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Three-dimensional finite element analysis of impact of utility tunnel
construction on overlying deep excavations
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Abstract: A shielding method utility tunnel is constructed underneath the foundation pit using the cover-excavation method in
Shenyang. Based on the analysis and comparison of the measured data of this project, a three-dimensional finite element model
is established using the HSS constitutive model. The deformation of the retaining structures, the strut settlement and the
deformation of the finished structures in the pit caused by tunnelling are analyzed. The research shows that the characteristics of
the tunnelling underneath the foundation pit can be described appropriately using the HSS model. The underneath tunnelling
will induce differential settlement at the top of the retaining structures. The settlement of the finished structures and struts in the

foundation pit increases gradually from the middle part to the two sides near the retaining structures. The reasonablely designed

columns can control the settlement of the struts effectively.
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Fig. 1 Plan view of utility tunnel underneath excavations
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Fig. 2 Profile of utility tunnel underneath foundation pit under

construction
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Fig. 3 Mesh of model for numerical simulation
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Table 1 Physical and mechanical properties of soils
1B 4 , c o' G Yos Esr;f E;:; Ey
/(kN-m™) [(Nm?)  /(°) /(kN-m™) /(107 /(kN-m %) /(kN-m ?) /(kN-m %)
O Si-h 19.2 25.7 15.2 32232 0.2 3950 3950 11850
@, FRD 19.1 15.2 27.4 44798 0.2 5490 5490 16470
@ s BRED 19.6 28.5 29.9 62750 0.2 7690 7690 23070
@ I Bk 19.3 25.1 30.6 55243 0.2 6770 6770 20310
O 20.3 26.0 20.6 40963 0.2 5020 5020 15060
ORI 20.5 14.4 24.1 105508 0.2 12930 12930 38790
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Fig. 4 Relative position between tunnel and excavations
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Fig. 5 Comparison of ground surface settlement outside pit
between numerical results and empirical solutions
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Fig. 6 Comparison of highway tunnel deformation between

numerical simulations and measured data
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Fig. 7 Settlements of top of cast-in-place pile induced by
construction of subjacent utility tunnel
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Fig. 8 Vertical movements of horizontal support induced by

construction of subjacent utility tunnel
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