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ABSTRACT: 
 
The paper describes the survey stages of a masonry bridle, located in the ravine Gennarini-Leucaspide near Statte (Ta), part of a 
group of three bridle for the protection of the railway line along the SS 7. The intent is to check the charge condition of stability of 
the structure as it is no longer included in the left bank, it is subject to phenomena of soil excavating, compromising the static and 
causing partial collapse. 
These collapses, probably linked to the erosion of a portion of land for the movement of water, occurred on the structure since the 
year 1996 as a result of flood. It was designed a monitoring plan for one year to determine the horizontal and vertical hanging of both 
upstream and downstream of the bridle, in order to define the parameters of variation of the safety factor over time, especially in the 
alternation of rain and dry periods. Were carried out meticulous topographical surveys with traditional techniques using the total 
station Leica TS30 supplemented by framing operations through local GPS measurements and modeling of the structure through 
terrestrial laser scanner survey.  
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1. INTRODUCTION 

Sustainable management of natural resources requires a 
continuous and detailed monitoring of various aspects of the 
environment and existing structures. The evaluation of the 
safety of a structure is complex, which includes numerous 
activities such as visits of inspection or monitoring of proper 
functioning of the individual building components, it has a 
multidisciplinary nature, presenting also the added difficulty of 
forecasting 'changing environmental conditions, which can 
change substantially the stresses on structures. This need is even 
greater if it has something to do, as in the case study, with 
transverse structures in areas of high flood risk. 
The bridle is a work of hydraulic engineering designed to 
reduce the transport of solid material from a stream, creating a 
repository upstream of it. A bridle consists of a foundation 
(ground mail) a wing (post above), a “gaveta” (a concavity of 
the wing) and any vents (holes). Typically in a stream, are built 
more bridle. Each bridle must be placed at a certain distance 
from the next so as to create a slope compensation of the river 
allowing the reins to reduce the grade and forming jumps, up to 
reduce the erosive capacity of the river to values such that the 
bed is not eroded. These works store a significant reserve of 
energy that is suddenly released in the event of collapse, with 
obvious consequences in terms of lost lives, environmental and 
economic damage. 

 
Figure 1 - Image of the bridle, downstream 

 

 
 

Figure 2 - Detail of the bridle, downstream 



Was monitored in a bridle gravity stones varying in width from 
1.55 meters to 2.4 meters, a total length of 53.5 meters and a 
height of about 4.30 meters (Figure 1,2 and 3). 
 

  
Figure 3 - Details of the bridle 

 
The bridle is located in the ravine Gennarini-Leucaspide, 
located in the territory of Statte (TA) at the entrance to the 
expressway SS7 and identifiable in CTR map of Puglia, in the 
element n. 493074 in 1:5000 scale (Figure 4). 
The ravine in question is located west of town, comes from the 
confluence of other smaller canyons, such as the ravine of 
“Amastuola” and the one of the “Triglie”, called the ravine of 
Accetta in its upper part, Leucaspide ravine tract medium and 
Gennarini ravine last stretch (on the maps is often referred to 
indiscriminately as Leucaspide ravine). 
 

 
 

Figure 4 - Extract from the CTR map 
 

It is a bridle classical restraint of concrete, able to hold rocks, 
boulders, trees and logs. It becomes part of a group of three 
bridle for the protection of the railway line located along the SS 
7. During the months of January, February and March 1996, the 
territory in question was affected by a series of particularly 
intense meteoric events that resulted in an emergency. From 
rainfall data showed the existence of a wave of full, responsible 
for flooding downstream of the canyon Gennarini, attributable 
in particular to the rain fall between 29 and 30 January 1996 
(138.4 mm). Indeed, it is a result of these events that the 
structure presented posters of instability phenomena. 
Currently it is a risk factor for the area as being subject to 
particularly high degree of excavation of the surrounding terrain 
and, since it is no longer set in the left bank, it is completely 
circumvent by water (Figure 5 and 6). 
 

 
Figure 5 - Aerial imagery of the bridle before the collapse 

 

 
Figure 6 - Aerial imagery of the bridle after the collapse of the 

left side 
 
 

2. GEOLOGICAL CHARACTERIZATION  

From a hydraulic point of view, the output section of the 
Gennarini ravine implies a catchment area of 88.04 km2 
between the towns of Massafra, Statte, Crispiano and Martina 
Franca, going up the ridge west of the Murge, which extends 
from an altitude of 13 m a.s.l. a maximum altitude of 524 m 
a.s.l. with an average gradient of 2.36% (Figure 7).  
Water carried from the ravine are collected in a artificial 
channel, built in the eighties, said Stornara, which flows into the 
river Tara, who sends water to the sea. 
 



 
 

Figure 7 - Catchment area subtended by the ravine Gennarini 
 

The Gennarini-Leucaspide ravine arises from the confluence of 
other smaller canyons, such as the ravine of “Amastuola” and 
the one of “Triglie”, called the ravine of “Accetta” in its upper 
part, middle part of the ravine Leucaspide and Gennarini ravine 
last stretch (on maps is often referred to indiscriminately as 
Leucaspide ravine). 
 

  
 

 
 

Figure 8 - Geological Map of the Puglia region (abstract sheet 
202) and geological section 

 
The topography of the site contains outcrops of rock formations 
(limestone, dolomite, calcarenites) coated with a small layer of 
vegetation: more precisely, on a basic block represented by 
limestone, dolomitic limestone and dolomite. Transgression are 
found in sediments (calcarenites of Gravina) that pass upward 
continuity of sedimentation and stratigraphic correlation to clay 
deposits (Sub Appennino blue-gray clay). These are subject to 
calcarenitic-sandy deposits (calcarenites of Monte Castiglione). 
Furthermore, above the mentioned formations of marine origin, 
are found polygenic conglomerates, gravels and sands of marine 
origin terraced always, floods silty-sand that occupy the valley 

bottoms of rivers and deposits silty-clay loam or sandy-source 
marsh (Figure 8). 
 

3. INTEGRATED SURVEY TECHNIQUES FOR 
STRUCTURAL MONITORING  

It was necessary to make a series of visits, in order to evaluate 
the best survey procedures to adopt. Given the orographic 
complexity of the site and item, has adopted an integrated 
survey approach through the use of an automated total station 
for the survey of detail, GPS instruments for framing the site 
and a laser scanner survey to get a 3d model . 
 

4. THE SURVEY WITH TOTAL STATION 

For the topographical survey has been used total station TS30, 
newborn in Leica, characterized by an angular accuracy of 0.5", 
precision EDM Pinpoint of 0.6 mm + 1 ppm and automatic 
recognition of the prism with an accuracy of 1 ppm. It was 
possible to stay on two points only, due to the presence of 
uncultivated vegetation, and because of the altitude 
characteristics of the site. Both stations have been materialized 
in concrete pillars with a forced centering, by whom had seen 
the two sides of the bridle: the front of the North and South. 
Subsequently the prisms were placed on the bridle, in particular, 
8 on top, 3 on the wall upstream and 2 prisms on the wall 
downstream (Figure 9 and 10). 
 

 
 

Figure 9 - Sketch of the logbook 
 

 
Figure 10 -  Instrumentation used: TS30 

 
The elaboration of topographic data was performed with the 
software Leica Geo Office. In late August 2009 was conducted 
the second major campaign planned. Since the observation 
period coincided with the dry season, have not been found, as 
expected, significant shifts in the structure. Further analysis and 
consideration will be possible at the next campaign to be 
launched in February 2010. 
 



 
 

                             Figure 11 – Topographic network 
 
 

Punti stazione x y z Desc 
100 0 0 0  
200 15.4289 -15.9449 -0.786  

1 -0,4145 -10.2977 -0.285 Target laser 
2 -5.1826 -12.1585 -0.296 Target laser 
3 -12.6649 -14.9014 -0,303 Target laser 

101 3.5877 -9.0582 -3.292  
102 1.7458 -9.4705 -2.271  
103 -3.2369 -10.8803 -2.729  

4 19.2564 -4.7051 1.409 Target laser 
201 4.3846 -10.0261 -0.463  
202 -0.219 -11.2648 -0.497  
203 -4.9986 -12.7945 -0.521  
204 -8.927 -13.7154 -0.525  
205 -12.5406 -15.5315 -0.521  
206 -15.8575 -17.6853 -0.632  
207 -18.4297 -19.257 -0.776  
208 -19.018 -20.3778 -0.849  
209 -0.3925 -11.5118 -1.196  
210 2.9488 -10.6944 -1.655  

 
Table 1 – Total station data processed using LGO 

 
 
 

5. GPS SURVEY 

The topographical survey done, was framed, with GPS 
measures, in the permanent network of the Puglia region, 
relying on the stations Fasano, Ginosa and Salice Salentino. By 
fixing the coordinates of two known points (Ginosa and Salice 
Salentino), considered fixed, were checked the coordinates of 
the third known point (Fasano) and have been determined the 
coordinates of the stations of the local network (100 and 200). 
With 4 receivers available, 6 bases were built, of which 3 are 
independent. The observations were acquired in static mode 
with a sampling interval of 5 seconds and measuring sessions of 
4 hours. This has allowed both to determine the coordinates of 
the stations of the local area network (100 an 200) and to verify 
their stability over time. 
 

6. TERRESTRIAL LASER SCANNER SURVEY 

The application of terrestrial laser scanner has been aimed at 3D 
modeling of the bridle. Given the size and the lack of 
accessibility, were made two stations, and placed 4 targets. The 
survey was performed with the terrestrial laser scanner Leica 
HDS 3000 with step of 0,5 x0, 5 mm. The data were processed 
with the software Cyclone (Figure 12) and Geomagic Studio. 

The data were pre-processed and was performed alignment of 
scans in Cyclone. The total point cloud was imported into 
Geomagic and triangulated, obtaining the final model. This is an 
archive on the work at the time of the survey, given the ease of 
collapse suffered by the structure. This allows the possibility to 
check at any time, regardless of the stability of the structure 
(task of monitoring), the increase of pressures and changes of 
the reactions of stability. 
 

 
           

 
 

Figure 12 - Complex Mesh  in Cyclone 
 
 

7. STABILITY EVALUATION OF BRIDLE 

Note the movement (translation, rotation, roto-translation) it is 
possible to define, note the curve stress-strain of materials, the 
destabilizing pressures that provoked them. With reference to 
the real geometry of the bridle, the geotechnical characteristics 
of the soil and the D.M. 14/01/08 (or the D.M. 88) it goes back 
to the stabilizing forces acting on it. The relationship between 
the stresses stabilizing and destabilizing (the latter, please note, 
obtained from monitoring), provides the real factor of safety FS. 
Assuming that the stabilizing actions remain constant, we will 
examine the evolution of the safety factor in the time from data 
obtained from individual monitoring campaigns. The results are 
represented graphically in a plane where, the horizontal axis 
shows the time in months and, on the vertical axis, the factor of 
safety of the structure and that provided by the regulations. This 
clearly represents the benchmark against which to assess the 
stability of the bridle. Specifically this work, were acquired the 
coordinates of points on the structure during the first two 
campaigns, assuming that the monitoring of the structure will 
last one year with checks made on a quarterly basis, it will 
possible to get a type of graph such as that shown in figure 13. 
It is expected that with the rainy season, the safety factor 
decreases. 
 



 
 

Figure 13 -  Andamento FS nel tempo 
 

 
8. CONCLUSIONS 

The security and management of the facility requires regular 
monitoring, both short and long term, in order to increase the 
knowledge of its actual behavior and to plan optimum 
maintenance and renovation. It was considered appropriate to 
integrate with different relief (total station, GPS, laser scanning) 
in order to meet the limitations of each technique and to obtain 
reliable and accurate information about the structure. The 
monitoring plan, considering the seasonality of rainfall, 
provides the next campaign in the months of February and June 
2010. The first two campaigns are a good starting point for 
future monitoring campaigns through which you determine if 
shifts are underway that affect the structure. 
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