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INTRODUCTION 

The article illustrates some results of a research aimed at the implementation of an experimental 
procedure conceived to obtain a three-dimensional dynamic topographic survey of the free surface of 
rapidly moving granular masses. 
In order to achieve that goal an experimental apparatus has been constructed, at the Department of 
Geosciences of the University of Padua, for the simulation of the motion of granular dry and wet 
masses and photogrammetric hardware and software has been purchased. 

EXPERIMENTAL APPARATUS 

The experimental support for the simulation of the dynamics of granular masses is formed by two 
planes: an upstream plane and a downstream plane. The planes will be connected each other in order 
to simulate the flowing and stopping areas of mass movements such as debris-flows, dense snow 
avalanches and rock avalanches (Froude similarity, geometrical scale of the order of 50:1 – 100:1). 
The upper plane slope varies from 15% to 60% while the downstream plane will have a slope ranging 
from 0% to 30%. 

 

Fig. 1 The experimental device. 

The upper plane hosts the releasing system of the granular material, formed by a box of different 
shapes (parallelepiped or cone-shaped). The granular material can be released impulsively, manually 
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or by means of a pneumatic piston. The granular motion can be both channelled or free on the upper 
plane and on the lower plane. 

PHOTOGRAMMETRIC TECHNIQUES 

The experiments are performed testing two photogrammetric systems using digital cameras and digital 
video-cameras.  

 

 

Fig. 2 Photogrammetric survey of the deposit of a granular flow downstream a mound. 

The CCD sensors of the metric cameras have an effective number of at least 8 Mpx and a shooting 
frequency of roughly 5 Hz. The dynamic survey is performed by the synchronisation of the shooting 
instant of the digital cameras and obtaining the contemporary survey of pictures at a frequency of 3-4 
Hz. 
In the second photogrammetric system six to eight digital video-cameras are used distributed 
longitudinally along the experimental channel. Recording time trigger is given digitally at the same 
time. The surface is reconstructed using the frames taken at the same instant from the different video-
cameras. 
The quality of the three-dimensional survey is tested performing, at some points of the motion field, a 
dynamic depth survey by means of standard distance meters (laser-meters). 
The photogrammetric analysis is performed by means of commercial dedicated hardware and 
software. 
 

 

Fig. 3 Comparison, for two sections, between the photogrammetric survey and the survey obtained using a 
hydrometer . 

As a final product of the research it is expected the tuning of an automatic procedure for the 
photogrammetric analysis of the numerous couples of frames taken in order to describe the dynamic 
evolution of the motion of a granular mass driven by the gravity and the limits of the proposed 
techniques. The field application will be taken into consideration. 
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