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Introduction
Investigating soil-structure interaction problems require an extensive amount of information including material properties the of soil, relief of the ground surface, and locations of buildings, to name a few. Geospatial information is especially invaluable when there is a correlation to the actual performance of the buildings under measured excitations from nearby bore holes. This paper demonstrates an approach to addressing this problem of collecting the geospatial data via the utilization of a laser scanner. A terrestrial laser scanner was used in this paper to collect the above ground geometry of instrumented structures studied together with a geotechnical array. The spatial locations of the array, the surrounding structures, and the relief features of the ground surface are captured by the laser scanner. The latter information is very important when the ground surface has a large slope or there are large deviations of the ground surface from the horizontal or even sloped surface.
Application of Laser Scanning to SSI OF BRIDGE Structures
Bridge on Highway 37 in Napa, California
In 2012, a bridge on Highway 37 over the Napa River in California (USA) was extensively instrumented [1].  In addition to the sensors installed on the bridge itself, a geotechnical array of the strong motion instruments was introduced. This instrumentation resulted in a monitoring system (CGS - CSMIP Station 68310) combining the instrumented structure with the geotechnical array that enables the study of a soil-structure interaction of this system. This system is shown in Figure 1 (adapted from [1]).
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Figure 1. CGS - CSMIP Station 68310 [1].
Laser Scanning in Vicinity of Station 68310
The structural assessment of this bridge was conducted by laser scanning right after the 2014 Napa earthquake [2]. The main goal of this assessment project was to complement the accelerometer data with the measurements of residual displacements captured by the laser scanner. It is well-known that double integration does not lead to a reliable estimate of the residual displacements especially when plastic deformation occurs [3]. Therefore, the residual displacements need to be obtained by other means. For this reason, the laser scanner was deployed in that project as presented in Figure 2 [2]. A terrestrial laser scanner C10 from Leica Geosystems [4] was used for this purpose. The latter study ([2]) was limited to investigation of the bridge’s residual deformation, with the intent to be expanded to the problem of the soil-structure interaction (SSI). During this structural damage assessment, the following geospatial data was captured: (1) the geometry of the ground surface and (2) geospatial locations of the bridge piers in respect to the top of the borehole with the underground instrumentation.  
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Figure 2. Laser scanning in vicinity of CGS - CSMIP Station 68310.
The site near this bridge has a relatively flat surface. Therefore, the next section discusses the application of laser scanning to a ground surface with a large slope.
Laser scanning of Sloped Ground Surface
Laser scanning of a ground surface with a large slope was conducted earlier [5]. It was conducted in the residential area of the town of Moraga (California, USA). The scanning was conducted to evaluate the proximity of high-voltage power lines to nearby vegetation. The results related to the capturing of the ground surface are discussed herein. A typical result showing a horizontal cross section of a street with a large slope is shown in Figure 3. 
A terrestrial laser scanner from Trimble was used in this study [6].
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Figure 3. Laser scan of a site with a large slope.
The previous two examples show applications of two different terrestrial laser scanners for collection of geospatial information. The same geospatial information can be captured by a drone, which also can produce a point cloud with an accuracy comparable to that of the terrestrial laser scanner [7].
Figure 4 shows a point cloud of a bridge over a narrow passage. A similar point cloud of the same bridge over the narrow passage collected by a drone is presented in Figure 5.
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Figure 4. Laser scan of a bridge over narrow passage (terrestrial laser scanner data) [7].
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Figure 5. Point cloud collected by a drone [7].
Laser scanning of Underground Tunnels for Inclusion in SSI
The presence of large underground voids can affect wave dynamics in a significant way and as such, knowing their spatial location is essential for SSI problems. 
Laser scanning examples  of underground tunnels are quite common and an extensive review is discussed in [8].  One representative example is discussed in this paper. An underground tunnel system on the campus of the University of California, Berkeley was laser scanned for assessment and upgrades. The geospatial location of the inner walls of the tunnel was captured as presented in Figure 6. The thickness of the wall was obtained from blueprints and/or by other means. A point cloud of the above ground structures was stitched together with that of the underground tunnel.
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Figure 6. Point cloud of underground tunnel system combined with above ground structures.
Both refraction and diffraction of seismic waves from the wall of the tunnels will occur and this interaction will potentially increase or reduce their impact on the nearby structures (see [9], as an example). For obvious reasons, this interaction will depend on the geospatial location of the above ground and underground structures combined into a single point cloud by laser scanning. 
Newly Established Site Aimed at Soil-Structure Interaction
A special monitoring station was established recently in Kyrgyzstan. To measure shaking of the ground and buildings and their interaction during significant earthquakes, four boreholes with a depth of 50 m were drilled in the vicinity of three buildings. In these four boreholes, sixteen accelerometers were installed at different depths, namely 0m, 15m, 30m and 50m to register ground movements. As presented in Figure 7, three nearby buildings were also instrumented. Fifteen accelerometers were installed on different floors to register the shaking of the buildings. The instrumentation details for Building 1 are presented in Figure 8. The respective details for Building 2 and Building 3 are shown in Figure 9.
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Figure 7. Plan view of instrumented buildings and boreholes.
By the end of 2019, all installation work and Internet data connection was completed. Currently, the system works in test mode and the received data is being processed to verify the ground-building sensors.
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Figure 8. Instrumentation for Building 1 (boreholes are shown as red cylinders).
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Figure 9. Instrumentation for Building 2 (left) and 3 (right) (boreholes are shown as red cylinders).

The last installation was finished in Spring 2020. Also, in 2021 a testing and optimization phase was carried out in these networks.
In the next phase of the project a terrestrial laser scanner is scheduled to be deployed and to be used for collecting geospatial information of the site. The geospatial data will be used to model the soil-structure interaction and its correlation to the actual response of buildings under measured excitation. The model will be used in the structural health monitoring of the buildings under future seismic impact. 
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