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A Study on the Prediction of Surface Settlement Applying Umbrella
Arch Method to Tunnelling

Seon-Hong Kim and Hyun-Koo Moon

Abstract. Recently, Umbrella Arch Method(UAM) is commonly used in order to enhance the stability of tunnel
itself and stabilize the adjacent surface structure. But quantitative estimation of reinforcement effect is needed
because UAM is designed and constructed only on the basis of empirical experience. By using 3-dimensional finite
element method, parametric study is performed for elastic modulus of ground and overburden, and reinforcement
effect is analyzed quantitatively. From the results, surface settlement decreases about 9%~27% in soil tunnel,
about 4%~24% in weathered rock tunnel and 4%~ 17% in soft rock tunnel when applied with UAM. The
prediction equation for final surface settlement is suggested through regression analysis and the equation is expressed
as exponential function which has variable Smax, unknown coefficient i and k.
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Fig. 1. The 3-dimensional finite element model.
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Table 1. Mechanical properties of the ground and shotcrete
properties|  Young's modulus Poisson’ s ratio cohesion friction angle unit weight
ground type E (¢Ym? v (tm?) ¢ (degree) (tm®)
ground A 2.0x10° 03 1.5 30 1.9
ground B 5.0x10° 0.3 3 30 2
ground C 1.0x10* 0.28 5 32 2.1
ground D 3.0x10* 0.27 7 33 22
ground E 5.0x10* 0.27 10 33 22
ground F 1.0x10° 0.26 20 34 2.4
ground G 3.0x10° 0.25 30 35 2.5
shotcrete 1.0x10° 0.2 - - 2.5
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