A New Method to Measure Soil Density in the Field using SfM -新方法による現場土密度測定
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Introduction and problem

In the field, soil density has been traditionally measured in geotechnical engineering and in soil sciences using the sand-cone method (ASTM D1556/D1556M and JIS 1214), that consists in dropping a known amount of sand with a known density into a roughly calibrated hole. The method requires important amount of sands and some relatively heavy equipment, not appropriate for remote and hardly accessible mountain areas, and it does not provide any control on the quality of the method. The same issue exists with the balloon method as well.

Objectives

To solve this issue, the present contribution proposes the use of photogrammetry based on SfM-MVS, so that the method can be used in irregular soils that are coarse grains, and with limited equipment transported in the field. Furthermore, the method the author proposes can be used along outcrops vertically and on horizontal surfaces, whereas a perfectly horizontal surface was necessary up to present. Protocol: For each sample-set, a square ruler was placed around the holes to be used as a scale in the photogrammetric method, then a set of 38 to 46 photographs was taken with overlap and with angle change < 30˚ between each photograph and without jumping location, but following wangling lines, like an aircraft would do to take aerial photographs 1),2),3). The photographs were then fed in the SfM-MVS (Structure from Motion -Multiple View Stereophotogrammetry) program of Agisoft® Metashape-Professional, to first add known control points where the scale is located, then to calculate sparse point cloud, then the dense point cloud, then mesh the point-cloud as an arbitrary shape (not a topographic element) to obtain a true 3D and not a 2.5D. The data is then textured, and the DEM and ortho-images extracted. In the field, the volumes of the dug pits would be compared to the mass of the material dug out to obtain the density of the material. In the present case, we are only interested with the holes' sizes, therefore we compared the hole volumes calculated from SfM-MVS with volume of equivalent water, filling the holes in the hard foams. To compare the results, the author used the standard method of RMSE (Root Mean Square Error) to estimate the range of error between water-measured data (supposed to be the closest to the real size of the hole), and the SfM-MVS acquired data (eq. 1):
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Results and Discussion

Results show good agreement between the watermeasured hole volume and the SfM-MVS data, with the best linear fit correlation line of y=1.022*x+3.167, where x is the SfM-MVS calculation and y represents the water measurement.

The water-measures are thus slightly higher than the volumes calculated using SfM-MVS. The RMSE of the upper 50% of the data is ~5 and the lower 50% displays a RMSE of 2.6 (about half of the top 50%).

The author interpreted this result as being a function of the small crannies that are filled with water and that can't be calculated from SfM-MVS, which had a millimeter scale infra-millimeter (after software calculation). Therefore the discrepancy between the two dataset can be potentially linked to the size of the surface of the hole walls and the roughness of the grains.

Conclusion

The photogrammetric-based 'Gomez-method' to measure field density proves to be a reliable method with a control on the potential error (error control from the photogrammetric method), providing a more reliable method of field density measure and calculation. At present, the author is preparing further result presentation with full-scale field data, showing the usability and reducing the weight of the equipment carried in the field.

  The present research is based on a set of 12 samples produced in the laboratory in expended hard foam to reproduce holes dug in the field during destructive soil density test. The blocks were dug at different depth and sizes to represent different sets. The holes were dug by hand, plugging the foam out with a blunt instrument, without any particular control on the shape to reproduce roughness and unknown in field experiments (Fig. 1). Because the proposed method uses photogrammetry, it was essential to reproduce a real texture with real colors, so that the photographs could reproduce real holes in the field. The samples were therefore sprayed with regular sand over an impermeable coating. The impermeable coating was essential for the laboratory measure of the pit volume using equivalent water volume.

Fig. 1

 1 Fig. 1 Photograph of four of the test samples in the laboratory (Kobe University, Dept. of Maritime Sciences, Laboratory of Sediment Hazards and Disaster Risk)