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Abstract  
 
Prestressed concrete bridges are very sensitive to the increase in long-term 
deflections. Reliable forecasts of deflections of bridge structures during 
construction and durability are crucial for achieving good durability. The 
main results of measurements are the changes of the deflection line of the 
bridge structures, which places special demands on the measurement 
procedure. Results from measurements are very useful for the 
improvement of mathematical prediction methods of behaviour of long span 
prestressed concrete structures. 
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1. Introduction  

 
In the last five years, the deflection line was measured on three bridges (Štroner et 
al., 2012; Vráblík et al., 2009). Long-term deformations are measured at fixed points 
on the structure (above supporting for analysis of their long-term settlement and in 
the intermediate points of the end span and middle span for observing long-term 
deformations of the prestrained concrete structure caused both by rheological signs 
of concrete - creeping and shrinkage, and by other possible effects, e.g. decreases in 
prestress etc.). This measurement is performed for experts in the dynamics of bridge 
structures from Faculty of Civil Engineering in Prague (Křístek & Vráblík, 2007; 
Vodsloň).   
 The results of such measuring are time development of the real shape of the 
structure – comprising both the starting shape and the deflection line – in the 
analysed points. So as to find out an exact shape of the deflection line, a detailed 
focusing of the deformed shape of the supporting structure in large amount of points 
was designed. Possible found „anomalies“ in the course of the deflection line might 
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point to failures of the structure causing enormous long-term increase in deflections 
of this bridge structure. 

 
2. Measured bridges  

 
The first measured bridge was a newly built bridge over the river Labe. It was put into 
operation in December 2009. Contractor of the structure was SMP CZ, part of VINCI 
Group. Designer was PONTEX Ltd. The length of the main span is record for this 
type of structure in Czech Republic. For this reason the measurements of 
deformations of the bridge over the river Labe at Litoměřice has begun immediately 
after the putting bridge into operation.  
 The second bridge was long span prestressed concrete bridge across the river 
Labe in Mělník. As well as other concrete bridges with large spans, this bridge is also 
characterized by permanent increase in deformations in time. Therefore the structure 
has been permanently observed since its putting into operation in September 1994. 
The evaluation of monitoring results clearly shows that even after almost 15 years 
since putting the bridge into operation there is no stabilization of increase in 
deformations.  
 The third bridge was concrete bridge with an inner joint in the middle of the main 
field across the river Želivka at Brzotice. The structure was measured only twice in 
2009 for research of deflection line, at night and on sunny day. 
 
2.1 Bridge structure description  
 
The bridge over the river Labe near Litoměřice is part of the road II/247 – it is a 
connection between the industry area Prosmyky and D8 highway. The superstructure 
is designed as a continuous beam with box girder cross-section. Total length of the 
structure is 584.5 m. It is divided to 7 spans with lengths 43 + 64 + 72 + 90 + 151 + 
102 + 60 m.  
 The width of the bottom deck is 7.5 m; the width of the upper deck is 14.5. The 
main structure span (length 151 m) and neighbor spans (length 90 and 102 m) were 
constructed by balanced cantilevers method. These spans are made by two 
cantilevers with tapered cross section height (varies from 3.5 m in the middle of the 
span to 7.5 m above supports) and changing thick of the bottom slab (varies from 
270 mm to 1200 mm) – see Fig. 1.  
 The left cantilever beam is symmetrical with the length of 150 m. The right 
cantilever beam length is 160 m. Approaching spans are designed as continuous 
beam with constant cross section height 3.5 m and the thick of the bottom slab 270 
mm. 
 Long span prestressed concrete bridge across the river Labe in Mělník (Fig. 2) is 
the main part of the bridging transferring the I/16 communication. It was designed as 
a through girder with span length 72.05 + 146.2 + 72.05 m. With the main span 
length 146.2 m it is still one of the biggest overhung concrete bridge in operation in 
Czech Republic. 
 The bridge over the river Želivka near Brzotice (Fig. 3) is the part of the road II/150 
– connection between the valley of Sázava and D1 highway. The construction of 
bridge is designed as a concrete frame structure with four fields with inner joints in 
the 2nd and 3rd field. Length of bridge is 306 m, width 13 m and pillar are 65 m high.   
 



Reports o

 

 
 

Fig. 1
  
 
 
 

 
 

on Geodesy an

b.  Cross s

nd Geoinforma

Fig. 

ection of su

atics vol. 95 /

1a.  Longitu

uperstructur

Fig. 2. Th

/2013; pages 6

66 

udinal secti

 

 

re 

he bridge ne

64-75

on of super

Fig. 2c.  Th

ear Mělník

DOI: 1

rstructure 

he bridge ne

10.2478/rgg-2

ear Litoměř

2013-0013 

 

ice 

 

 



Urban an

 

 
 

3. Ge
 

Geodet
observe
structu
metal n
was im
Litoměř
stabiliz
 Due 
of heig
was us
 Robo
uses a
two sta
constru
has bee
 Each
subtrac
were re
prior th
 In pa
analyze
thermo
thermo

 
3.1 M

 
The Tr
relevan
total st
automa
 The 
techno

nd Štroner: Me

eodetic me

tic measu
ed points 
re (Brzotic
nail marker

mplemented
řice) or by
ation done
to the larg

ght determ
sed. 
otic total s
utomatic t
andpoints 
uction of th
en verified
h point was
ction. After
ealized. M

he beginnin
arallel with
ed. The t

ometer GR
ometer Ahlb

Measureme

rimble S6 R
nt omnidire
tation with 
atic targetin
bridge str

logy was d

easurement of

easuremen

rements a
arranged 

ce has onl
rs or by dri
d either by
y geodetic 
e before the
ge distanc
ination is 

station Trim
targeting to
connected

he bridge o
d by measu
s measure
r changing

Measureme
ng and end
h the geom
temperatu
EISINGER
born Mess

ent instrum

Robotic in
ectional ref

automatic
ng on an o
ructure wa
determined

of deflection lin

Fig. 3. The

nts  

are perform
in two lon

y one prof
iving plugs

y contracto
team equ

e very mea
ces and re
2 mm) trig

mble S6 HP
o Trimble 
d to the p
or other st
urements o
ed in two po
g of standp
ents of the
d of the me
metry meas
re measu

R, the temp
technik Am

ments and

strument (
flection pri
c observati
omnidirectio
as measure
d in depen

ne on bridges

67 

e Bridge ne
 

med in ord
ngitudinal 
file). Monit

s fitted into
or after com
uipped with
asurement
quired spe

gonometric

P was use
prism. Me

point of ba
table point
on a minim
ositions, e
point, cont
e connectio
easuremen
surements

urements w
perature st
mir 7811. 

d technolo

( = 0.3 m
ism was u
ion of an a
onal reflec
ed by the 
ndence on

ear Brzotice

der to mo
profiles o
tored poin

o the hole i
mpleting th
h special 
t.  
eed and pr
c technolog

ed for the m
easuremen
asic survey
ts near bri
um of two 
ach positio
trol measu
on points 
nts. 
, air and s
were mad
tructure wa

ogy  

mgon, D 
sed for the
aim and s

ction prism.
space po

n time cha

nitor defle
n both sid
ts are stab
n the struc

he construc
profession

recision (s
gy of heig

measureme
ts are rea
ying netwo
dge. Point
more stab

on having d
rements o
were perfo

structure te
de by a 
as measur

= 1 mm + 
e measurin
pacing, wh
.  
lar method
nge of the

 

ection chan
des of the
bilized wit
cture. Stab
ction (bridg

nal drilling 

standard de
ghts determ

ent. This m
alized from
orks used 
t of height

ble points. 
dual target
of available
ormed rep

emperature
calibrated

red by con

 1 ppm D
ng (Fig. 4)
hich also e

d. The me
e bridge s

nges of 
e bridge 
h taped 

bilization 
ge near 
kit with 

eviation 
mination 

machine 
 one or 
for the 

 control 

ting and 
e points 
peatedly 

es were 
 digital 
tactless 

) with a 
). It is a 
enables 

easuring 
tructure 



Reports o

 

 
 

shape 
determ
extrem
of the 
measu
means 
 

 
 

3.2 M
 

The me
6 for b
very sim
of the b
When 
temper
instabil
 
3.3 Ti

 
Determ
carried 
mm in 
temper
minimiz
(22:30 
refocus
the firs
last po
determ
which 
suppre
al., 200
 

on Geodesy an

and on ac
mine height

ely higher 
structure 

ring inaccu
of a time s

Fig. 4. 

Measuring 

easuring c
bridge nea
mple. 88 p
bridge. Th
designing 

rature is s
ity, the „tim

ime samp

mination of
 out from 
such a sho
rature cha
ze these u
hrs. – 4:0

sed for che
st measure
oint can b

mined in th
it is possi
ss system

09). 

nd Geoinforma

ccuracy re
t of points
measuring
owing to 

uracies (th
sample wo

Trimble S6

configura

onfiguratio
r Mělník. C

points with 
e bridge s
the config

stable (me
me sample

ple method

f heights o
the techno
ort time, so

anges in t
undesirabl
0 hrs.). Th
eck reason
ements. Ch
be taken h
is way can
ble to brin

matic errors

atics vol. 95 /

equirement
s with high
g time, whi
temperatu

he measur
ould be infe

 Robotic, a 

ation  

on is shown
Configurat
exactly th

tructure sh
guration m

easuring w
 method“ w

d  

of such a 
ological po
o that the s
time durin
e changes

hat is why 
ns in a sig
hanges be
here for s
n be used
ng the me
s. Detailed

/2013; pages 6

68 

ts. The ex
her accura
ich would c
ure chang
ring would 
easible). 

range pole

n in Fig. 5 
tion of me
he same sp
hape was 

measuring 
was realize
was used f

large num
oint of view
shape of th
g measur
s must be
approxima
nificantly s

etween hei
significantly
d to determ
easured po
d descriptio

64-75

xact levelin
acy, could 
cause a sig
e and the
not be co

  

e with an om

for bridge
easuring on
pacing we
changing 
the assum

ed at nigh
for correcti

mber of po
w with stan
he structur
ring the fi
e the mea
ately 1/5 p
shorter tim
ght determ
y smaller 

mine a cor
oints into 
on can be 

DOI: 1

ng technolo
not be us

gnificantly 
ereby a si
ontinual an

mnidirectiona

 near Litom
n bridge n
re situated
in the cou
mption wa
ht). In cas
on. 

oints cann
dard devia
e does not
rst and th

asurement 
oints (eac

me (c. 45 m
mination of

and the s
rrection cu
the correc
found in 

10.2478/rgg-2

ogy, which
sed for rea
bigger mo
ignificantly

nd a correc

al prism 

měřice and
near Brzoti
d on the rig
rse of mea

as that the
e of temp

not be at 
ation c. 1 m
t change o
he last po

realized a
h fifth poin

min) after f
f the first a
sample of
rve, by m

ct position 
article (Vr

2013-0013 

h would 
ason of 

ovement 
y higher 
ction by 

d in Fig. 
ice was 
ght side 
asuring. 

e bridge 
perature 

present 
mm – 2 
owing to 
oint. To 
at night 
nt) were 
finishing 
and the 
f points 
eans of 
and to 

ráblík et 



Urban an

 

 
 

 

 
 
 

 

nd Štroner: Meeasurement of

 

of deflection lin

Fig. 5. Mo

Fig. 6. M

ne on bridges

69 

onitored poin

 
Monitored po

nts (Litoměř

oints (Měln

řice) 

ík) 

 

 



Reports on Geodesy and Geoinformatics vol. 95 /2013; pages 64-75 DOI: 10.2478/rgg-2013-0013 

 

70 
 
 

4. Analysis of height measuring accuracy 

With respect to the way of signalization of points for measuring (a range pole with a 
prism held by a lineman) it is possible to estimate standard deviation of point height 
determination (in the local system). All bridge structures were measured in local 
height system, which is determined by stable points of surveying network (setting out 
network). The manufacturer states the standard deviation of the zenith angle 
measured in two positions amounting to 0.3 mgon. According to the standard 
deviation accumulation law the standard deviation of the 2 x targeted zenith angle in 
one position is 0.3 mgon again. For maximum distance of the point from the 
standpoint of 300 m (two standpoints on bridge), the standard deviation of the 
determined height therefore equals 1.4 mm. Standard deviation of connection to 
reference point is 0.5 mm, refraction effect on the estimated value of the connection 
is 1.0 mm (This value is an estimate of the maximum effect on the connection. 
Although the measurement is made at night in relatively stable atmospheric 
conditions, the effect of refraction is negligible, since structure in temperature 
changes more slowly than the atmosphere, also microclimate is not homogenous.). 
 Influence of inaccurate settlement of the spherical level on the target device (range 
pole no verticality) on the determined height is insignificant for level sensitivity 4´ – 6´ 
and prism height 1.5 m. Standard deviation of height can be therefore estimated with 
value of 1.8 mm.   
 The standard deviation calculated from the repeated aiming when measuring 
height attachment was 0.67 mm for maximum distance of 50 m (this value was 
reached during testing of the survey method), which corresponds to the 
accomplished accuracy analysis (Štroner & Hampacher, 2011). Each point was 
measured only once (except for a few control points), because the structure is not 
absolutely stable and repeatable measurement would be meaningless.  
 Effect of refraction was included in the apriori analysis of the accuracy; the 
correction factor for bridge construction could not be reliably determined, because of 
the unstable atmospheric conditions. The estimate of the maximum influence of 
refraction was determined by experimental measurements. 

4.1 Measurement of stages on bridge near Litoměřice 

Measurements on bridge near Litoměřice were carried out in dates specified in the 
Table 1. Average temperatures are also specified for each stage. Measurements 
were always successful with results controls confirming the desired accuracy. 
 Six measurements were determined by the relative heights of all monitored points 
from the reference geodetic connection point. Displacements (structure deformation) 
of each point relative to the base 0th stage are shown on Fig. 7 and Fig. 8. These 
pictures show significant decrease in the main field, which is situated above river. 

Table 1. Measurement stages 

Measurement stages 

Stage Date and time 
Average atmosphere

 temperature (°C) 
Average structure
 temperature (°C) 

0. 29.9.2010 (21:00 - 4:00 , 30.9.2010) 9,0 8,2 

1. 13.5.2011 (21:30 - 2:00 , 14.5.2011) 11,0 13,0 

2. 27.9.2011 (23:00 - 2:00 , 28.9.2011) 15,4 14,9 

3. 4.11.2011 (22:30 - 1:30 , 5.11.2011) 8,5 6,9 

4. 12.4.2012 (23:00 - 2:00 , 13.4.2012) 6,7 4,9 

5. 30.5.2012 (23:30 - 2:00 , 31.5.2012) 12,0 15,2 
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4.2 Measurement of stages on bridge near Mělník 
 

Measurements on bridge near Mělník were carried out in dates specified in the Table 
2. Temperature ranges are also specified for each stage. Measurements were 
always successful with results controls confirming the desired accuracy. 

 
Table 2. Measurement stages 

 
 
 
 
 
 
 
 
 

 Three measurements were determined by the relative heights of all monitored 
points from the reference geodetic connection point. Displacements (structure 
deformation) of 1st stage to the base 0th stage are shown on Fig. 9. There is a 
comparison for study of development of construction in the longer term (3 months). 
On Fig. 10 are compared 2nd and 3rd stages for study of development due to 
temperature changes. Height of deformation (deviation) in figures was magnified a 
hundred times. The deformation in the main field is clearly visible.   
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Measurement stages 

Stage Date and time 
atmosphere 

 temperature (°C)
structure 

 temperature (°C) 

0. 29.3.2008 (22:30 - 4:00 , 30.3.2008) 12,5 – 8,0 13,0 - 8,0 

1. 1.7.2008 (23:30 - 3:25 , 2.7.2008) 22,5 – 16,5 23,5 – 18,5 

2. 2.7.2008 (11:43 - 16:21 , 2.7.2008) 28,0 – 31,4 38,3 – 43,2 
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Fig. 10. Comparison 1st and 2nd stage (night – day) 

 
4.3 Measurement of stages on bridge near Brzotice 

 
Measurements on bridge near Brzotice were carried out in dates specified in the 
Table 3. Temperature ranges are also specified for each stage. Measurements were 
always successful with results controls confirming the desired accuracy. 
 

Table 3. Measurement stages 

 
 
 
 
 
 
 
 

 Two measurements were determined by the relative heights of all monitored points 
from the reference geodetic connection point. Displacements (structure deformation) 
of 1st stage to the base 0th stage are shown on Fig. 11. There is a comparison for 
study of development due to temperature changes. Height of deformation (deviation) 
in figure was magnified a hundred times. Two raised significant places in the picture 
correspond with inner joints of structure.   
  

Measurement stages 

Stage Date and time 
atmosphere 

 temperature (°C)
structure 

 temperature (°C) 

0. 6.5.2009 (22:00 - 23:30) 9,0 8,0 

1. 7.5.2009 (11:00 - 12:30) 22,0 26,0 
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Fig. 11. Comparison 0th and 1st stage (night – day) 

 
5. Conclusions  
 
Systematic measurement of deformation of the structure using a relatively large 
number of monitored points was carried out. The most modern methods of 
engineering geodesy are used and the time sample method was successfully applied 
for changes of temperatures on structure. This ensures the greatest accuracy and 
reliability of the measurements and derived results. So far, this is a very short time 
interval, in which the development of deformations (deflections) is monitored. It is 
very early to conclude about the future development trend of structure deflection. 
However, these results are very important as we get them from the initial 
development of deformation and it will be possible to accurately calibrate the parallel 
computing and carried out a sensitivity analysis of the structural behaviour. This 
systematic measurement will continue with the same intensity and scope. Together 
with other results from future measurements we obtain a very large file that can be 
used for better understanding of the complex behaviour of these structures. This is 
another step towards creating an entirely general methodology for prediction of long-
term behaviour of prestressed concrete structures with large spans, which will be 
used for the safe and reliable design corresponding to the behaviour of real 
structures. 
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