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ABSTRACT
TThe D1 motorway is the most important and longest Slovak highway which  after its 
completion will connect the border crossing Bratislava Záhor with the state border 
with Ukraine via Trnava, Trenčín, Žilina, Poprad, Prešov, Košice and Michalovce. It is part 
of route „A” 5 of the Pan-European corridor (Trieste) - Bratislava - Žilina - Košice - (Uzh-
horod - Lvov) and European routes E50, E58, E75, E442 and E571. The D1 motorway has 
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been under construction since 1972, and currently 
nearly 320 km long track is in operation, which 
is less than 62% of the total planned length of 
515.621 kilometers. The present paper deals with 
the issue of building a surveying network for the 
construction of a highway bridge 202-00 in the D1 
motorway section between Mengusovce-Jánovce 
followed by statistical and graphical interpretation 
of the positional measurement .

1. Introduction 
	 Analysis of the structure of the road network of 
the Slovak republic indicates the need to connect 
the west and east of Slovakia with a quality net-
work of motorways and expressways [6],[7]. The 
problem of building geodetic networks and their 
subsequent processing is an essential part of engi-
neering surveying. Engineering geodesy is also of 
major importance in building surveying networks 
in the construction of large engineering structures 
including bridges. The purpose of the present pa-
per is to provide readers with an overview of the 
building of a surveying network for the highway 
bridge 202-00 in 1.235-1.494 km above the river 

Poprad on D1 motorway from Mengusovce to 
Jánovce and to choose an optimal solution for esti-
mation of the given network parameters. Building 
of the surveying network was carried out in two 
stages. Methods used in the geodetic surveying 
works were based on gradual establishment of 
local geodetic networks. In building the network, 
the emphasis was placed primarily on the accuracy 
and quality of the surveying and computational 
work, since the object is the access road to the tun-
nel Bôrik. 	

2. Characteristics of the structure 
	 The D1 motorway section Mengusovce - Jánovce 
(Figure 1) has a length of 25.85 km. It is divided 
into 3 subsections: Mengusovce - Poprad (0.00 
km - 8.00 km), Poprad - Matejovce (8.00 km - 14.23 
km), Matejovce - Jánovce (14.23 km - 25.85 km). It 
connects to the D1 section Važec - Mengusovce. 
The construction of the D1 motorway section 
Mengusovce-Jánovce began on 9th May 2005, the 
expected completion date of works was Decem-
ber 2008.	

 
 Fig. 1: The motorway section D1 Mengusovce-Jánovce [5].

	 The bridge structure No 202-00 on the D1 mo-
torway in its 1.235 km of the route spans over the 
following obstacles: road P7/40, the inundation 
area of the river Poprad and  adapted bed of the 
river Poprad. This bridge is also the access road to 
the tunnel Bôrik (Figure 2) on the east side of the 
tunnel. The total length of the bridge is 284.07 m. 
The bridge consists of two main parts, namely of 
an eleven-span bridge on the left and a ten-span 
bridge on the right.
	 The lower part of the bridge structure consists 
of two abutments and 21 pillars. These bridge ele-

ments are placed on the micropile grate. The steel 
frame structure is mounted on the PIŽMO sup-
porting construction centering (Figure 3) and af-
ter welding pins, the entire structure was coupled 
by a reinforced concrete slab. The PIŽMO material 
is a demountable steel [10] truss structure adapt-
able to the type and size of loading, type of the 
bridge structure, its height and carrying capacity of 
subsoil, or carrying capacity and the nature of the 
bottom of water obstructions. The width module 
of the structure is 2.0 m; the height module is 0.4 
m. The PIŽMO pillars can be normally mounted up 
to 50 metres high or higher [5],[8].
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2.1 Building of setting out network of the bridge 
	 Given the pace of construction work, the setting-
out network was built in two stages. These phas-
es differ from each other not only by the time of 
completion construction work (the first phase in 
September 2006, second in October 2006), but 
also by the nature of stabilization and location of 
the points of the setting-out network. In the first 
stage of works, the setting-out network consisted 
of three existing points No 955, 607, 608 and five 
observation points 2021-2025. Surveying network 
configuration is shown in (Figure 4). 
	 At this stage of construction work, observation 
points of the setting-out system were stabilized 
with concrete blocks with dimensions 1x1x1 m. 
The concrete block was provided with a nail mark 
and a ball-shaped head, in the middle of which a 
hole with a diameter of 1-2 mm for accurate centra-

Fig. 2: The pillars of bridges and tunnels during construction Bôrik [4].

Fig. 3: PIŽMO material [5].
 

 

Fig. 4: Configuring setting out network during the first stage of construction work.
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tion of geodetic instruments was drilled. In the first 
stage of setting-out and computation works, loca-
tion of the existing points 607,608 and 955 as well 
as observation points of the setting-out network 
was determined. Configuring of the network had 
to be based on the presumption that for setting of 
the different levels of the bridge structure the polar 
method would be mostly used from the free posi-
tion to reduce complicated measurements in set-
ting-out individual parts of the structure as much 
as possible. The character of the terrain and con-
struction works in the area of building the survey-
ing network in the first stage of construction did 
not allow to place network setting-out points with 
stabilized pillars. This led to rebuilding the setting-
out network (the second stage of construction), 
which increased the number of observation points 
by four points from 2026 to 2029 (Figure 5).

	 These four points were stabilized by stabilization 
– a lined bore hole (about 1.4 m above the ground 
and 3 m below ground). The pillar was provided 
with a metal plate with drilled holes with a diam-
eter 16 mm for forced centration of the device and 
also pins mark the location of the leveling rod. 
	 The actual location of these four points and the 
method of stabilization indicate their use not only 
for setting-out works, but also later after comple-
tion for targeting and monitoring of structure 
deformations. In the second stage of work the lo-
cation and height of points 2026 to 2029 were de-
termined stablized by pillars as well as of the exist-
ing point 954 of the highway setting-out network. 
In computational processing of the second stage, 
the position and height of the points determined 
in the first stage of setting up the setting-out net-
work was considered as invariable.

Fig. 5: Configuring the network setting during the second stage of 

construction work.

 

 
 

Fig. 6: The pillar for the stabilization of 2026-2029 points and block 

points to the stabilization of 2021-2025.

3. Empirical demonstration 
	 Terrestrial surveying measurements in establish-
ing a setting –out network of the bridge in both 
stages were carried out to develop a network with 
universal surveying station LEICA GTS 1205, where 
the accuracy of angular measurement indicates 
the standard deviation, which is 15 cc (15 seconds 
of the centesimal division). The accuracy of length 
measurement stated by the manufacturer is 2 mm 
+ 2ppm. It concerns the accuracy of the electro-
optical rangefinder, where as a reflective device 
the prism from TOPCON Company is used.  Due to 
the fact that it was not TOPCON equipment, an ad
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dition constant was set before the measurement 
itself with the value 4 mm [3].  
3.1 Positional adjustment of a setting-out network
	 When creating a setting-out network we deal 
with the fact that the new network is more accu-
rate than the base network (motorway setting-out 
network). Then, when creating such a network it is 
adjusted as a free (local) network, which is addi-
tionally connected to the reference points and po-
sitioned. In our case, the reference points set out 
sections of the motorway 607, 608, 955, by which a 
high internal accuracy of the network is achieved, 
and at the same time its applicability in the tasks 
conditioned by the entry of coordinates into the 
system of  the base network. As a method chosen 
for adjustment of such a network was used the 
adjustment of the free network using the method 
of proxy measurements [1],[2], supplemented by 
the conditions. In geodetic practice, adjustment 
of measurements is mainly carried out using the 
method of the least squares, where the well-known 
relation (                              p

i
, is the weight measure-

ment, P weight matrix) [2] before the actual adjust-
ment can be rewritten as a matrix.
Relations between measured and unknown vari-
ables are expressed by the function:

and the additions (supplements) have small values. 
Then, partial derivatives of higher orders are close to 
zero and are neglected. Development of the func-
tion (3) in the Taylor series then looks like this:
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	 The number of equations of correction is identical 
to the number of measured quantitty n and k is the 
number of unknown parameters H. To calculate the 
extreme value of the function it is necessary to dif-
ferentiate unknown variables according to the vec-
tor        and set equal to zero, i.e. is assignment to the 
condition of minimum and subsequent derivation 
aaaaaa results in the system of normal equations ex-
pressed as:
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where the matrix of coefficients of normal equa-
tions N is always square and symmetric.
The solution of normal equations will be:

matrix representing conditions. The number of con-
ditions is identical with the value d, which in turn 
is identical to the number of rows in the matrix. In 
our case, there are three rows, three conditions as it 
is the network with measured lengths and pointers 
that is adjusted.
	 For positional triangulation network with free 
measired lengths, or measured lengths and pointers 

d dN A P l
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From the equations of corrections, the aposteriori 
standard deviation is calculated:
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dent row vectors, which is equal to the maximum 
number of linearly independent vectors of matrix 
A. In this adjustment we proceed like in the adjust-
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Q
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cofactors of the measured variables Q. Mean coor-
dinate errors calculated from the elements on the 
main diagonal covariance matrix of the adjusted 
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	 The accuracy of the setting-out network was as-
sessed on the basis of local and global indicators of 
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a represents the level of significance. The relative 
error ellipse refers to a pair of points which define 
a random space [2]. Indicators of accuracy include 
mean positional error of the point and mean coor-
dinate error of the point of the geodetic network.

3.1.1 Results of positional adjustment of a setting-out 
network in the first stage of the network construction 

Location:  Structure 202 – Bôrik			 
Date: 09.2006
Stage: First
Measured variables:  length and direction
Number of measurements: 36
Number of adjustment coordinates: 16
Number of links: 3
Total number of points: 8 and of these: Free points: 8

Point number 
Approximate coordinates Vector Adjustment coodinates

             [m]               [m]                [mm]               [mm]             [m]              [m]

2021 1196775.867 340882.449 9.421 2.134 1196775.8764 340882.4511

2022 1196724.540 340841.744 -4.177 -2.508 1196724.5358 340841.7415

2023 1196758.659 340796.828 -0.063 -2.995 1196758.6589 340796.8250

2024 1196773.946 340753.218 1.140 -0.309 1196773.9471 340753.2177

2025 1196763.936 340663.019 -1.421 -0.683 1196763.9346 340663.0183

607 1196746.020 340720.980 0.039 -0.180 1196746.0200 340720.9798

608 1196690.470 340569.470 -8.165 -13.954 1196690.4618 340569.4560

955 1196850.230 340842.800 3.226 18.494 1196850.2332 340842.8185

Table 1: Approximate and adjusted coordinates for the setting-out network of the stucture.

Table 2: Qualitative evaluation of the setting-out network.

Point number Binding  sx [mm] sy [mm] sxy [mm] sp [mm]

2021 free 0.892 0.866 0.88 1.24

2022 free 0.701 1.169 0.96 1.36

2023 free 1.137 0.944 1.04 1.48

2024 free 0.695 0.911 0.81 1.15

2025 free 0.946 1.208 1.09 1.53

607 free 0.628 0.798 0.72 1.02

608 free 1.168 1.292 1.23 1.74

955 free 1.323 1.706 1.53 2.16

Table 3: Absolute standard ellipses.

Point number Binding  a [mm] b [mm] bearing [g]

2021 free 0.959 0.791 45.200

2022 free 1.171 0.697 -95.382

2023 free 1.177 0.893 -25.971

2024 free 0.914 0.692 92.114

2025 free 1.218 0.933 -86.961

607 free 0.808 0.615 84.606

608 free 1.348 1.103 66.932

955 free 1.749 1.266 79.408

X
%

Y
%

dX
c

dYc X
c Yc

dCc
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Fig. 7: View of  standard error ellipses in the first stage of network building.

 
 

Lenght: 20 [ m]  
Standard ellipse: 5[ mm]  

3.1.2 Results of positional adjustment of the setting-
out network in the second stage of the network con-
struction	
Location:  Structure 202 – Bôrik			 
Date: 10.2006
Stage: Second

Measured variables:  length and direction
Number of measurements: 55
Number of adjustment coordinates: 14
Number of links: 12
Total number of points: 13 and of these: 7 Free points: 6

Point number 
Approximate coordinates Vector Adjustment coodinates

              [m]                [m]                  [mm]                 [mm]               [m]                 [m]

2021 1196775.8670 340882.4490 0.000 0.000 1196775.8670 340882.4490

2022 1196724.5400 340841.7440 0.000 0.000 1196724.5400 340841.7440

2023 1196758.6589 340796.8250 0.000 0.000 1196758.6589 340796.8250

2024 1196773.9471 340753.2177 0.000 0.000 1196773.9471 340753.2177

2025 1196763.9346 340663.0183 0.000 0.000 1196763.9346 340663.0183

607 1196746.0200 340720.9798 -0.603 -0.808 1196746.0194 340720.9790

608 1196690.4618 340569.4560 0.000 0.000 1196690.4618 340569.4560

955 1196850.2332 340842.8185 1.170 2.405 1196850.2344 340842.8209

954 1196793.1720 340941.8120 -1.885 7.549 1196793.1701 340941.8195

2026 1196771.3268 340965.4760 2.454 3.997 1196771.3293 340965.4800

2027 1196727.9424 340788.4169 1.025 3.437 1196727.9434 340788.4203

2028 1196791.8896 340791.0781 0.833 -0.408 1196791.8904 340791.0777

2029 1196798.8229 340659.7544 3.224 -0.438 1196798.8261 340659.7540

Table 4: Approximate and adjusted coordinates for the setting-out network.

Lenght: 20 [m]
Standard ellipse: 5[mm]

X
%

Y
%

dXc dY
c

Xc Y
c
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Table 5: Qualitative evaluation of the setting-out network in the second stage of construction.

Point number Binding  sx [mm] sy [mm] sxy [mm] sp [mm]

2021 fixed point 0.000 0.000 0.000 0.000

2022 fixed point 0.000 0.000 0.000 0.000

2023 fixed point 0.000 0.000 0.000 0.000

2024 fixed point 0.000 0.000 0.000 0.000

2025 fixed point 0.000 0.000 0.000 0.000

607 free 1.106 1.859 1.53 2.16

608 fixed point 0.000 0.000 0.000 0.000

955 free 6.315 3.752 5.19 7.35

954 free 11.885 9.586 10.80 15.27

2026 free 11.504 6.045 9.19 13.00

2027 free 5.763 4.646 5.23 7.40

2028 free 3.567 6.898 5.49 7.77

2029 free 3.074 1.115 2.31 3.27

Table 6: Absolute standard ellipses.

Point number Binding  a [mm] b [mm] bearing [g]

607 free 1.952 0.932 77.429

955 free 6.526 3.371 19.043

954 free 13.743 6.654 -38.911

2026 free 11.568 5.922 -7.789

2027 free 7.073 2.182 -41.731

2028 free 7.601 1.590 71.737

2029 free 3.075 1.112 1.903

Fig. 8: View of standard error ellipses in the second stage of network construction.

 
 

 

Lenght: 20 [ m]  
Standard ellipse: 5[ mm]  
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	 The values of ellipse parameters, i.e. major, minor 
half-axis of the ellipse and bearing rotation were de-
termined using the relations given in [2],[3]. Graphi-
cal interpretation of the obtained circuit parameters 
of accuracy in the second stage of building the set-
ting-out network of the bridge is shown in Figure 8.

4. Conclusion
The present paper has shown the importance of 
building setting-out networks [1], which should 
constitute a sufficiently reliable and accurate basis 
for the development of major engineering works. 
On the basis of the calculated global characteris-
tics of accuracy, we can conclude that the geodetic 
setting-out network established after the first stage 
was sufficiently reliable. It was different though in 
the second stage of building the network, where 
the mean value of the coordinate errors and mean 
positional errors in the network showed signifi-
cant deterioration of the accuracy and reliability of 
the network compared to the values from the first 
stage. This impairment of positional accuracy led to 
the conclusion that indicated the need for having to 
perform a quasi third stage. In fact, this third stage 
was carried out, which resulted in improving the 
positional accuracy characteristics of the setting-
out network. D1 motorway section Mengusovce - 
Jánovce is now fully operational, it was opened for 
public use as a full-profile highway in September 
2009.
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