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DYNAMIC MEASUREMENTS OF
GROT-ROWECKI BRIDGE IN WARSAW

The paper precisely describes the measuremenpsédaation of all measurement
and excitation points used during the dynamic memsents of Grot-Rowecki
Bridge in Warsaw, Poland. Measurement equipment et ag all the obtained
results in a form of pairs of related eigenfrequenand eigenforms are presented
in this article.
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1. Introduction

The Grot-Rowecki Bridge is actually a set of twentical steel bridges,
each allowing traffic in opposite direction. Thertmobridge is in reconstruction
since 2009, apart from renewal and repair the bridieck will be expanded by
two additional traffic lanes located on a new dawérs on both sides of the
original bridge. The need to install additionaltparaused many questions about
their behavior (strength, serviceability). It waquired to determine e.g. the
fatigue strength of the connection between ribdegir deck plate and the
attached new element.

The paper presents measurements of the dynamicaatbastics of
a selected part of reconstructed bridge, commissiom order to provide
information to other research. During the measurgs¢he bridge was still
under reconstruction, e.g. the cantilevers for tames were not installed on
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awhole bridge and the bituminous surface was net gpread. The
measurements were performed only on one, repeafabth some major
changes) section of the bridge, with the cantilesready attached. The aim of
examination was to receive frequencies and dampmiogfficients of one
appointed bridge section and determination of disginent of cantilever part of
the bridge.

The measured signals were recorded in 24 measutep@nts, the
vibrations were excited either by a 5 kg modal hammr by a passing of
a 32000 kg truck (going in turns in both directiondth different speeds). The
measured values were accelerations and, in casepplication of modal
hammer, also the excitation force. The obtainedagywere analyzed and the
frequencies and forms of one bridge section wetaiiméd.

2. The measurement set-up and the measurements

2.1.The excitation

The vibrations of the bridge and/or its elementsrevexcited by
a modal hammer or by a passing truck. The modalnhamapplied was
a PCB Piezotronics 5.5 kg hammer type 086D50, with sensitivity of
0.23 mV/N and hard or soft tip (both were appliedinly the measurements).

The impulse excitation was applied in Z directioprical), in turns in six
points shown in Fig. 1. Each saved measurementawaserage of 10 auxiliary
measurements, each being measured after separptdsémexcitation. The
number of auxiliary measurements averaged to ginefimal measurement was
an implication of the time constrains, since thaaiyic measurements had do be
performed in the gaps between consequent state tes

The other excitation type was a passing 32000 kegkirsee Fig 2. During
the measurements the truck was passing throughbtidge section being
observed with different velocities, directions, lwitonstant velocity or braking
sharply. The vibrations of the bridge were recordedng 12 passes, among
them 5 in the east direction (velocities: 5 km/@,kin/h, 30 km/h, 40 km/h and
50 km/h), 5 in the west direction (velocities agwa), one in reverse gear in the
east direction and one in the east direction witrs braking.

2.2.Measuring equipment

The measuring set-up consisted of a recorder/aradysl 24 accelerometers.
As a recorder/analyser multi-channel Scadas MdijiléMS International was
applied (see Fig. 3), giving the possibility to dont both experimental and
operational modal analysis [1, 2] using PolyMAX @ithm.
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Rys. 1. Lokalizacja punktéw wymuszenia (wymuszenietkiem modalnym)
Fig. 1. Impulse excitation points

The recorded acceleration signals after the tramsfton into the
frequency domain were in 0-50 Hz range with a tesmi of 0.04883 Hz.
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Rys. 2. Samochdd giarowy wykorzystywany do wzbudzenia dfigaostu
Fig. 2. Passing truck

Rys. 3. Wielokanatowyy rejestrator/analizator Seaslmbile firmy LMS International
Fig. 3. Multi-channel Scadas Mobile signal recofaiealyser by LMS International

The accelerometers applied during measurements were
* type 1: tri-axial accelerometers (3-D) by PCB Ptezoics, model T356B18,
sensitivity 1000 mV/g, measuring range 0.3—-5000 Hz,
* type 2: one-axial accelerometers (1-D) by PCB Rienics, model T352C03,
sensitivity 10 mV/g measuring range 0.3—15000 Hz
* type 3: one-axial accelerometers (1-D) by B&K, moted7 B004, sensitivity
98 mV/g measuring range 0.3-6000 Hz
* type 4: one-axial accelerometers (1-D) by PCB Rienics, model T333B30,
sensitivity 100 mV/g, measuring range 0.5-3000 Hz
Altogether 31 acceleration signals were measured 39 and 18 1-D
accelerometers, some 3-D accelerometers were negsuarthree and some in
two perpendicular directions).
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Rys. 4. Rozmieszczenie punktéw pomiarowych

Fig. 4. Location of measurement points

2.3.Location of measurement points

The vibrations were measured in 24 measurements§im one, two or

three directions) shown in Fig. 4:

 on the bottom flange of the rib of bridge slab (B&g 5 and Fig. 6),

 on the bottom flange of the bridge transom (see Big
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 on the bottom side of bridge slab (see Fig. 8),
» on the upper side of bridge slab.

Fig. 4 shows, apart from the location of measurdrpeints, also types of
adopted accelerometers and measurement directibing. applied set of
coordinates X, Y, Z is shown in Fig. 4:

» X direction: horizontal, along the main axis of timdge
« Y direction: horizontal, perpendicular to the maias of the bridge
 Z direction: vertical.

Rys. 5. Jednoosiowy czujnik przyspiesze Rys. 6. Trdjosiowy czujnik przyspiesze

zamocowany na dolnej potéebra zamocowany na dolnej pétéebra
Fig. 5. 1-D accelerometer fixed on the bottom Fig. 6. 3-D accelerometer fixed on the bottom
flange of the rib flange of the rib

Rys. 7. Tréjosiowy czujnik przyspiesze Rys. 8. Jednoosiowy czujnik przyspiesze
zamocowany na dolnej potce poprzecznicy zamocowany od spodu ptyty pomostu

Fig. 7. 3-D accelerometer fixed on the bottom Fig. 8.1-D accelerometer fixed on the bottom
flange of the bridge transom side of the bridge slab
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3. Results of modal analysis

Results of modal analysis for all type of excitatire collected in Table 1.
Presented results were obtained using commercidé ctestLab by LMS
International with PolyMAX algorithm [3, 4]. Modahape visualizations were
obtained for geometrical model of examined elem@tab panel, transom)
shown in Fig. 9. The first six modes obtained froreasurements done during
one pass of a truck are presented in Fig. 10 tirdtig. 15. The numbering of
modal shapes corresponds to Table 1.

Rys. 9. Model geometryczny
Fig. 9. Geometrical model

The first few modal forms are associated with ibres of a whole bridge,
but in some of them different behavior of ribs dam noticed. The biggest
displacements of cantilever are visible in eigenesodith natural frequencies in
the range 12-25 Hz. Above 25 Hz the horizontal camept of vibration of
bottom flange of transoms is noticeable.

Rys. 10. Pierwsza postdrgai dla f=1.40 Hz, maksymalne przemieszczenie w pionie
Fig. 10. First modeshape for f=1.40 Hz, maximunpldisement in the direction of ,+Z”
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Tabela 1. Cgstotliwosci drgai i wspotczynniki thumienia
Table 1. Eigenfrequencies and damping coefficients

Excitation by a fruck Impulse exciation
Single passing All passings
No. Frequencies Damping coefficient Frequencies Damping coefficient Frequencies |« Damping coefficient
[Hz] [%] [Hz] %] [Hz] [%]
1,30 0,28
il 1,40 0,68 1,40 0,57 1,45 0
2 2,05 0,38 2,10 0,24 2,10 0,08
3 2,50 0,01
4 3,40 0,17 3,60 1,16
4,10 0,89 4,15 0,03
10,05 0,36
12,90 0,15 12,95 1,08
5 1315 0,07 13,30 0,07
6 17,20 0,22
7 17,70 0,11
18,75 0,08
8 19,45 0,23 19,10 0,22
20,00 0,03
9 21,40 0,47 21,25 0,55
10 21,70 0,07 22,00 0,18 22,00 0,53
22,60 0,08 22,60 0,17
22,80 0,15
11 23,59 0,18
24,85 0,05 24,05 112
12 25,45 0,05
13 25,70 0,04 25,65 0,15
26,10 0,07 26,10 3,19
14 26,50 0,18 26,55 0,05
271,15 0,18
21,60 0,03
28,00 0,04 28,00 0,13
28,55 0,92
15 29,00 0,01 29,55 0,18 29,30 0,44
16 30,20 0,01 30,10 0,11
31,40 0,56 31,50 27
31,55 3,09
31,95 0,08
17 32,45 0,03 32,30 0,74
33,35 0,04 33,30 0,48
34,00 0,04 33,70 0,61
34,50 0,24 34,85 0,13
34,95 0,12
35,80 0,03 35,75 0,65
36,55 0,67
18 38,55 0,06 38,50 0,04 38,35 0,7
39,10 0,01 39,75 0,16
41,10 0,89
41,35 1,16
41,55 0,53
19 42,65 0,08 42,75 0,05
20 42,90 0,12
43,20 0,49
44,75 0,22
45,65 0,02 45,70 1,04
46,60 0,01
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Rys. 11. Druga postadrgar dla f=2,05 Hz, maksymalne przemieszczenie w pionie
Fig. 11. Second modeshape, f=2,05 Hz, maximumaligphent in the direction of ,+Z”

Rys. 12. Trzecia postairgai dla f=2,50 Hz, maksymalne przemieszczenie w pionie
Fig. 12. Third modeshape, f=2,50 Hz, the maximurpléade in the direction of ,+Z”

Rys. 13. Czwarta postalrgai dla f=3,40 Hz, maksymalne przemieszczenie w pionie
Fig. 13 Fourth modeshape, f=3,40 Hz, the maximumliamde in the direction of ,+Z"



514 B. Miller, G. Patkowski, D. Ziaja, L. Ziemiaski

Rys. 14. Pjta posté drgai dla f=13,15 Hz, maksymalne przemieszczenie w pioni
Fig. 14. Fifth modeshape, f=13,15 Hz, the maximumplétude in the direction of ,+Z”

Rys. 15. Szésta postdrga dla f=17,20 Hz, maksymalne przemieszczenie w pioni
Fig. 15. Sixth modeshape, f=17,20 Hz, the maximmplaude in the direction of ,+2”

4. Final remarks

According to the data presented in Table 1 theeesame differences of
eigenfrequencies obtained from measurements im@lwnpulse excitation and
the excitation by a truck.

It should be emphasized, that the measurements nadrer complex and
the measuring time was limited. The examined atinectvas only a small part of
whole bridge, therefore obtained results in thenfaf natural frequencies and
damping coefficients are now being verified and pared with the numerical
model results, but it is clearly visible, that there some frequencies, in which
the cantilever parts resonate.
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BADANIA DYNAMICZNE MOSTU GROTA-ROWECKIEGO
W WARSZAWIE

Streszczenie

W artykule precyzyjnie opisano sptzpomiarowy, lokalizag punktow wymuszenia
i czujnikéw przyspiesze wykorzystanych w trakcie pomiaréw dynamicznych tuo€&rota-
Roweckiego w Warszawie (Polska). Zaprezentowaneagostikze rezultaty przeprowadzonych
bada w postaci form drgaswobodnych i odpowiadgjych im czstotliwosci.

Stowa kluczowe:dynamika, analiza modalna, most stalowy
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