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Study on the Effect of Double-layer Small Conduit Support
at the Portal Section of Shallow-buried Soft Rock Tunnel
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Abstract: To investigate the support effect of double-layer small conduit at the portal section of shallow-
buried soft rock tunnel and determine the optimal support parameter configuration, based on the No. 2
tunnel of Zijing Mountain, a numerical model was established using geological survey reports and
construction organization design. The model considers four key factors; the overlap length of the small
pipes, the insertion angle combination of the small pipes, the grout thickness, and the arrangement
range. Various construction conditions were simulated, and the support effect of the double-layered small
pipes was compared from multiple perspectives, including the crown settlement, horizontal convergence,
and bending moment of the advanced small pipes. The results were verified with field monitoring data.
The findings indicate that the use of double-layer small conduit support significantly improves the control
of surrounding rock deformation during tunnel excavation, with the maximum crown settlement reduced by
approximately 39% and the maximum horizontal convergence reduced by approximately 8%. Compared to
no overlap (with a settlement of about 6. 735mm) , the crown settlement is notably reduced with double-
layer small conduit overlap. However, when the overlap length exceeds 1.0m, the reduction in
settlement becomes less significant. The change in the insertion angles of the inner and outer layers of the
double-layer small conduit has minimal effect on the crown settlement and horizontal convergence of the
tunnel. The crown settlement and horizontal convergence decrease as the grouting thickness and

arrangement range increase, and the optimal parameters are t=1.5m and a=120°. The measured data
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show good agreement with the numerical simulation results.

Keywords : tunnels ; soft rock ;double-layer small conduit;supports; simulation; monitoring
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Fig.2 Geological longitudinal section of the left tunnel
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Table 1 Soil material parameters

52 R I 1 AR (Y (jif ., ik W%ﬁ%m/
1 i KLY b SARETT MC 400 000 0.30 18 20 25
2 XU DA FARETT MC 50 000 0.30 20 18 35
3 WAL BT ib BRUN- MC 50 000 0.30 20 18 35
4 T [ SLRHTT MC 1 000 000 0.35 21 200 45

Fx2 TIPMESH
Table 2 Support material parameters

ErRss Fa R BN AL R L Tve 3 WPERIE/kPa AL T/ (KN-m™)
1 WX C25 BffIREE+ ik 2D # I 3.15%107 0.2 23.7
2 B W il 1D HEA A4 2.10x10* 0.3 78.5
3 N T4 i) B 1D A AT 1.27x10® 0.3 78.5
4 LY R i 1D #H AT 2.10x10° 0.3 78.5
5 —Hf C35 HffIREE+ ek 3D Ak I 3.69x107 0.2 24.7
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Table 3 Load sharing ratio
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Table 4 Tunnel deformation and maximum bending

moment of the conduit in the study section
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Table 5 Vault settlement and maximum bending moment

of the conduit in the study section

= s =

6,/() ?ﬁﬁl@z/(o) z/mm M/(N + m)
TH 1 25 5.882 27. 68
T4 2 10 30 5.876 26.24
TH 3 35 5. 884 28.12
T4 25 5. 891 27.12
TH 5 12 30 5. 885 25. 86
TH 6 35 5.893 27.78
TH7 25 5. 887 26. 89
T4 8 14 30 5.873 25.47
T4 9 35 5. 886 26. 638
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Fig.9 Horizontal convergence ( different grouting thickness)
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Table 6 Comparison of monitoring measurement data
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