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ABSTRAC The article presents the possibility of obtaining geometric parameters of an flyover passing through a

railway using ground-based laser scanning technology using modern equipment Leica ScanStation C10.
The practical significance of using the chosen method lies in the fastest and most convenient scanning of the object, reducing
production costs and, of course, high accuracy of the spatial data obtained necessary for the reconstruction of the flyover. A study
of the use of ground-based laser scanning technology to obtain spatial data of the flyover was conducted, as a result of which
the advantages of the chosen method were revealed. Also, based on the data obtained, a comprehensive three-dimensional
model and two-dimensional drawings were prepared, such as the facade of the flyover, its plan and drawings of transverse
profiles. Thanks to the compiled drawings and models of the bridge structure passing through the railway, the design work on
the reconstruction of the facility has become much easier and more efficient. The presented experience confirms the need to
introduce modern technologies, namely ground-based laser scanning in survey activities in order to develop and detail design
solutions for the reconstruction of flyovers.
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AH HOTA M PaccMoTpeHa BO3MOXHOCTb NONYyYEHMSI FTEOMETPUYECKMX NapaMeTPOB NyTENPOBOAA, MPOXOASLLENO Yepes
YKENe3HyH 4,0POry, C MOMOLLbI MPUMEHEHUS TEXHONOMMU HAa3EMHOTO JIa3€PHOM0 CKAHMPOBAHMUS C UCMOJb-

30BaHMEM COBpeMeHHOro obopyaosanus Leica ScanStation C10. MpakTtnyeckas 3Ha4MMOCTb BbIOpAaHHOIO MeToAa 3aK/KYaeTcs
B Haubonee 6bICTPOM M yAO0OHOM BbINMONHEHUM CKAHMPOBAHUS 0OBEKTA, CHUKEHMM 3aTPAT HA MPOM3BOACTBO M BbICOKOM TOYHOCTU
MOTy4EHHbIX MPOCTPAHCTBEHHBIX AAHHbIX, HEOBXOAMMBIX A1 PEKOHCTPYKLMK NYTENPOBOAA.

MpoBeneHo MccnenoBaHWe NPUMEHEHNS TEXHONOMUM HA3EMHOTO JTAa3ePHOT0 CKaHUPOBAHWS A1 NOMYYEHUS MPOCTPAHCTBEHHbIX
[LlaHHbIX NYTENPOBO/AA, B Pe3y/ibTaTe KOTOPOrO BbISIB/IEHbI MPEUMYLLECTBA 3TOr0 MeTofa. Ha 0CHOBE NOMYYEHHbIX AaHHbIX BbINOJIHE-
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Ha MOATOTOBKA KOMMIEKCHOM TPEXMEPHOM MOLENU U ABYMEPHbIX YePTeXeN, TaKMX Kak tacag nyTenpoBoAa, €ro MiaH U YepTexu
nonepeyHbIX Npodunei. bnarogaps coctaBNeHHbIM YepTexaM U MOLENM MOCTOBOTO COOPYXKEHMS, MPOXOASLLETO Yepes Xene3HyHo
[Lopory, NpoBeAeHUEe NPOEKTHbIX PaboT Mo PeKOHCTPYKLMM 06bEKTA CTaNo 3HAYUTENBHO NpoLLe U 3DdEKTUBHEE.
MpencTaBneHHbIi ONbIT NOATBEPXKAAET HEOBXOAMMOCTb BHEAPEHUS COBPEMEHHbIX TEXHOIOMMIA, @ UMEHHO Ha3eMHOrO Jla3epHo-
o CKaHMPOBaHUS B U3bICKATENbCKYIO AEATENbHOCTb C LEMbio pa3paboTKM U AeTanm3aLmmu NPOEKTHbIX PELLEHUI N0 PeKOHCTPYKLMM

nyTenpoBooB.

Kn |_OL| EBblE CﬂO BA. MPOCTPAHCTBEHHbIE JAHHbIE; HA3eMHOE Nla3epHOEe CKAHMPOBAHWE; MYTENPOBOA,; IMHENHbIe
+ COOPYXEHUS; XXenesHas Lopora; PeKOHCTPYKLUS

[na uutuposanua: Lesyerko T, LLleHsieckas J1.A., bpbiHe M.S. HazeMHoe nasepHoe CKaHMPOBaHME NYTENPOBOAA YepPe3 KeNne3Hy

fopory ans ero pekoHctpykuum // Tpancnopt BPUKC. 2023.T. 2. Boin. 4. C7. 3. https://doi.org/10.46684/2023.4.3.

INTRODUCTION

In modern scientific literature, the issue of over-
passes operation and monitoring of their deformations
is considered frequently [1-3], as there are many rea-
sons for changes in their qualitative characteristics. In
the process of long-term operation of flyovers, various
defects and damages gradually appear, which leads to
the problem of their utilisation and large expenditure
of resources for reconstruction [4, 5]. Modernisation of
bridge structures passing through railways is aimed at
improving the reliability performance not only of the
whole object, but also of its constituent parts [6].

Documentation for flyover reconstruction includes
many components, one of them is drawings of various
structures and a three-dimensional model of the object
[7]. To obtain such information, the technology of ter-
restrial laser scanning was chosen.

MATERIALS AND METHODS

Currently, there are various ways of obtaining
spatial data on objects, but the most promising and
modern direction is terrestrial laser scanning [8-11].
During scanning, the directions of laser beam propa-
gation and the distance to the object points are de-
termined. Terrestrial laser scanning is carried out in
order to obtain an accurate and most complete three-
dimensional image of the filmed object in the form of
a point cloud [12].

The creation of a complex spatial model and
drawings for the reconstruction of the flyover on
Ofitserskaya Street over the railway in Krasnodar
on the basis of terrestrial laser scanning data using
Leica ScanStation C10 is considered. In the city this
flyover serves as one of the main and always busy en-
trance routes. The survey was carried out to assess

Fig. 1. Three-dimensional model of the flyover: 1 — railing; 2 — support body; 3 — metal pipes in the casing; 4 — reinforced concrete
ribs of the superstructure; 5 — support posts
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Fig. 2. The facade of the flyover: 1 — reinforced concrete barrier fence; 2 — reinforced concrete communication box; 3 — railing fence;
4 — protective shields; 5 — reinforced concrete ribs of the superstructure; 6 — railway track; 7 — support posts; 8 — metal pipes in the
casing; 9 — support body

the technical condition of the flyover building struc-
tures, to identify damages and defects affecting the
strength and load-bearing capacity of the structure,
as well as to carry out further work on its reconstruc-
tion.

FINDINGS OF THE STUDY

When flyovers are being reconstructed and design
documentation is missing or outdated and inadequate,
new spatial data is required.

The Leica ScanStation C10 scanner provides spa-
tial data with a point position accuracy of 4 mm per
50 metres. On the basis of the obtained information a
3D model, 3D and 2D drawings are created.

Extraction of geometric information from spatial
scanning data is performed by point cloud, first it is
processed in ReCap and Cyclone programmes. Then
the processed point cloud data is exported for mod-
elling in Revit software (Fig. 1). Due to the fact that
the obtained point cloud is dense, the data from the
drawing results are reliable and accurate. As a result,
the centres of the supports and the distances between
them are identified. Based on the results of modelling
the point cloud in AutoCAD programme, drawings
were made for the preparation of performance docu-
mentation.

The results of terrestrial laser scanning allowed to
draw the facade (Fig. 2) and plan (Fig. 3) of the flyover
with indication of qualitative characteristics of its ele-
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Fig. 3. Plan of the flyover: 1 — reinforced concrete
communication box; 2 — reinforced concrete ribs of the
superstructure; 3 — support posts; 4 — protective shields;
5 — railway track; 6 — railing; 7 — sidewalk; 8 — reinforced
concrete barrier fence; 9 — metal pipes in the casing;

10 — deformation seam
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Table

Specification of the fittings for the flyover

Assembly units

DSh-BSh-50

Support 1 (4)
1 @12 Alll GOST 5781-82" L =14000 mm
2 @12 Alll GOST 5781-82" L=145mm
3 @14 Alll GOST 5781-82" L =450 mm
4 @16 Alll GOST 5781-82" L =420 mm

Expansion joint base

5 &16 Alll GOST 5781-82" L =1420-1990 mm

6 @16 Alll GOST 5781-82* L =14 000 mm
Monolithic reinforced concrete, class B25, F200, W8

Filling the gate
7 @12 Alll GOST5781-82* L =1466-1990 mm
8 @312 Alll GOST5781-82* L=14000 mm

Monolithic reinforced concrete, class B25, F200, W8

Materials
9 Transition zone “MMCreat” or equivalent
10 Monolithic reinforced concrete, class B25, F200, W8
11 Chemical anchor “BIT-EASF” or equivalent

./[.

7,

Fig. 4. Design drawing of the expansion joints of the flyover:
1 — monolithic concrete; 2 — transition zone; 3 — extreme
load-bearing profile; 4 — cabinet wall; 5 — filling the gate

with monolithic reinforced concrete; 6 — monolithic reinforced
concrete base for the expansion joint

R

N L
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2 pes/(13,93 + 14,07) = 28 RMT

16 12432 198.912
560 0.129 72.240
560 0.545 305.200
280 0.664 185.920
280 2.694 754.320
48 22120 1061.760
6.28

280 1.426 399.280

32 12432 397.824
103

m’ 118

m? 447

L 9.76

ments in scale 1:100. Also based on the measurement
data, drawings of cross-sectional profiles were made
with the determination of slope values and slope di-
rections.

In order to reconstruct the flyover, a condition sur-
vey is also required. For this purpose, a construction
drawing of the expansion joints (Fig. 4) with the accom-
panying specification of reinforcement for the flyover
(Table).

CONCLUSION AND DISCUSSION

The article presents the experience of using the
technology of terrestrial laser scanning of flyovers,
based on the results thereof it can be concluded that
the use of this technology for surveying engineering
structures is relevant, taking into account its advan-
tages. During reconstruction laser scanning is used to
obtain executive documentation, to monitor geomet-
ric deviations from the design or permissible parame-
ters for the flyover, as well as to obtain characteristics
of its structural elements — flyover condition survey.
The obtained data are reliable and can be used for
development and detailing of design decisions on re-
construction.
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