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Study on Influence of Construction Sequence in Shallow Tunnel with
Bias and Small Net Distance Based on Numerical Simulation
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Abstract; For the shallow tunnel of Qizishan with small net distance bias, the typical locations of the
tunnel were selected to establish a fine three-dimensional model, and the tunnel construction process un-
der different construction sequences was simulated. The effects of three different construction sequences
of bias side first, bias side second and simultaneous construction on the formation deformation and struc-
tural stress were studied, which provided a basis for the determination of construction sequence. The re-
sults show that the first construction on the bias side causes the largest stratum displacement, followed
by the simultaneous construction, and the last is the backward construction on the bias side. The maxi-
mum variation of the vertical and horizontal displacement of the stratum caused by the construction se-
quence is 15.50% and 62. 50% respectively, and the maximum variation of the internal force of the
supporting structure is 22. 63%. Considering that the formation displacement and structural force varia-
tion caused by the change of construction sequence are within the allowable range, the on-site construc-
tion of Qizishan tunnel adopts the scheme of simultaneous tunneling of left and right lines, and the cons-
truction process and monitoring data verify its rationality.
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Fig. 1 Finite element mesh of the tunnel
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Tab. 1 Parameters of soil constitutive model
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Fig. 2 Construction sequence of tunnel cross-section
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Fig. 3 Contour map of vertical deformation distribution of strata (unit; mm)
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Fig. 4 Variation curve of vertical displacement of the surface
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Fig. 5 Variation curve of the surface displacement along the

direction perpendicular to the tunnel extension
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Fig. 9 Variation curve of the stress on the initial support structure
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Tab. 2 Maximum force during the entire construction process of the initial support structure

— 4 J1/kN iﬂajjf‘z’ijt B/ (KN - m) %ﬁ%ﬁ?’ik
Th— TH- TH= RN/ % Th— TH— TH= AR R/ %
LC1 618.50 615.90  606. 80 1.93 10. 48 10. 44 10. 34 1.35
LC2 475. 60 471.40  467.10 1.82 6.24 6. 10 6.01 3.85
LC3 1 036. 00 1021.00 1 029.00 1.47 22.88 22.75 22.79 0.57
LC4 964. 00 951.00  958.00 1.37 15.00 14. 80 14.90 1.35
LC5 1 470. 00 1451.00 1 409.00 4.33 19.43 19.98 19.03 4.99
LC6 1 016. 00 1 005.00 1 018.00 1.29 193.20 190. 80 193. 40 1.36
LC7 1 029. 00 1019.00 1023.00 0.98 40. 94 40.20 40.76 1.84
LC8 711. 20 656.70  709.50 8.30 18.48 16. 50 17.57 12.00
LC9 1 124.00 1077.00 1075.00 4.56 25.93 24.74 25.73 4.81
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RC8 248. 30 272.60  222.30 22.63 4.57 5.00 4.20 19. 07
RCY 671.50 676.60  686.90 2.29 15. 54 16. 14 14. 84 8.76
RC10 310. 90 299.00  309.80 3.98 5. 06 4.93 5.08 2.96

T LC AR ZE MR W1 ST 454, RC ARZA BB 8 01 01 S 4P 254

LES
LE1 I
X LE3
LE7

RE1 RES
. RE6 RE8
RE7
RE3

K10 FHIZER 3 T3 5387 s 3 A 5]

Fig. 10 Location distribution of stress analysis points for lining structures
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Tab. 3 Maximum force during the entire construction process of the lining structure
— A 71/kN %j{fiﬁ H/ (KN« m) ﬂ%ﬁ%ﬁ;ﬂaiji
- Th— TH- TH= RN/ % TH— TH— TH= AR IR/ Y%
LE1 756. 90 748.30  763.00 1.96 50. 62 50. 08 50.97 1.78
LE2 831. 40 816.80  830.60 1.79 27.27 26. 46 26. 95 3.06
LE3 812. 00 807.70  802.80 1.15 156. 20 152. 80 154. 10 2.23
LE4 853. 40 845.50  855.50 1.18 34.62 33.31 34.18 3.93
LE5 1 048. 00 766.90  815.40 36. 65 99. 11 75.23 79. 66 31.74
LE6 849. 10 758.20  779.20 11.99 29. 85 26.38 27.31 13.15
LE7 958. 70 934.00  943.30 2.64 202. 30 187. 60 192.30 7.84
LE8 915. 60 725.30  763.40 26.24 33.46 26.20 28.42 27.71
LE9 878. 10 887.60  734.90 20.78 79.97 80. 53 67.76 18.85
LE10 749. 10 833.30  748.80 11.28 27.81 29. 88 27.73 7.75
RE1 834.20 844.70  819.70 3.05 176. 30 176. 00 176. 60 0.34
RE2 840. 80 864.10  845.20 2.77 39.42 40. 48 39.70 2.69
RE3 294. 00 319.20  275.10 16.03 23.46 24.93 22.22 12.20
RE4 366. 40 432.20  348.20 24.12 9.30 11.38 9.05 25.70
RE5 593. 80 605.10  565.50 7.00 104. 90 107. 40 102. 40 4.88
RE6 625.70 644.50  615.30 4.75 30. 18 31.13 29. 48 5.60
RE7 756. 90 748.30  763.00 1.96 50. 62 50. 08 50.97 1.78
RES 831. 40 816.80  830.60 1.79 27.27 26. 46 26. 95 3.06
RE9 812. 00 807.70  802.80 1.15 156. 20 152. 80 154. 10 2.23
RE10 853. 40 845.50  855.50 1.18 34.62 33.31 34.18 3.93
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Fig. 11 Results of site monitoring
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