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SUMMARY 

The railway bridge "Sava Jakuševac", was built in 1968. It is located on a relation Velika Gorica – Sesvete. The bridge was used for transportation of cargo between The Railroad Terminal and Sesvete train station. On 30th March 2009, a freight train containing a 26 cart composition stopped on the bridge because the engineer noticed irregularities of the track. There was a significant, uneven settlement of a load-bearing column in the river bed. Consequently, a deformation of a span structure occurred, which is why traffic across the bridge had to be stopped. 

Independent experts were hired to determine the reasons of the settlement and the scale of the consequent deformations. An investigation had to be performed in order to determine the cause of the deformation, and to design a bridge reconstruction project. Experts from the University of Zagreb, Faculty of Geodesy were hired in order to conduct measurement and create an accurate model of the bridge which is to be used for deformation determination and as a base for reconstruction project.

The investigation, which the Faculty of Geodesy preformed, included the hydrographic survey of an area under the bridge, and measuring the span structure with special focus on the area of greatest deformation. Since the lower part of the span structure is inaccessible to conventional methods, the survey of the structure was conducted using a terrestrial laser scanning method, which today represents the most advanced method of surveying. Terrestrial laser scanners provide a contactless method of survey and a high data acquisition rate. They make the collection of thousands of points per second possible. The Faculty has in its possession a terrestrial laser scanner Trimble GX Advanced, which was used for the survey.

The paper shows the entire workflow of survey and processing of measured data, and gives insight into new survey technology that is used in infrastructure projects. 
1. INTRODUCTION

The railway bridge "Sava Jakuševac" was built in 1968. It is located on a relation Velika Gorica - Sesvete. The bridge was used for cargo transportation between Railroad Terminal and Sesvete train station. 

On Monday March 30th at 22.30 a freight train containing a 26 cart composition was traveling from Railroad Terminal Zagreb towards Sesvete, but stopped on the bridge over river Sava near Žitnjak. The reason being, that upon arrival to the bridge an engineer noticed irregularities of the track, started braking and stopped the train in the middle of the bridge. No one was injured in the event, and neither the locomotive nor the carts were damaged. Also, there was no danger to the environment.

The irregularity of the track or precisely the deformation of the bridge span structure occurred as a result of an uneven subsidence of column S6 of the bridge. The column is located on the 10+688.65 km of the track Sesvete – Velika Gorica. An expert committee composed of experts from HŽ Infrastructure, Faculty of Civil Engineering and the Institute IGH, assumed that the bridge load was insufficient due to an undermining of a well foundation of the column S6 (URL1).

The investigation was required for determining the actual cause of the bridge load insufficiency and making a rehabilitation project, which included a survey of a span construction and its supporting columns. Experts from the Faculty of Geodesy, University of Zagreb were engaged for the survey.

During the survey of the span structure special attention was applied to the survey of the load-bearing part of the structure. As the load-bearing part of the structure is the underside of the bridge, and is therefore inaccessible by conventional methods, it was necessary to apply a different method of survey. Therefore, terrestrial laser scanning was the method applied. Faculty of Geodesy owns a Trimble GX Advanced scanner that was used for the survey.
This allowed the survey of all the longitudinal and transverse load-bearing beams which was crucial for determining deformations and creating the rehabilitation project.

2. Field survey

Field survey is the most important step in the surveying process and therefore needs the most attention which ensures the required quality of output data. Which is why, field recognition was performed before the actual survey. Field recognition is important for the organization of a survey and consequently for the increase of efficiency of the survey.

After determining the optimal station distribution, referent coordinate system problem was addressed. As the investigative work required different types of survey it was important to ensure that the results of all the surveys address the same referent coordinate system. That is why a network of control points was established using the National Coordinate System (NCS) of Croatia (Državni Koordinatni Sustav DKS) as a reference, thus ensuring positioning accuracy under 1 cm in the NCS of Croatia. Horizontal internal accuracy of the network was achieved on a 2 mm level using a Trimble S6 total station by conducting repetitive measurements. Vertical accuracy of 1 mm was achieved using a Sokkia SDL50 digital level.
Control points were then used as a basis for all the surveys of the bridge and its surroundings including laser scanning.

The laser scanning measurements were carried out using the Trimble GX Advanced terrestrial laser 3D scanner (Figure 3) in combination with a PointScape software package (Lemmon et al 2005) for controlling the scanner through a computer. The scanner has a range of up to 350 m, high accuracy of position determination (12mm @ 100m) and a speed of up to 5000 points per second (Trimble GX 3D Specifications).
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Figure2.
Terrestrial laser 3D scanner Trimble GX Advaned

During the survey, the scanner position and its orientation were determined to match the DKS. The procedure is similar to setting and orienting a total station, with the difference that, instead of prisms, so-called targets are used for orientation. Scanners determine the centre of the target and, when that position is known, use that information to orient themselves accordingly.

This scanner setup method ensures that all the points acquired during the scanning process are assigned with the appropriate coordinates that correspond to the DKS. The survey was conducted from seven station positions (on Figure 3 station 3 overlaps station 2) and the detailed information on the number of points measured from each station can be seen in Table1.
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Figure3.
Station distribution with respect to the bridge

Table1.
Number of points measured from each station

	Station position
	Number of points
	Station position
	Number of points

	1
	3 100 921
	5
	3 878 050

	2
	1 146 456
	6
	3 528 412

	3
	2 475 181
	7
	1 444 929

	4
	1 420 353
	
	

	
	
	Total

	16 994 302


3. Processing the scan data

To create a 3D model of the required elements of the project from the point cloud, it was necessary to use RealWorks Survey. That software package allows the manipulation and processing of the point cloud obtained by Trimble GX Advanced scanner.

The first step in the process always consists of the expulsion of redundant points from a cloud of points. In this case, that process is done manually. The redundant data includes grass, shrubs, trees, steel ropes which secure the column from further subsidence and all other objects that are not the subject of the project. As the area or survey was limited during the scan, there was a relatively small amount of such redundant data. After the initial processing the number of points was reduced to 15,520,942. In this case, the difference is not drastic but sometimes further processing is significantly more difficult without cleaning the point cloud (Gordon et al 2004).

As the scanners position and orientation were determined with respect to the DKS, so are all the point clouds properly positioned and oriented. That is why positioning of the point clouds during processing was unnecessary. Nevertheless, something that always needs to be done is to check the accuracy of alignment or how the point clouds fit each other. That accuracy is shown in Table 2. Point clouds were named with respect to their station positions.

Table2.
Accuracy of alignment of neighboring clouds 

	Neighboring clouds
	Overlap (cm)
	Neighboring clouds
	Overlap (cm)

	2 – 3
	0.3
	5 - 6
	0.4

	1 – (2 – 3)
	0.5
	(5 - 6) – 7
	0.5

	(1 – 2 – 3) - 4
	0.6
	
	

	
	
	Total
	1.2


The result of survey and "fitting" is a singular point cloud that is a realistic representation of a measured object. Such a cloud can be used as a whole or it can be segmented into smaller objects for easier examination (Figure 4). In this project it was decided to segment the cloud to ensure easier examination and modeling of specific elements required by the project [5].

The cleaned and segmented point cloud was then used for modeling all the elements obtained by scanning and required by the project. That included the columns and the load-bearing part of the span structure.

The possibility to model directly from the point cloud data was exploited. For modeling the columns the cutting plane tool was used. That process consists of defining a cutting plane that is then used for extracting specific segments from the point cloud. Those segments are then used for determining the shape and size of each column (Yoon et al 2009). Elements of the span structure were obtained by extraction of each element from the point cloud and then modeling each segment individually.
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Figure4.
Point cloud and wireframe model of a column S5 in the riverbed

Modeled elements were then exported to a dxf format which allowed their use in a CAD software package. The final product is an accurate 3D model in a dwg file format which is being used as a basis for the rehabilitation project. The use of the scanner thus reduced the time of survey and allowed the acquisition of a large quantity of quality information about the bridge.
4. CONCLUSION

Terrestrial laser 3D scanning is one of the most promising contactless measurement technologies. It allows acquisition of a large amount of precisely measured points in a very short period of time (Medak et al 2007). Growing interest for this technology comes from a number of professions that deal with spatial information and visualization. It also found its application in civil engineering (Kiziltas et al 2008). 

While surveying the bridge "Sava-Jakuševac" this technology made it possible to quickly acquire complete and high quality data of the bridge. This would not be possible using classical methods of survey. Besides the speed, the wholeness of the data is specially emphasized because it allows obtaining all additional information that the investor might request even without having to go out to the field again. Going out would be necessary only in the case of further structure displacement and making deformation analysis.

Development of algorithms for automatic detection and modeling elements from point clouds (Bosche et al 2010 and 2008) will enable even higher data processing speed, which, in most cases, is the most time consuming part of the process. Further development of laser scanners, and projects like Road Mobile Mapping System (MOSES) for surveying roads using laser scanner mounted on a moving vehicle, with a 2 mm accuracy (Gräfe et al 2008), will ensure that investors will be presented with accurate and reliable information even faster.
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