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Abstract. The construction process of the proposed tunnel will have a disruptive 

impact on the safe operation of adjacent subways. Therefore, taking the parallel 

section of the proposed Metro Line 6 and the existing Metro Line 10 in Chong-

qing as the research object, the geological conditions and the mechanical proper-

ties of the surrounding rocks are obtained through geological investigations and 

tests. Subsequently, a blasting scheme was designed for the blasting construction 

of the proposed tunnel, and the stress state and vibration distribution law of the 

existing subway lining were analyzed through simulation. Immediately after-

wards, the adaptive optimal kernel spectrum method (AOK) is introduced to an-

alyse the principal frequency characteristics of each section. The results show 

that the proposed underground excavation will cause additional stress on the lin-

ing structure and structure  deformation, but the displacement, displacement in-

crements and stress are within safe limits. The blast velocities in the arch and 

bottom of the existing tunnel are higher than those in other locations, while the 

arch velocity decreases with increasing distance, and the bottom velocity remains 

at a high level. The settlement and stress of Line 10 second lining are within the 

safe range.  

Keywords: proposed metro, dynamic characteristics, vibration velocity, domi-

nant frequency 

1 INTRODUCTION 

For the past few years, more and more metro construction projects are under construc-

tion. These projects will generally cross nearby buildings and other dense areas of pe-

destrian traffic. The use of the D&B method will undoubtedly cause disturbance of the 

surrounding buildings, which threatens the safety of nearby residents and the stability 

of the structure. 
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The loading-unloading wave derived from the blasting disturbance outside the tunnel 
is very easy to cause damage to nearby buildings [1]. Qiu et al. [2] analyzed the impact 
of the location of the explosion source, blast distances and burial depths on the damage 
form, damage evolution and stress variation patterns of existing roadways. Given the 
strong disturbance of the rear tunnel lining caused by the blasting load of antecedent 
tunnel. Zhao [3] analyzed the influence of rock properties and blasting parameters on 
the changing pattern of PPV in antecedent tunnel. They proposed some control 
measures to reduce the peak vibration velocity. Li [4] discussed the principle of the role 
of ground stress and blast waveforms in influencing the evolution law and distribution 
form of strain energy in tunnels. The research results show that for tunnel blasting under 
high in-situ pressure, the dynamic disturbance caused by low frequency is more likely 
to lead to structural damage of the tunnel. For the destructive events inside the tunnel 
due to external blast loads, some scholars have carried out adequate research regarding 
structural blast resistance and seismic design [5-6]. Among them, Mandal et al. [7] 
compared the response patterns of the horseshoe, circular and box-shaped tunnels under 
blasting loads. Further elucidated the impact of charge, lining thickness and coverage 
depth on the blast-bearing performance of the tunnels, ultimately identifying the most 
vulnerable and resistant tunnel structures under the blast damage results for different 
tunnel shapes. Ma et al. [8] focused on the instability of collapse and spalling of hori-
zontal layered rock tunnel under blasting load and analyzed the blasting failure mode, 
damage mechanism and real-time damage evolution law of homogeneous rock and hor-
izontally layered rock. Sadique et al. [9] examined the changes in vibration accelera-
tion, pressure, strain energy, lining axial force, deformation, wave velocity and damage 
of granite, basalt and quartzite tunnels under blasting load by the finite element method. 
They compared the blast resistance of the three types of rock tunnels based on the above 
parameters.  

Some scholars have also carried out some work on the blast resistance and design 
rationality of the tunnel structure from two perspectives, namely numerical simulation 
[10] and field measurements [11-12]. Among them, Goel et al. [13] studied the dynamic 
response of tunnels with two rock types and three-section shapes under blasting loads. 
They used a plastic damage model to analyse the distribution of blasting damage in 
different tunnels shapes. They determined that circular tunnels are the most resistant to 
blast loads. Qian et al. [14] analyzed the impact of explosive content on the structure of 
underground galleries. The results showed that measures such as shear reinforcement 
arrangement increased pipe wall thickness, and increased burial depth could help to 
strengthen the comprehensive blast resistance of the galleries. 

In summary, scholars have made great efforts and achieved remarkable results in 
tunnel blasting damage evolution, and blasting effects. However, the research and pre-
assessment of the disturbance effects of blasting on existing tunnels in close parallel 
sections are insufficient. This paper used the proposed Line 6 branch tunnel project in 
Chongqing as a background, applied surveys and tests to analyse the geological condi-
tions and the nature of the surrounding rocks, and designed a site blasting plan. Numer-
ical simulations were used to pre-assess the dynamic disturbance impact of the pro-
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posed Line 6 tunnel excavation on the existing Line 10 in terms of stress field distribu-
tion, section maximum vibration velocity and primary frequency characteristics, re-
spectively. 

2 BACKGROUND OF THE MTR TUNNEL PROJECT 

The tunnel studied in this paper is part of the Chongqing Railway Line 6 extension 
project, and the main section of the project is from Yuelai station to Wangjiazhuang 
station. The starting mileage of the tunnel in this section is K12+213 ~ K13+932.135. 
The tunnel section is arranged along the north-south direction and parallel to the exist-
ing Line 10 tunnel. The proposed tunnel is mainly composed of grey fine to medium-
grained sandstone, primarily consisting of quartz, feldspar and a small amount of mica. 
The comprehensive grade of the surrounding rock is Ⅲ. 

3 BLASTING MODEL CALCULATION RESULTS 
AND ANALYSIS 

3.1 Geometric and Material Models for Blasting in Metro Tunnels 

The upper surface of the model is free surface, and non-reflecting limitation is applied 
on all sides (Fig. 1). The fierce model is not directly established when simulating the 
instantaneous effect of explosive blasting, but the simplified impact load is adopted. 
The blasting load is simplified by referring to the attenuation law of free field of air 
explosion proposed by Henrych in 1979 [15]. The expression of the free field of air 
explosion is as follows: 

 

Fig. 1. Geometric model 
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 (1) 

Where ΔPmax is the peak overpressure in front of the blast incident wave. Z is the 
scale distance, the value of Z can be determined by the Eq. 2. 

1/3/Z R Q  (2) 

Where R is the distance. Q is the maximum charge. 
Referring to the maximum charge of each section of explosives, We determined that 

the single section cut explosive amount of 6.63kg is used as the load peak of triangular 
wave [16]. According to the distance between the detonation point and the loading point 
of Metro Line 6 is 3.47 m. Z=1.85 is calculated, and according to the segmental range 
of Z in Eq. (1), the maximum overpressure in front of the blast incident wave is deter-
mined to be 2.06 MPa.  

3.2 Blasting Vibration Characteristics of Metro Tunnels 

The vertical displacement, compressive stress and tensile stress of the second lining of 
Line 10 are shown in Fig. 2. The second lining of the Line 10 tunnel begins to sink due 
to the continuous disturbance of Metro Line 6 blasting and self-weight stress, with the 
maximum sinking increment of 0.883mm, and the sinking point is located at the tunnel 
vault. The compression effect at the Secondary lining arch waist is pronounced, and the 
maximum compressive stress is 0.180mpa, while the tensile stress at the foot of the 
second lining arch is apparent, and the ultimate tensile stress is 0.169mpa. Based on the 
displacement and stress values of the arch bottom, the tunnel excavation of line 6 will 
inevitably lead to the deformation of the second lining of the Line 10 tunnel, increasing 
the internal force of the lining structure. However, the cumulative deformation incre-
ment, the maximum tensile, and compressive stress of Line 10 do not exceed the spec-
ified limit. 

To find out the extent of blasting damage to the second lining of Line 10, we selected 
five sections along the axis of Line 10 (Fig. 3). Fig.4 shows the distribution law of 
blasting vibration combined velocity at each measuring point of 5 sections. It can be 
seen that the general blasting velocity distribution law of sections 3-5 is relatively con-
sistent, showing that the vibration velocity values of the left arch and arch bottom are 
greater than those at other locations. With the increase of the distance, the blasting vi-
bration velocity distribution of section 1 and section 2 shows a trend of increasing the 
arch bottom and decreasing at other locations. 
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Fig. 2. Metro Line 10 displacement and stress field clouds 

 

Fig. 3. Layout of blasting vibration measuring points 

In summary, the effect of blast distance on the distribution of vibration velocity is 
significant, and this is mainly reflected in the following characteristics: 1) The vibration 
velocity of arch bottom and local area of arch is greater than that of other positions 
under close distance. 2) In the long distance conditions, the arch vibration velocity rap-
idly reduced, while the bottom of the arch vibration velocity value is still in a high 
position. Overall, the blasting vibration velocity of each section is below the control 
value of 2 cm/s, which does not damage the lining structure of the existing Line 10 
tunnel. 

 

Fig. 4. Velocity distribution of measuring points on each section 
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3.3 Dominant Frequency Characteristics 

The blast vibration signal spectra of Section 1 were plotted by combining AOK theory 
and MATLAB programming, as shown in Fig. 5. There are many blasting vibration 
frequency components at the vault of section 1, the main frequency range of vault is 
between 0 and 40 Hz, the frequency component range of arch shoulder is between 0 
and 20 Hz, the main frequency of arch waist is between 0 and 15Hz, and the main 
frequencies at side wall and arch bottom are lower than 10 Hz. Referring to blasting 
safety regulations, the self-vibration frequency of the structure is generally between 2 
and 5 Hz, which indicates that there is the possibility of resonance at local positions of 
line 10 under the influence of blasting vibration of line 6. Therefore, the blasting design 
scheme for Line 6 still needs to be improved, particularly in controlling the amount of 
charge in each section of the shell hole. In response to the above, we recommend the 
following measures for construction sites: Micro-differential and weak blasting, over-
support and over-pre-reinforcement, or a ring of damping holes should be added to the 
periphery of the perimeter holes. 

 

Fig. 5. Time frequency diagram of vibration signal for segment-1 
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4 CONCLUSIONS 

(1) Through site investigation and indoor tests, it was determined that the perimeter 
rock at the site is Grade III. The nature of the perimeter rock is mainly sandstone. 

(2) Each section shows that the combined blast vibration velocity is most significant 
at the left arch and the arch bottom. As the blast distance increases, the combined ve-
locity value at the bottom remains high, while the combined velocity at the arch grad-
ually decreases.  

(3) Based on the adaptive optimal kernel principle, the central frequency distribution 
of the existing Line 10 tunnel was obtained by MATLAB programming. The frequency 
range of the vault position was 0~40Hz, and the main frequency of other places was 
mainly concentrated in 0~10 Hz. This situation shows that the vibration frequency of 
the existing Line 10 is at a low frequency. Still, the self-vibration frequency of the tun-
nel lining structure is generally between 2~5 Hz, so there is a possibility that blasting 
vibration of the proposed Line 6 tunnel may cause resonance of the existing Line 10 
lining structure. To ensure the normal operation of Line 10, it is recommended to rea-
sonably to control the maximum single section charge and the detonation interval be-
tween each sections at the tunnel blasting site. Meanwhile, the support measures for the 
arch should be strengthened, such as over-strengthening and over-supporting and a ring 
of damping holes can also be set around the periphery of the tunnel arch to reduce the 
blasting disturbance. 
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