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Seismic responses of tunnel-shaft junction under transverse excitations
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2. State Key Laboratory of Disaster Reduction in Civil Engineering, Tongji University, Shanghai 200092, China;
3. School of Human Settlements and Civil Engineering, Xi'an Jiaotong University, Xi'an 710049, China)

Abstract; Tunnel-shaft junction is an integral part of the underground network. It is also among the underground
structures most vulnerable to seismic impacts. The non-uniform soil-structure interactions stemming from the
abrupt structural change are likely to cause discrepant responses between the shaft and the tunnel. Based on the
engineering background of a typical highway tunnel in soft soil, a shaking tablet test was conducted on the shaft-
tunnel junction. Following the dynamic similitude principles, the soil-structure relative stiffness was chosen as the
controlling factor in the design of the model system. During the test, the shaft-tunnel junction was subject to
transverse excitations, and accelerations and deformations of the model were recorded. The discrepant responses
between the shaft and the tunnel were quantified through comparisons of their acceleration responses. The
longitudinal deformation mode of the tunnel was thus analyzed. Hence, based on the beam-spring model, a pseudo-
static model was proposed for the shaft-tunnel junction, and a pseudo-static analytical solution was therefore
derived. As validated by the test results, the proposed pseudo-static model could predict longitudinal deformations
of the tunnel under transverse excitations with reasonable accuracy. Moreover, it directly established a quantified
relation between the longitudinal deformation of the tunnel and the tunnel-shaft relative displacement.

Key words: tunnel; shaft; seismic responses, shaking table test; pseudo-static model
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Fig. 5 Accelerograms (Up: Case M1; Down: Case M2)
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Fig. 9 Pseudo-static model of tunnel-shaft junction under

transverse excitations
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