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Abstract

Boulders are a common geological phenomenon that affects subway shield tunneling construction.
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Microtremor survey technology serves as an effective method for detecting these boulders. How-
ever, when the available site area is limited, it becomes difficult to deploy conventional micro-
tremor arrays such as circular or nested triangular configurations. In this study, a linear micro-
tremor array was deployed along the internal roads of an under-construction station on Shenzhen
Metro Line 19. The phase velocity dispersion curves of surface waves were extracted from the mi-
crotremor data using an extended spatial autocorrelation algorithm and were subsequently in-
verted. The inversion results reveal the presence of a 5-meter-thick hardened surface layer and
cushion layer at the top, and a boulder was detected at a depth of 20~30 meters, which is consistent
with borehole verification data. These findings demonstrate that linear arrays can effectively detect
boulders in urban subway construction areas where site conditions are unsuitable for deploying
circular or nested triangular microtremor arrays.
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Figure 1. Observation diagram of microtremor detection array
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Figure 2. Survey area and data acquisition
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Figure 3. Microtremor recording at a single measurement point
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Figure 4. Flowchart of the ESPAC method for calculating surface wave phase velocity dispersion curves. (a) Spatial autocor-
relation coefficients at different distances for the same frequency. (b) Surface wave phase velocity dispersion curve obtained
by fitting the spatial autocorrelation coefficients with the Bessel function
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Figure 5. Surface wave dispersion curves extracted at different measurement points along the microtremor survey line. (a)~(c)
show the dispersion curves obtained at positions 0 m, 15 m, and 23 m, respectively. (d) is the phase velocity profile obtained
by all the dispersion curves
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Figure 6. Microtremor survey result profile (S-wave Velocity Structure profile) and the interpretation from borehole data. The
black solid lines in the figure represent the strata revealed by drilling, and the black text on a white background indicates the
corresponding lithology of the boreholes. The labels above the horizontal coordinate axis indicate the observation point num-
bers, while those below indicate location information
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