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The development of urban rail transit has led to an increase in the number of large
section subway tunnels crossing existing tunnels. This study combines the actual
engineering of the Yanggongqiao Station Longzhuayan Station section tunnel of
Chengdu Metro Line 17 Phase Il project crossing the existing Line 7 shield tunnel,
and uses on-site investigation, monitoring, and numerical simulation methods to
evaluate the construction impact. Based on this, measures such as bench pile re-
inforcement, pre grouting, and parameter optimization are proposed. In practical
applications, the comparison between monitoring and simulation results shows
that these measures effectively control the deformation of existing tunnels, provid-
ing important references for similar projects.
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Introduction

In recent years, numerous scholars have conducted extensive research on reinforce-
ment measures based on practical engineering cases. Qi [1] proposed a method combining
theoretical analysis, numerical simulation, and on-site measurement to apply support trolleys
and grouting reinforcement to existing tunnels when studying the construction of shield tunnel
sthrough existing tunnels. At the same time, steel rail weights were placed inside the new tun-
nels to effectively control the uplift of the existing tunnels.Wang et al. [2] found that grouting
and steel ingot placement can effectively suppress tunnel uplift in the study of urban com-
prehensive pipe gallery crossing existing subway tunnels. Liao et al. [3] combined the shield
tunneling project of Shanghai Metro Line 11 and confirmed through numerical simulation that
specific construction sequence and grouting reinforcement can reduce the deformation of exist-
ing tunnels. Zhao et al. [4] proposed reinforcement measures of steel support and arch grouting
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for the overpass of existing tunnels in the new entrance and exit sections of Nanchang Metro.
Zhang et al. [5] proposed a plan to inject sleeve valve pipes around the existing tunnel before
shield tunneling when simulating the crossing of Shenzhen Metro Line 11 over Line 1. Based
on the Shenzhen Metro Line 5 project, Luo ef al. [6] found that sleeve valve pipe grouting and
rotary jet grouting pile reinforcement can reduce the deformation of existing tunnels. Bai et al.
[7] compared different construction methods in the new super large section frame bridge and
culvert overpass project in Beijing and proposed a reinforcement method combining isolation
piles and grouting. Among them, the stress balance pushing method had a relatively small
impact on the existing tunnel. Liu et al. [8] conducted engineering case studies to clarify that
friction and grouting pressure during the crossing process of shield tunnel construction affect
the deformation of the existing tunnel, and unloading additional stress after crossing plays a
major role. They also proposed that ring support reinforcement can effectively control longitu-
dinal deformation. Liu et al. [9] analyzed that sleeve valve pipe grouting mainly affects tunnel
bending moment and shear force in the shield tunnel project of operating subway sections on
large-diameter power tunnels, and has a greater impact on horizontal displacement than vertical
direction.

At present, the deformation control and reinforcement measures for the construction
of existing tunnels mainly focus on support reinforcement, soil grouting reinforcement, and in-
ternal pressure and weight of newly built tunnels. However, in practical engineering, when the
clear distance between the upper and lower tunnels is small and the cross-section of the newly
built tunnel is large, it is often difficult to achieve the desired effect of soil grouting reinforce-
ment. In view of this, based on the principle of reinforcing isolation columns, a reinforcement
measure of setting bench beams between newly built tunnels and existing tunnels is proposed.
However, due to its complex construction process, the control effect on the deformation of ex-
isting tunnels is not yet clear. Therefore, based on the existing Line 7 shield tunnel spanning the
Yanggongqiao Station Longzhuayan Station section of Chengdu Metro Line 17 Phase I project,

R this study conducts an in-depth analysis of the

B influence of parameters such as the diameter and

iéf::‘f,%:?riz:i?z%ﬂ:"'nf“g“hn:"""*‘*"5‘“"*?5‘”“”” length of manually excavated piles, the quantity

T of steel in the top pipe pressure beam, and the
strength grade of concrete on the deformation of
the existing tunnel in the bench beam reinforce-
ment measures. Reasonable reinforcement pa-
rameters are determined to provide practical and
feasible reference experience for similar subway
tunnel spanning projects in the future.
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Numerical simulation scheme

This project is a shield tunnel project
for Chengdu Metro Line 17 Phase II, which
spans over the existing Line 7 tunnel between
Yanggongqiao Station and Longzhaoyan Sta-
tion. Among them, the left line of Line 17 is
1126.202 m long, the right line is 1121.446 m
sus long, and the upper span section is approximate-
Figure 1. Schematic diagram of cross-section ly orthogonal to the left and right lines of Line 7.
of newly constructed tunnel [mm] The upper span length is about 45 m, and the
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minimum clear distance between the two is only about 1.21 m. According to relevant standards,
it is judged as a special risk. The shield tunnel of Line 7 adopts C50 precast concrete lining
segments, with an outer diameter of 6.0 m, an inner diameter of 5.4 m, a ring width of 1.5 m,
a segment thickness of 300 mm, and a arch crown distance of about 17.2 m from the ground
surface. The design section of the new tunnel is shown in fig. 1.

During the numerical simulation process, Midas GTS NX software was used to con-
struct a 3--D model and simulate the construction of a new tunnel crossing an existing tunnel.
The equivalent elastic modulus of the top pipe pressure beam composed of top pipe, section
steel, and concrete can be calculated using the stiffness equivalent method [10], and simulated
using beam elements. The specific parameters are shown in tab. 1.

Table 1. Physical and mechanical parameters of supporting
structure and bench beam structure materials

Titles Gravity [kKNm™3] | Elastic modulus [GPa] Poisson ratio
Shield tunnel segment 25.0 30.0 0.2
Initial support 23.0 29.2 0.2
Temporary support 23.0 29.2 0.2
Secondary lining 25.0 31.5 0.2
Pipe jacking beam 27.5 40.2 0.22
Manual excavation pile 25.0 20.7 0.2

The construction simulation of the interval tunnel adopts the CRD method.

Engineering application and actual reinforcement effect analysis

After scheme comparison and demonstration, the new tunnel will be constructed using
the CRD method. In order to ensure construction safety, the construction plan for the new tunnel
in the upper span section has been optimized, and bench beam reinforcement measures have been
taken above the existing tunnel, with pre grouting reinforcement applied to the surface. After
optimizing the construction plan, the new tunnel adopts a composite lining structure of initial
support + secondary lining + tertiary lining. [11]: the initial support adopts a combination of steel
mesh, 22B steel frame, and C25 shotcrete support, with the shotcrete thickness adjusted to 0.35 m
and the steel arch spacing reduced to 0.4 m. Three new linings (with a thickness of 0.35 m)
are added, and a secondary lining (with a thickness of 0.25 m) is constructed before removing the
temporary support to increase the self weight of the new tunnel and the stiffness of the support
structure. Both the secondary and tertiary linings are made of C35 formwork concrete, and the
length of each removal is reduced to 6.0 m. The bench beam consists of manually excavated piles
and top pipe pressure beams: the diameter of the manually excavated piles is 1.5 m, the length of
the piles is 10 m, and the concrete strength grade is C30. The top pipe beam is made of welded
steel pipes with a diameter of 1.8 m, containing 4 125b steel beams, and is poured with concrete
with a strength grade of C30. The surface pre grouting reinforcement adopts cement slurry, with a
reinforcement area of 46.26 m x 28.76 m. The grouting boundary is 3 m away from the outer edge
of the initial support, and the grouting depth ranges from the ground to the upper guide tunnel
area of the newly built tunnel, with a depth of 11.28 m. The schematic diagram of the optimized
construction plan for the new tunnel is shown in fig. 2.

Bycomparing and analyzing numerical simulation results with on-site monitoring data,
according to GB50911-2013 Technical Specification for Monitoring of Urban Rail Transit Engi-
neering and CJJ/T 202-2013 Technical Specification for Structural Safety Protection of Urban
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Rail Transit, combined with the working environment of existing subway tunnel monitoring, au-
tomatic monitoring methods are adopted to monitor local operating subway tunnels affected by
external construction. Under the newly constructed tunnel, 15 monitoring sections are arranged
on the left and right lines of the existing subway Line 7 section tunnel, as shown in fig. 3. Each
monitoring section is equipped with 5 deformation monitoring points, as shown in fig. 4.
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Figure 2. Schematic diagram of the new tunnel construction scheme
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Select the left and right arch monitoring points 5 of the existing tunnel monitoring
section 7, and compare the on-site monitoring data with the numerical simulation results as
shown in fig. 5.

As shown in fig. 5, with the progress of Tunnel simulation construction steps
construction, the cumulative uplift value of the 550 20 40 60 80 100 120 140 160 180 200
left and right tunnel arches continues to increase,
but the uplift value of the left line is always
greater than that of the right line. The reason
for this is that the monitoring point Z7-5 of the
left tunnel is located near the center of the new
tunnel edge, while the monitoring point Y7-5 of
the right tunnel is located at the edge of the new
tunnel. Therefore, the monitoring point of the
left tunnel is greatly affected by the excavation
and unloading of the new tunnel, resulting in a os
slightly larger uplift value than the right tunnel. 70 20 40 60 80 100 120 140 160 180 200
During the construction process, the cumulative The actual excavation time of tunnel [day]
maximum uplift values of the two monitoring  Figure 5. Comparison between numerical
points were 2.25 mm and 0.79 mm, respective- ~ ¢alculation and field measurement
ly, and the on-site monitoring values were 1.94 results of monitoring points
mm and 0.95 mm, respectively. The final simu-
lated uplift values were 1.11 mm and 0.50 mm, respectively, and the on-site monitoring values
were 1.16 mm and 0.53 mm, respectively. The difference between the numerical simulation
calculation and the on-site measurement was small, and the two were basically close, with the
same trend of change. Numerical simulation can be used to analyze the construction process of
the upper span, and the reinforcement measures of bench beams are effective.
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Conclusion

When using bench beam reinforcement measures to cross existing tunnels in a new
tunnel mining method, the maximum uplift value of the existing tunnel decreases with the in-
crease of the length and diameter of the manually excavated pile, the strength grade of the top
pipe pressure beam concrete, and the number of steel sections. The excavation area of the new
tunnel reaches 64.7 m* The setting of the bench beam can effectively control the uplift defor-
mation of the existing tunnel. When constructing a new large section tunnel using the mining
method with a small clear distance over an existing tunnel, the new tunnel section structure
adopts a three lined structure, with bench beams set above the existing tunnel and reinforcement
measures such as surface pre grouting. This can effectively control the uplift of the existing
tunnel and ensure construction safety.

Acknowledgment

This work was financially supported by National Natural Science Foundation of Chi-
na (52225403; U2013603), the Langfang Science and Technology Research and Development
Plan-Science and Technology Support Plan Project (2022011057).

Reference

[1] Qi,Y.J. Study on the Influence of New Subway Shield Crossing on Existing Tunnels and Safety Control
Measures. Ph. D. thesis, Anhui University of Technology, Huainan, 2021



Chen, Y.-M., et al.: Evaluation of Construction Impacts and Optimization ...

1422 THERMAL SCIENCE: Year 2025, Vol. 29, No. 2B, pp. 1417-1422

(2]
(3]
(4]
(3]

(6]
(7]
(8]
(9]
[10]

[11]

Wang L., et al. Study on the Construction Scheme of Existing Subway Through Utility Tunnel in Urban
City, Journal of Underground Space and Engineering, 15 (2019), S2, pp. 717-723+750

Liao S. M., et al. Deformation Control and Measurement Analysis of Shield Tunneling through Operating
Subways, Journal of Geotechnical Engineering, 34 (2012), 5, pp. 812-818

Zhao, S. S., et al. Influence Analysis of Small Curve Radius Shield Tunnel Passing through Existing Tun-
nel, Journal of Underground Space and Engineering, 17 (2021), 4, pp. 1216-1224

Zhang. H. W., et al. Analysis of the Impact of the Earth Pressure Balance Shield Tunnel of Shenzhen
Metro Line 11 Crossing the Existing Line 1 at Close Range, Journal of Railway Science and Engineering,
14 (2017), 3, pp. 560-567

Luo, R. P, et al., Research on the Stability of Shield Tunneling Near Ground Line Construction in Muddy
Strata, Railway Standard Design, 64 (2020), 10, pp. 88-93

Bai, H. W, et al. Micro Deformation Control of Existing Tunnels in Top-Down Construction Based on
Stress Balance, Journal of Underground Space and Engineering, 17 (2021), 5, pp. 1569-1577

Liu, W. Z., et al. Calculation Method for Longitudinal Deformation of Subway Shield Tunnel Passing
through Existing Lines at Close Range, Geotechnical Mechanics, 43 (2022), 3, pp. 831-842

Liu, Z. S., et al., Analysis of the Impact of Close Range Grouting of Sleeve Valve Pipes on the Operation
of Shield Tunnels, Building Structure, 53 (2023), S1, pp. 2965-2970

Wang, W., et al., Analysis and Prediction Methods for Stress and Deformation of Pipe Sheds and Their
Engineering Applications, Journal of Geotechnical Engineering, 44 (2022), 2, pp. 352-359

Wang, W., Optimization of Construction Scheme for Large Cross-section Tunnel with Small Clearance
Crossing over Existing Tunnels, Railway Architecture, 63 (2023), 9, pp. 85-90

Paper submitted: September 1, 2024
Paper revised: November 10, 2024 2025 Published by the Vinca Institute of Nuclear Sciences, Belgrade, Serbia.
Paper accepted: November 27, 2024 This is an open access article distributed under the CC BY-NC-ND 4.0 terms and conditions.



