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Study on the mechanical impacts and prevention strategies of building

intricate cut-and-cover special-shaped tunnels

Ran Xiaoci!,Yang Yanhong?, Li Fucheng!, Yu Tingshun',Tian Fengming3,Liu Jiansong*

(1. Yunnan Jiaofa Highway Engineering Co., Ltd., Kunming, Yunnan 650100;2. Headquarters for the construction
of general national highways in Yunnan Province, Kunming, Yunnan 650100; 3. Xianfeng County Traffic and
Transportation Comprehensive Law Enforcement Brigade, Enshi, Hubei  445000;3 Southwest Construction Co.,
Ltd., China Railway 24th Bureau Group, Chengdu 610000, China)

Abstract: In order to further explore the mechanical characteristics of the construction of complex special-shaped open-cut
tunnels, taking the reconstruction project of the extension section of Jinzhou Avenue and Xingguang Avenue in Chongqing as
the engineering background, on the basis of clarifying the differences and stress characteristics of the stress states of each
tunnel of the special-shaped tunnel, the joint control measures of targeted spraying anchor support and C15 concrete
replacement treatment were proposed, and the concrete replacement depth on both sides of the bottom tunnel was analyzed.The
findings reveal that by a series of numerical simulations, the noteworthy mechanical properties of complex open-cut
special-shaped tunnels may be reduced to the critical areas of substantial shear failure, notable stress concentration,
deformation, and stress abrupt change. The disturbance caused by the latter tunnel and backfill construction dramatically affects
the first-built tunnel, resulting in serious shear failure, posing the greatest danger of damage. When the concrete replacement
depth reaches 11m, the shear stress of each tunnel is efficiently managed, reducing it by 43.5%, 27.5%, and 5.9%, respectively,
and eventually meeting the ultimate shear strength criteria, effectively ensuring the safety of tunnel backfill construction.
.Key words: Cut-and-cover special-shaped tunnels; impacts of construction mechanics; Spray anchor assistance;
Computer simulation; local measurement
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Fig.1 shows the project's floor design for renovating the

Jinzhou Avenue and Avenue of Stars node
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Fig.2 Geometric dimensions of three stacked tunnels (unit: m)
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Fig.3 Backfilling construction process
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Fig.5 Complex cut-and-cover tunnels numerical computation

model
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Table 1 Fundamental material calculation criteria
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Fig.6 Each tunnel's displacement cloud
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Fig.7 shows the vertical displacement increment over time for

each tunnel
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Fig.8 Each tunnel's horizontal convergence increment time

history curve

RX—ZEDIREEWRE, K. . =R
it TR A2 Y R AROR, U2 SR
AETE i B 1 it TN 2 i o R T T 56 2 P Bl
O, MUHASTRAE N T A A, R I
WEIE Z A TN AR 2. MR AR
KBEEEERT R RASE B AW 2 RN,
ARt T3 R 2R 7 A R T R i T R,

SERTE S AR B RE ) RIE AR, PEm5] K45t
%&ﬁ% ﬁﬁ@%ﬁﬂ %%,iﬁﬁﬂ%%%

22 BAEOIEMET HZERE S

P9 B 1 I B T 45 55 4% i K BN
RS R 3 3 ATARAS,  FLESAA o w5 5 1. 7 it
CA0 JR%E TR FRYTIY GRS 1.35MPa (I3 2)

ﬁ-%ﬁﬁ#r‘ﬁ
B9 JEENNE

Fig.9 Each tunnel's stress cloud plot
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Table 2 provides statistics on the maximum shear stress and

shear stress overflow in the basic research scenario
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Fig.12 Spray anchor support and C15 concrete replacement

technique
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Table 3 Complex cut-and-cover tunnel supporting

characteristics and surrounding rock

s R

A Y/(KN.m®)  E/MPa Wy CikPa o/ (%)
WoF 18.9 20000 0.3 0 12
C40 B+ 24 33500 0.2 / /
Cl15 g+ 23.7 22000 0.2 / /
C25 R+ 24 28000 0.2 / /
x4 BN SH
Table 4 shows the foundation pit's slope support characteristics
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concrete replacement in a complex open-cut special-shaped
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Fig.14 The influence of vertical displacement and shear stress on the depth of C15 concrete backfill on both sides of the bottom

tunnel
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Fig.15 regulates the vertical deformation cloud of the front and

rear tunnel structures
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Table 5 compares the structure's maximum vertical

displacement change rate before and after strengthening
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Fig.16 shows the front and rear tunnel structures under control

for shear stress

R 6 MEIREEMEREN N EUE
Table 6 compares the structure's maximum shear stress change

rate before and after strengthening
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M 1 /MPa 223 1.82 135 1.80
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Fig.19 Displacement monitoring of various tunnels in complex and irregular tunnels
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