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The paper presents the result
BoSPOTUS suspension Brldge in Istaibzfi_‘t?i 22211183 ttllt;rat,mn e
ra]l measurements of the ambient vibration of the bridgee}épermem s oy
Jifferent locallons and orlentations and at different t,ra???; g s e ian
Betweell 0.07 and 1.0 HZ. most of the most of vibration of thz %Or{%lt,ions.
sgsessed from the experimental data. The substantial amount of ih gelcan m
energy on the bridge deck 1s contained between 2 and 3 Hz. The reesujtbrarglon
-hese experiments have been analysed in terms of the modal shapes frz iencies
and damping ratios. These experimentally obtained mode shapes were comcxlaared
vith the theoretical ones obtalned on the basis of two- and three-dimensional

Finite element analysis. Good correlation of experimental results with the
theoretical ones are obtalned.

INTRODUCTION

Bosporus Suspension Bridge, commissioned in 1973, Joins the kEuropean and
Asian Contlnents in istanbul. Figure 1 shows the general structural sections
and elevations of the bridge. Based on the project design sheels of Freeman,
Fox and Partners, the design engineers of the bridge, the overall structural

and physical parameters of the bridge are as follows: The main span 1is 1074 m

long. The bridge deck is of hollow steel box girder LyDpe€ construction, has a4
' £fic. The deck is supported

by four steel towers of 165 m height. The igtripution of the dead load
3850 and suspenders: 120 kg/m). Area

mass is 14970 kg/m (deck: *
moment of inertia of the deck about the two4pr1ncipal axis are
~ Nominal radius of the cables

m _ Torsional constant of the deck is 3.4

is 0.28 m.
es of the guspension

V] istics and the d =
ibration character ontrolling their wind and the earth

bridges are important deslgn parameters
s of the existing
quake safety. The determination of the dynamic parameter O he callibration of

structures are, thus, very important studies that assist
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et al.,IQSO). one of Lhe bﬁﬁ?

gtics 0f SucCh masgis S
; the dynamlc characterl s . Ve Strue
methods utilized to assess S e response to the am {ent ex{:ua“”

u .
tures is the measurement of 7 Eige The structural vibrations causeq p,
ons, such as: wind and traffic n riprations”. Such measurements ang e Such

B i o mmbéggzr‘a{l suspension bridges (Abdel—GhaffarxDeriﬁ
ments have been carried outl Ol ‘1ons of the BOSPOTUS Bridge has e beand

Housner. 1978). The ambient vibra & v Petrovaki en
) S conducte y et al,
the subject of similar mvestiSaDiO“t S5 FE0ERY (1974 %

Tezcan et al.(1975), and BrownJjohn € q

EXPERIMENTAL SET-UP AND DATA ANALYSIS

The ambient vibrations of the BOSpOI'US Bridge have been Measured
joint team of Bogazig¢i and Middle East Technical Universities in tLWo
campaigns: 1n March, 1987 and November, 1988. In the measurements, deDend
on the amplitude of the signal, a four-channel data acquisition systgep lng
consisting of either accelerometers or seismometers were employed. Figur
portrays the instrumental set-up. "

by 3

The following equipment were used:
Analog-to-Digital Interface Board: A Metrabyte DAS-16 interface p
led in a PC to digitize analog data.

Tape Recorder: Hewlett-Packard Model 3964 A instrumentation ta
L0 record 4 channel analog data.

©ard instg.

pe I‘eCOrder Useq
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A preliminary Processing o
5 - Q.

dons o A ;Slgu Lhrough the

Off lce Lhrough playback
into a pc. FOr the
» frequency domain
DOV bandw1dnﬁ CTO88 spectra and

late g
some of thesge frequencies with the

«ith the theoretlcal mode shapes obtalned on el coumpared in Figure 4
the basis

rinite element analysls. The experimental damping valt.xe{)sE e

thiese flgures. are also indicated on

TWO DIMENSIONAL FINITE ELEMENT ANALYSIS

A finlte element Solutlon of the continuum approach developed by Abdel-
chaffar (1978) for the lateral vibration of suspension bridges is utilized to
obtain the theoretical mode shapes for the lateral vibration of Bosporus
pridge. The approach 1s based on the derivation of the equations of motion
through the use of the Hamilton's principle under the assumptions that: (1)
vibration amplitudes are sufficiently small to remain in linear ranges, (2)
coupling between lateral and torsional modes are ignored and (3) the cable
ends are immovable. Mathematical model of a suspension bridge should depend on
the construction details and on the support conditions. In three span-two
hinged bridges, the interaction between the main and side spans may not be
significant. The analytically derived energy expressions are then used UO
express the stiffness and conslstent mass matrices for the finite element
application. As many equations are obtained as the number of active degrees of
freedom used to express the mathematical model. The normalized interpolation
functions with respect to the horizontal axls are used UO Hobt.aln the B
displacement vector in terms of the nodal displacements. For the BOsSp

in 23 degrees-of -freedom.
Bridge a subdivision of elements ig used resultlng

Bridge, computed on the basis of thls simpll divided into only

e bridge 18
scheme are plotted in Figure 5. Even though t{ﬁ good agreement with the

eight elements, the theoretical results are otric and anti-
exXperimental vélues. It is observed that in the f 1r?[t; ;me e araah: SINN
symmetric modes, the cable and the deck mon:xggeagtion. The’nnlrd, sixth,

fourth mode the two systems are 10 out of P ple modes since the cable

- as C
seventh and the eight modes can De consmere(‘.ible o eplacements are about 10
movements are dominant. In these modes the ca

Limes that of the deck.
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AL MODAL PARAMET
DEQS&%&STAL ANALYTICAL FREQUENCY

AMPING 2-D.0.F. -0 0. ¥,
ERE g}fgg; 2""':,‘;“" 0.077Hz  0.072Hz
: - 0.141Hz
4%
First Vertical Asymmetric Oéfgﬁz 41 0. 192HZ 0.223Hz2

0.
irst Lateral Asymmetric - 0.233Hz
gecond vertical Symmetric 0.230:{12 :*3 i 0.325H7
First Torsional Symmetric 8'§§gH§ 2 S 0.340Hz
second Vertical Asymmetric O. - 0.367HZ

Third Vertical Symmetric 0.370HZ -_- R giions
gecond Lateral Symmetric 0.380HZ

EXPERIMENTAL AN
MODE SHAPE

rirst lLateral Symmetrlc

THREE-DIMENSIONAL FINITE ELEMENT ANALYSIS

The modal vibration frequencies and the shapes of the Bosporus Suspensiop
sridge is determined on the basis of SAP-90 finlte element analysils program
(Wilson and Habibullah, 1989). The bridge deck is modeled using equivalent
shell elements. The effects of axial forces on the stiffness of the cables are
considered through the use of equivalent frame elements. The model used is
intended to be a preliminary one and does not expliclitly include the towers
and side spans. However, the boundary conditions are chosen to simulate the
effect of the deck and cable supports at the towers. Figure 6 provides the
isometric views of, respectively, the first lateral symmetric, first vertical
asymmetric, first lateral asymmetric, second vertical symmetric, first torsi-
onal symmetric and second vertical asymmetric mode shapes. Results are also
llsted in Table 1. The experimental and the 3-D finite element analytical
values of the modal vibration frequencies are given under each inset shape.

CONCLUSIONS

shown by previous investi
gators, the ambient vibration
Za? be satisfactorily utilized to obtain the vibration
fequencies of the suspension bridges.

Survey techniques
mode shapes and th
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