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A case study of correlation between seismic damages of
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Abstract; The study of seismic deformation of ground is an effective and intuitive way to analyze the influence of
earthquake. The Tawarayama tunnel subjected to the 2016 Kumamoto earthquake in Kumamoto City in Japan was
taken as an example to investigate the correlation between the seismic deformation of ground and the seismic
damages of underground structures. Data of the ground surface above the Tawarayama tunnel before and after the
earthquake were collected by the technology of airborne light detection and ranging (LiDAR) , and digital elevation
models were obtained from the LiDAR data. Combination and Classification Iteratively Closest Point algorithm was
introduced to detect the deformation field of the ground. Based on the detected results, spatial comparison of the
ground deformation with the seismic damages of Tawarayama tunnel was analyzed to find their correlation. Results
show that strong ground horizontal motion can reflect the damage conditions of underground structures to some extent
(such as failure of tunnel lining, pavement, or construction joints) when subject to earthquake force. Moreover,
the direction of the ground horizontal deformation can provide an insight into the propagation direction of the seismic
wave, such as excluding the influence of some special geological conditions (e. g. , fault). The finding can also be
used to verify the failure mechanism of Tawarayama tunnel by seismic wave.
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Fig.2  Acceleration of mainshock wave in KASUGA when the
mainshock of Kumamoto earthquake occurred
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Tab. 1  Measured maximum ground acceleration at different

observation sites induced by themainshock of

Kumamoto earthquake (April 16, 2016)

S R/ BRI E/ (emes ™)
km ML ARV M
REARPGIX £ H 7.5 606.0 551.6  405.3
FIRTATHAFIT 14.2 492.8 342.6  313.9
R R A 32.3 794.5 606.8  653.1
b KB A 2 BFRT 36.3 262.1 334.4  122.3
SR gy 34.6 171.8 175.6 82.5
PRl 56.9 138.6 124.9 41.4
i P AR T 61.2 111.7 102.0 50. 4
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Classification of the seismic damages to Tawarayama tunnel
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