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Model Tests on Structural Damping in Bridges
Essais sur modéles de |‘affaiblissement structural des vibrations dans les ponts

Modellversuche ber die strukturelle Dédmpfung in Bricken

S. MENTEL
Dr. eng., major lecturer
of Silesian Technical University
Gliwice, Poland

1. Introductory

The vibration damping coefficient of structures is many ti-
mes greater than that of small specimens,when the same material
was used.Furthermore,the damping data vary in wide limits, depend-
ing strongly on tested object s structural characteristic / see
Table 1 /.Mater-
ial damping re- Table 1

pg;ieggstgzlglof Type of Log. decrement of damping| max
%al damping °The bridge min max min
remaining part reinforced

in most casesg é concrete 0,182 0,490 2,69
greater one, may

be treated as a | Prestressed 0,099 0,310  |3,14
result of non = concretve

material damping steel 0,061 0,161 2,64
factors. .

This pheno=-
menon,known as structural damping effect,encloses the total influ-
ence of gpatial material distribution in the structure,mutual con-
nectiong of members as well as the technical state of structure.

When the pogsibility of structural form modifications is ne-
arly unlimited,some examples only can be given.These are,statical
scheme including,the shape and gize of bridge cross-sections,type
and number of connections,the surface-structure conjointment as
well as the type of bearings. :

In contrast to the material damping,where some hypothesis ,
the numerical data too,are known,the structural damping is till
now not very well recognized.Unfortunately none of mentioned abo-
ve gtructural influences can be excluded from the global damping
values,when existing bridges are dynamically tested.This intere =
sting problem,which could be useful for pre-evaluation of the

bridge dynamical properties,seems to be sultably solved,when test-
ing the adequately constructionally adjusted big models.
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Such tests have been undertaken by the author in Silesian
Technical University.

2. Tests description.

The influence of some structural variations in tested models
was investigated,namely:bearing type,number and stiffness of the
floor beams as well as the skew angle,The participation of both
material and structural dampings in the global damping was analy~
ged.The effect of succesively increasing initial dynamic displa -
cement was enclosed with test programme t00.

Thirty-five steel beams in single- and double-beam systems
were tested,when steel of normal structural standard was used.

The basic model element was a single welded I-beam of 3,0 m
span /Fig. 1/.Two main
beams joined transver- la
saly with a number of
floor beams, formed a
simple double=bean
bridge gridwork.The
number of floor beams
increased from two to
five /Fig. 2/.In one
of the tested series
the floor beam/main
girder gtiffness ratio
wag succesively decre-
agsed from 3,0 to 0,03
/Fig. 3/.The skgw argle
varied everyo15 inolb
mits from 45 to 907 , | ;
/FPig. 4/. i 1

Six types of bea- , ' 7
rings were used.A,B,C,

D,E,F - types respect-
ively:steel plate bearing with and without bituminous pad, gteel
tangential bearing, steel roller bearing,two~ and fivew=layered
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The vibration source was a single dynamic impulse,caused by
the rapid release of initially deflected / y_ = 1-5 mm / and with
dial indicators controlled test beam.Vibrograms of the free damped
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steel-rubber bearings.
Identical denotations
are used at Fig. 5 .
The single - beam
models were used only
for bearing effect test
Double=beam models uni=-
formly supported with
tangential and vroller
bearings,served for the
testing of remaining ,
encloged by programme ,
gtructural effects.
When masgive con-
crete test stand was
used,any undegired dig=
torgion of results was
practically out of the
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vibrations were recorded with Hottinger s set.

3. Tegt results.

Logarithmic damping decrement,obtained from the vibrograms
analysis,was intended for comparison of the damping propertieg of
each separate tegted model.

These empiric data represent doubtless the global damping
too.The subtracting of the mean value of the material damping de-
crement for uged steel standard /0,008 - proved by other authors/

enables evaluating
of gtructural part
of summarized effect
corresponding with
¢ the characterigtic of
B the tested model,
Regults are gi=-
ven graphically in
Pig. 5 and Fig. 6 .
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Fig.6
Denotations:
8§ - log. decrement
Yo = inital deflection
£° = gee Fig.3
n = number of floor beams
o = angle of skewing
1,2,3 = n=5 o
oC=90
¢ =resp. 2,0;0,6;
0,03
4,5 = n=regp. 3;2;
X =90
é =3,0
6,7,8 - n=3

x=resp. 75°%; 60°;

&= congt.

When omitting the peculiar interpretation of the individual
diagrams,some more general cgunclusions can be drawn.
The constructional form s effect on damping is evident and

congliderable.

In tested caseg this effect reaches 70 - 90 % of the global

damping.

The simple - formed bearings,low stiffness of the transver-

gsal beams ag well as the angle of gkew near
lative increasing of the damping properties.

to 907 regult in re-

Remarkable is an evident increase of the damping accompany=

ing the increase of initial beam deflection.

Considerable structural damping effects are to be expected
egpecially in the short - span and primitive - supported bridges.
In these cases the structural damping effect could be treated as
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the dominant one.

The damping ef=-
fect of the rupber
bearings doesn t ex-
ceed the one recor -
ded for steel roller
bearings.

Tests presented
here concern hardly
a limited number of
possible form modi -
ficationsg in tegted

models.The too poor
number of data does
not give full enough

Fige. 7
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representation of a tested phenomenon.The run of the envelope
curves for all tested cases /Fig. 7/ indicates,however,some inte-
resting regularitieg,They may give aggumption,that in the mathe -
matical analysis of free damped vibrations the global damping
forces should be divided into material and structural parts. The
material factor ghould represent of"sgpecific damping" undependend
of the structure g shape and sizeg.These and the other construct-
ional features should be described by the functional quantity
encloging in general the spatial material s distribution effect.

When analysing other forms of vibrations,additional damping
forces should be still taken into account,especially these resul-
ting from the vehicle / bridge co - action.

SUMMARY

Contribution of structural damping to the global one in the bridge systems
has been analysed. The procedure results and interpretation have been given. The
damping effect of bearings, stiffeners and skewing have been tested. In some cases
the effect of structural damping in bridge structures can be the dominant one,

RESUME

On a étudié le part d'affaiblissement dans 1'affaiblissement global de la con-
struction des ponts. On décrit les essais, les résultats et leur interprétation. Les
influences d'affaiblissement des appuis, des entretoises et du biai des ponts ont été
comprises dans le programme d'essai. Dans quelques cas l'influence de !'affaiblisse-
ment structural peut s'avérer décisive. -

ZUSAMMENFASSUNG

Es wurde der Dampfungsanteil in der globalen Dadmpfung der Briickenkonstruk-
tionen untersucht. Der Testvorgang, die Ergebnisse und ihre Interpretation werden
angegeben. Die Dampfungseinfliisse der Lager, der Quertriger sowie der Briicken-
schiefe wurden in das Versuchsprogramm einbezogen. In manchen Fillen kann sich
der Einfluss der Dampfung in der Briickenkonstruktion als massgebend erweisen.
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