structure is directly affected by the
movement, and this analysis has not kept up with the back-
ground of the times [4]. Rynning et al. take the tunnel under-
neath the surrounding rock of the railway bridge section as
an example. It conducts on-site monitoring through the
deformation of the surrounding rock and performs necessary
numerical simulations. Through statistical analysis of the
experimental results, it can be seen that in the process of ran-
domly excavating objects, the displacement of the object
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section near the face of the object changes greatly, the maxi-
mum and minimum of the vertical square displacement are
at an arch, and the maximum and minimum horizontal dis-
placements are it is in an arched waist, and the material
requirements of this research are too low [5]. Sonntag, Based
on the situation of a large-scale railway branch tunnel in the
planning, construction and design stage, Sonntag D studied
the classification of surrounding rock and analyzed and
guided the construction design and planning of the railway
tunnel in combination with the thickness variation of the
tunnel surrounding rock and the influence of related factors.
At the same time, it provides an important reference and
evaluation basis for the construction evaluation of similar
tunnel projects, but the data used is not representative [6].
Sorgenfrei and Tsatsaronis take the railway sandy tunnel
deep-buried railway single-track tunnel railway surrounding
rock tunnel as the key object of the subject research; through
the numerical statistical measurement and analysis of the
measured railway load data of the railway surrounding rock
tunnel, the research establishes the railway based on the BQ
numerical calculation index. The numerical calculation and
analysis method of the measured load of the surrounding
rock, but the application range of this method for calculating
the measured load of surrounding rock is too narrow [7].

The two materials used in the main test materials in this
paper are the new Si-Mn-Cr series low- and medium-sized
carbon fiber low-alloy steel developed by Xihua University.
The low-alloy steel is heated under air-cooled and high-
pressure conditions. Bainite without activated carbonized
substance, through the contact fatigue strength test of the
roller rolling gear, the direct influence of the smooth differ-
ence between the roller load and the gear rolling on the roll-
ing contact fatigue test performance of the alloy steel used
in the switch fork machine of the heavy-duty high-speed
railway in China is studied. And further analyze the struc-
ture, phase, fracture morphology, and hardness change law
and explore the fatigue damage mechanism and fatigue
performance of heavy-duty railway frog steel. Using tradi-
tional theoretical data analysis, theoretical data calculation,
numerical analysis simulation and on-site engineering mon-
itoring combined technical means is to construct the soft
rock underground tunnel in the subway section at the inter-
section of the small clear distance line to the existing soft
rock tunnel wall in the section. The degree of deformation
affects the change law, and the related technical issues of
engineering control are studied in depth.

2. Overview of the Close Construction of
Subway Tunnels

2.1. Classification of Close Construction of Subway Tunnels.
The primary technical problem that the direct technical
construction of underground construction projects must
face in the near future is that the close construction of
new underground constructions may have a certain impact
on the original air stability performance of the underground
construction structure, breaking the original balance mode.
The main reason for the impact of this change is closest
to the essence. The continuous construction of the new sur-

rounding rock project may cause the stress system in the
solid surrounding rock to redistribute again and again, which
directly leads to a series of surrounding rock mechanical and
physical behaviors. This force characteristic is related to
many factors such as engineering and hydrogeological condi-
tions, engineering construction sequence, spatial position
relationship, and construction method, such as loading,
unloading, horizontal, vertical, and spatial different effects
under different conditions [8, 9].

Generally, the construction when the new construction
is adjacent to the existing construction and the construction
of the new construction may adversely affect the normal
function use of the existing construction is called the near
construction. When the new construction and the existing
construction are both tunnel constructions, those that meet
the above conditions can be defined as the adjacent con-
struction of the tunnel construction. From the perspective
of the construction location relationship of the grounding
space, the construction location of the short-distance
grounding of the tunnel can be divided into three kinds of
construction location spatial relations: one-way parallel,
overlapping, and two-way crossing [10, 11].

2.1.1. Side Wear. When a new tunnel passes through an
existing tunnel, the surrounding rock and stratum are dis-
turbed due to the construction of the new tunnel, and the
surrounding rock of the existing tunnel will also relax.
Therefore, the load on the lining of the existing tunnel will
increase. The lining structure will undergo a certain tensile
deformation to the new tunnel side, and biased pressure
may occur. In subway engineering, the side-crossing prob-
lem mostly belongs to section crossing or the foundation
pit crossing existing tunnel.

2.1.2. Underwear. When the newly built tunnels on both
sides pass through the lower intersection of the existing tun-
nels on both sides, the two tunnels are in a downward cross-
ing relationship. With the continuous excavation of the two
newly built line tunnels, the interlayer lining space structure
of the existing line tunnels may also continue to sink. At the
same time, due to the excessive settlement of the tunnel, it is
very likely that the gradient is unevenly distributed. The
main reason is the change in the positional relationship of
the interlayer space structure of the two tunnels. If the loca-
tion is different, the excessive settlement may cause the track
structure variation. The settlement value is too large to
exceed the tunnel management standard, resulting in the
temporary suspension of trains along the line.

2.1.3. Put on.When the new tunnel crosses the upper part of
the existing tunnel, the two tunnels are in an upward pass
relationship. With the excavation of new tunnels, due to
the unloading effect of the soil, the existing tunnels will
undergo vertical uplift deformation, which may be unevenly
distributed. If the deformation is too large, it will also bring
safety hazards to the safe operation of the train.

According to the way of crossing, it can be divided into
three types: up, down, and side. Underpass mainly refers to
crossing the existing sections, stations, buildings, bridges,
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pipelines, railways, highways, etc.; upward crossing mainly
refers to new projects crossing existing sections and under-
ground pipelines; side crossing can refer to new projects
crossing pile foundations or parallel tunnels, and their struc-
tural relationships are shown in Figure 1.

Here is a basic classification according to the characteris-
tics of the tunnel force conditions under different force ele-
ments of the remote connection time, space, and remote
connection construction method, which can be roughly
divided into two newly built simultaneous tunnels in the
short-distance and long-distance period. Two or more new
tunnels are short-distance close to each other during the
construction of two basic force types [12, 13].

The highway design requires that the new construction
of the existing highway tunnel is connected with the new
existing tunnel and the new highway tunnel is connected
in coordination with the new construction of the existing
highway tunnel according to the highway design require-
ments. The connection of the newly built highway tunnel
also occupies the relationship between the space distance
and the location of the tunnel as well as the mobile rate. It
is subdivided into three cases: parallel tunnels, overlapped
tunnels, and interlaced tunnels, as shown in Table 1.

Two or more new tunnels will be constructed at the same
time at a close distance. According to the spatial position
relationship between the new tunnel and the neighboring
existing tunnels, Table 2 further subdivides them into three
cases: parallel tunnels, overlapping tunnels, and intersecting
tunnels [14, 15].

2.2. Zoning of the Impact Degree of Close-Up Construction.
According to different classifications of close-range con-
struction of subway tunnels, the influence degree of con-
struction is also different. The extent of the impact of the
construction of a new project in the underground project
on the surrounding existing projects varies depending on
the spatial position and can be expressed by the degree of
proximity. At present, there are few researches on the adja-
cent tunnel engineering at home and abroad, and most of
them are based on a scattered specific project summary,
lacking systematic rules. The earliest method to study the
construction of short-distance connection engineering is
Japan. Due to the small land area in Japan, in order to make
full use of the existing underground resources, there are
many application cases of new tunnel connection engineer-
ing in the construction of short-distance connection engi-
neering. Promulgated the “Guidelines for the Close-up
Construction of Existing Railway Tunnels”, which has car-
ried out a more comprehensive and systematic theoretical
explanation of the research on the problems of the construc-
tion of the short-distance connection engineering tunnels,
and has directness in solving the construction problems of
the existing underground railway tunnels. This paper com-
prehensively analyzes and considers various factors such as
the building scale, construction design plan, geological space
movement relationship between the structures, engineering,
and ground hydrogeological objective conditions of different
newly built tunnel projects, so that the construction of differ-
ent newly built projects can be compared to the different

existing railways. The direct impact caused by the perfor-
mance of the structure is of different severity and can be
divided into four categories: the more specific and intangible
impact consideration scope, the attention consideration
scope, the consideration scope of measures taken when nec-
essary, and the careful consideration scope, as shown in
Table 3.

When a new line traverses an existing line, the division
of its proximity is shown in Figure 2.

For the construction of two or more crossing tunnels, it
is necessary to consider both the lateral impact range of the
new tunnel construction on the existing tunnel and the lon-
gitudinal impact range that may be affected. The vertical and
horizontal impact range of the existing tunnel by the new
tunnel is shown in Figure 3.

When the longitudinal oblique line of the new tunnel in
the existing tunnel overlaps with the area where the weak
damage of the existing tunnel is weakly damaged and the
damage is doubled, the intensity of the tunnel longitudinal
oblique line overlaps again. If the landslide strength of the
existing newly built new tunnel is weak and the damage
affects the damage hazard again and the longitudinal slash
of the tunnel overlaps again, then the strength of the newly
built longitudinal landslide of the existing tunnel is the weak
damage effect. The area of damage hazard is divided into the
intensity range, and at the same time, the part of the inten-
sity influence range is still not necessary to separately focus
on the comprehensive consideration of the strength rupture
effect of the newly built transverse landslide of the existing
tunnel [16, 17].

Regarding the new longitudinal landslide, it can be
divided according to the range of damage intensity. The for-
mat of the strength impact division criteria can be redeter-
mined according to the Moore-Coulomb strength division
criteria format and the potential longitudinal landslide
strength fracture cross section of the newly built longitudinal
landslide. The oblique angle of the fracture cross section is
generally 45° + φ/2. Among them, the division scope of the
hazard zone for the strength damage of the newly built lon-
gitudinal tunnel can be divided according to the longitudinal
oblique line of the newly built tunnel and the existing tunnel
in which the transverse oblique line of the new tunnel over-
laps the longitudinal oblique line on the main axis. The line
position is redivided to increase the 2D intensity influence
division range (D is the equivalent diameter of the newly
built tunnel). Among them, 2D is the depth range involved
in the oblique line deformation of the ground outside the
included angle of the tunnel fracture [18, 19]. In the same
way, the45° + φ/2stratum oblique line from the top of the
existing domestic newly built tunnel intersects the longitudi-
nal and horizontal axis of the domestic newly built existing
tunnel structure, which can be used to determine that the
existing domestic tunnel structure of the affected vertical
axis intersects the construction scope of the new tunnel, as
shown in Figure 4.

For the specific nearby construction of underground
engineering, the size of the existing tunnel and the newly
built tunnel and the design distance between the two are
known. According to the Moore-Coulomb failure criterion,
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the impact range of the nearby construction can be deter-
mined. The close construction of shield tunnels and general
undercut tunnels has similar rules [20, 21].

For a shield tunnel, along tunneling direction, the cutter-
head pushing pressure and cutterhead excavation have a dis-
turbance influence zone on the front soil. When there are

Dynamic train load Heavy haul rail way Railway damage Tunnel displacement

Train test tunnel Tunnel structure Wall rock defects

Figure 1: Analysis of the relationship between the various structures of the railway tunnel.

Table 1: Construction classification and engineering application of new tunnels adjacent to the existing tunnels.

Engineering applications Type

When constructing new tunnels in parallel with the existing tunnels and planning new subway lines Tunnel side by side

Due to the space conditions, the two tunnels must be built on top of each other Tunnel overlap

Due to space constraints, the two tunnels must be constructed in a staggered way Tunnel staggered

Pass through the existing tunnel from the upper or lower part of the existing tunnel. It is a
transfer node for multiple lines

Tunnel crossing

Table 2: Construction classification and engineering application of two or more new tunnels at the same time.

Engineering applications Type

Due to conditions, the two tunnels were constructed in parallel to the left and right at a
short distance. Usually, the two tunnels are mostly uplink and downlink

Side by side tunnel

Due to conditions, the two tunnels were constructed in close distance and overlapped with
the upper and lower ones, which are more common in the upper and lower lines of the tunnel

Tunnels overlap up and down

Due to conditions, the two tunnels were built diagonally and staggered at close distances. Tunnel diagonally staggered

Due to conditions, the space of the two tunnels is twisted and cross-constructed, which is mostly
seen in the simultaneous construction of two subway lines or the positional relationship between
the main line and the vehicle line

Tunnel space cross torsion

Table 3: Division and measures of proximity.

Proximity
division

Divide content Measure content

No influence
Do not consider the scope of the impact of new

construction on the existing structure
Generally do not take corresponding measures

Pay attention
to the scope

Usually no adverse effects but a certain range

Usually by adopting appropriate construction methods, based on
the monitoring data during construction combined with the allowable

values of displacement and deformation of the existing structure,
comprehensively determine whether to take other measures
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existing structures in this influence zone, it is the approach
construction. This process is the shield which passes through
the affected zone. At this time, the main moving soil body in
front is generally set to the pressure control state of the com-
pressed moving soil, and it can directly face the direction of
the upper shield tunnel construction area to introduce
another shield tunnel that is tangent to the existing shield
tunnel of the upper shield. The longitudinal shear of 45° −
φ/2 with the height of the tunnel horizontal plane passes
through the line of the failure zone. At this time, when the
existing tunnel of the upper shield machine intersects with
the shear failure zone in a straight line, it can be directly con-
sidered that the existing tunnel of the upper shield machine

has entered a larger area that passes through the influence
zone [22, 23]. In the same way, introduce a horizontal shear
line that is tangent to the existing shield tunnel passing
downward and is 45° − φ/2 to the horizontal plane of the
tunnel to pass through the failure zone. When the lower
shield tunnel has an existing shield tunnel and when the tun-
nel and this line have not been sheared and intersected, it
can be directly considered that the existing tunnel of the
upper shield has entered a larger area that passes through
the influence zone, as shown in Figure 5.

2.3. Analysis of Risk Factors in the Existing Tunnel
Engineering. Urban subway tunnel construction has a great

1.5D

1.5D

1.5D

3.0D

45°

45°

Pay attenction to the scope

Pay attenction to the scope2.5D

2.5D

2.5D

3.5D

Slide by side

1.0D 1.0D

Figure 2: Dividing the proximity of a new tunnel through an existing tunnel.

45°

Weak impact zone

Unaffected area

Existing tunnel

Figure 3: The existing tunnels affected by the construction of new tunnels.
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impact on the surrounding environment. The deformation
of the existing tunnels mainly depends on the engineering
and hydrogeological conditions of the tunnel, the character-
istics of the new tunnel, the characteristics of the existing
tunnel, and the spatial relationship between the new tunnel
and the existing tunnel. Among them, engineering hydroge-
ology is particularly important, which is an uncontrollable
factor. The spatial position relationship between new tunnels
and the existing tunnels is extremely sensitive to the defor-
mation of the ground and lining [24, 25].

Whether it is a new underground tunnel project or an
existing tunnel project, it is in a complex hydrogeological
environment. Taking Nanning as an example, the Quater-
nary stratum in Nanning area mainly includes fill, silty clay,
silt, silt sand, medium-coarse sand, round gravel, and peb-
bles; the lower bedrock is mostly soft rock, such as mudstone
and siltstone . The cohesive force of silty clay is 20~65 kPa,
the internal friction angle is 5~15°, and the characteristic
value of foundation bearing capacity is 90~220 kPa; the
cohesive force of silt clay is 15 kPa, the internal friction angle
is 10°, and the characteristic value of foundation bearing
capacity is 120 kPa. Among them, the characteristic value
of foundation bearing capacity indicates the maximum
allowable foundation pressure of the building foundation,
and if the pressure exerted by the foundation on the founda-
tion is greater than this value, excessive deformation may
occur [26].

In this paper, the length of the shield machine is consid-
ered to be 9m. Considering the larger model, the excavation
distance is 3m each time, that is, two ring segments. In the
process of shield tunneling, in order to maintain the stability
of the excavation surface, it is necessary to adjust the soil
pressure inside the shield machine’s soil bin from time to
time. In the actual construction process, the supporting
pressure is 0.25MPa. During the excavation of the soil of
each section of the tunnel, a supporting force of 0.25MPa
was added to the face of the tunnel at the same time. When
the shield machine enters the hole completely, the relevant
commands are compiled according to the process shown in
Figure 6 until the shield machine exits the hole [27].

On the one hand, the impact of the construction of the
new project on the existing subway tunnel is mainly trans-

mitted through the deformation of the interlayer soil. On
the other hand, the physical and mechanical properties of
the stratum in which the existing subway structure is located
also have a greater impact on the stratum deformation
induced by construction disturbance, and the deformation
will be transferred to the existing structure. Therefore, the
deformation of the soil between the newly built tunnel and
the existing tunnel during continuous failure is directly
related to the deformation value of the existing structure.
In areas with better stratum conditions, the structural defor-
mation of the existing subway tunnels induced by the con-
struction of new tunnels is small, while in areas with poor
soil mechanical properties, rich water content, and high
groundwater levels, due to the self-excavation of the new
tunnel construction, poor stability, resulting in increased
stratum deformation, and due to poor stratum mechanical
properties, the existing subway structure will deform even
more [28].

3. The Impact of New Energy Materials on the
Dynamics Analysis of Heavy-Haul Railways

3.1. Changes in the Performance of Steel Used in Heavy-Duty
Railway Frogs. After different heat treatment processes, the
hardness of steel used on the plosive of heavy-duty railway
is improved to some extent compared with that of the orig-
inal sample. At the same temperature of austenite steel inte-
grated treatment, the maximum hardness of the iron alloy
steel used on the frog of heavy-duty high-speed railway train
after air cooling is about 47.4 HRC, the highest hardness of
the steel used after heat treatment of isothermal boiler is
next, and the lowest iron hardness of the steel used after fur-
nace cooling is about 42.3 HRC. This is mainly because the
iron alloys used in China's high-speed railways cannot be
rapidly cooled, and the heat dissipation is slow, and the heat
dissipation performance of metal alloys and metal elements
such as carbon atoms and iron is poor. The rich carbon sul-
phide austenite will rapidly diffuse and transform to other
carbon-rich alloy martensite, which will increase the super-
heated and undercooled saturation of the structure of the
rich carbon alloy martensite, and improve the solid activity
and insolubility of the carbon contained in the steel during

Existing
tunnel

45°

New tunnel

Figure 4: Construction scope of new tunnels affecting the existing tunnels.
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the reaction of the main carbon-generating martensite heat-
ing process. In addition, the supercooling diffusion rate of
the iron and steel used on all types of train vehicle frog of
heavy-duty China high-speed railway is larger in air cooling,
and the steel generated by carbon mixture in steel species
has more understrip bainite, so the supercooling hardness
of steel is the highest. Since the steel in China's high-speed
railway has the slowest cooling diffusion rate in the furnace,
the cooling diffusion of carbon and other metal alloys is
insufficient, and the steel stays in the high-temperature envi-
ronment for a long time during the cooling process, so the
hardness is extremely small. The change rule of hardness
of steel sample used on heavy-duty railway frog after heat
treatment is shown in Figure 7.

When heat treatment is performed under isothermal
conditions, some metal alloys and nonmetallic carbons in
iron and steel used in frog vehicles for heavy-duty China
high-speed railway frog vehicles and train-mounted iron

and steel have low thermal diffusivity and heat dissipation
reaction capacity under isothermal conditions. It is not
possible to directly carry out high-temperature thermal
diffusion for a long period of time or short distance in the
residual undercooled and overheated austenite. Bainite will
grow in the carbon-depleted zone containing a small
amount of residual undercooled or warm and overheated
high-temperature austenite at the grain boundary tempera-
ture. In nucleus, with the growth of bainite, the content of
metal elements such as Si hinders the rapid precipitation of
metal carbides in the grain boundary temperature, which is
more conducive to the continuity of the high-temperature
cold-hot reaction of the grain boundary. The metal steel of
steel has better compression resistance and impact tough-
ness; however, when heat treatment is performed at a higher
grain boundary temperature isothermally or heat treatment
at a temperature, the heavy load capacity of China's high-
speed rail will vary. The carbon content of some steel with

Shield tunnel

Short-distance shield
construction affected area

45°

45°

Existing tunnel

Figure 5: Schematic diagram of shield tunneling through adjacent affected area.

Supporting force Application of shield
thrust

Activation of segments

Shield tunneling

Hadrening of slurry
parameters

Relieve the grouting pressure of
the last section

Remove the thrust of the last
section of the shield

Figure 6: Shield tunnel simulation method.
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a small amount of residual supercooled and superheated
austenite metal elements may also increase significantly, so
its impact toughness can be improved. For the same cooling
method, increasing the austenitizing temperature will
increase the impact toughness value of heavy-duty railway
bainitic steel. This is mainly because they increase the tem-
perature of the two-austenite carbon gas compound, the
energy diffusion between the two elements of carbon and
metal alloys is more complete, the carbon content in the aus-
tenite increases and the stability is enhanced, and the final
amount retained austenite. The increase makes the impact
toughness increase to a certain extent. Compared with the
traditional high manganese steel, the steel used in heavy-
haul railway has to go through more processes and be made
more complex, so its performance will be stronger. Figure 8
shows the influence of heat treatment on the impact tough-
ness of bainitic steel used in heavy-duty railway frogs.

3.2. Dynamic Analysis of Heavy-Duty Trains. Heavy-haul
train generally refers to a kind of a super-long and over-
weight freight train which is organized by large special
trucks and pulled by two or more machines on the transpor-
tation line where the freight volume is concentrated. Heavy-
haul trains have large load capacity. There are a large num-
ber of trains. The primary task of high-speed railway bridge
research is to determine the impact of train operation on the
substructure. This has always been the focus and difficulty of
engineering research. At present, there are two main
methods. The first is to use structural dynamics to establish
train and substructure and the overall coupled dynamic
equation of the track, but due to the many factors involved
in the train-track coupled dynamic equation, it is difficult
to solve the equation and it is difficult to apply it to practical
engineering. The second is to directly fit the train load
expression considering factors such as vehicles and tracks.
However, there are many factors that affect the operation
of high-speed trains, so it is difficult to determine an accu-
rate expression that considers all influencing factors, but it
is possible to obtain simplified expressions that can be
applied to engineering problems. At present, there are
mainly two train load simulation methods: the first kind of

track vibration acceleration is regarded as a random process,
and the acceleration data is transformed into a force model
by a data transformation method; the other is based on the
excitation caused by track irregularity and a comprehensive
consideration of vehicle and track factors for load fitting.

The differential equation of vehicle dynamic balance can
be expressed as follows:

m2y1 + c y1 − y0ð Þ + k y1 − y0ð Þ = 0,
yr = y1 − y0,

m2yr + cy2 + kyr = −m2y0:

ð1Þ

Using the D’Alembert principle, the interaction force
between the wheel and rail is as follows:

P tð Þ = m1 +m2ð Þg + m1 +m2ð Þy0 +m2yr: ð2Þ

The idea of the track measured acceleration method is
mainly based on the random vibration load model. By treat-
ing the environmental vibration induced by the train as a
random process, the track measured acceleration data can
be expressed in the following complex series:

x tð Þ = 2 〠
N/2ð Þ−1

k=1
CKj j cos kw0t + βkð Þ,

CK = 1
N

〠
N−1

n=0
x tkð Þ exp −i

nkπ
N

� �
:

ð3Þ

Assuming that the orbital vibration is a Gaussian sto-
chastic process with a zero mean value, the following trigo-
nometric expression of acceleration can be obtained
through numerical changes:

x tð Þ = 2 〠
N/2ð Þ−1

k=1
ak cos kw0tð Þ + bn sin kw0tð Þ: ð4Þ
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Figure 7: The effect of heat treatment on the hardness of heavy rail frog steel.
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In the above formula,

ak = CK + CK
�!,

bn = i CK + CK
�!� �

,

w0 =
2π
NΔt

,

ð5Þ

where ak represents the change amplitude of a numerical
value, bn represents the acceleration, and w0 represents the
period of track vibration.

Incorporating Equation (4) into the dynamic balance
differential equation, ignoring the influence of transient
response, the following load excitation model can be
obtained as follows:

P tð Þ = m1 +m2ð Þ + 〠
N/2ð Þ−1

k=1
m1 +m2ð ÞAK − k2w2

0m2P2
� �

: ð6Þ

At present, the main method of statistics is to accurately
analyze and describe the unevenness of the electric locomo-
tive running track at the same time through the high-
frequency density function statistics of the random power
sequence amplitude of the electric locomotive running track
irregularity and the random density power spectrum high-
frequency density function statistical method. Electric loco-
motive running track uneven smooth random density power
sequence spectrum high-frequency amplitude value density
function calculation in the function of the statistical method
is a general high-frequency spectrum random power ampli-
tude density calculation function statistics that can use uni-
form value and square value to be accurate. Analyzing and
describing the data characteristics of the random power
sequence spectrum and the mathematical structure of the
random frequency spectrum, many developed countries
have preliminarily determined the functions in the calcula-
tion of the high-frequency density function of the random
power sequence spectrum along with the uneven running
track of their electric locomotives.

w1 =D i, jð Þ,wk−1 =D O, Pð Þ, I −O ≤ 1, J − P ≤ 1,
I −O ≤ 1, J − P ≤ 1:

ð7Þ

The main constraint optimization problem is defined as
the following formula:

minLPELM = 1
2 αk k2 + C

1
2〠

n

i=1
γik k2: ð8Þ

The constraints are as follows:

h xið Þα = tTi − γTi , i = 1,⋯, n: ð9Þ

The optimization problem encountered can be trans-
formed into the following equation:

α =HTφ, φi = CγI , h xið Þα − tTi + γTi = 0, i = 1,⋯, n, ð10Þ

where T is the Lagrange multiplier matrix. The final output
weight α is calculated as the following formula:

α =HT I
C

+HHT
� �−1

T: ð11Þ

Therefore, the output function of the extreme learning
machine can be defined as the following formula:

f xj
	 


= h xið ÞHT I
C

+HHT
� �−1

T , j = 1,⋯, n: ð12Þ

It is fitting to obtain the following power spectra of track
irregularity:

SV Ωð Þ = KAαΩ
2
c

Ω2 Ω2 +Ω2
c

	 
 ,

Sc Ωð Þ = 4KAvΩ
2
c

Ω2 Ω2 +Ω2
c

	 

Ω2 +Ω2

s

	 
 :
ð13Þ
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3.3. Forces on the Structure of the Tunnel Bottom under the
State of Vacant Surrounding Rock. In underground rock
engineering, the surrounding rock mass whose stress state
changes due to excavation is called surrounding rock. There
are roughly two kinds of relationships between ore bodies
and surrounding rocks: there are significant differences in
fabric and content of useful components between ore bodies
and surrounding rocks, and the contact boundary is clear,
such as the relationship between vein filling ore bodies and
surrounding rocks. In this study, indoor model tests and
finite element numerical simulations are used to study the
process of underground water erosion on the surrounding
rock at the bottom of the heavy-duty railway tunnel during
the operation period due to the dynamic load of heavy-
duty trains, and quantitatively analyze the voids. The change
law of contact pressure and the transmission characteristics
of earth pressure under the condition of the tunnel excava-
tion process were monitored for the clearance convergence
of the lining structure of the typical section of the left and
right shield tunnels, as shown in Table 4.

The above research is based on indoor model tests to
qualitatively study the process of underground water erosion
on the surrounding rock at the bottom of the heavy-duty
railway tunnel structure due to the dynamic load of heavy-
duty trains during the operation period. The following quan-
titative analysis of the contact pressure during the erosion
process and the transmission characteristics of earth pres-
sure is as follows: the change curve of the additional value
ΔP of the contact pressure at the bottom left of the center
line, the bottom left of the center line, the bottom of the cen-
ter line, the second point, and the bottom right of the center
line, the point 3, when there is water and no water, and the
additional value ΔP change curve.

The following can be seen from Figure 9:

(1) When the surrounding rock at the bottom of the
tunnel is in anhydrous conditions, the additional
value of contact pressure ΔP below the centerline
fluctuates around 6.5 kPa, and the additional value
of contact pressure on the left and right sides ΔP is
stable at around 5.8 kPa, but the overall situation is
relatively stable. The additional value of the contact
pressure below the left and right sides of the center
line is slightly reduced compared with that below
the center line, indicating that the effect of the
excited vibration load below the center line is more
obvious than other positions

(2) When the surrounding rock at the bottom of the
tunnel is in a water-rich condition, the additional
value ΔP of the contact pressure at the three measur-
ing points under the floor is lower than the ΔP when
there is no water, which indicates that the water
body between the structure and the surrounding
rock is to a certain extent play a role in buffering
the excitation load. After 100 s of excitation, ΔP
began to rise and gradually stabilized at about
5.5 kPa at 100 s. The initial contact pressure value Δ
P on the left and right sides of the center line is about

4.5 kPa, and after a period of excitation, it starts to
increase and finally stabilizes at about 5.0 kPa, with
a change value of about 0.5 kPa

Therefore, on the whole, the stress of the tunnel bottom
structure in the state of empty surrounding rock is relatively
stable, although there are different pressures in different
positions. But the overall fluctuation is not big.

4. Experimental Results and Analysis

4.1. Comparative Analysis of Ground Surface Measurement
and FLAC Simulation Data. FLAC (Fast Lagrangian Analy-
sis of Continua) is a continuum mechanics analysis software
developed by Itasca Company. It is an internationally used
professional analysis software for geotechnical engineering.
It has powerful calculation functions and extensive simula-
tion capabilities, especially in the analysis of large deforma-
tion problems. Combining the layout of the measuring
points, this paper selects four sections of 172, 175, 178, and
182 to analyze the measured data on the surface. The specific
data is shown in Figure 10.

It can be seen from Figure 10 that the measured data has
2 to 3 large settlements depending on the time. Taking sec-
tion 182 as an example, the tunnel face of the left-line shield
tunnel reaches the measuring point, and a large area of set-
tlement occurs on the ground surface with the largest settle-
ment. The value is located directly above the center of the
tunnel, and the surface settlement value is still increasing
the next day, which is mainly due to the disturbance of the
surrounding soil by the construction gap and the shield
machine. On July 15th, the right-line shield tunnel was exca-
vated to the location of the measurement point. At this time,
the measurement point directly above the center of the left-
line shield was still growing. After 7 days, the shield machine
was far away from the measurement point, and the maxi-
mum surface settlement was at above the center of the
right-line shield tunnel, and its value is 26.1mm. On Octo-
ber 21, the face of the undercut tunnel has completely passed
through the section of the measurement point. Since the left
and right shield tunnels are both within the affected area of
the undercut tunnel, the ground surface around the left and
right shield tunnels has changed again. Settlement occurred
again. As the net distance between the left-line tunnel and
the right-line tunnel is slightly smaller than that of the
undercut tunnel, the increase at this stage is not large.

The final maximum surface settlement is located directly
above the center of the excavated tunnel, its value is
46.8mm, and the maximum value obtained by simulation
is 42.05mm. Because of the damage of the measuring point
of the 178 sections, only the surface settlement induced dur-
ing the construction of the tunnel is shown in the figure, so
the deformation value is much smaller than the final simu-
lated settlement value. The development law of the ground
surface in the simulation has been verified in the actual mea-
surement, but its value still has a certain deviation compared
with the actual measurement. The actual measurement data
is slightly larger than the simulated value. The main reasons
for the difference are as follows:

11Journal of Nanomaterials



(i) The problem of groundwater was not considered in
the simulation. For undercut tunnels, water-free
operation must be ensured, and the ground settle-
ment induced by the lowering of the water level is
very large

(ii) The creep effect of rock and soil is not considered in
the simulation

(iii) The uncertainty of the load on the upper part of the
ground. The dynamic load of vehicles has a greater
impact on the deformation of the ground. In the
simulation, the ground load is considered as a uni-

form load, and the operation of heavy-duty vehicles
will inevitably increase the settlement of the ground

(iv) The rock and soil are heterogeneous, because the
thickness and mechanical parameters of the rock
and soil body at each section will have a certain dif-
ference, and the rock and soil are treated according
to the same thickness of each section during the
simulation

In the simulation, the soil layer is considered as waiting
for homogeneity, and the ground load is simplified as a heap
load, so the simulation results in the uniform and smooth

Table 4: Convergence and deformation of the overpass tunnel to the existing left-line shield tunnel.

Section position (m) y = 12 y = 27 y = 51 y = 75 y = 87
After the left-line shield is completed (mm) 7.59 7.85 8.12 9.12 12.52

After the right-line shield is completed (mm) 8.02 8.15 8.23 9.23 11.52

After digging is completed (mm) 7.56 7.86 8.62 7.99 12.56
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curve. The measured data are all nonsmooth broken line
segments. The measured value is slightly larger than the
simulated value on the whole, and the error is about 20%.
The measured data of individual points is smaller than the
simulated value. However, the deformation development
law of the simulated curve and the measured curve is more
consistent. For surface subsidence, the maximum value is
not directly above the intersection, but at the almost parallel
position of the three tunnels. The measured maximum value
is 46.8mm. The excavation of three tunnels is disturbed, so
the surface deformation is relatively large.

4.2. Experimental Data Analysis

(1) Based on the results of numerical simulation of this
project, reasonable construction methods and sup-
porting measures for this project are given. That is,
within the affected area of the upper and lower cross-
ing sections, the left and right main line shield tun-
nels shall be constructed first, and then, the
construction of the crossing section of the outbound
line shall be continued. The undercut tunnel adopts
a horseshoe-shaped composite lining structure, a
comprehensively advanced small pipe presupport,
and a step (reserved core soil) method for tunnel con-
struction. Three control methods are put forward
through advanced geological exploration, full-face
grouting of steel flower pipes, stratum reinforcement,
and strengthened inspection and monitoring, and the
grouting range and grouting parameters of steel
flower pipes are given

(2) Lagrange algorithm is very suitable for simulating
large deformation problems. FLAC adopts the
explicit finite difference scheme to solve the govern-
ing differential equation of the field and applies the
mixed element discrete model, which can accurately
simulate the yield, plastic flow, and softening to large
deformation of materials, especially in the fields of
elastic-plastic analysis of materials, large deforma-
tion analysis, and simulation of construction process.
The FLAC analysis results show that the use of steel
flower pipe grouting reinforcement is more obvious
for controlling surface deformation than tunnel
vaults and convergence. Among them, the maximum
deformation of the ground surface is 35.4% less than
that without reinforcement measures. The longitudi-
nal deformation range of the ground surface and the
vault is reduced by 28.9% compared with no rein-
forcement measures

5. Conclusion

This paper systematically analyzes and summarizes the large
degree of risk impact, the characteristics of the stress condi-
tions, and the degree of deformation of the tunnel through
the construction of the subway and railway tunnels under
different construction methods. It focuses on the analysis
of various factors that affect the safety risks of the new sub-
way tunnel project crossing the new existing subway tunnel

proximity project. The main factors are the existing railway
engineering and the tunnel hydrogeological environmental
conditions, the existing subway tunnel engineering status,
and the new subway tunnel engineering status. There are
four main aspects of the relationship between crossing the
newly built subway tunnel and the three-dimensional space
connection position of the existing subway tunnel. The steel
of the railway tunnel frog bainite plate in the heavy load
engineering of the tunnel is in the process of material com-
pression processing due to the continuous change of disloca-
tions and the combination and entanglement to form
multiple dislocation cells, which hinder the slippage of dislo-
cation cells. The steel processing hardness of the bainite
plate gradually doubled from 450HV to 608HV, showing
obvious work hardening and smoothness. The FLAC analy-
sis results show that the use of steel flower tube grouting
reinforcement is particularly obvious for controlling the sur-
face and the tunnel vault. After the reinforcement measures
were taken, the maximum deformation of the ground sur-
face was reduced by 35.4%, and the influence of the defor-
mation of the ground surface and the vault along the axial
direction of the tunnel was reduced by 28.9%. Finally, the
method is used to carry out dynamic numerical simulation
during the construction phase of the tunnel with a small
clear distance to analyze the stability of the surrounding rock
of the tunnel. Due to the complex construction process of
the small clear distance tunnel, in the numerical simulation
modeling process, the boundary between the upper and
lower steps is regarded as the boundary layer of soil and
rock, and the grouting of the leading small pipe is equivalent
to the entity, without considering the groundwater and
actual working conditions. The impact of this coupling on
the model in this paper can be further considered in future
research.
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