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Abstract: At present, most of the tunnel extensions at home and abroad adopt the traditional construction
methods of newly tunnel construction, but the traditional excavation method ignores the advantage of long-
term support and stability of original tunnel lining to surrounding rock, the construction efficiency is reduced.
Depending on the Chongging Yuzhou tunnel extension instance, the optimized construction scheme is
analysed, and the optimization construction scheme of single-sided shallow tunnel extension is proposed. The
scheme adopts the new way of the rational arch axis extension in transverse direction and the jump drilling
method in lengthwise. The comparative analysis is conducted by field monitoring measurement result and
ANSYS 3D FE simulation of the whole process of tunnel extension. Using the optimized construction scheme,
the calculated compressive stress of the original tunnel lining is increased with the excavation face advancing.
The remained original tunnel lining could play the role of the column and bear the surrounding rock pressure
caused by the jump drilling excavation, which could effectively improve the safety and stability for tunnel

extension. Adopting the rational arch axis excavation in transverse direction could make the surrounding rock
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pressure transferred more reasonably and significantly, and reduce the tensile stress and increase the

compressive stress of the initial support structure. The comparison of numerical calculation result and field

monitoring data shows that the displacement of the tunnel vault can be reduced by 16% —20% than current

excavation way after using the optimized excavation scheme of shallow tunnel single-sided extension, and the

tunnel vault does not appear the tension zone. It proves that the optimized construction scheme could change

the original rock stress path and give full play to the surrounding rock stability during underground excavation

and unloading. So adopting the optimization construction scheme not only can reduce the subsidence of arch

vault and the tensile stress of lining, but also can ensure the construction safety and shorten the construction

period, which can provide a reference for similar tunnel expansion projects in the future.
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Fig.1 Plane layout of Yuzhou tunnel
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Fig.2 Sectional layout of Yuzhou tunnel (unit; mm)
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Tab.1 Measurement frequency of vault displacement of

Yuzhou tunnel
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Fig. 3 Layout of measuring points of vault subsidence of

cross-section of single tunnel (unit: cm)
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Tab.2 Displacements of each measuring point in

different excavation footages

THZH R, s FEs | THEEER G, AW
m mm mm m mm mm
0 0 0 22 5.8 5.84
2 1.32 1.3 24 5.77 5.64
4 2.029 2.41 26 6.14 6.07
6 2.8 3.17 28 6.8 6.73
8 3.1 3.45 30 7.2 6.58
10 2.89 3.38 32 7.97 6.83
12 2.28 3.15 34 8.12 7.01
14 3.58 3.94 36 8.33 7.28
16 4.89 4.79 38 8.59 7.35
18 5.69 5.43 40 9.07 7.6
20 5.94 5.61
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Fig. 5 Numerical calculation model for current excavation
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Tab.3 Physical and mechanical parameters of

tunnel rock and soil
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Tab.4 Vault displacement of YKO +570
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0 0. 00 0. 00 22 6.82 6.57
2 1.30 1.20 24 7.04 6.79
4 2.43 2.26 26 7.23 6.98
6 3.31 3.12 28 7.40 7.14
8 4.06 3.83 30 7.55 7.30
10 4.67 4.43 32 7.69 7.43
12 5.18 4.93 34 7.81 7.56
14 5.61 5.36 36 7.93 7.68
16 5.98 5.73 38 8.06 7.81
18 6.30 6.05 40 8.24 7.99
20 6.58 6.33
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Tab.5 Maximum and minimum primary stresses of cross-

section in different excavation footages
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Tab. 6 Primary stress of initial lining of cross-section of YKO +570
. L A PR HET e AR

o, /MPa  ¢,/MPa  ¢,/MPa  ¢,/MPa  ¢,/MPa  ¢y/MPa  ¢,/MPa  ¢,/MPa  ¢,/MPa o3/MPa
2 -0.028 -0.308 -0.043 -0.397  -0.0320  -0.147 -0.191 -0. 608 -0.241 -0. 836
4 -0.022 -0.346 -0.039 -0.423  -0.0162  -0.090 -0.202 -0.715 -0.253 -0.935
6 -0.023 -0.384 -0.041 -0.455  -0.0104  -0.087 -0.220 -0.798 -0.266 -0.997
8 -0.024 -0.415 -0.042 -0.480  -0.0066  -0.088 -0.234 -0. 857 -0.278 -1.04
10 -0.026 -0.439 -0. 044 -0.501  -0.0044  -0.089 -0.246 ~0. 900 -0.287 -1.07
12 -0.027 -0.458 -0.045 -0.518  -0.0030  -0.091 -0.255 -0.932 -0.294 -1.10
14 -0.028 -0.473 -0. 046 -0.532  -0.0020  -0.092 -0.262 -0.956 -0.300 -1.12
16 -0.028 -0. 486 -0.047 -0.544  -0.0013  -0.092 -0.268 -0.975 -0.305 -1.14
18 -0.029 -0. 496 -0.048 -0.554  -0.0008  —0.092 -0.273 -0.991 -0.309 -1.16
20 -0.030 -0.504 -0.049 -0.563  -0.0004  -0.092 -0.276 -1.000 -0.312 -1.17
22 -0.030 -0.511 -0.049 -0.570  -0.0001  -0.092 -0.279 -1.010 -0.315 -1.18
24 -0.030 -0.517 -0.050 -0.576 0.0002  -0.092 -0.282 -1.020 -0.318 -1.18
26 -0.031 -0.522 -0.050 -0.581 0.0004  -0.092 -0.284 -1.030 -0.320 -1.19
28 -0.031 -0.526 -0.051 -0.585 0.0006  -0.092 -0.285 -1.030 -0.322 -1.19
30 -0.031 -0.530 -0.051 -0.589 0.0007  -0.092 -0.287 -1.040 -0.323 -1.20
32 -0.031 -0.533 -0.051 -0.592 0.0009  -0.092 -0.288 -1.040 -0.324 -1.20
34 -0.032 -0.535 -0.052 -0.595 0.0001  -0.092 -0.289 -1.050 -0.325 -1.21
36 -0.032 -0.538 -0.052 -0.598 0.0011  -0.092 -0.290 -1.050 -0.326 -1.21
38 -0.032 -0. 540 -0.052 -0.601 0.0012  -0.092 -0.291 -1.050 -0.327 -1.21
40 -0.032 -0.544 -0.053 -0.604 0.001 4  -0.092 -0.293 ~1. 060 -0.328 -1.22
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Fig. 6 limiting excavation cross-section of longitudinal

jump-drilling in tunnel extension
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Fig.7 Numerical calculation model for optimized

construction scheme
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Tab.7 Vault displacements of optimized construction

scheme in different footages

HETU 78/ FHZHER

mm 0m 15m 30 m 35 m 40 m
e 0 0.95 2.31 7.02 7.33
A, 0 1.00 2.43 6. 45 6. 85
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Tab.8 Maximum and minimum primary stresses of in

each step of optimized excavation scheme (unit: MPa)

Hiz5 7 T Imax T Imin T Imax T 1min
Step 0 0. 089 -0. 806 0 —-5.46
Step 1 0.297 -1.05 0 -6.27
Step 2 0.314 -1.24 0. 020 -7.02
Step 3 0.310 -0.832 0. 020 -5.85
Step 4 0.237 -0.827 0. 030 -4.09
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W HEARRINN S o 03, B AR FFZE 2 1 04T
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Tab.9 Primary stresses of initial support

ZEHE FH 2l eI FH
PER/m
o/ MPa o3/MPa o,/ MPa o3/MPa o,/MPa o3/ MPa o, /MPa o3/MPa o,/MPa o3/MPa
15 -0.212 -0.678 -0. 156 -0.506 -0.143 -0.434 -0.341 -0.833 -0.457 -1.100
30 -0.244 -0.775 -0.163 -0.564 -0.176 -0.495 -0.395 -0.914 -0.498 -1.190
35 -0.030 -0.374 -0.034 -0.277 -0.0113 -0.128 -0.288 -0.950 -0.326 -1.350
40 -0.030 -0.379 -0.034 -0.280 -0.013 -0.129 -0.291 -0.958 -0.328 -1.360
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